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Getting to Know Techomatix Plant
Simulation

Getting to know T'ecnomatix Plant Simulation introduces you to the basic concepts that simulation is based on
and to the basics of working with Plant Sinulation.

Simulation and Modeling Concepts

Simulation concepts and modeling concepts introduce you to the theoretical background of simulation as such
and show you what to keep in mind before you start modeling.

In general, operations research processes are intended to allow you to make the right decisions, qualitatively as well
as quantitatively. They formulate optimization models, containing all relevant factors, such as destination function,
conditions and destination description. These processes require large amounts of processing power the more de-

tailed the model is. Besides, the results and acceptance of operations research processes often are not satisfactory.

In addition to linear optimization models nowadays simulation is increasingly used for making the right decisions.
It offers good solutions for complex problems but does not automatically create the actual optimum. This is justi-
fied by the comparatively low amount of mathematical expenditure to obtain that result.

As processes to be analyzed become more complicated and complex and as more factors have to included, the more
important simulation becomes with its analysis of real processes. These processes cannot be covered by mathemat-
ical solution processes or optimization processes or they may be realized only by using a large amount of resources.

The aim of simulation is to atrive at objective decisions by dynamic analysis, to enable managers to safely plan and,
in the end, to reduce cost.

Thus, if real systems and plants are too expensive for conducting experiments and the time to conduct trials is too
limited and too expensive, modeling, simulation and animation are excellent tools for analyzing and optimizing time
dynamic processes.

What is Simulation?

VDI (Verein Deutscher Ingenieure, Association of German Engineers) guideline 3633 defines simulation as the
emulation of a system, including its dynamic processes, in a model one can experiment with. It aims at achieving
results that can be transferred to a real world installation. In addition, simulation defines the preparation, execution
and evaluation of carefully directed experiments within a simulation model.
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As a rule, you will execute a simulation study like this:

* You first check out the real-world installation you want to model and collect the data you need for creating your
simulation model.

* You then abstract this real-world installation and create your simulation model according to the aims of the sim-
ulation studies.

* After this, you run experiments, i.e., execute simulation runs, within the simulation model. This will produce a
number of results, such as how often machines fail, how often they are blocked, which set-up times accrue for
the individual types of station, which utilization the machines have, etc.

* The next step will be to interpret the data the simulation runs produce.
* Finally, management will use the results as a base for its decisions about optimizing the real installation.

Developing your simulation model is a cyclical and evolutionary process. You will start out with a first draft of your
model and then refine and modify it to make use of the intermediary results the simulation runs provide. Eventually,
after several cycles, you will arrive at your final model.

As a simulation expert, you must never loose sight of these questions:

* What do you want to accomplish with the simulation study?

* What are you examining?

* Which conclusions do you draw from the results of the simulation study?

* How do you transfer the results of the simulation study to the real-world installation?

Time-Oriented Simulation and Event-Controlled Simulation

Plant Simulation is a discrete, event-controlled simulation program, i.e., it only inspects those points in time, at which
events take place within the simulation model.

In reality, on the other hand, time elapses continually. When watching a part move along a conveyor system, you
will detect no leaps in time. The curve for the distance covered, and the time it takes to cover it, is continuous, it is
a straight line.

A discrete, event-controlled simulation program on the other hand only takes points in time (events) into consid-
eration that are of importance to the further course of the simulation. Such events may, for example, be a part en-
tering a station or leaving it or of it moving on to another machine. Any movements in between are of little interest
to the simulation as such. It is only important that the entrance and the exit (Out) events are displayed correctly.
When a part enters a material flow object, Plant Simulation calculates the time until it exits that object and enters an
exit event into the list of scheduled events of the EventController for this point in time.

Thus, the simulation time that the EventController displays, leaps from event to event. This happens as soon as an
event is processed.
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Why Employ Simulation?

As a rule, you will employ simulation when you have to:
* Plan a new facility. Here simulation helps you to:

* Detect and eliminate problems that otherwise would require cost- and time-consuming correction measures
during production ramp-up.

* Determine and optimize the times, such as processing time, failure time, recovery time, etc., and the through-
put of the plant.

* Determine the size of buffers and the number of machines your intended throughput requires. When a single
machine costs hundreds of thousands of dollars, it certainly helps to know if you need one or more machines
of one type.

* Determine the limits of performance of the machines and of the plant as a whole.
* Investigate how failures affect the throughput and the utilization of the machines.
* Determine how many workers and staff members are required for the intended throughput.
* Gain knowledge about the behavior of the facility.
* Determine suitable control strategies of the machines and of the way the machines interact.
* Evaluate different alternatives by running a number of simulation experiments.
* Minimize the investment cost for production lines without jeopardizing required output
* Optimize an existing facility. Here simulation helps you to:

* Optimize the performance of existing production systems by implementing measures that have been verified
in a simulation environment prior to implementation

* Optimize the control strategies you devised.
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* Optimize the sequence of orders that have to be fulfilled to make as few tool changes necessary as possible.
* Test the daily proceedings to make sure that everything works smoothly.
* Put the plan you formulated into practise. Here simulation helps you to:
* Develop a template for creating the control strategies.
* Test different scenarios during the warm-up phase of the facility.
* Train the operators of the machines in the different states, which machines and the facility can be in.
In general, you will reap these benefits from employing simulation:
* Enhance the productivity of existing production facilities.
* Reduce investment in planning new production facilities.
* Cut inventory and throughput time.
* Optimize system dimensions, including buffer sizes.
* Reduce investment risks by early proof of concept.
* Maximize use of manufacturing resources.

* Improve line design and schedule.

Implement a Simulation Project

As you remember, developing your simulation model is a cyclical and evolutionary process. You will start out with
a first draft of your model and then refine and modify it to make use of the intermediary results the simulation runs
provide. Eventually, after several cycles, you will arrive at your final model.

Before you start implementing your simulation project, you will, more or less, proceed like this. You will:
* Describe the project.

Determine the goals, so that the purpose of the simulation project becomes clear. Why are you examining a prob-
lem? Which questions do you want answered? Put the definition of the project in writing and consult it repeatedly
during the course of the project, as the purpose of the simulation study determines the efforts to be made.

* Plan the project.

Create a concept of your model, with its initial values, its model elements, variables, logic of proceeding and a
preliminary description of the simulation experiments. Which parameters do you have to change, which data do
you have to collect and how do you interpret this data? Make a list of all functional units that the installation you
are modeling will contain. Think about which functional units have identical or similar functionality. Combine
them and derive a list of application objects you and your colleagues have to create. Consider re-using existing
objects. Specify and plan the remaining objects on paper. Define and describe the interfaces for material and in-
formation flow. Outline reses and init methods.
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* Find out about the data you need and how to acquire it.

Ensure early on that the data you need to run the simulation experiments is going to be available. Frequently a
lot of time and effort is involved to acquire the data. Make sure that you have the name of a person who respon-
sible for acquiring the data from your client, which may, for example, be another department of your company.

¢ Build the simulation model.

Build a first version of the simulation model in its simplest, most basic form. Build the application objects you
need and test them one by one. After you are sure that all objects work the way they are supposed to do, put
together the overall model. Document the model in a clearly arranged manner, as six months or a year from the
time you modeled you might not remember how you accomplished a certain task or why you solved a specific
problem the way you did.

* Verify the simulation model and check its validity.

After you are finished building the simulation model, you have to verify it, i.e., check if the components you mod-
eled perform the tasks you programmed them to do. Test each and every object you created. Check for the cor-
rect functioning and for concurrence with the specifications. Test the objects in combination with other objects
and then in the overall model. Make sure that all parameters are set to the correct values. Once you have verified
the model, check it for its validity: Make sure the functionality of the model is as expected and conforms to the
functionality of the planned or real installation and see if the results are plausible and credible. Make an estimate
of the most important results and compare them with the results of the simulation. Introduce your model to a

production or planning expert and discuss the results, the proceedings and your modeling approach with him.

* Execute simulation experiments and collect the results.

Execute simulation experiments according to your final trial plans to arrive at the desired data. Plan a number of
simulation runs and prepare for the variation of parameters and models to get reliable results.

* Analyze the results of the experiments.

Analyze and interpret the results of the simulation experiments. Conduct a sensitivity analysis of the most im-
portant parameters, data and results.

* Author the final documentation of the entire simulation project.

Once you are finished with the simulation project, update the notes you made while modeling to create the final
documentation of the entire simulation project. This will help you, when you have to update or extend your sim-
ulation model or any of its components. Executing simulation experiments is a cyclical and evolutionary process.
You will modify and improve your initial simulation model a number of times as you incorporate new insights
from previous simulation runs. Thus you will arrive at your final simulation model after several cycles after con-
tinuously changing your initial draft of your simulation model.
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Getting to Know the Program

You can familiarize yourself with Plant Simulation in a number of ways. You can:
*  Visit Training Classes

* Work Through the Tutorial

o View the Sample Models

o View the Documentation that Comes with the Object Iibraries

o Consult the Step-by-Step Help

Visit Training Classes

Siemens offers a complete training program for Plant Simulation. Consult the information about the classes on the
Start page under Training Classes.

| Start Page =JOEd

.A.

Support

If you need help, contact our technical support system.

Plant Simulation Patches

To download the latest patches from the Global Technical Access Centre (GTAC) web pages, have your Webkey user

name and password ready. If you do not yet have a Webkey user name/password, check the latest license file you

received for your Webkey Access Code. Use this code to create a Webkey account on our support pages.

With your Webkey user name and password you can download the latest Plant Simulation patches.

Training Classes

We recommend checking out our software training classes. Select your country on the right-hand side of the page and

then select the Plant Simulation course from the drop-down list. |
b

Back to Getting to Know the Program

Work Through the Tutorial

To get acquainted with Plant Simulation you also can move along at your own pace by working through the lessons
of the Tutorial. It shows how to build a simulation model for a testing line for TVs and VCRs.

To open the tutorial:
o Start Plant Simulation.

* Click Tutorial on the Start Page.
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| Start Page =JOEs
Recent Models Modified See also
Small Parts Production.spp | 29.09.2010 00:57
examples.spp 20,09.2010 00:57 5] Examples/Infos
CarbodyProduction.spp 23.08.2010 10:13
VisibilityConcept_Test.spp | 09.03.2010 15:14 £ Demo Videos
MyCraneModel.spp 23.09.2010 15:22
MyRepresentation.spp 28.09.2010 07:52 & T“tﬂ@al
MeineDarstellung3D.spp 28.09.2010 06:27 ;
Rear-Axle Assembly.spp | 23.09.2010 00:57 EI New Features
Create New Model
SIEMENS

* Click Start Tutorial on the page Tutorial.
| Tutorial =JOEY

Tutorial

Introducing the User Interface

* To open the associated simulation models, click Section 2 or Section 3 and click the link.
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Consult the Step-by-Step Help

| Tutorial E]@]
- ~
Section 3 -
. Contents
L1 Home . . .
T . If you hawve not completed section 2, click fere to load the tutorial model.
[1 Section 1
o-Source . . L .
&-SinglePrac In this section we will insert a second Source to produce Containers. We
. Drain will also insert the object AssemblyStation to load parts onto the
b-Cornactor Containers before they are processed.
o-EventContraller
o-Buffer J-} - .
& Plotter Insert another Source below the existing Source in the Frame
[ Section 2 ProcessingLine.
o-Inheritance
o-Interface Right-click and rename the new Source to SourceContainers
o-Anirmation
o-FlowControl Select the object Container in the folder MUs in the class library and drop this
g-Line Container on the SourceContainers in the Frame Processingline. This way we
I:SU rem;d tell the Source to produce containers. Double-click the SourceContainers and
Fii check the field MU. It shows that it now produces Containers.
=-Container
o-TableFile
o-Chart | -+ .Testingline.Processingline.SourceContainers
[ Class Library " Mavigate View Tools Help ™

View the Sample Models

To get acquainted with Plant Simulation and the 3D VViewer, you also can view the sample models on the Tecnomatix
Plant Simulation DVD. These models demonstrate how to approach a number of problems and will give you ideas
how to solve your modeling tasks.

View the Documentation that Comes with the Object Libraries

To get acquainted with Plant Simulation, you also can view the pdf documents describing the application object li-
braties on the Tecnomatix Plant Simulation DVD. You might find that one of these libraries might already cover the
intentions of your modeling task.

Note: You have to purchase a separate license for some of the application object libraries.

Consult the Step-by-Step Help

To get acquainted with Plant Simulation, you also can consult the Tecnomatix Plant Simulation step-by-step help and
the online help that are part of the program. The former will cover most of your modeling tasks and provide you
with information on how to solve them. Start Plant Simulation, go to the Help menu and select Contents. Double-

click the book # @

If you prefer to read the documentation as a book in consecutive order, consult the printed materials that are part

and select the topic you need information about.

of your program package. You can also locate the pdf file of the manuals on the DVD and view it online or print
it in its entirety or only sections of it.
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2 Tecnomatix Plant Simulation.pdf - Adobe Reader E]@]
File Edit View Document Tools Window Help *
g—
5% & ¢ Dy = F :
P - — = = T
For printing, enter this | g=s ¢u = (&) 5| B0 20 @0 == ¢ E [ I (]
page number
When you add an zdd-in program with the mem command File » Add Objects = .., Plonr Simudaion 2lso addz a =
b, toclbar with the okjects) of this add-in.
* To zdd your own toclbars to the Tesfbax, tght-click the folder pou want to add the toclbar to, and select New >
Toolbar.
Pianr Sinmistion adds toolbars you define, toolbars with the objects of add-in products (File > Add Objects = ..},
and toclbars of application cbject libraries to the right of or below the tabs of the built-in cbjects in the Toolke:
* To add an cbject to a toclbar you defined, drag the object from a folder of the wee view in the class library to
the window,/toclbar you defined into the Tesdax and drop it thers.
Do not enter this
page number
Modeling in Tecnomatix Plant Simulation 20 ‘ 45 ’
M

Note: When you print a topic of the pdf file, do not enter the page number on the bottom of the page you are
viewing, but the page number the Adobe Reader shows on the toolbar Page Navigation.

Working with the Program, Basics

Basics of working with Plant Simulation provides information about:
* Working with Window Types
* Finding Objects and Text in Your Simulation Model

o Selecting Settings
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Working with Window Types

Plant Simunlation is a multiple-document interface application. It shows its windows in the common parent window.

& NoName.spp - Tecnomatix Plant Simulation 10 - .Models.Frame.Method * E]@]
! File View 3D Debugger Profiler Tools Windo E B | %

[ dd | BE [Ela o &

ss Library w O X Toolboy

Name: | SingleProc 0 [IFailed [ClEntrance locked ]

Erial Flow | Resources

Label: 0 |Planned 'VE [CJExit locked O
MaterialFlow - -
Resources | _ Importer Failure Importer User-defined Attributes
Gl nfpafatonFow L | = SetUp Failures Controls Exit Strategy Statistics
[ Jfferinterface
= T
Processing time: Const ;v% 1:00 ]
Edit Mavigate Objects v
Set-up time: Const w0 o
£ Frame £L N E\B 4 L
Recovery time: Const 'VE a O
U N | | N ([ e e o
DOCklng " gy Recovery time starts: | When part enters ] @
Windows +| N T Cyde time: Const :VE 0 ]
SingiePréc o
- Dialog Windows
TableFle ~— 0
S [ oK ] [ Cancel ] [ Apply ]
B ==} | M'.Models.Frame.Method * =JOJES

File Edit Format Mavigate View Tools Help File Edit MNavigate Run Template

== R RN R W s

View Tools Help

* R - R SN R
Q gtring \ |§tring 'sA\ . “. E is
= ] | do
L ‘2\\ : [ - E end;
< | | | 1
Frame N{eFile M Method * \ 4 b
Console \ w 0 X
&
| Ready MUM
\/
Main program window Object Windows

The program window has a magenta border in the online version of the picture above.

Note: The different window types open in a certain order within the program window. At times it may happen
that the window you want to work with opens in the background, instead of the foreground, where you
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would expect it to be. If this is the case, move the windows in the foreground aside to access the window
into which you want to enter data.
Instead of closing and reopening the Class Library, the 3D Library, the Favorites, the Toolbox, and the Console, you
can hide them: Click ™ to auto hide the window. When you then click in another window, Plant Simulation hides the

window until you move the mouse over the name of the window again. To deactivate auto hide, click .

Class Library - E Class Library - B Class Library Z| o x
Bclass Library 3D Library o ./k basis Bclass Library 3D Libr: Floating
B MaterialFlow
*' % Resources . Docking
[_1 MaterialFlow = ] InformationFiow | [_] MaterialFlow
Z] Resources E g | ] Usertnterface | [Z] Resources
(21 InformationFlow o : s | [Z InformationFlow | Auto Hide k |
[Z] UserInterface z -] Models [Z] UserInterface Hide
C3 Mus = £ Frome C3 Mus il
=-[Z] Models 3 =Rl Z1 Tools
£5 Frame <2 = =-[Z] Models |
d |
3
{30]
W
=
i
o
o
2

For further information compare The Plant Simulation Program Window in the Reference section of the Owline
Help.

Docking Windows

Plant Simulation docking windows are the Class Library, the 3D Library, the Favorites, the Toolbox, the Console, the Menn
Bar, the Standard Toolbar, the Simulation Toolbar, the 3D Toolbar, and the Debugger Toolbar.

View | 30 Debugger Profiler Tools Window Help

Toolbars and Docking Windows >| ~ | Standard
Status Bar + | Simulation
Caption Bar ~ | 3D
Application Look M|« | Debugger
i MU Animation Class Library
.j. Icon Animation 3D Library
¢| Favorit
E Start Page e

Console

i\ Toolbox

Customize...

Docking windows have a red border in the online version of the picture below Working with Window Types. Docking win-
dows always open in the foreground, on top of any other windows, i.e., they will also be placed on top of any open
dialog windows.
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* To undock a docking window, click the Window Position button ] in the title bar of the window and select Float-
ing.

Class Library Z| 3 X Toolbox Class Library b8
,/k o Floating b Floating
[_] MaterialFlow vl Cockin 4 Docking
L g L
Z] Resources C] Resou
| -] InformationFlow (21 Inform
(2] UserInterface Auto Hide % UserIn
1 mus : MUs a
Z1 Tools e C1 Tools i
| 2] Models || =-[Z] Models
* To redock a floating window again, right-click the title bar of the window and select Docking.
Class Library x
Floating
[_] Material z
Docki
[Z] Resour =00 %
2] Informa
2] Userlnty
Z1mus 5
Z] Tools il
=[] Models
g Frame

Or

Click the title bar of the docking window and hold down the mouse button. Plant Simulation shows a docking
guide in the middle of the window pointing to the top, the bottom, the right, and the left edge of the program
window. Drag the mouse onto the respective docking arrow where you want to dock the window. Plant Simulation
highlights that area, i.e., the destination, in blue. Release the mouse button when the docking position is correct.
Plant Simulation then docks the window to the respective docking (child) window.

Plant Simulation also shows individual docking guides | < at the four sides of the parent window, i.c., of the
Tecnomatix Plant Simulation program window.
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MaterialFlow

21 UserInterface
21 Mus

1 Tools

2 Models

Drag the mouse onto the respective docking arrow where you want to dock the window. Plant Simulation high-
lights that area, i.e., the destination, in blue. Release the mouse button when the docking position is correct. Plant

Simulation then docks the window to the respective edge of the parent window, i.c., the Tecmomatix Plant Sinu-
lation program window.

* To dock a toolbar to any of the sides of the program window, drag the move handle { on a toolbar, or drag the
title bar on a floating window to another location. When you drag the window to the edge of the program win-
dow ofr to a location beside another docked window, it docks there.

Note: When you move a docked window, this might affect the location and size of other windows in the same
row within the program window.
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* To preventa floating window from docking when you drag it, hold down Ctrl, and move the window to a position
of your choice.

* To make a docked window a floating window, double-click the move handle or hold down Ctrl, and drag the
window.

* To dock a floating window again, double-click its title bar or drag the window to one of the sides of the program
window of to a location beside another docked window, it docks there.

* To close a floating window, click Close =l on the title bar.

* To show or hide a docking window, right-click the Menu Bar in the program window and select the name of the
toolbar you want to show or hide. A displayed toolbar shows a check mark [«] to its left. Or

Select Tools > Customize, click Toolbars and select the check box with the name of the toolbat.

* To show or hide the Class Library, click B on the Standard toolbar ASRERENC B Wic i = I .

* To show or hide the 3D Library, click & on the Standard toolbar

* To show or hide the Favorites window, click "+ on the Standard toolbar
+ To show or hide the Tvolbox, click # on the Standard toolbar.
* To show or hide the Console, click B} on the Standard toolbar.

* To customize the menu bar, the toolbars or keyboard shortcuts, click the menu bar or the toolbar with the right
mouse button and click the menu command Customize on the context menu.

Compare the video UndockingDocking in Help > Videos

Dialog Windows

Plant Simulation dialog windows are the dialog windows of the Plant Simulation material flow objects, the mobile objects, the
resource objects, the information flow objects, and the user interface objects.

Dialog windows have a green border in the online version of the picture below Working with Window Types.
A dialog window always opens in the front as it expects that you select or enter something. You cannot minimize or
maximize it.

You can drag a dialog window outside of the program window and move it around on the entire screen.
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i .Models. MyPlantAnytown.SingleProc

Mavigate View Tools Help

Name: | SingleProd]

Label:

Times Set-Up Failures

Processing time:
Set-up time:

Recovery time:

[JEntrance locked [E]
[ Exit locked O

Importer Failure Importer User-defined Attributes

Recovery time starts:

Cydle time:

Statistics

O

J [ Cancel J [ omy ]

To hide or show all open dialog windows at once, click & on the Standard toolbar.

Object Windows

Plant Simulation object windows ate the object windows of the Frame £ |, the Method M, the Method Debugger, the Queue-
File and StackFile *i* £ the CardFile &, the TableFile B2, the Icon Edjtor, and the Plant Simulation 3D Viewer.

Olbyject windows always open in the background. Object windows have a blue border in the online version of the pic-

ture below Working with Window Types.

To bring an open object window to the foreground, click the icon of the window in the window tab bar.
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Working with Window Types

£ .Models.Frame
Edit Mavigate

P o T
mk
—Enkity
Source

= .Models.Frame.TableFile

File Edit Format Mavigate

Ohbjects

Itons  View Tools

(=] .
>

—Enkity
" Drain *

~ Lentiey

SingleProc

™M

" Method

M .Models.Frame.Method *

B

View Tools Help File Edit Mavigate

23 3 i +E Tools  Help

skring
1

skring
i

Run Template

View

gComponent‘LTest |§Frame |§MyComponenﬂ |§MyPlantAnytown |§MyEnginePlant IM Method * ‘ EH TableFile 4 »

To bring an open object window to the foreground or to arrange the windows, you can also click the Window Menu

and select the name of the window.

i File Pro

View 3D Debugger

filer Tools

Window | Help

Cascade

=
=

Tile Horizontally

3 Tile vertically

£ MyEnginePlant

Close All Windows

i
2 .Models.Frame
£ i
'

Maodels.MyPlantAnytown

w

Models.MyEnginePlant

@

.Models.Frame.Method *

=l

.Models.Frame.TableFile

:

ApplicationObjects. TestEnvironment.ComponentlTest

ApplicationObjects. TestEnvironment.Component2Test. MyComponentl

Note: You can also open the CardFile, the QueneFile, the StackFile, and the TableFile in the foreground as a dialog
window with the method gpenDialogBox.

You can close all object windows with the function closeANW indows.

You can minimize and maximize an Object window and move it around within the program window. When you

maximize an object window, Plant Simulation adds the button combination Minimize, Maximize, Close [=][2]E] that is
otherwise located in the title bar of the window, to the Menu Bar.

16
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You can also add links to the following object windows to the Favorites:

* Frame € windows

* Method M windows

* CardFile & windows

* windows of QueueFile and StackFile ** £

¢ TableFile B windows

» windows of user-defined attributes of type method, table, list, stack, and guene.

You can then quickly open the respective window by double-clicking its name in the favorites list.

Favarites * o X

@Class Library
[EDEI Add to Favorites

.Models.Frame.Method

.Models,Frame, QueueFile

.Models.Frame. StackFile

.Models.Frame. CardFile

.Models.Frame. TableFile

.Models.Frame
.Models.Frame. SingleProc. MyAttributeMethod
.Models.Frame. SingleProc. MyAttributeTable

3D Library |5 Favorites

Selecting Settings

Before you start working with Plant Simulation, you might want to change some of the default settings that affect
your simulation model.

* To select settings, which apply to the active model, select Tools > Model Settings. Plant Simulation saves theses
settings in the mode file.

2 MyModel.spp - Tecnomatix Plant Simulation 10 - .Models.Frame
! File View 3D Debugger Profiler | Tools | Window Help

- I_"} H l’H E 1| Random Mumber Seed Values...

Class Library ¥ & | |Toolbok' | @ Fncrypt Model

B Class Lib...
42 basis
+-[_] MaterialFlow
+ D Resources
+-[_] InformationFlow

ial Fl
_a i a Decrypt Madel

Model Settings...

#-[] UserInterface R k
#-(] MUs i

#-[_] Tools Customize...

=[] Models

* To select settings, which apply to new models, select Tools > Preferences. On the tabs General, Modeling, User
Interface and Editor you can select general settings, which are independent of the simulation model. On the tabs
Simulation and Units you can select model-specific settings, which apply to new models.
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2 MyModel.spp - Tecnomatix Plant Simulation 10 - .Models.Frame

! File View 3D Debugger Profiler | Tools | Window Help

- .j H H E | Random Mumber Seed Values...

Class Library + 0 X Toolbox

n Encrypt Model
& Class Lib... | B30 Library .E‘!T_e_'j?' Floy & | pecypt Model
A1 basis | (Y T_)

+-[_] MaterialFlow | |

+ D Resources
+-[_] InformationFlow § Model Settings...

+-[_] UserInterface | Preferences...

=1 MUs 5
#-[_] Tools EEE ﬁ Customize...
=1 Models

F 4

You will:

o Select General Options

o Select Modeling Options for the Frame

o Select Options for Units and for Displaying the Time

Select General Options

Select the language Plant Simulation uses when it creates a new simulation model. This language determines the
names of folders and objects, such as MaterialFlow or Materialfluss, SingleProc or Einzelstation, etc.

Note: The language of the operating system of your computer determines the language of the Plant Simulation user
interface.

The language determines:
* The name of the elements of the drop-down lists, such as the names of the distributions (Uniform or Gleich).

* The return value of the attributes that correspond to the entries of the drop-down lists, such as SingleProc.proc-
Time. Type.

¢ The contents of the window Show Attributes and Methods.
* The names which the feature Auto Complete within the method editor suggests.

Select if you want to use the English 12 hour, the English 24 hour, or the German date and time format on the tab
General.

18 Getting to Know Tecnomatix Plant Simulation



Selecting Settings Working with the Program, Basics

Preferences
General | Modeling || Simulation | Units || User Interface || Editor | License
Model
Model language: English V
Date and time format: yyyyfmm/dd 24 hour V
Model saving history: Mone |

Additional libraries

Libraries directories: D:\MyLibraries C]
Date and time format looks like this
yyyy/mm/dd 12 hour Wariable=2010/07/24 12:00:00.0000 a.m.
yyyy/mm/dd 24 hour Yatiable=2010/07/24 00:00:00,0000
dd.mm.yyyy 24 hour Wariable=24,07,2010 00:00:00,0000

Select which kind of comment Plant Simulation adds to your model file, each time you save it:
* Without comment adds no comment to the model (.spp) file.
* With comment opens a comment window, each time when you save the model. Enter your comment here.

* When you select Without comment or With comment Plant Simulation adds a row to the dialog Model Saving History
each time you save the model.

When the model crashes, Plant Simulation adds a description of the problem to the model history window instead
of a comment. This helps our software engineers detect what caused the crash.

* None does not save the history of how you saved your model.
To view the comment you entered:

Select File > Show Model History in the program window.
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Selecting Settings

File | View

Close

o~

«
LF
.H Save
&

Save As,

30 Debugger Profiler

Pack and Go...

J;J Manage Class Library... |
| Properties...

&y

¥4 show Model History...

|
LY

1 MyModel.spp

2 MyDashboards.spp

Exit

Model Saving History

Rollout test for Plant Simulation 10

Time

Model name

‘ersion

User name

Comment

L T S P A

04/0307 09:532:24
04/0307 09:34:19
04/0307 09:534:34
12/01j09 09:14:33
12{01/09 09:14:47
08/06(10 09:05:38

My Simulation DataiMyPlantAnytown,spp
My Simulation DataiMyPlantAnytown.spp
My Simulation DataiMyPlantanytown,spp
My Simulation DataiMyPlantAnytown,spp
My Simulation DataiMyPlantanytown.spp
My Simulation DataiMyPlantAnytown.spp

Tecnomatix Plant Simulation 8.1 ha
Tecnomatix Plant Simulation 8.1 ha
Tecnomatix Plant Simulation 8.1 ha
Plant Simulation 9.0.5 ho
Plant Simulation 9.0.5 ho
Plant Simulation 10,0 K

Initial rough concept

Engine plant added by Engine group

Paint shop added by

Engine plant modified
Assembly area added

Paint Shop crew

|Rollout tesk For Plank Simulation 10 |

QK

] [ Cancel

) )

Select Modeling Options for the Frame

Select which items the Frame shows on the tab Modeling. Which features you want to show or hide largely depends
on your modeling situation. The more items you choose to show in the Frame the more cluttered its display gets.

We recommend to experiment with the different settings.

Note: You can override these settings for each individual Frame under View > Options.

20
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General | | Simulation || Units

User Interface | Editor

License

Frame settings
Show object names
[ show object labels
[ show predecessors
[]show successors
Enlarge objects
Show display panels

Connector settings
Connect objects automatically
Positioning:
Select objects

|:| Ignore transparent area

Er—r

|:| Show animation points
Show connections

Show grid

[ 5how object borders

Show comments

Frame grid spacing

Horizontal: 20

Vertical: 20

" Options ’|. Show Object Names

Show Object Labels

Show Display Panels

Show Predecessors
Show Successors

Show Animation Points
Show Object Borders
[pixels]
[pixels]

Show Connections
Show Comments
Show Grid
Enlarge Ohbjects

Inherit Settings

If it annoys you that Plant Simulation opens a dialog prompting you to confirm, when you delete objects, clear the

check box Confirm.

General | Modeling | Simulation || Units |UserInherface |Edihor License

Console filters

[¥]info
Message
[oebug

Toolbox buttons

Size: 32 [pixels]

Delete objects
Confirm

Transparent dialogs

Window coverage: 95 [3]

Transparency level: 11.5 [3]

Drop-down list boxes

[Joisplay list boxes in the model language

Tooltips
Show object names as tooltip

If the icons of your objects are small, you can enter a smaller Size for the Too/box buttons. The smaller the icons,
the more icons the Too/box can display without having to scroll. Compare the settings 32 pixels and 24 pixels.

Toolbox

b

Material Flow |Resourt:es Information Flow | User Interface | Mobile Units | Tools

o

D& » b o iR
mam SR TG0

-
LI,

D
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Toolbox b 4

Material Flow | Resources || Information Flow | User Interface | Mobile Units | Tools

N b b o] G e e e T
________ ~BE ) b 1wy
SRxsr EBEm

Note: The icons of the Too/box buttons of the built-in objects by default have a size of 32 by 32 pixels and look
the best at this size. Smaller icons might loose sharpness or not perfectly fit the allotted space.

If you want to use another spacing for the grid in the Frame, enter a larger or a smaller number for the Frame grid.

Select Options for Units and for Displaying the Time

As daylight saving time is widely used internationally, you will also use it in your simulation model.

General | Modeling | Simulation User Interface | Editor

Units Daylight saving time
Mass: kg v
Currency: s w
) s = Month Week  Day  Hour
Acceleration: mjs? w Bialiy) S | Il &) 2
Length: m End: 10 |:[-1 |:|0 % 3
ilU= 1.000000 ||m
Time scale

Time scale 1f | 1.000000 Transferif: |24 |:|60 |:|60

Note: To sclect units and time settings, which only apply to the active model, select Tools > Model Settings > Units.

To select units and time settings, which apply to all new models, select Tools > Preferences > Units.

¢ Select the check box Daylight saving time.

* If the facility you are modeling is located in the European Union, you do not have to change the default settings.
Here summer time starts at 02:00 o’clock in the morning Greenwich Mean Time (GMT) on the last Sunday in
March. It ends at 03:00 o’clock in the morning on the last Sunday in October. In the EU, all time zones change

at the same moment.

* If the facility you are modeling is located in the United States of America, you have to change the settings. For
most of the US daylight saving time starts at 02:00 o’clock in the morning on the second Sunday of Match. It
ends at 02:00 o’clock in the morning on the first Sunday of November.
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Month  Week Day  Hour
Start: | 4 t[1 1|0 H

End: 10 |:[-1 |:|O 2| 2

If your specific modeling needs require it, you can also change the display of the Time scale. Enter a number be-
tween 0 and 86400. You can enter an integer greater than 1 into the text boxes next to Transfer if.

Time scale

Time scale 1f | 1.000000 Transferif: |24 |: |60 |: |60

You might, for example, divide a minute into 100 units, instead of in 60 seconds, or you might want to read 1:50
as 1.5 hours instead of 1 minute and 50 seconds.

Note: You can only change the display of the time scale, not the time scale itself.

A time statement consists of four numbers, separated by colons, normally in the format days:hours:minutes:sec-
onds. Plant Simulation stores the value itself in seconds and converts it at output time for the display.

Plant Simulation converts times according to the values you enter into the text boxes Time scale and Transfer if.
The following examples illustrate what to enter to achieve different displays of the time:

* If you want to use the standard time format, 24 hours to the day, 60 minutes to the hout, 60 seconds to the
minute, use the default setting Time Scale 1/1.0 Transfer if 24:60:60.

* If you want to simulate a longer period of time and want to display the time in the format
years:months:days:hours, enter Time Scale 1/3600 Transfer if 12:30:24, as an hour has 3600 seconds, a year has
12 months, a month has 30 days, and a day has 24 hours.

* If you want to divide a minute into 100 subunits instead of 60 seconds, enter Time Scale 1/0. 6 Transfer if
24:60:100.
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Finding Objects and Text in Your Simulation Model

To find the name of an object, a condition, an expression contained in an attribute, part of the source code of a
Method, or an expression contained in a table in your simulation model:

1. Click the right mouse button anywhere in the Class Library and select Find Object on the context menu.

Class Library * O X
Bclass Library 3D Library

A==

(] MNew 4
2 Paste

(]

(]

(]

(]

=

Rename
-]
= Show Structure

Show MU Statistics
Show Attributes and Methods

Make Library...
Print...

Find Object...

F 4

Save/Load 3

2. Select what you want to find from the left drop-down list. You can select to:
Find the Name of an Object
Find a Condition of an Object
Find Any Text within a Built-in or a User-defined Attribute of an Object
Find Any Source Code in a Method
Find Any Value Within a List or Table

Find the Name of an Object

To find the name of an object you inserted into your simulation model:

1. Select Name from the left drop-down list.

2. Type in the name of the object you want to find into the right drop-down list. We entered singleproc.

3. When you do not select the check box Match whole word only, Plant Simulation finds all words that contain the
word you entered. In our example it finds all word containing the word SingleProc, such as SingleProc, SingleProcl,
SingleProcl1, mySingleProc, etc.
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Find Object
Mame [v] | singleproc [v] .
[IMatch whale word only [Ireqular expression
[IMatch case [N1gnore inherited name or text

Look in: . E]
Indude subframes

.ApplicationCbjects. Components, MyComponent 1. SingleProc
.ApplicationCbjects, Components, MyComponent2. SingleProc
.ApplicationCbjects. Components, MyComponent3, SingleProc

.ApplicationCbjects, TestEnvironment. Component 1Test, MyComponent 1. SingleProc
.ApplicationCbjects, TestEnvironment. Component 2Test, MyComponent 1, SingleProc
.ApplicationCbjects, TestEnvironment, Component 3Test, MyComponent 1. SingleProc
MaterialFlow. SingleProc

Models,Frame. mysingleProc

Models,Frame. singleproc

wn.MyComponent 1,5ingleProc

Models, MyPlantanytown, SingleProc

Models, MyPlantanytown, SingleProcl

Models, MyPlantanytown, SingleProc2

Models, MyPlantanytown, SingleProc3

4. Type in the name of the folder or the Frame into the text box Look in, where Plant Simulation is going to start
searching for the expression you entered into the text box.
Instead, you can also click [E and select a folder or a Frame in the dialog Select Object.
To search on the highest level of the structure, accept the default setting that Plant Simulation enters, namely the
period (.).

5. Select Include subframes to also search all Frames located in the Frame in which the item you are searching for is
located.

6. Click Find, to start searching.

7. Double-click the name of the object in the results field, to open its dialog. You can then change any settings.

8. When you select Match whole word only, Plant Simulation only finds entire words that exactly match the word you
entered. In our example it only finds the word singleproc.

Find Object 2
|Name [v] | singleproc [v] .
Match whole word only [Ireqular expression
[IMatch case [D1gnore inherited name or text

Look in: . E]
Indude subframes

.ApplicationCbjects, Components, MyComponent 1. SingleProc

.ApplicationCbjects, Components, MyComponent2, SingleProc

.ApplicationCbjects. Components, MyComponent3, SingleProc

.ApplicationCbjects, TestEnvironment, Component 1Test, MyComponent 1. SingleProc
.ApplicationCbjects, TestEnvironment, Component 2Test, MyComponent 1. SingleProc
.ApplicationCbjects, TestEnvironment, Component 3Test, MyComponent 1. SingleProc
MaterialFlow. SingleProc

Models,Frame. singleproc

Models, MyPlantanytown.MyComponent 1. SingleProc

Models, MyPlantanytown, SingleProc
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Finding Objects and Text in Your Simulation Model

9. When you select Match whole word only, and also select Match case, Plant Simulation only finds words that exactly
match the word you entered, including upper and lower casing. In our example it only finds the word singleProc.

Include subframes

Models,Frame. singleproc

Find Object
Mame v. singleproc v.
Match whole word only [reqular expression
Match case [N1gnore inherited name or text
Look in: E]

10.When you select Regular expression, Plant Simulation also finds the regular expression you select. Click and
select any of the items displayed in the window Regular Expression. Plant Simulation enters the special characters

designating that expression into the right drop-down list.

Select to enter and to find
Any single character

Beginning of line A
End of Line $
Beginning of word \<
End of word \>
Group \(V)
Zero or one matches ?
Zero or more matches *
One or more matches +
Any one character in the set 1
Any one character not in the set [~
or \l

Searching with regular expressions allows you to use wild cards in the string you are searching for.

* To find all strings that contain a sequence of the character a, followed by any character, and the character b,

enter a.b into the text box.

* To find all objects whose name starts with an upper case S, enter ~ [S].

L.*proc into the text box.

To find all objects whose name does not end with an e, enter [“e]$.

To find all objects whose name contains an upper case L, followed by any character, followed by proc, enter

26
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11.Click Find.

Find a Condition of an Object
To find a condition of an object you inserted into your simulation model:
1. Select Condition from the left drop-down list.

2. Enter any SinTalk expression whose attributes or methods are identical to the expression you enter in the drop-
down combo box. You might, for example, enter the name of an affribute or a method and the expression you are
looking for, such as Proctime = 100, or OpenCtrl = void, etc.

Find Object

Condition v. proctime=100 v.

Look in:

Incude subframes

Models,Frame. singleproc
.Models.MyPlantanytown.MyComponent1.SingleProc

3. Repeat steps 4 to 7 described under Find the Name of an Object.
4. Click Find.

Find Any Text within a Built-in or a User-defined Attribute of an Object

To find any text or any value contained in a built-in or a user-defined attribute of an object which you inserted into
your simulation model:

1. Select Attribute from the left drop-down list.

2. Enter any text or value contained within a built-in or a user-defined attribute of an object in the search scope.

Find Object
atrbute [ [ red| ]
[IMatch whale word anly [IReqular expression
[IMatch case [J1gnore inherited name or text
Look in: .Models.MyPlantanytown E]

Indude subframes

Models. MyPlantanytown.MyComponent 1. SingleProc
Models. MyPlantanytown. SingleProcl

.MUs.Entity: 282494

.MUs.Entity: 283251

.MUs.Entity: 283252

.MUs.Entity: 283253

3. Repeat steps 4 to 7 described under Find the Name of an Object.
4. Click Find.
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Finding Objects and Text in Your Simulation Model

Find Any Source Code in a Method

To find any text, which you entered as source code into any Mezhod object which you inserted into your simulation

model or in any user-defined attribute of type Method:
1. Select Source Code from the left drop-down list.

Find Object

|Source Code [v] | blue

[

[IMatch case
Look in: .Models.ProcTime

Include subframes

[IMatch whale word anly

|:| Regular expression

[1gnore inherited name or text

L.

.Models.ProcTime. ProcTime. count
Models,ProcTime.ProcTime, cyclesMethod

2. Repeat steps 4 to 10 described under Find the Name of an Object.

3. When you select Ignore inherited name or text Plant Simulation then only finds the original source code you en-
tered into a Method object, and not the source code in derived or duplicated objects.

4. To replace the found source code with other source code, right-click one or several Mezhods in the results list and
select the command Replace With. Then, enter the replacing source code into the dialog which opens.

Find Object

[

Source Code [v] | blue

[IMatch whale word anly [Ireqular expression

Replace in Selected Methods

[IMatch case [J1gnore inherited name or text
Look in: .Models.ProcTime E]
Include subframes Find

.Models.ProcTime. ProcTime. count
‘Models ProcTime ProcTime.cyclesMethod
| Cpen
Cpen Class

Select

Find what: | blue

[x]

| green [v]

Replace with:

[IMatch whale word anly
[IMatch case

|:| Regular expression

5. Click Find.

28
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Find Any Value Within a List or Table

To find any text or value contained in a list or table which you inserted into your simulation model:

1. Select Table from the left drop-down list.

2. Enter any text or any value contained within a list or table in the search scope.

Find Object
e [v] [+ Bl
[IMatch whale word only [Ireqular expression
[IMatch case [J1gnore inherited name or text
Lok in: -
Include subframes

.Models.Frame.Line

.Models.Frame. TurnTable
Models.MyPlantanytown,.ExperimentManager HTML. Chart
Models. MyPlantAnytown,ExperimentManager. NeuralMet. W2
Models.MyPlantAnytown.FormulaInTable
.Models.MyPlantanytown. MyDataStationA
.Models.MyPlantanytown.MyProductionData
.Tools.ExperimentManager . BasicObjects. UserInterface. Chart
.Tools.ExperimentManager . ExperimentManager HTML. Chart
.Tools.ExperimentManager . ExperimentManager. MeuralMet. W2

3. Repeat steps 4 to 7 described under Find the Name of an Object.

4. Click Find.

Getting to Know Tecnomatix Plant Simulation

29



Working with the Program, Basics Finding Objects and Text in Your Simulation Model

30 Getting to Know Tecnomatix Plant Simulation



Modeling in Techomatix Plant
Simulation 2D

Modeling in Plant Simulation 2D introduces you to the most important tasks you will face when you create your

simulation model in Plant Simulation 2D. If you start a new simulation project from scratch, and at one point in time

or another, you might also have to create a corresponding 3D model at the same time or in the future, you have to

keep a number of criteria in mind to facilitate this.

Creating a Simulation Model

You will create your simulation model by inserting instances of the built-in objects and of objects you yourself or

a colleague designed, the so-called user-defined or application objects, from the Class Library into the object Frame

in the folder Models. By modeling application objects you can develop libraties that meet the modeling requirements

of your company. The most important built-in objects are: the Frame, the active and the passive material flow ob-
jects, the mobile objects, the Mezhod object, lists and tables, and the EventController.

The Frame is the object in which you create your simulation model. You will rename this Frame and then insert
the objects that represent the stations in your installation, into it.

To run the simulation you will insert an EventController that starts, stops and resets the simulation run. You can
re-use each and every simulation model you created as an application object in other simulation models.

By inserting Frames into Frames you create a randomly nested hierarchy of models. This way you can build and
structure simulation models that exactly match the installation you are simulating, and break down complex tasks
into manageable chunks.

You can derive or duplicate each object and re-use it as often as required, which introduces an important time-
saving key feature of Plant Simulation: inheritance: A derived object, i.e., a child object, retains a controllable link
to the template object, i.c., the parent object. In many cases the immense advantage of inheritance regarding pro-
ductivity and the low number of errors only becomes clear at a later point in time, when you actively work with
your simulation models. Naturally you can also turn inheritance for individual features off, by clicking the inher-
itance button, so that it looks like this E.
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* The active material flow objects transport and/or actively process mobile objects, i.e., patts, within the simu-
lation models.

Toolbox b

Material Flow | Resources || Information Flow | User Interface | Mobile Units || Tools
- | ey | = I ey [ vy
== 3 P |+ = e »{j]-»>_j|..>-f|+@=

I_| 1 i/
H}J_} _}l H_} E %l . © .
EES 444

The passive material flow objects do not actively process parts. They store parts and represent tracks on which
the processed parts are moved.

* The mobile objects (MUs) represent the parts that are created in, stored in, transported in, processed in and
removed from your simulation model.

Toolbox * o X

Material Flow | Resources || Information Flow | User Interface | Mobile Units | Tools

\_ﬁsﬂ

* The resource objects arc intended for modeling how and when Workers move from the WorkerPool to the Work-

places at the stations.

Toolbox b

Material Flow | Resources | information Flow | User Interface | Mobile Units | Tools

o m2 e ¥ TEO

* Employing objects of type method you can program the actions that you need to take place when the conditions

you program become true. For this we integrated a powerful programming language into Plant Simulation. The
Methods are either activated as controls by the material flow objects or by other Method objects. The Method also
provides a Debugger to locate errors and allow you to correct faulty code.

* Lists and tables ensure the random exchange of information between all objects. The powerful processing of
information in Plant Simulation is the result of a variety of functions, data types and operators.

Toolbox * o X

Material Flow | Resources | Information Flow | User Interface | Mobile Units | Tools

MeESS0 8L EE

I
l
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* The objects Chart and HTML Report allow you to graphically display the statistical values that the material flow
objects collect during the simulation runs.

Toolbox * o X

Material Flow | Resources || Information Flow | User Inteface | Mobile Units || Tools

M EPEWEEE e

* With the object Dialog you can create a dialog window similar to the built-in dialog windows that Plant Sinulation
provides. This way you can provide a simple user interface for complex simulation models other users work with.
You can also prevent another user from manipulating a Frame. To accomplish this, insert a Method object as an
open control into the Frame. Double-clicking the Frame will then not open it any longer, but call the control method
in which you might, for example, program it to open a dialog, where the user can then select the settings.

* With the objects Boztleneck Analyzerand SankeyDiagram you can analyze and evaluate the results the simulation runs
provided. Use the ExperimentManager to define how Plant Simulation executes the simulation experiments.

Toolbox b

Material Flow | Resources || Information Flow | User Interface | Mobile Units | Tools | Cranes

D EYel |

* Naturally you can also exchange data with other programs and processes using the interfaces we provide. For
integration purposes with other software it is important that data can be exchanged not only at the beginning and
the end of the simulation run but also during the simulation run.
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Creating a Simple Simulation Model

Creating a simple simulation model demonstrates how easy it is to quickly create a simple simulation model. We
will build a simple production line with a Source object, several SingleProcs and a Drain.

& My First Model.spp - Tecnomatix Plant Simulation 10

Lok
! File View 3D Debugger Profiler Tools Window Help
i & e impE HECE M RE N U=
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(21 InformationFlow | lll iﬁp E %l . 0 @ ---
[Z1 Userlnterface |

CamMus

-] Tools i e

(0 Models | £ Models.MyPlantAnytown =) %
£ MyPlantAnytown
g EnginePlant Edit Mavigate Objects Icons View Toaols Help

2] ApplicationOhjects

e

EventControIIer o SlngIeProcl
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The Source produces the parts that the stations, symbolized by the SingleProcs, are going to process. The Drain re-
moves the parts, symbolized by the Ewntities, from the production line after the SingleProcs have processed them. The

Sonrce can represent the receiving department, while the Drain can represent the shipping department. We also insert
a Chart that visualizes the results of our simulation run in different ways.

You will:
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* Insert Objects into the Frame

* Connect Obyjects in the Frame

* Run the Simnlation

o View the Results of the Simulation Run

Compare the video SimpleModel in Help > Videos

Insert Objects into the Frame

Proceed as follows to insert the objects, which symbolize the machines and stations in your installation, into the
Frame that symbolizes the installation or plant you are modeling:

e Start Plant Simulation and open a new model: Click Create New Model on the Start Page, select File > New or click
1 on the Standard toolbar.

This opens the Class Library with the built-in objects Plant Simulation provides, the Toolbox and an empty Frame—
in the folder Models—for creating your simulation model.

* To insert an object into the Frame, do one of the following:

* Click the icon of the object you would like to insert in the toolbox, move the mouse pointer, which then turns
into crosshairs (+), to the location in the Frame into which you would like to insert it and click the left mouse
button once.

* Use drag-and-drop to insert objects from the class library into the Frame.
* Insert the objects, so that your model matches the screenshot.
* Click the folder or the tab Material Flow and insert a Source I+, three SingleProcs =, and a Drain .

¢ Click the folder or the tab User Interface and insert a Chart .,

£ .Models.MyPlantAnytown E]@]
Edit Mavigate Objects Icons View Tools Help

e SWME® 04 @ %E 7 a2k e

1 | |

" L 1

EwventContraller ™~ 7 77 SingleProct

| Me—
Source SingleProc Drrain
| Me—
Chart SingleProcz

Modeling in Tecnomatix Plant Simulation 2D 35



Creating a Simulation Model Creating a Simple Simulation Model

* To move an object in the Frame, do one of the following:

* Click the object once with the left mouse button, hold the button down, move the icon to the desired location,
and release the mouse button.

* To move the selected object one pixel at a time in the direction of the key, press one of the arrow keys.
* To move the selected object one grid unit at a time, hold down the Shift key, and press one of the arrow keys.

* To align all objects to grid points in the Frame window, select all objects by dragging a marquee over them and
select Icons > Align to Grid.

* To delete an object, press the Del key on the keyboard or right-click it and select Delete.

Connect Objects in the Frame

Once you have inserted the objects, you have to connect them, so that Plant Simulation can pass the parts from object
to object through the installation.

* Click the Connector = in the Toolbox to activate connect mode. The mouse pointer turns into crosshairs (+), when
it is located over an object to which you can attach a Connector.

* Click on the Source and then on the SingleProc to the right of it. This establishes the connection between the two
objects, symbolized by a line. The arrow in the middle shows the direction of the connection.

* Repeat this for the other objects.

Note: To connect several objects one after the other without having to return to the Too/box each time you es-
tablished a connection, hold down Ctrl, while you establish the connection.

Your model should now match the screenshot.

£ .Models. MyPlantAnytown E]@]
Edit Mavigate Objects Icons View Tools Help
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Run the Simulation

To run the simulation, click ) or M on the toolbar of the Frame, to insert an EventController into the model.
* Double-click the EventController & to open its dialog window.
* Click the Start button to start the simulation, click Stop to stop it.

* Click Step P8 to process one simulation event at a time and to proceed through your model step by step.

* Drag the slider to set the speed of the simulation. The slower the simulation is running the better you will be able
to watch how the parts move through the model.

Now change different components of the model and check the impact of these changes. You might:

* Manually pause SingleProci for a while, re-start the simulation, remove the pause and continue the simulation.
* Change the processing time of SingleProc1 ot SingleProc2.

* Select a different Exit strategy for the SingleProc to see how it distributes the parts to the succeeding machines.

* Change the type of MU the Source produces: Double-click the Source and click MU. Select the Container in the di-
alog Select Object.

£ .Models.MyPlantAnytown )]
& ...EventController Edit Mavigate Objects Icons View Tools Help
Navigate View Tools Help [4I4 i C\B Ml B b [T &8 = G G E g fé:\- @
Time 43:17:17:00.0000 S
3
Controls | Settings Lenity,

SingleProcl

(e £B3 (o0 ] [00] (2] _
4|

Slower Faster
CEnkity. 0 . —Entity,
J Source SingleProc Drrain
[real time x L R
| e
Chat T SingiePr6c2 ’
[T | WCESSTR | ST e

View the Results of the Simulation Run

Once the simulation run is finished, you will be eager to check its results. You can view the statistics of each indi-

vidual object in its dialog window and you can visualize the statistics of as many objects as you like in a chart.

* To view the values resulting from the simulation runs for the individual stations, click the tab Statistics in the
dialog of the respective object. There, the object shows the most important data.
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-
&5 .Models.MyPlantAnytown. SingleProc3
Mavigate View Tools Help
Mame: | SingleProc3] B [IFaied [CJEentrance locked |
Label: o v | | Oedtlocked O
Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls Exit Strategy Statistics
Resource type
Resource statistics [
Working: 30.53% | Empty: 1.45% | Contents: 1
Setting-up: 0.00% | Rel. occupation: 98.55% | Minimum contents: [u]
Waiting: 1.45% Maximum contents: 1
Blocked: 68.02% Entries: 1319
Stopped: 0.00% Exits: 1318
Failed: 0.00%
Paused: 0.00%
Unplanned:  0.00%
[ ok J[ Cancel |[  Aepty |

* To view the statistics, which the object collected, in the statistics report, select the object and press F6. This opens

a report showing the most important statistics value in meaningful overview.

To present the results of our simulation run to management, we will use the object Char . Drag the objects

whose data you would like to show over the icon of the Char? and drop them there or right-click the Chart and
select Statistics Wizard. Then, select the objects there.

Right-click the Chart and select Show.

If you want to, you can play around with the settings to show the values in different ways.
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Introducing Classes

Imagine that, for example, you have to find the optimum type of store for a production plant. First, you have to
come up with different types or stores that might work for the specific installation, such as fully automated high
bay warehouse, manually operated shelving system, etc. To be able to compare the different types of stores, you are
going to build several simulation models, execute simulation runs and suggest the type of store with the best
cost/gain relation.

Your simulation models are going to be variants of a single basic model, i.e., you are going to use the same produc-
tion installation and are going to modify the store.

When creating the model variants you are going to build the basic model first. In conventional systems you would
then copy this basic model until you arrive at the number of variants you need. In Plant Simulation, on the other
hand, you will inherit this basic model, which we call the parent model, and arrive at child models. The main dif-
ference between a copied and an inherited model is that a child model recognizes which parent it is derived from
while a copied model knows nothing about its origin.

Now you are going to insert the different types of stores into the model variants you created. If you now find a
modeling error while modeling the basic model or if a specification changed, a conventional system requires chang-
ing all copies, which is time-consuming and error prone.

In Plant Simulation, on the other hand, you make the change once in the parent model. It then immediately propa-
gates all of your changes to all of its children, provided you did not change the setting in the child model. This saves
a considerable amount of time and the hassle of manually updating a number of sub-models.
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Classes, Subclasses and Instances

When creating your simulation model, keep in mind:

* A class is the template for an zustance, which you insert into a Frame. All objects in the Class Library, those we

built-in as well as those you yourself define, are class objects. You can add more detail to these classes and thus
create new classes that inherit properties from the master classes.

By changing a property in the class object, you change that property for all objects you derived from this class.
This is much less error-prone than having to change the same property for each and every individual object over
and over again.

* A class passes all of its properties on to an instance you derive from it.

* A class passes those of its properties on to a subelass you derive from it, for which you do not deactivate inher-
itance. Remember that a button that looks like this O means that inheritance is active.

Note: Inheritance only works from class to subclass/ instance, not the other way around!

A subclass is an object in the Class Library, which inherits some, but not all, of its properties from another c/ass.
By deactivating inheritance for certain dialog items, you can define properties that only apply to this subclass. An
example of subclasses could be several lines that only differ in their length.

To create a subclass from a class, right-click the class in the Class Library and select Derive. When you open the
dialog of the derived object, you will notice that inheritance is active for all dialog items, denoted by button that
looks like this 0.

Instead, you can hold down Ctrl and Shift, and click the object you wish to derive an instance from with the left
mouse button. Then, hold down the mouse button, drag the object to the location of your choice, for example
into another folder in the Class Library, and release both keys and the mouse button.

* To create a copy from a class, right-click the class in the Class Library and select Duplicate. When you open the

dialog of the duplicated object, you will notice that inheritance is deactivated for all dialog items, denoted by but-
ton that looks like this .

Instead, you can hold down Ctrl, and click the object you wish to duplicate with the left mouse button. Then,
hold down the mouse button, drag the copy to the location of your choice in the Class Library, and release Ctrl
and the mouse button.

An instance is an object, which you insert into your simulation model from the Class Library or the Toolbox by
dragging a class object to a Frame and dropping it there.

The objects use class relations and origin relations to inherit their properties from other objects:

The object inherits all of its basic properties from its class object. This includes settings it has by default, build-
in Methods, basic functionalities, etc. The c/ass is the object in the Class Library you instantiated the selected object
from.

The object inherits its settings from the originating object, provided you did not change them locally within the
object. The origin of the selected object is the object you derived it from.

Making full use of the potentials of inheritance saves a considerable amount of time and effort during modeling.
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Replacing and Merging Objects with Drag and Drop

While creating your simulation model you can:

* Replace an instance with a class by holding down Alt while dragging the class object on the instance and drop-
ping it there. This way you can, for example, replace a SingleProcwith an Assembly station. Plant Simulation preserves
all connected Connectors, but deletes all MUs on the object. Plant Simulation also lets you copy the attribute values
of the previous instance into the new instance. When you select to not do this, the new instance is in the same
state as an instance you inserted from the Class Library, i.e., all built-in attributes are inherited and all user-defined
attributes and sensors, which you defined in the previous instance, will be discarded.

* Merge objects by holding the Alt key and the left mouse button down. Then click the replacing object, drag it
over the object to be replaced, and drop it there.

Using Inheritance

Inheritance allows one class or object to incorporate data or behavior of another.

Inheritance has a number of applications:

* Specialization of existing classes or objects. In specialization, the new class or object has data or behavior as-
pects, which are not part of the inherited class.

* Extension to provide additional data or behavior features. In contrast to the case of specialization, with exten-
sion the new data or behaviors could have been provided in the inherited class because they are generally appli-
cable to all instances of the class.

* Code re-use to allow a new class to re-use code, in our case any of the settings you selected, which already exists
in another class.

The toggle button to the right of a dialog item activates or deactivates inheritance 4tive B for that item in the di-

alogs of the Plant Simulation objects.

* A button that looks like this O means that inheritance is active. Then the object inherits, i.e., uses, the value from

the parent object from which you derived it. When you modify the value of the parent object, Plant Simulation
also modifies the value of the child object.
Let us illustrate this with an example. We derive the SingleProc in the Class Library and insert it from the Class Li-
brary into the Frame Modell. Then, we derive Mode/2 from Model1. The origin of the SingleProc in Model2 is the Sin-
gleProcin Modell. When we now change the value of an attribute that inherits its value in the SingleProc in Modell,
the SingleProc in Model2 also applies this value.

* A thatlooks like this button B means that inheritance is not active. The values you enter only apply to the current
object.

Note: The object might display the current value only after you click Apply.
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Show Inheritance Relations in the Class Library

The objects can use class and origin relations to inherit some, or all of their properties from other objects. To get
an overview over which object inherits from which other object, right-click the object you are interested in in the
Class Library and select Show Inheritance. The dialog Inheritance shows the paths of all objects that are derived from
the selected object and thus inherit some or all of its properties from it.

Class Library v 0 X
[ Class Library

Jk Basis
=1-[_] MaterialFlow
A Connector
& EventController
g Frame
P} Interface
—+ Source
—+| Drain
59 singleProc
I ParallelProc
55 Assembly
5 DismantleStation
ﬁ Store
== PlaceBuffer
=2 Buffer — | Inheritance
& Sorter
é Line
() TurnTable
31 AngularConverter
=+ Track
=% TwolaneTrack
B FlowControl
= Cycle
(3] Material_Flow

=% MaterialFlow.SingleProc21
=3 MaterialFlow.SingleProc211
=31 MaterialFlow. SingleProc2111
& .Models,MyPlantAnytown, SingleProc2111
5 .Models.MyPlantAnytown, SingleProc2

55 SingleProc21

=
% SingleProc211

&5 sSingleProc2111

Show the Origin of an Object in the Class Library

The objects can use class and origin relations to inherit some, or all of their properties from other objects.

To select the object in the Class Library that the selected object was instantiated from, right-click the object you are
interested in in the Class Library and select Show Origin.

You can repeat this to move up in the hierarchy until Plant Simulation does not select another object. Then you have
reached the object the selected object was derived from originally, i.e., its origin.

Working with Classes in the Class Library

The Class Library shows the built-in objects in a hierarchical structure in folders and subfolders. By default the Class
Library contains a folder with Materia/Flow objects, with Resource objects, with InformationFlow objects, with MUs, with
Userlnterface objects, for Models and for Tools. When you start modeling, you will derive child objects from the built-
in class objects or from class objects you, or a co-worker, built from scratch.
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Plant Simulation initially opens the frame Frame for creating your simulation model, and any other Frames you add
later on, in the Models folder. The folders in the tree window share a number of properties with the other objects.
Among others you can apply a number of control methods, for example the rename control, etc.

When you add an add-in program, the Class Library also shows its objects—either loose or in a folder of its own—
on the topmost level of the structure below Basis. Note that Basis designates the Class Library itself, compare the
anonymous identifier basis.

Class Library * O X
Eclass Library
Jk Basis
+-[_] MaterialFlow
= D Resources
& Warkplace
BN FootPath
22 WorkerPool
€ worker
x Exparter
¥ Broker
o] shiftCalendar
LockoutZone
Eﬂ Resources
+-[_] InformationFlow
#-[_] UserInterface
#-_] MUs
#-[_] Tools
=1-[_] Models

£% EnginePlant
2] ApplicationOhjects

Configure the Class Library

You can configure the Class Library to best suit your needs. You can do this for new simulation models which you
create and for any of your existing models. This results in a lean Class Library and an uncluttered Too/box, preserving
precious screen space. You can:

* _Add Basic Obyjects to the Class Library or Remove Them from It. Naturally you can also add or delete objects at a later
point in time.

o Add a Library or a Tool to or Remove it from the Class Library.

o Add a Library, which You Y ourself Developed.

* Update a Library.

When you select the command File > New for the first time, Plant Simulation opens the dialog Manage Class Library

by default.

Add Basic Objects to the Class Library or Remove Them from It
To add the built-in objects, which are part of your program package, to the Class Library and to the Toolbox:

¢ Select the objects, which you need for creating the current and future simulation models.

Deselect the objects, which you do not need.
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Class Library * 0 X Toolbox v 0 X
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.41 Manage Class Library

Basic Objects | Libraries

Object
GueueFile
TimeSequence
Trigger
Generator
Atribute Explorer
XMLinterface
Filelnterface
FileLink
[] oDBC
SQlite
[ OracleSi
[ Oracle10g
[ Oracle11g
Teamcenter
[ ActiveX

|| Teamcenter
|| Reads data from a Teamcenter server.

[] Always show this dialog when you open

SEEER

a new model

[ Apply to New Models ] [ OK

H Cancel H Apply

* Click Apply to add the selected objects to the Class Library and to the Toolbox ot to remove them from it.

* If you want Plant Simulation to always show this dialog, when you open a new model, select the check box Always
show this dialog when you open a new model. Then you can configure each simulation model to your liking. If
you want to use the same settings for all new simulation models, clear the check box.

* If you want Plant Simulation to apply the settings you selected in the dialog to all new models, which you create
hereafter, click Apply to New Models.

Add a Library or a Tool to or Remove it from the Class Library

To add any of the built-in tools or libraries, which are part of your program package, to the Class Library and to

the Toolbox:

* Select one or several tools and libraries, which you need for creating the current and future simulation models.

Deselect the tools or libraries, which you do not need.
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The Automated Guided Vehicle System moves materials around a
manufacturing facility.

[] Always show this dialog when you open a new model

] v

[ Apply to New Models ] [ Ok ][ Cancel H Apply

* Click Apply to add the selected objects to the Class Library and to the Toolbox or to remove them from it.

* As we want to update the class in the class library with the loaded class, we select that radio button in the dialog
Replace or Rename Class.

Replace or Rename Class

The dass library already contains an object with the name:

i. MaterialFlow. Connector

What do you want to do?

() Replace the loaded dass with the one in the dass library

() Rename and keep the duplicate dass

[ QK ] [ Update All k] [ Cancel
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Plant Simulation adds the folder AGVS within the folder Application Objects to the Class Library and the Toolbar

AGVS to the Toolbox.
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Add a Library, which You Yourself Developed

To add one of the libraries, which you yourself developed to the Class Library and to the Toolbox:

* First you have to tell Plant Simulation where to look for the library, which you are going to add. This location may

be a folder on a local computer or on a network drive.

Select Tools > Preferences. Click [ ] to the right of Libraries directories and select the path.

You can also type in several directories separated by a semicolon. The /fibrary manager checks this folder/these
folders for the most up-to-date version of a library and lets you download it to your hard drive from there. This
allows you to add company-specific and project-specific libraries to your simulation model.

Click OK.

Preferences

General Modeling || Simulation || Units
Model
Model language:
Date and time format:

Model saving history:

Additional libraries

Libraries directories:

| User Interface | Editor | License |

D:\MyLibraries; D: \InternationalLibraries

e

* The dialog Manage Class Library shows the library, My Library in our example, on the tab Libraries under Ad-

ditional Libraries.
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.4: Manage Class Library

Basic Objects | Libraries |

Library Version
Tools

Standard Libraries

1= Additional Libraries

Distributed Simulation 9. betall2
My Library 100.a .
My Library

Object library for all plants wordwide.

[ Always show this dialog when you open a new model

[ Apply to New Models ] [ oK ][ Cancel H Apply ]

* Click OK to add My Library to the Class Library and to the Toolbox.

Update a Library

You can also update an outdated library on your computer with a newer version with the /brary manager. Let’s say
you have to update a model, which you haven’t worked with for a while and which contains a library. If the /Zbrary
manager finds a newer version of the used library in the directory, which you entered under Tools > Preferences >
Libraries directories, the Caption Bar shows this message:

. x
1) The model contains outdated libraries. Manage Libraries. ..

* Click Manage Libraries. The dialog shows libraties in red for which a newer version is available.

.41 Manage Class Library

Basic Objecis| Libraries |

Library Wersion
= Tools A
Bottleneck Analyzer 3 betal2 1
[] Sankey Diagram
Experiment Manager 3 betal2
[] Wizard for Genetic Algorithms
] Meural Netwarks
[] Sequertial Sampler
[] Variants Generator
[] Transfer Station
[] Portal Crane
[ Worker Chart
[] Wizard for the Gartt Diagram
[] HTML Wizard
[ Layout Optimizer
Statistical Tools 3 betal3

Modeling in Tecnomatix Plant Simulation 2D 47



Creating a Simulation Model Working with Classes in the Class Library

* Click in the cell below version to show the version number of the newest version and select it if you want to
update the Class Library. Click OK.

.4t Manage Class Library

Basic Objects | Libraries

Library Version

= Tools S
Bottleneck Analyzer 3. betall2 =]
[[] Sankey Diagram
Experment Manager 3. betal2

[ Wizard for Genetic Algorithms
] Meural Netwarks

[ Sequertial Sampler

[] Variants Generator

[] Transfer Station

[ Portal Crane

[ Worker Chart

[] Wizard for the Gartt Diagram
[] HTML Wizard

[ Layout Optimizer

Statistical Tools 3 betal3

Plant Simulation shows a Merge Report with detailed information about added and deleted objects, about the in-
stances of the objects which were affected by the changes and which classes were deleted.

| Merge Report E]@
- @

.Tools.StatisticalTools.Regression

Added Deleted
ForecastDizgram
Dialog.DragDrop.ExpMar

Affected Instances:

.Models.DataFitFeatures.LookAt.Regression
.Models.DataFitFeatures.FactorialRegression.Regrassion

Obsolete Classes

The following classes are no longer part of the library and have been deleted:

.Tools.Statistical Tools.Comparison

* Click OK, when you’re done configuring the Class Library.
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Create a Folder Structure for Your Simulation Model

Before you start modeling, we recommend to think about the structure in the Class Library of your simulation mod-
el, as a clear structure will facilitate locating the objects.

To get an idea about structuring, you might want to take a look at the application object libraries that were installed,

when you set up Plant Simulation. By default these are located in C:\Program Files\Tecnomatix\Plant Simulation\Li-
braries.

When you start modeling, we recommend to create new folders for the objects you use in your model, rather than
store the objects within the built-in folders. Otherwise the risk of changing the built-in objects inadvertently might
have confusing and unpredictable effects. This also facilitates saving your application object libraries as an object
file, which you can then load into any existing simulation model.

To create a new folder:

Right-click Basis in the Class Library if you want to insert the new folder on the same level as the built-in folders.

Right-click any folder in the Class Library if you want to insert the new folder into that folder.
* Select New > Folder.

Class Library v o X
- [ New ¥ Folder k

#-_] Paste Frame

-] Toolbar

Rename the folder: Click NewFolder once and type in a meaningful name. In our application object libraries we
use ApplicationObjects.

|42 Basis |42 Basis |42 Basis
-] MaterialFlow -] MaterialFlow :
[:l Resources [:l Resources

-2 InformationFlow 2] InformationFlow
-2 Userlnterface Z] Userlnterface
] MUs C] MUs

-1 Toaols 2] Tools

- Z] Models

B ApplicationD bjects

E|[:| ApplicationDbjects

-] MaterialFlaw -] BasicObjscts

Z1 Resources [Z1 TestErwironment

[Z InformationFlaw £ Component] Test

Z1 Userlnterface £ Component2T est

C] MUs £ Component3Test

2] Tools [Z] Components

1 Models -2 MyComponent]

L2 MyPlantanptown £ MyComponent2

E|[:| ApplicationDbjects £ MyComponent
i BasicObjects C] Methods

LM reset

We also recommend to create a subfolder for the basic, built-in objects that your simulation model uses, within the
folder ApplicationObjects. In our application object libraries we named this subfolder BasicObjects. This facili-
tates that your application object libraries are independent of the language of the model that the user selects and of
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the naming conventions of the built-in objects you use in your model. In addition, this simplifies loading the appli-
cation object library into other models, as this mechanism makes merging objects superfluous.

Set the Root Folder for Your Simulation Model

To prevent Plant Simulation from wasting RAM, you might, for example, not want to insert a Mezhod that has a large
number of instances into a large number of Frames. Instead, you can directly call this Me#hod in which you pro-
grammed an action that many object use, from the Class Library. In this case, you can use the anonymous identifier
rootFolder to avoid long paths.
When you use rootFolder in a Method, the rootfolderis a folder in the Class Library for which you have set the attribute
RootFolder to true. Then, Plant Simulation searches for that folder, starting with the class of the Method, upwards in
the hierarchy of objects.
In your application object library, you will, as a rule, set the top folder that contains all your application objects as
the rootfolder. This allows you to access any of the application objects you created, to access any of the dialogs you,
or your colleagues designed, and so on.
To set the root folder:
* Use the attribute RoosFolder. You might, for example, enter into a Method:
.ApplicationObjects.RootFolder := true;
Or
* Right-click the folder you would like to use as the root folder in the Class Library. Select Show Attributes and Meth-
ods, and click in the window. Press r on the keyboard and scroll down to RootFolder. Double-click it, type true
into the dialog that opens and click OK. Plant Simulation adds an upper-case R to the icon of the folder .
Class Library + 0 X Toolbox

[ Class Library |

42 basis

+-[_] MaterialFlow

5 S |
+-[] Resources Value | i.| W[
+-[_] InformationFlow .ApplicationObjects. Transport 8
+-[_] UserInterface vom
+-C] MUs RootFolder
=1-[_] Models truel VOID i
g Frame
Lo J[ cancel )| vom m
RootFolder boolean true ni

This example from out application object library Transport illustrates one of the usages of the root folder.

We designated the folder Transport as the RootFolder. We inserted all objects that a large number of other objects
use into the Frame Internal > Tools. An example is the method gpenBB that opens a context menu for the objects

and that provides the command Open. This allows us to access gpezBB from this one central location by entering

rootfolder.Internal.Tools.openBB under View > User-defined Context Menu > Configure of the Frames for
which we want to provide a context menu.
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Configure Menu
Active
Menu command: Executed method:
COpen slder . Internal, Tools.openBB E]

You can also use the anonymous identifier roozFolder within Methods in which you programmed controls. Here Plant
Simulation looks for the folder for which you set the attribute RoozFolder, starting with the class of the Frame into
which you inserted the object in which you programmed the control.

Create Your Own Classes

To create your own customized classes, you can either derive one of the built-in classes in the Class Library and
modify its features, or you can built a class of your own from scratch, for example in a Frame in the Class Library.

To create a class that shares all of its features with the parent class:

* Do not change anything in the class object you want to derive an instance from. Then, right-click that object in
its folder in the Class Library and select Derive. This adds the derived class to the bottom of that folder, below
the icon [¥] for the toolbar and adds a number to its name, for example S7ngleProcl. Then, rename the new class.

Or

* Hold down Ctrl and Shift, and click the object with the left mouse button. While holding the mouse button down,
drag the object into another folder in the Class Library, and release both keys and the mouse button. Be aware
that the class object keeps its previous name, when you proceed like this. Then, you can rename the new class.

To create a subclass that shares some, but not all, of its features with the parent class:

* Deactivate inheritance in the class object for the features you want to modify in each of the instances separately.
Remember that a button that looks like this B denotes that. The features with active inheritance will be passed
on unchanged to the instances of the class object.

* Right-click the class in its folder in the Class Library that has the features you would like to use and select Derive.
This adds the derived class to the bottom of the folder, below the icon [ for the toolbar and adds a number to
its name, for example SzngleProc1. Then, rename the new class.

Or

* Hold down Ctrl and Shift, and click the object with the left mouse button. While holding the mouse button down,
drag the object into another folder in the Class Library, and release both keys and the mouse button. Be aware
that here the class object keeps its previous name. Then, you can rename the new class.

To create a class of its own, which originally shares the settings of the original class, but does not keep an inher-

itance relation with it:

* Right-click the class in its folder in the Class Library that has the features you would like to use and select Dupli-
cate. This copies the selected object or model and creates a new class from it, severing all inheritance relations.
Changes you make to the original class object are not passed on to the copy you create. Or
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* Hold down Ctrl, and click the object you wish to duplicate with the left mouse button. While holding the mouse
button down, drag the copy to another folder in the Class Library, and release Ctrl and the mouse button.

Compare the video CreatingACilass in Help > Videos

Work with Folders, Frames and Objects in the Class Library

To move a folder (1 in the tree window:

* Select the folder you want to move in the tree window by clicking it with the left mouse button.

* Drag it to the folder above which you want to place it in the structure and drop it there.

To move a folder, a Frame or an object into another folder in the tree window:

* Click the folder, Frame or object you want to move into another folder with the left mouse button to select it.

* Hold down the Shift key, drag the object to the destination folder and drop it there.

The move pointer looks like this %'
To copy a folder, a Frame or an object into another folder in the tree window:
* Click the folder, Frame or object you want to copy into another folder with the left mouse button to select it.

* Hold down the Ctrl key, drag the object to the destination folder and drop it there.

The copy pointer looks like this .

To merge folders, hold down Alt and drag the replacing folder in the Class Library onto the folder to be replaced
and drop it there. Plant Simulation then forms the superset of both folders and merges those classes, which are
present in both folders.

To merge objects, hold down Alt and drag the replacing object in the Class Library onto the object to be replaced
and drop it there.

To arrange the order in which Plant Simulation shows objects within a folder in the tree window, for example
sort them by function or by name:

* Click the object with the left mouse button to select it.

* Hold the mouse button down, drag the object to the location of your choice in the folder and drop it there.
To add icons of objects to the toolbar in the tree window:

* Click the object with the left mouse button to select it.

* Drag the object to the object <name of the toolbar> :-f# located at the bottom of the respective folder and
drop it there.

To rename an object, do one of the following:

* Double-click it, and enter another name into the text box Name.
¢ Press F2 and enter another name.

* Select Rename on the context menu and enter another name.

* To rename an open object, press F4 and enter another name into the dialog Rename.
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Show the Contents of a Frame in the Class Library

Plant Simulation does not show objects you insert into any Frame £ in the Models folder, as it only shows classes of
objects in the Class Library, not instances of those classes.

To view the hierarchical structure of objects within a Frame, right-click the Frame in the Class Library and select Show

Structure on the context menu.

Class Library

é@class Library
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* o X
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Saving a Folder or an Object and Loading it into Another Model

You can load an application object, which may be a single object or an entire simulation model you created in a
Frame, into other simulation models or share it with your co-workers.

As compared to an object file a library is a collection of objects for which you enter a version, which you main-
tain over time and which you share with your colleagues. The version number enables you to either update your
simulation models with a newer version of the library or to stay with the present dated version.

Save Folder As Library...
Load Object...
Load Object into Folder...
Update Class Library...
You can:
* Save a Folder as a Library
* Save an Object or a Folder as an Object
* Load an Object or a Folder into Y our Simulation Model
* Load an Object or a Folder into Another Folder

Save a Folder as a Library
To save a folder as a Plant Simulation library (1ib), right-click it in the Class Library and select Make Library.
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Class Library

Eclass Libra

w
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Z1 Tools
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alFlow
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K
Print...
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Turns the folder into a library

This opens the dialog Library Information.

Library Information

X

Library name:
Library version:

Description:

Alternative paths:

My Final Assembly Library EU

1.0.0

Final assembly library for all plants in
Europe.

[ Ok ] [ Cancel

]

* Type in the name of the library. You can type in any combination of letters, numbers, spaces, and special char-

acters.
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* Type in the version of the library. You can enter any number of number and letters separated by periods.

* Type in a meaningful description of the library. The dialog Manage Class Library then shows this description.

A1 Manage Class Library

Basic Objects | Libraries

Library Version
# Tools

# Standard Libraries

= Additional Libraries

My Paint Shop 1.00
My Final Assembly Library .. 1.0.0 -
My Engine Plant 100

My Final Assembly Library EU
Final assembly library for all plants in Europe.

[] Always show this dialog when you open a new model

[ Apply to New Models ] [ QK ][ Cancel H Apply

* Click OK.

Plant Simulation saves the folder and all objects it contains as a library. The icon of a library in the Class Library looks
like this i FinalAssemblyEL

You can then load this application object library into other simulation models and share it with your co-workers.
To do so, click & on the Standard toolbar in the program window or select File > Manage Class Library.

You can edit the information you typed in when you created the library by clicking the library with the right mouse
button in the Class Library and by selecting Edit Library Information.

~

Library Information
Library name: My Final Assembly Library EU
Library version: 1.0.0
Description: Final assembly library for all plants in
Europe.

Alternative paths:

[ Ok H Cancel ]

In addition, you can type in one or more alternative paths for your library. As a rule, you will not enter an alternative
path.

Plant Simunlation identifies a library by its absolute path to the library folder in the Class Library. When you type in an
alternative path, this absolute path will also be assigned to this library. This may be helpful for two reasons:
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1. When you rename the library folder in a new version of your library or when you move the library into another
folder, the absolute path of the library changes.

=1-[_] MyLibraries =1-[_] MyLibraries
{5 EnginePlant {5 EnginePlant
{5 paintshop {5 paintshop
m FinalAssemblyEL| | m FinalAssemblyRightHandSteering| |

Plant Simulation will from then on treat the library as another library. If you do not want this, you can type in the
previous path to the library as an alternative path. This way you can update a model, for which the library is still
located under the previous path, with the new library. For this model, the library remains at its previous location
in the Class Library.

Library Information
Library name: My Final Assembly Library EU
Library version: [Lo.o
Description: Final assembly library for all plants in
o = = Europe.
Tecnomatix Plant Simulation
® | The path to the library "My Final Assembly Library EU' has been changed. Alternative paths: | .MyLibraries.FinalAssemblyEU
\-—t} Do you want to treat this library as a different library from now on?
Yes Mo . [ OK. ] [ Cancel ]

2. You can use alternative paths to assign several names in different languages to the library folder. We, for example,
also assigned the German path . Tools.EngpassAnalyse language to the library .Tools.BottleneckAnalyzer. For
this reason Plant Simulation considers both folders as the same library and can thus update both folders with the
same library file.

Note: When you type in the name of a language between § signs in front of the alternative path, for example
$German$ or $Japanese$, Plant Simulation will automatically use this path, when you load this library
into a model with this language, i.e., when the model did not already contain this library. The alternative
path for the Bostleneck Analyzeris $German$.Tools.EngpassAnalyse for example.

Note: You can type in any number of alternative paths. Separate alternative paths with a line break.

When renaming a library in the Class Library, pay heed to the messages that Plant Simulation displays!

=1-[_] MyLibraries =1-[_] MyLibraries
{5 EnginePlant {5 EnginePlant
{5 paintshop {5 paintshop
m FinalAssemblyEL| | m FinalAssemblyRightHandSteering| |

Click No in the dialog to retain the library properties of the folder. Clicking Yes will make the folder a normal folder
again without any of the properties that designate a library.
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Tecnomatix Plant Simulation

2 ‘fou are about to change the path of one or more libraries.
\-f/ Do you want the library folders to loose their library characteristic?

—— | - kj[ Cancel |

If you want the renamed library to be treated as a different library from now on, click Yes.

Tecnomatix Plant Simulation 2,

b d The path to the library My Final Assembly Library EU' has been changed.
\-T/ Do you want to treat this library as a different library from now on?

Yes Mo

Renaming the library folder does not changed the name of the library as such, it will still have the same name as

before.
Library Information
Library name: My Final Assembly Library EU
Library version: [Lo.o
Description: Final assembly library for all plants in
Europe.

Alternative paths: | .MyLibraries.FinalAssemblyEU

[ 0K ] [ Cancel

Save an Object or a Folder as an Object

To save an application object as an Plant Simulation object file (.obj), right-click it in the Class Library and select Save
Object As.

Enter a name into the dialog Save As and specify a location. Plant Simunlation saves the object, and all objects, which
that object uses, together with their folders and paths.

To save a folder, which may contain an entire application object library, as an Plant Simulation object file (.obj), right-

click it and select Save Folder As.

Enter a name into the dialog Save As and specify a location. Plant Simulation saves the folder and all objects it con-
tains.
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Load an Object or a Folder into Your Simulation Model

To load an object ot a Frame/ folderinto your open ot into another simulation model, right-click any folder and select
Load Object. Plant Simulationloads the object with all of its existing paths and the folders, sub-folder and classes the
object inherit values from into the Class Library at the Basis level.

To preserve the existing objects in your simulation model, and to discard duplicate objects that are contained in the
model you load, you will use Load Object, and then select to Replace the loaded class with the one in the class library.

To port a lower version of a simulation model or of an application object library to a higher version with modified
and improved classes, you will use Update Class Library.

Right-click any folder in the Class Library and select Load Object on the context menu.
Select the object in the dialog Open.

If an object or a Frame with the same name as the object to be loaded already exists in your simulation model,
Plant Simulation opens the dialog Replace or Rename Class.

-
Replace or Rename Class Replace or Rename Class

The class library already contains an object with the name: The class library already contains an object with the name:

|.Applicaﬁonobjects.Assistant.ASSI |.Applicaﬁonobjects.Assistant.ASSI

What do you want to do? What do you want to do?

(%) Replace the loaded dass with the one in the dass library (O Replace the loaded dass with the one in the dass library

(O Rename and keep the duplicate dass (%) Rename and keep the duplicate dass

MyASSL
[ QK ] [ Replace All ] [ Cancel ] [ [e]'4 ] [ Rename Al ] [ Cancel ]

To Replace the loaded class with the one in the class library, select the radio button. Then, Plant Simulation does
not load the new object, but replaces it with the existing object and merges all inheritance hierarchies into one.

To replace all duplicate objects, click Replace All.
To Rename and keep the duplicate class, select this.
Enter a new name for the duplicate object into the text box.

Note: When the object to be replaced is a Frame, select Tools > Replacement Mode in the Frame. Then, select if
you want to Merge the contents of the new Frame with the existing one or if you want to Exchange the
existing Frame with the new Frame.

Repeat this until all duplicate objects ate renamed or replaced.

If you are unsure if both classes are identical, we recommend that you enter a new name and compare the classes.
You can still replace the objects at a later point in time:

* Hold down the Alt key, click the replacing object and drag it over the object to be replaced while holding the
left mouse button down.
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* When replacing and merging is possible, a dialog opens where you can confirm that you want to replace the
object or not replace it.

Instead of using Load Object, you can also drag an .04j file from the Windows Explorer to the Class Library, and drop
it there.

Load an Object or a Folder into Another Folder

To load an object or a Frame that you saved as an object file (.obj), into the folder in the Class Library, which you
select, right-click the folder and select Load Object into Folder. Plant Simulation 1oads the object, with its complete
structure of objects, which this object uses and which are used by it, into this new folder.

Note: As a rule, you will create a new folder before you load the object or the folder.

You will use Load Object into Folder, when you do not want to replace any of the existing objects and their hierar-
chical structure in your simulation model with the object/objects you ate going to load.

The tools in the Tools folder in the Class Library, such as the Bottleneck Analyzer, use this technique and provide their
own parameterized BasicObjects that are independent of the object classes in the built-in folders.

Update the Class Library

To update an application object library, you and your coworkers are working on, with the most up-to-date classes
you developed or to port a lower version of a simulation model or of an application object library to a higher version
with modified and improved classes:

* Save the object as an object file (.obj): Right-click it and select Save Object As.

* Right-click any folder in the Class Library and select Save/Load > Update Class Library. This loads the object into
the Class Library at the Basis level.

When loading the object file, Plant Simulation supposes that the classes in the file it is loading are the most recent
ones, and replaces any existing classes with the same name in your model file. Note that this replaces the old class
with the new class, but attaches any instances of the old class to the new class, and thus preserves the settings you
made in these instances. This applies for classes that are located in the hierarchy directly below the newly saved
class.

For classes that were saved through an inheritance relation, and that ate located outside of this hierarchy below a
class, Plant Simmulation opens a dialog, where you have to select to replace any duplicate classes or to rename them.
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Working with Objects in the Toolbox

The Toolbox is a container for the different Plant Simulation toolbars that hold the objects of the Class Library. By
default, the Toolbox shows the built-in objects on the toolbars Material Flow, Resources, Information Flow, User In-
terface, and Tools. You find the toolbars for the objects at the very bottom of their folders next to the icon .

Toolbox b

Material Flow | Resources || Information Flow | User Interface | Mobile Units || Tools

\D_)_D:) [ 3 [+ =l »—_I—D»{j}» _|->>_J+C

| L -,
nJ_r_rlH_rE:scﬁl . ___________ E‘

When you add an add-in program with the menu command File > Manage Class Library, Plant Simulation also adds
a tab/toolbar with the objects of this add-in.

* To add your own toolbars to the Toolbox, right-click the folder you want to add the toolbar to and select New >
Toolbar.

Plant Simulation adds toolbars you define, toolbars with the objects of add-in products (File > Manage Class Li-
brary), and toolbars of application object libraries to the right of or below the tabs of the built-in objects in the
Toolbox.

* To add an object to a toolbar you defined, drag the object from a folder of the tree view in the Class Library to
the window/toolbat you defined into the Toolbox and drop it there.

Note: After you inserted an object from the Too/box into a Frame, Plant Simulation automatically switches back to
the tool Select & on the toolbars of the Too/box.
* To change the name Plant Simulation shows on the toolbar, go to the folder that contains the objects in the tree
view, select the icon [ at the very bottom of the folder, press the F2 key and enter a term of your choice into

the text box Label. If you do not enter a label, Plant Sinmlation shows Toolbar, i.e., the name of the toolbar in the
Toolbox.

* To change the size of the icons of the objects in the Too/box, select Tools > Preferences > Modeling > Toolbox
buttons in the program window.

Note: The icons of the Too/box buttons of the built-in objects by default have a size of 32 by 32 pixels and look
the best at this size. Smaller icons might loose sharpness.
* To open the class of the object, right-click it and select Show Class.
You will:
e Add Objects to the Toolbox: or Delete Them from 1t
» Copy Objects from Toolbar to Toolbar
o Insert an Object from the Toolbox
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Add Objects to the Toolbox or Delete Them from It

You can add an object to and remove an object from the Too/box and change the order of the icons:

* To add an object to a toolbar, drag it from its folder in the Class Library to the toolbar of your choice and drop
it there.

Note: When you derive an object from another object in the Class Library, modify the icon of the new object,
and add it to the toolbar, you might have to resize the window before Plant Simulation displays the new
icon.

* To remove a button/object from the toolbar, right-click it and select Delete from Toolbar.

* To change the order in which the icons of the objects are displayed on the toolbar, click the button you would
like to move and drag it to a different location on the toolbar.

Copy Objects from Toolbar to Toolbar

To adapt simulation models that you created in previous versions of Plant Simulation, you can use this technique to

copy objects from one toolbar of the Too/box to another. This is especially handy for Toolboxes that contain a large

number of objects:

* First, select the toolbar containing the object you would like to add to another tab.

* Right-click the folder whose tab you would like to add the object to in the tree window and select Show Structure.
This opens the window Structure. Expand the folder here.

* Hold down the Ctrl key and click the object you would like to copy on its toolbar in the Too/box. This selects the

object in the tree window.

* Drag the object from the tree window to the icon of the toolbar [3] in the dialog Structure.

Modeling Hierarchically

Modeling hierarchically is the concept of inserting components, which you modeled in a Frame, into other Frames.
This way you can model, and test, the individual components of your simulation model detached from the Frame
which holds your complete simulation model.
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You can combine any number of components in the Frame in which you build your overall model. In our example
we modeled a component in the Frane MyComponentl and inserted it into Frame MyPlantAnytown, which holds our

complete simulation model.

£ .Models.MyPlantAnytown.MyComponent1
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* To move up in the hierarchy of Frames, closing the active Frame, and opening the Frame one level up in the struc-
ture, click &. In our example, clicking Up One Level closes MyComponentl and selects it in MyPlantAnytown.

* To open the window of the Frame from which the cutrent Frame was detived, click &3. In our example, clicking
Open Origin opens the Frame MyComponentl in the folder ApplicationObjects > Components in the Class Library.

You can thus model the components, such as large machines or entire departments, to match their counterpart in
your real-life facility as closely as possible. You can also insert these components several times. You can use these
components in exactly the same way as you use any of the other user-defined or built-in objects. You can create

icons for them and insert them into your model just as you would any of the material flow objects. In addition it

allows you to clearly structure your simulation model.
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=1-|_] BasicObjects
—+ MySource
—+| MyDrain
= D TestEnvironment
g ComponentiTest
g ComponentZTest
g Component3Test

3D Library | 5-{ Favorites

g MyComponent2
g MyComponent3
+-[E] AGYS
[C] Methods

Another advantage of modeling hierarchically is the fact that you can distribute developing the simulation model
among several colleagues, even among several sites. You can then integrate the components into the complete mod-
el at any point in time.

Test a Component You Modeled

Modeling hierachically allows you to test the components detached from your complete simulation model, thus en-
suring that they work as intended, before integrating them. For this you can create a testing environment with the
desired level of detail. Insert the component into the test Frame, insert a Source and a Drain, connect all objects and
run the simulation.
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£ .ApplicationObjects.TestEnvironment.Component2Test

Edit Mavigate Objects Icons View Tools Help

R e SMb®» O 2 EE 7S ] @

]
B 5| Z *l M
—Enkity
EventController Source IMyComponent1 Drain Reset
=

Edit Mavigate Objects Icons View Toaols Help
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Working with the Frame

As a rule you will create your simulation models in the Frame £ that we placed in the folder Models in the Class
Library. Naturally, you can also insert additional Frames into this folder and model there.

To rename this Frame, so that it matches the name of the installation you are modeling, do one of the following;:
* Right-click it in the Class Library and select Rename.

* Select it in the Class Library and press F2.

* In the Frame window itself, select Tools > Rename or press F4.

To build your simulation model, you will insert any of the built-in objects or any objects you yourself design, and
connect these objects, which represent your stations, with the Conznector.

To run the simulation you will insert an EventController & that starts, stops and resets the simulation run. You can
use cach and every simulation model as an application object to create additional simulation models.

By placing Frames within Frames you can build hierarchically structured models. This way you can build and structure
simulation models that exactly match the real world systems you want to simulate. It also enables you to break down
complex tasks into manageable chunks and distribute a laborious task to several co-workers.

You will:

o Select Options in the Frame

o Model with Objects from the Class Library

o Work with Folders, Frames and Objects in the Class Library
o Work with Objects in the Frame Window

Modeling in Tecnomatix Plant Simulation 2D 65



Creating a Simulation Model Working with the Frame

* Connect Obyjects with the Connector

*  Model Transitions between Frames

» Add a Graphic and a Color to the Background or the lcon of the Frame
* Draw Vector Graphics or Text onto the Background of the Frame

o Create Your Own Menu/ Contexct Menu in the Frame

Select Options in the Frame

You can select general options for modeling under Tools > Model Settings/Preferences in the program window. You
can also select options for each Frame individually, which only apply to that Frame:

* By clicking the buttons =[] 2EE]#] on the toolbar of the Frame.
To Click

Hide or show the names of objects in the Frame.

E]

Hide or show Connectors in the Frame.

[1]

Hide or show Comment objects in the Frame.

18]

Hide or show the grid in the Frame.

Deactivate or activate Modify Structure, allowing you
to insert objects into the Frame or to change them.

X

* By selecting View > Options on the menu bar of the Frame.

Initially, any Frame you insert into your model uses the settings you selected under Tools > Preferences in the
program window. Select any of the commands to activate or deactivate them for the selected Frame. To restore
the built-in settings, and deactivate any of your changes, select Inherit Settings.

| Options ’| Show Object Names
Show Object Labels

Show Display Panels

Show Predecessors ETEIErENcES
Show Successors General | Modeling | simulation | Units || User Interface || Editor
Show Animation Points Frame settings
Show Object Borders i |:| Show animation points
Show Connections [ show object labels Show connections
Show Comments [ show predecessors Show grid
11 Show Grid [ show successors [ show object borders
Enlarge Objects Enlarge objects Show comments

| Show displ |
Inherit Settings b asllpalins
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Option On Off
Show Object Names — —
B —— B ——
Source SingleProc
Show Object Labels — —
B —— B ——
Source SingleProc Source SingleProc
Receiving Station &

Show Predecessors

B | B
pro— | B—
Show Comments My comment
B——= | =
Model with Objects from the Class Library

To create a simulation model, you will insert instances of the class objects from the Class Library folders into your
model. This, as a rule, will be the Frame that is located in the folder Models in the Class Library.

Show Successors

Show Connections

You can modify and expand the structure of the Class Library to meet the requirements of your simulation project.

You might, for example, add additional folders to save your simulation models, the test runs and the different com-
ponents of your model to.

Note: You can rename any object in the Class Library. Be aware though that your simulation model may not run
correctly any more when you rename an object that you entered as entrance or exit control into another
object ot MUs Plant Simulation entered in a Source object under Attributes > MU Selection > MU. In these cases
the path statements will be wrong after renaming objects.

You can:
* Insert an Object from the Class Library
o Insert an Object from the Toolbox

Insert an Object from the Class Library

In the structure, navigate to the folder and then to the object you would like to insert. Note that the objects are
grouped according to their functions and to the frequency you use them.

To insert an instance of the class object into the Frame:

¢ Click the object of your choice with the left mouse button to select it. The insert cursor looks like this %}
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* While holding the mouse button down, drag the object to the target position in the Frame window and drop it.

Coss ol ¥ 2 X2 Models.Frame W= X
iclass Librasy [LERER DAY [ Favorites Edit Mavigate Objects Icons View Tools Help
Basis _ " e s =
=] MaterialFlow B @ SIMB T L 6 Q% E Y &l ]PHA @
== Connector
&y EventController e
g Frame . :__,_) P
P} Interface A" N =
—+ Source EventController &’_
=+ Dean S S SingiePréc

59 singleProc %%
I ParallelProc

55 Assembly o=
5 DismantleStation Source
(= pickAndPlace o
ﬁ Store L s,
= PlaceBuffer —

&, Sorter S e

Insert an Object from the Toolbox

You can insert objects from the Toolbox that contains the objects grouped on tabs/toolbars. You might, for exam-
ple, insert one of the built-in material flow objects from the toolbar Material Flow.

Toolbox * 4 X

Material Flow | Resources | Information Flow || User Interface | Mobile Unis | Tools
hras ol el Tl Neeal
B3 ‘ - ‘ = + yoih +E @:
g D E » || o] g B
— e —_— e -+
Qs D = :Ecﬁl — © soyailBiry @
mEE =N e O Sid

B,

* Click the toolbar, i.e., the tab, which contains the object you would like to insert.

* Move the mouse to the icon of the object.

* Click the object with the left mouse button to select it.

* Move the mouse to the target position in the Frame window and click the mouse button once. Or

* Drag the mouse to the target position in the Frame window and click the mouse button once. The insert cursor

looks like this ..

* To insert several instances of the same object class, hold down the Shift or the Ctrl key while you click the mouse
button in the Frame window. This way you do not have to return to the Too/box each time after inserting an object.
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* To go to the class of an object, press the Ctrl key and click the object in the Toolbox. Note that Plant Simulation
highlights the class object in the tree window in the Class Library. Double-click that object in the tree window to
edit class properties or hold down the Ctrl+Alt keys and click the object in the Too/box. Note that this does not
work, when the object is already selected.

Add a Graphic and a Color to the Background or the Icon of the Frame
To add a graphic to the background of a Frame, do one of the following:

* Draga gif, bmp, .ppm, .ppm raw, .dxf or .dwg file from the Windows Explorer, the Internet Browser, the icon
library etc. over the background of the Frame and drop it there.
This new graphic will then replace the icon named backgronnd of the Frame. 1f you have not assigned a background
icon, Plant Simulation automatically creates a background icon. Note that Plant Simulation does not automatically
scale the size of the background icon to the size of the Framel
You can also add a background picture with the method sezBackgroundlmage.

* Drag a layout drawing you created in Autodesk over the background of the Frame and drop it there.

You can use this layout drawing as the actual background of the Frame and insert the Plant Simulation objects on
top of it. This is feasible when your simulation model is not too complex.
Note: If you are modeling a complex installation, this might not be practicable, as it might lead to a very clut-

tered layout. Then, you might want the layout drawing to be one of the icons of the Frame, and have the
MUs move through the installation on the animation lines you define in the class of that Frame.

Be aware that these .dxf or .dwg files are vector based, whereas Plant Sinmiation uses pixel based graphics. This
means that you have to think about how to transfer one size to the other.

= 1

- T : =T
ITEm HH kb J
) ™
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r—
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-] e I . A
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Proceed as follows to scale an AutoCAD drawing so that it fits onto the background of your Frame.

* Measure the dimensions of your AutoCAD drawing with the AutoCAD measurement tools and convert these
dimensions to meters! Then compare the x-dimension with the y-dimension and establish the maximum value,
let’s say 90 meters.
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* Divide this value by the Frame size you want to use. The maximum Frame size is 6000 x 6000 pixels. In our

example we divide 90 by 6000 which results in the value 0.015. This is the required scaling factor for our Framze.
Select Tools > Scaling factor in the Frame and enter the scaling factor 0.015.

Scaling Factor

Enter the scaling factor to compute the length of polygon lines to
be created in this Frame.

The factor you enter is the length of one pixel in length units,
See length units and grid settings under Tools > Model Settings =
Units and Tools = Model Settings > Modeling.

Scaling factor: 0.015 =
Horizontal grid spacing:  0.300000 m

Vertical grid spacing: 0,300000 m

[ OK H Cancel ]

When you drag the .dwg drawing onto the background of the Frame and drop it there, a dialog opens asking
for the scaling factor of the drawing. Enter the factor to convert the drawing units to meters. If the drawing
units are millimeters for example, you will enter 0.001.

CAD Import

Scale:

0.001

To make the background graphic transparent, so that the background color of the Frame shines through:

Open the Icon Editor (View > Edit Frame Icons).

Click Next Icon » to navigate to the icon called backgronnd.

Click the eyedropper # and click in the background of the icon. This makes that color the active drawing
color, which we want to replace.

Select Edit > Replace Color.

Select the transparency color in the Color Palette that replaces the active drawing colot.

If the transparency color is not part of the color palette, double-click any field in the Color Palette that contains
a color you do not need, and enter 0, 128, 128 into the dialog Colors > Custom and click OK.

Select Icon > Transparent.

Click Apply Changes ¥ to make the dxf file transparent.

* Open the Icon Editor (View > Edit Frame Icons), select File > Open and then select the type of file and the actual
file you would like to open.

* Draw an icon for the Frame and name it background. Plant Simulation uses this graphic as the new background

graphic.
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To set a color of your choice for the background of the Frame:

* Select View > Background > Select Color. If you do not like the white frame around the icons of objects you in-
serted into the Frame, select the icon with the number 0 in the Icon Editor and select Icon > Transparent.

Draw Vector Graphics or Text onto the Background of the Frame

To draw vector graphics on the background or in the foreground of the Frame, you can use the features of the
Vector Graphics Toolbar of the Frame. As opposed to the pixel-based graphics Plant Sinulation uses by default, you
can scale vector graphics or text without loss of quality.

+ Click # on the Standard toolbar to activate vector graphics mode and to show the Vector Graphics toolbar

NoonomE 8wy HiH @[ in the Frame. The shape of the cursor changes to kp’?.

Note: Aslong as vector graphics mode is active, you cannot manipulate any objects in the Frame. To deactivate

it, and to return to normal mode, click the button, so that it looks like this 7.

* Select the shape you would like to draw:

To Click

Draw a line. AN

Draw the outline of an ellipse.

Draw a filled ellipse.

Draw the outline of a rectangle.

Draw a filled rectangle.

| O|0|e| o

Enter text that appears in the Frame.

To force a line break when entering text, enter \n and continue typing.

* Drag the mouse into the Frame window, click the left mouse button once and drag the mouse until the shape has
the form you need.

* To change the properties of the shape/text you drew, double-click it and edit its settings in the dialog Graphic
Settings.

* To change the form of the shape or to move it, select it, click one of the handles « and drag the mouse.
The move mouse pointer looks like this <.
The change shape mouse pointer looks like this ™.
* To move a vector graphics object one pixel at a time, press the respective arrow key.
To move a vector graphics object one grid unit at a time, hold down Shift press the respective arrow key.
* To enlarge a vector graphics object by one pixel, hold down Ctrl and press the respective arrow key.

* To enlarge a vector graphics object by one grid unit, hold down Ctrl and Shift and press the respective arrow key.
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* To place an object onto a different layer, click ® and enter the number of the layer into the text box Layer.
The layers serve two purposes: They allow you to define the drawing order of the element you placed onto a layer.

* When you enter a negative number, -1 for example, Plant Simulation draws the shape you created onto the fore-
ground of the Frame.

* When you enter a positive number Plant Simulation draws the shape onto the background of the Frame.

They allow you to delete all objects on a certain layer: Click “ and enter the number of the layer you would like
to delete into the text box Layer.

* To delete all objects on all layers, click +.

* To group any number of objects, hold down Shift and click each object with the left mouse button, or drag a
marquee over them, and click M.

* To ungroup a group, select it, and click ',

* To delete the selected shape, press Del or click 0.

* To delete all objects on a certain layer, click .
Enter the number of the layer you would like to delete into the text box Layer.

To draw vector objects, you can also use the methods drawEllipse, drawline, drawRectangle and drawText. To delete
the vector objects you can use the methods eraseLayer and eraseAllLayers.

Create Your Own Menu/Context Menu in the Frame

To create a user-defined menu or a user-defined context menu with your own, frequently used, menu commands:

* Select View > User-defined Menu > Configure or select View > User-defined Context Menu > Configure.

£ .Models.MyPlantAnytown E]@
Tools  Help
Y NES e @l«b» ;!‘l, Zoom In

! Edit Mavigate Objects Icons
i @
Criginal Size |

@ M (=} Zoom Out ’”

User-defined M
EventController reset | bl e

Configure... . |

User-defined Context Menu H

= .Models. MyPlantAnytown )| =1[%]

! Edit Mavigate Objects Icons | View Tools Help
LR 4 S e B | ® ZoomIn %] @

RN

Criginal Size

@ M :Q Zoom Qut

User-defined M 4
EventController reset selaehaiails I

| User-defined Context Menu ’” Configure... e

Wl

el N U Backaround 4
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Note: To create a user-defined menu in a Frame, which you inserted into another Frame, deactivate the menu
command Inherit, so that it does not show a check mark to the left.

£ .Models. MyPlantAnytown.MyComponent1 E]@]
! Edit Mavigate Objects Icons | View | Tools Help

PP R ) S B b | | E ZoomIn

Criginal Size
:.; Zoom Qut
User-defined Menu L4
| User-defined Context Menu ’| Configure...

Background L2 %

* Enter the Title of the User-defined Menu with which Plant Simulation shows the menu next to the built-in menu bar
of the Frame.

* To show the User-defined Menu below the built-in menu bar of the Frame, for which you defined it, select Active.

* Enter the name of the menu command that Plant Simulation shows on the User-defined Menn in the Frame. Enter an
& (ampersand) in front of a letter to make this letter the access key. You can select this menu command by hold-
ing down the Alt key and by pressing that letter. The built-in Plant Simulation access keys take precedence over
any access keys you define!

You can also enter a formula as a menu command. A formula is designated by a leading question mark. When
you enter ?Method1 for example, the method Method1 will be called. The return value of this method has to be
of data type string. This way you can toggle between different texts, for example between Activate and Deactivate
and you can translate the menu commands into different languages. If the methods return an empty string (""),
Plant Simulation hides the respective menu command.

Note: You can use any formulas, even for example a method call with parameters, such as ?Methodl (42) ora
table access, such as ?TableFile[1, 3].

Menu command: Executed method:
?rootfolder.method(7) Method
?to_str(": ", SingleProc.xpos); Method 1

test1as

d33aa

¥ 270
e openHelp
Test TestMethod Test
Menu command: Executed method:
?rootfolder.method(7) Method

Pto_str(™: 7, SingleProc. xpos); Method1 tastl 23

X 270

? openHelp
?

d33aan

Test TestMethod
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e Enter the Methods, which the menu commands execute into the text boxes below executed method.

If the method expects a parameter, Plant Simulation automatically passes it. To this parameter, which has to be of
data type /ist, the selected objects, which are located within the same Frame as the Frame whose menu or context
menu is opened, are passed.

When Methods are called from the user-defined menu, the anonymous identifier ? (question mark) points to the
Frame in which you selected the menu command. This way you can access objects within the respective Frame.

Note: The commands on the user-defined context menu only apply to the selected object(s) within the Frame
for which you defined the context menu.

User-defined menu of a Frame User-defined context menu of a Frame
Configure Menu Configure Menu .
Title: EMy Menu Active Active
Menu command: Executed method: Menu command: Executed method:
My Command &1 myActionl E] Open Component openComponent E]
My Command &2 myAction2 E] Reset resetComponent E]
My Command &3 myAction3 E] Show Chart createChart E]
My Command &% myAction4 E] Help openHelp E]
My Command &5 myAction5 E] E]
My &Simple Dialog. .. openMySimpleDialog E]
My &Tabbed Dialog... openMyTabbedDialog E]
My OnlineHelp openMyHelp| E

e To create the user-defined menu or the user-defined context menu, click OK.

£ .Models.MyPlantAnytown

Edit Mavigate Objects Icons View Tools Help

BE A SMER D& A8 FE ] =

My Menu | o |
— c=E
My Command 1 — =
My Command 2 == SingleProct My Frame
=
g My Command 3 .
MyFrame — i
My Command 4 R 1 s -» |
L= i |
My Command 5 = SingleProcz Open Component h test1as
-~ 7 A Reset ¥ 770
My Simple Dialog... MyCamponent1 - Show Chart .
T 1 Help 2

My Tabbed Dialog...

| E—
My OnlineHelp \L;E 1 SingleProcd Test
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* To open a user-defined dialog from the user-defined menu:

* Enter the name of the menu command, which opens the user-defined dialog, into the text box below menu
command.

* Click [ ] to enter the path to and the name of the Method M, which tells Plant Simulation to open the dialog,
into the text box below executed method.

Configure Menu
Title: &My Menu Active
Menu command: Executed method:

My Command &1 myAction1 E]
My Command &2 myAction2 E]
My Command &3 myAction3 E]
My Command &% myAction4 E]
My Command &5 myAction5 E]
My &Simple Dialog. .. openMySimpleDialog E]
My &Tabbed Dialog... openMyTabbedDialog E]
My OnlineHelp openMyHelp| E

* Create a Method with the name you entered above and enter
<name of your user defined dialog>.open.

M _Models. MyPlantAnytown.openMySimpleDialog E]@]
! File Edit MNavigate Run Template View Tools Help
PEE A b BB o AR f A6 ELEY Fh
is

do

nysinplelialog . open;:|
end;
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Work with Objects in the Frame Window

Use these techniques to manipulate the objects, Plant Simulation objects as well as vector graphics you drew and in-
serted into the Frame.

rg .Models. MyPlantAnytown E]@]1

Edit Mavigate Objects Icons View Tools Help

a0 Sk 84 2w e [=l]2lER e
Bl oo o B = A e o LiE o

5 &
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EventController SingleProcl
o @
- — — -
B P 4|
~Entity = — —Entity

Source SingleProc SingleProcz Drain
Char saes LAyout, Plant Anytown
%y

* To open the object or the Frame window, double-click the object or a Frame in the model Frame, PlantAnytown in
our sample model.

* Toinsert an object in the Frame, select the object in the Class Library ot the Toolbox, drag it over the Frame window
and drop it there.

* To show or hide the grid in the Frame window, click Hi. Showing the grid makes it easier to insert an object at
exactly the position you need it to be at.

* To select an object, click it with the left mouse button. You can then move it in the Frame by dragging the mouse.

* To nudge the selected object one pixel at a time in a direction, press the arrow keys on the keyboard. To move
the selected object one grid unit at a time, press Shift+an arrow key.

* To deselect a selected object, click another object or click anywhere in the Frame.

* To select more than one object in a Frame at a time, hold down Shift, and click the objects you wish to mark or
drag a marquee over the objects: Hold the left mouse button down, and drag the mouse over the objects, making
sure the marquee encloses all of them, and then release the mouse button. You can also combine both methods.

To select all objects in the Frame window, you can use the method selectContents.

* To search for any object in the Frame window, click in the Frame window and start typing its name. Plant Simulation
then finds and selects the object.

* To connect objects, use the Connector. The Connector displays handles B——a after you select it. Click a handle to
change its shape, i.c., to make the Connector longer or shorter or to move the anchor point up or down.
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* To show or hide connections between objects you established with the Connector, click ==.
* To show objects that are not connected to another object, click .

* To zoom the contents of the Frame in, click .

* To zoom the selected icons in the Frame to the greatest possible zoom factor, drag a marquee over the icons with
the right mouse button and release the mouse button. To return to the original size of the icon, select View >
Original Size.

* To zoom the contents of the Frame out, click = .
* To show or hide the names of the objects you inserted into the Frame, click & .
* To prevent another user from modifying the structure of the model, click &

* To edit the icons of the Frame, and to add animation structures to it, click E.

* To model transitions between Frames use the Interface. When you connect Frames, which have several Inzerfaces,
with objects, Plant Simulation opens the dialog Select Interface. Select the Inferface the Connector attaches to and
click OK.

* To change the size of the icon of an object you inserted in a Frame, hold down Ctrl and Shift. Then, click anywhere
on the border of the icon and drag the mouse until the size of the icon meets your needs. To return to the original
size of the icon, select Icon > Original Size.

Note: This does not work for a rotated icon.
* To open the Frame you double-click and to close the Frame it is contained in, press the Shift key and double-click
a Frame located within a Frame.

* To move down in the hierarchy of Frames, closing the active Frame, and opening the next Frame one level down
in the structure, select Down one Level on the context menu.

* To move up in the hierarchy of Frames, closing the active Frame, and opening the next Frame one level up in the

structure, click = on the toolbar.
* To open the window of the Frame from which the current Frame was derived, click Open Origin a.

* To close the active Frame and open its location, click Open Location ¥ in a Frame.

* To assign the different states a Frame can be in, you can use the attributes StazeBlocked, StateEntryShut, StateResonr-
ceMissing, StateSetup, StateW orking, Stopped, and Unplanned. The Frame then shows the state it is in in the LED area
along the top of the icon.

LED means that the Frame is Looks like this
red Failed =
pink Stopped o
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LED means that the Frame is Looks like this
blue Paused *
light blue Unplanned =
green Working e
yellow Blocked i
brown Setting-Up =2
Cyan recovering or has a closed entrance =
orange Waiting for a resource (Exporter) =

* To manipulate any of the vector graphics, which you inserted into the Frame, click 7 on the Standard toolbar,
double-click the shape and edit the Graphic Settings.

* To show the stacking order of the mobile objects in the Frame in a tooltip, drag the mouse over the part.

Entity:

MUs Entity:1
on Container
on Transporter
on Track

* To open help for the selected object, press F1.

Note: The menus Objects and Icons are active only after you select an object in the Frame window.

Connect Objects with the Connector

The objects you insert into your simulation model represent stations in a production process. Each material flow

object in your model has entrance points which receive parts, and exit points from where the parts move on to the

succeeding objects in the sequence of stations.

In real installations the relation between the different stations is obvious by the way in which the machines are ar-

ranged on the shop floot. Plant Simulation, on the other hand, handles this somewhat differently.

To clarify to which other object parts are to be moved when leaving an object, you have to establish connections

between these objects.

* To connect the stations that represent the flow of materials:

Click the Connector ™ in the Toolbox to activate connect mode. The mouse pointer turns into crosshairs (+). When

you connect objects in the Frame, Plant Simulation attaches the connecting line to the front end of the cursor Lf*,
allowing you to actually see the connection before setting it.

To connect object 4 and object B, first click object 4 and then object B.
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Note: Plant Simulation only shows the connection, when you select View > Options > Show Connections.
* To connect several objects one after the other without having to return to the Too/box each time you estab-
lished a connection, hold down Ctrl, while you establish the connection.

* To automatically connect the objects while you insert them, place the objects right next to each other, when you
insert them. You will then have to manually move the objects to their final position.

Note: This only works, when Tools > Preferences > Modeling > Connect automatically is active. In addition the

position of the exit of the one and the entrance of the other object are to be no more than 3 pixels apart.

* To tell Plant Simulation where and how to place the Connectorin the Frame, hold down Shift, Ctrl, or Alt while you
establish the connection:

e Connector, no key: Plant Simulation aligns the connection to the grid, i.e., to the grid points next to the location
where you click the mouse button.

* Connector+Ctrl: Plant Simulation stays in connect mode, so you can connect several objects one after the other
without having to return to the Too/box each time you established a connection.

o Connector+Shift: Plant Simulation inserts the connection at a right angle, regardless of where you click.

e Connector+Alt: Plant Simulation sets anchor points of the connection at the location where you click. Note that
this is similar to the frechand drawing feature.

* To create a non-straight connection, set one or more anchor points: First, click object 4, proceed to point 1
and click once, then proceed to point 2, click once, and finally move to object B and click the mouse button once
to establish the connection.

* To create a right-angled connection, hold down Shift and click the left mouse button to set the anchor point.

* To move an anchor point, click on it, hold the mouse button down, and drag the handle #=— to the desired
location. Plant Simulation also moves the Connector.

* To check if all connections between the objects really have been established, select View > Unconnected Objects.
Plant Simulation selects all objects with unconnected entrance and exit points.

* To make the connecting line thicker, enter a higher number into the text box Weight.
To make the connecting line thinner, enter a lower number into the text box Weight.
* To select another color than the default black, in the dialog Colors, click the field next to Color.

You can select one of the predefined colors or you can click More Colors and click the Select button to select a
color in the color matrix. Then click OK. Plant Simulation shows this color next to More Colors and uses it as the
active color. Or you can click Custom and select a color in the color matrix. Move the mouse in the color matrix
over the area that is similar to the color you want. You can set the attributes of the color with the scrollbar on
the right hand side. Click OK to make this color the active color in the program.

* To show the source and the target of the Connector in the Frame as a Tooltip, drag the mouse over the Connector.

WR

Source

Connector:
Source 1> —>— =1 SingleProc
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* To exchange the successor of a Connector, select the end point of the Connector and drag it to another object.

To exchange the predecessor of a Connector, select the starting point of the Connector and drag it to another ob-

ject

* To place an object, which you insert from the Class Library into a Frame, in between two alteady connected

objects, drag that object onto that spot of the Connectorand drop it there. In this process Plant Simulation exchang-

es the successor of the original Connector.

aFE R e

* To automatically connect predecessor and successor when deleting an object located between other con-

nected objects, hold down the Ctrl key while you delete the object with the context menu command Delete.

B8 B8

When you work with the Del key, select the object you want to delete, and press Del. When the dialog opens, hold
down Ctrl and click Yes.

Tecnomatix Plant Simulation

Delete object: '.Models. MyProcessingBroker, Station 17
“r (Shift+"es' to delete all objects.)
{Ctrl+es' to delete the object and to retain the connection between predecessor and successor.)

[ Yes |[ Mo ][ Cancel ]

Note: This does not work when an object has more than one predecessor and successor. If the object has a

successor, Plant Simulation exchanges the successor of all preceding Connectors. If the object has a prede-
cessot, Plant Simulation exchanges the predecessor of all succeeding Connectors.

* To reorder the sequence of the succeeding objects, i.c., the sequence of the Connectors, click the object with
the right mouse button and select Reorder Successors.

Reorder Successors

............. o0
SingleProc3
SingleProc4

OK ] [ Cancel
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Model Transitions between Frames

One of the main advantages of Plant Simulation is that you can model hierarchically, i.e., you can model components
of your overall installation in a Frame, make sure that these components work by themselves and then insert them
into your overall simulation model.

—i —i
c=E
Bl —— < .
J — — = J
Receiving SingleProc SingleProcz MyComponent  Shipping
=
Edit Mavigate Objects Icons View Tools Help
£ £5 44 | ¥ -Models...MyComponent1.Entrance (7]
Mavigate View Tools Help
MName: | Entrance O
> Label: O _’
Entrance Line Exit

Attributes | Exit Strateqy | User-defined Attributes

Type: Entrance
Max. number of external connections: 3 O
Side: Left x| B
Pasition in %: 50 ]

[ ok J[ Cancel ][ pemty ]

In this case, you will have to connect the component (Framze) to the material flow objects or Frames that precede

and succeed it in the sequence of stations with the object Inzerface ¥ . The transitions are the places where MUs move
from one Frame to another or from a material flow object to a Frame and vice versa. Plant Simulation shows if the

Interface you inserted into a Frame is connected to another object with a Commector P or not connected P

You can insert the Interface into your simulation model from the folder MaterialFlow in the Class Library or from the
toolbar Material Flow in the Too/box.

Toolbox * o X

Material Flow | Resources || Information Flow | User Interface | Mobile Units || Tools
ok s ) e [ ereerep [ o |
B-a [ -> =] » wodl o @:
k D=2 i T 1+
| e — -,
L —-— E ey © soyailBiry @ P
{TEREILE 4 TR HJ —_— e N Lo

To model transitions, click the folder or the toolbar Material Flow and insert as many objects of type Inferface ¥
anywhere in the Frame.
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* Select the side of the icon of the Frame at which the Interface is to be located: on the Top, on the Right hand side,
on the Bottom, or on the Left hand side of the Framee.

* Enter the maximum number of external connections the Inferface may have. Depending on the type, any number
of Interfaces may have more than one predecessor or successor.

The predecessor is the object that is connected to the selected object with a Connectorand that is located in front
of it in the sequence of stations in the simulation model.

SlngIeProcl
>l
T Ly I I Ly I =2
MM — =7
SingleProc SingleProcz

SlngIePrDCS

The successor is the object that is connected to the selected object with a Connector and that is located after it in
the sequence of stations in the simulation model.

//;gleProcl
S
— i

: 2> —
...... S Ll
Si

ingleProcz Drain

_I"‘/

SingleProc3

* Enter the position of the Inferface on the side of the Frame it is inserted into in percent into the text box Position
in %. Enter a value between 0 and 100 percent. Plant Simulation uses the value you enter, when you activate Tools
> Preferences > Modeling > Connect automatically. Connecting objects automatically only works when the exit
of FrameA and the entrance of FrameB are not more three pixels apart.

* An Interface object you insert into a Frame and connect with a Connector shows its Type in the dialog: either Entrance
or Exit.
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Controlling the Simulation with the EventController

The EventController & coordinates and synchronizes the different events taking place during a simulation run. When
a part enters a processing station, for example a SingleProc, Plant Simulation computes the time it takes to process it
and enters that event and that time into the List of Scheduled Events of the EventController.

You can insert the EventController into your simulation model from the folder MaterialFlow in the Class Library, from

the tab Material Flow in the Too/box. Instead, you can also click 3 or B on the toolbar of the Frame.

& ...EventController

Mavigate View Tools Help

Time 43:17:17:00.0000

Controls | Settings

Slower Faster
Toolbox * o X J

Material Flow | Resources || Information Flow | User Interface | Mobile Units | Tools
[real time x

gg»bﬂS@TT 2
|E}_J_|} HJ E %l . © | ;'_'" J;-’ﬂ-. [ QK ] [ Cancel ] [ Apply ]

*  Plant Simulation shows the current simulation time of the simulation run in the box next to Time. Click Time to
change the display of the time between the:

* Relative time: Plant Simulation resets the relative time to zero, when it starts the simulation run. This is the
default.

* Current time plus simulation time: Plant Simulation adds the simulation time to the time and date at which
it started the simulation run.

Let us assume today is March 13, 12 o’clock noon and the simulation is to run for two days:
* Tor the setting relative time Plant Simulation shows 2:00:00:0000, i.c., two days.

* Tor the setting current time plus simulation time Plant Simulation shows 15.03.2003 12:00:00.00, i.e., March
15, 12 o’clock noon, after the simulation run is finished.

* To initialize your simulation model, click Init. Plant Simulation executes all Methods named Init. Methods being exe-
cuted when you click Init will be processed first.

Plant Simulation initializes the simulation model before it executes the next scheduled event.
Note: Plant Simulation automatically executes znit methods when you start the simulation for the first time or when
you stopped the simulation and clicked Reset and you did not click Init before you started the simulation.
* To reset your simulation model, do one of the following:

¢ (lick Reset.
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e Click M4 in the Frame.

Plant Simulation calls all methods named Resez in your simulation model. It deletes all unprocessed events, resets the
simulation time to 0, resets the statistics, and clears any pause and any failure of paused or failed machines.

When you click Reset while the simulation is running, Plant Simulation will first finish processing the active event
and then reset the simulation model.

* To start the simulation, do one of the following:
¢ Click Start.

* Click & in the Frame.

* Double-click the icon of the EventController while holding the Shift key down.

If this is the first simulation run or you clicked Reset before, Plant Simulation executes all methods named Init lo-
cated in your simulation model.

Note: To start the simulation without animating objects and MUy, click B in the Frame.

* To stop the simulation after the active simulation event has been processed, do one of the following:
* Click Stop.
* Click B in the Frame.
* Double-click the icon of the EventController while holding the Shift key down.

* To process one simulation event at a time and to proceed through your model step by step, click Step B,
* To open the Dialog of the Event Debugger, click List.

The List of Scheduled Events shows all currently scheduled events in ascending order, allowing you to find out,
which events are scheduled at what point in time.

* The column Breakpoint shows an S, for a breakpoint you inserted, by double-clicking a cell in the row.
* The column Type shows the type of event, for example Out, Pause, PauseEnd, etc.

* The column Time shows the point in time the event is going to be executed.

* The column Receiver shows the receiving object, i.e., the object that receives the breakpoint.

* The column Sender shows the sending object, i.c., the object that sends the breakpoint.

* To increase the speed of the simulation, drag the slider to the left or press the left arrow key. To decrease the
speed of the simulation, drag it to the right or press the right arrow key.

Decreasing the speed enables you to better follow the movements of MUs, as Plant Simulation shows their icons
for a longer time on the same station.

You will:
o Select Settings for the Simnlation
* Working with the Event Debugger
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Select Settings for the Simulation

When your modeling needs require it, you can select settings for controlling the simulation run on the tab Settings
of the EventController.

< .Models.MyPlant.EventControl...
Mavigate View Tools Help

Time 0:00:00:00.0000

Controls | Settings

Date: 2010/01/04 00:00:00
End: 130:00:00:00
Statistics: | 48:00:00:00

Delete MUs on reset

Step over animation events

E ook [ cancel ][ Aeoty ]

*  Plant Simulation shows the current simulation time of the simulation run in the box next to Time.
Click Time to change the display of the time between the:

* Relative time: Plant Simulation resets the relative time to zero, when it starts the simulation run. This is the
default.

* Current time plus simulation time: Plant Simulation adds the simulation time to the time and date at which
it started the simulation run.

Let us assume today is March 13, 12 o’clock noon and the simulation is to run for two days:
* For the setting relative time Plant Simulation shows 2:00:00:0000, i.c., two days.

* Tor the setting current time plus simulation time Plant Simulation shows 15.03.2003 12:00:00.00, i.e., March
15, 12 o’clock noon, after the simulation run is finished.

* Enter the Date and the time the absolute time during the simulation is based on.

* Enter the time when the simulation run will be finished. Enter a relative time, i.e., the period of time the simu-
lation runs. Plant Simulation compares this period with the simulation time and stops the simulation run when
both are identical. Let us assume it is March 13, 12 o'clock noon and the simulation is to run for two days. Enter
2:00:00:00 into the text box End. If you do not want to write this out in full, you can also just type 2: : : and
click Apply to have Plant Simulation translate this to the full format 2:00:00:00.0000.

* Enter the time the EventController tesets the statistics. Plant Simulation starts collecting statistical data for all mate-
rial flow objects anew from this time on.

* To subtract the simulation time from the active absolute time during the simulation run, select Backwards. The
absolute time, which the EventController shows then appears to be running backwards. The simulation itself still
uses positive times.
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* To delete all MUs from all Frames, when you reset the simulation model by clicking the Reset button or by calling
the method reset, select Delete MUs on reset.

* To step over animation events and to stop at the next event relevant to the simulation, select Step over animation
events [step aver animation events and click Step Pl on the tab Controls.
* To pause the simulation until the time span between two events has elapsed in real time, select Real time.
Note: Normally Plant Simulation does not take the time span in between events into account, as it is a discrete
event simulation system.
Enter the scaling factor for real time mode. The scaling factor sets the time that elapses between two events in
real time.

The duration of an event in real time is the simulation time divided by the scaling factor you entered. The result-
ing duration is an integer.

Working with the Event Debugger

The EventDebugger is a tool that lets you accurately control the execution of simulation events, when you click

Step PB. As opposed to clicking Stop on the tab Controls of the EventController you can, for example, enter a condi-
tion when the Event Debuggeris to Stop the simulation. Then, you can follow the execution of the events in the Event
Debugger.

The following examples demonstrate a number of typical usages for the Event Debugger.
To open the Event Debugger, to define breakpoints and to step through the scheduled events:
* Open the EventController.

& ...EventController

Mavigate View Tools Help

Time 43:17:17:00.0000

Controls | Settings

Slower Faster

a

[real time x

ook ) [Lcancel (L Aepy. ]

* Click the List button on the tab Controls. The event list contains the types of scheduled events, which the objects
in your simulation model entered and which the EventControllerhas to process. It is sorted ascending by time, tells
the type of event, the scheduled processing time, and lists recipient and sender of the event.
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Double-click a cell in the row where you would like to insert a single breakpoint. Then, the Event Debugger stops
the simulation run immediately before the EventController processes that event. Double-click the row again to de-
lete the breakpoint.

* Select the check box Breakpoints active.
* Click Breakpoints to open the list of the breakpoints you defined.
* Click Insert in the dialog Breakpoint to add an additional breakpoint.

¢ Event Debugger - 6:14:39:01.4066
|
[Breakpaints active [ Breakpoints ] I [ Trace File: [ race active
Breakpoint | Type Time Receiver Sender | Parameters
Animation 5:14:39:01.4075 MyComponentl.Line
EntranceEnd 5:14:39:01.7398 MUs,Entity: 304804 MyComponentl.Line
Qut 65:14:39:01.80866 MUs.Entity: 304757 MyComponentl.Line
Qut 65:14:39:08.0733 .MUz Entity: 304758 MyComponentl.Plac...
EntranceEnd 5:14:39:08.0733 MUz, Entity: 304766 MyComponentl.Plac...
Qut 65:14:40:01.4066 MUs.Entity: 304756 Shipping
Qut 65:14:40:41.4066 .MUz, Entity: 304757 MyComponent1.5ingl...
Qut 8:00:05:41.7398 MUs.Entity: 304283 SingleProcl
(][] 6o

* You can also use an event from the list in the EventController to define breakpoints. Select the event in the list and
click Stop at Selected Event. This adds this event to the list of defined event breakpoints. You can also edit the
selected event.

* 'To process a single event and stop the simulation again, click Step P.

* To proceed with the simulation until the EventController reaches the next breakpoint, click Start.

Example 1

In this example we watch all exit (Out) events for the Ent#ity with the ID 1, meaning that we track the course the
Entity takes through the installation.

Breakpoint
Receiver: MUs, Entity 1| E]
Sender: E
Start time:

Stop time:
Type: |Out vi
Condition: E]

If you would like to create a breakpoint for each Entity, delete the ID of the MU.
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Example 2
In this example all MUs leaving SingleProc1 define a breakpoint.
Breakpoint
Receiver: E]
Sender: Models, assembly. aszembly. SingleProcl E
Start time:
Stop time:
Type: |Out vé
Condition: E]

This time we do not enter a Receiver, as we want the EventController to insert a breakpoint for each leaving part. The
Sender is SingleProct.

Example 3
In this example only MUs of a certain class located on SingleProcl insert a breakpoint during a certain time span.
Breakpoint
Receiver: E]
Sender: Models, Assembly, Assembly, SingleProcl E]
Starttme: | 1:00:00.0000
Stop time: 3:00:00.0000
Type: |Out ;v1
Condition: E]
[ ox  J[ canca ]

Plant Simulation insetts a breakpoint when a part of the class .MUs.Entity located on SingleProc creates an Out
event between 1 hour and 3 hours.

At times you only want to insert breakpoints when certain conditions are met. Enter these conditions into the text
box next to Condition. A condition may be a certain value or certain states of the simulation model or properties,
i.e., attributes, of mobile parts. You can also enter methods, returning a boolean value as a result, which will then

be evaluated.

88 Modeling in Tecnomatix Plant Simulation 2D



Controlling the Simulation with the EventController Creating a Simulation Model

Example 4

In this example we use a property of the part as a condition for a breakpoint.
Breakpoint
Receiver: JMUs. Entity E]
Sender: Models, Assembly, Assembly, SingleProc1 E]
Start time:
Stop time:
Type: Qut v
Condition: @.length<100 E]

OK Cancel

Plant Simulation inserts a breakpoint, when a parz of the class .MUs . Entity, which is less than 100 meters long, caus-
es an Out event on SingleProc1. Note that the unit depends on the settings you selected under Tools > Model Set-
tings/Preferences > Units > Length.

If you would like Plant Simulation to create a trace file that tracks all events, enter a name into the text box Trace File
in the dialog Event Debugger and select the check box Trace active.

If you would to only create a trace file for a certain event, enter a file name into the text box Trace File in the dialog
Breakpoint.

Example 5

In this example we track the course the Enzity with the ID 9 takes through a simulation model and write the stations
to a trace file.

Breakpoint
Receiver: .MUs.Entity3 E]
Sender: E]
Start time:

Stop time:
Type: Qut ™
Condition: @.length<100 E]

c:'-.exercises'-.h'aceE.txt|
QK Cancel

With the settings shown in the dialog above, Plant Simulation inserts a breakpoint for each Out event of the Ensity

with the ID 3 and writes this event to the file c: \Exercises\trace3. txt. Note that this only works when you
selected the check box Trace active in the dialog Event Debugger. When you clear the check box Breakpoints active,
Plant Simulation writes the trace file without stopping your simulation using a breakpoint.
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In the examples above we only used Out events. You can, of course, also use any of the available types of events,
compare the List of Scheduled Events.

Delete Parts with the Mouse or When Resetting the Model

To delete one, several or all MUs, do one of the following:

* Select a single MU you would like to delete and press Del.

To delete all MUs in all Frames, click & on the toolbar of the Frame into which you inserted the EventController.
To delete all MUs in the active Frame, click & on the toolbar of that Frame.

To delete all mobile objects, when you reset the simulation model by clicking the Reset button or by calling the

method resez, you can enter deleteMovables into a Method, which you name Reset and which you insert into
your simulation model.

M .Models. ApplicationObjects. Methods. reset E]@]
! File Edit Mavigate Run Template View Tools Help

PEE Ao 4 BB o MR A A ELEY o
is
do
deletelovables: —— deletes all parts from the model
end;

* To delete all mobile objects when you reset your simulation model, select the check box Delete MUs on reset in
the EventController.

& .Models.MyPlant.EventControl...

Mavigate View Tools Help

Time 0:00:06:00.0000

Contrals | Settings

| Date: 2006/01/02 00:00:00
| End: 130:00:00:00

Statistics: | 48:00:00:00
elete MUs on reset
tep over animation events

[ QK ][ Cancel ][ Apply
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Work with Drag-and-Drop

Drag-and-drop has a number of applications in Plant Simulation. You can use it to:

* Insert an object from the Class Library into the Frame that contains your simulation model.

* Insert an object, such as a Broker, a ShiftCalendar, a control method, a table, etc. into the text boxes the dialogs of the
objects provide. When you use drag-and-drop, Plant Simulation enters the absolute path to the object.

Times Set-Up Failures Controls Exit Strategy Statistics
Importer Failure Importer User-defined Attributes
Active E
=] () Setting-Up (%) Processing
[ Services for Processing ] E
Can be interrupted and drawn off: [Cinterruptible O
Release when services are failed: All O
Priority: | 0 O Broker: .Models.MyPlantanytown.MyBrok E] =

Note: If you would like to use an object reference instead of the absolute path, type an asterisk in front of the

path. For the example above you would type * .Models.MyPlantAnytown.Broker.

Note: If you do not want to use the absolute path, but the relative path, click [.. ] and select the object you

would like to use in the dialog Select Object.

* Duplicate i.e., to copy the selected object or model and create a new class: Hold down the Ctrl key, drag the object

to another location in the Class Library, and release Ctrl.
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Modeling the Flow of Materials, Basics

Below we introduce you to the basics of modeling the flow of materials in your simulation model. You will learn:

* How to create or introduce parts & into your model with the object Source 1.

* How to select and enter for how long a station processes the parts that move onto it.
* How to set a station & up to process another type of patt.

* How to transfer the parts from processing station & to processing station &.

* How to model failures and failure times of the processing stations.

* How to remove the processed parts from your model with the object Drain 1.

Active and Passive Objects

Mobile and stationary material flow objects are the basic elements you use when you create a simulation model.

* The mobile material flow objects Entity, Container and Transporter represent the physical or logical parts moving
through the model, i.e., your installation. These mobile objects (MUs) require active and passive material flow
objects to process and transport them.

* The Source creates mobile objects at the beginning of the flow of materials through your installation. The Drain
removes the MUs from the installation after the material flow objects have processed them.

* The active material flow objects Source, Drain, SingleProc, Paralle/Proc, Assembly, DismantleStation, Line, Sorter, Pla-
ceBuffer, and Buffer receive MU, and process them for a certain time. They then attempt to actively transfer the
MUs to the next object along material flow connections, symbolized by the Connector, employing the push-
block principle. They represent work stations in a factory, such as a lathe or a drilling station, etc. They only
differ in the number of MUs they can process at the same time, a single one or several, and in the way they process
them, in series or in parallel. Basically, the Line resembles a conveyor system transporting MUs at a given speed
over a given distance.

* The passive material flow objects S7re and Track do not automatically transfer MUs. An MU remains in the
Store until it is removed, for example by employing a Mezhod. You will only use the Track in a meaningful way in
conjunction with the Transporter, which moves along the Track with the speed you set. Model diverging strategies
and converging strategies with the FlowControl.

We also distinguish between active and passive MUs:
* Active MUs are objects that can move by themselves, such as the Transporter and the Worker.

* Passive MUs, such as the Entity and the Container, are objects that are transported from material flow object to
material flow object, which process them.

In addition, we differentiate between:

* Point-oriented material flow objects on which the MUs are located on a fixed processing station. For the
Source, the Drain, the SingleProc, the ParallelProc, the Assembly station, the DismantleStation, the Sorter, the PlaceBuffer
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and the Buffer their own real length and their dimension as well as the length and the dimension of the MUs, which
transfer onto them, are irrelevant.

* Length-oriented material flow objects whose own real length and dimension as well as the length and the di-
mension of the MUs, which transfer onto them, are used during the simulation. Length-oriented objects are the
Line, the Track and the FootPath, the Container and the Transporter.

As opposed to the regular length-oriented objects, the AnguiarConverter consists of two straight segments, not of
a sequence of straight and curved segments. The Twurntable consists of a single straight segment.

Producing Parts with the Source

To create the MUs, which the material flow objects in your simulation model handle, we use the object Source . It
might, for example, represent the recezving department of your installation that introduces parts produced at another
location into the plant. Or it can be a machine, which produces the parts that the other stations process.

To remove these parts from the factory to model, for example, the shipping department, we use the object Drain =1

You can insert the Source I» into your simulation model from the folder MaterialFlow in the Class Library or from
the toolbar Material Flow in the Too/box.

Toolbox * o X

Material Flow | Resources || Information Flow | User Interface | Mobile Units | Tools
b 2] | |
B=-a J ’ -» -» * ¥ * C
g 4 k »{j]» v i B
-
:u_r _}l H—' = :Ecﬁl . __________ @ o

You can select to:
* Produce Parts According to a Delivery Table
*  Produce Parts During an Interval Which Youn Define

Compare the sample models: Select View > Start Page > See also > Examples/Infos, scroll to Concise Modeling Ex-
amples and click on Examples Collection. Then, select the Category, the Theme, and the Example in the dialog Ex-
amples Collection and click Open Model.

Select How the Source Proceeds, When it Cannot Produce MUs

Select how the Source proceeds when it cannot create the MUs at the times (Time of creation) you entered because
it cannot move the parts to its successor. This is the case when it fails, when it is paused or when it is blocked.

* Select Operating mode Blocking Meliecing, so that the Source remembers the time when it was supposed to produce
the next MU but could not. It then produces the following MU at the next possible point in time, i.e., when the
MU, which blocked it, has moved on.

* Clear Blocking, so that the Source creates another MU exclusively at the time of creation you entered.

Note: When the Source is temporarily not operational because it is Failed, Paused, or Blocked, the times of cre-
ation may shift, when you select Blocking. Then, the settings for the times of creation cannot be realized.

Modeling in Tecnomatix Plant Simulation 2D 93



Modeling the Flow of Materials, Basics Producing Parts with the Source

Produce Parts According to a Delivery Table
For the installation you are modeling you will, most likely, use a delivery table that contains the parts that a machine
produces, parts provided by other departments within the same plant or parts delivered from other plants.

Most of the time the delivery table you receive from another department will be an Microsoft Excel file containing,
among others, the name of the part, its amount, its arrival time, etc. You will then open this Excel (*.xls) file in an

Plant Simunlation table B2 and save it there.

-+ .Models. MyPlantAnytown.Receiving
Mavigate View Tools Help
Name: | Receiving| B [Faied
Label: O |Planned _v.: [ Exit locked O
Attributes | Failures | Controls || Exit Strategy | Statistics | User-defined Attributes
Operating mode: Blocking L]
Time of creation: Delivery Table _v.- E
Table: DeliveryTablePlantA E] =
[ ok ][ cancel | [ Aepty |

Next to information about the name and number of the produced entities, the Delivery Table may also contain values
of their attributes. The Delivery Table has five columns.

Note: Instead of the data type #me for the Delivery Time you can also use the data types date, datetime, ot real. When
you use date ot datetime, the start time of the simulation has to be before the time you enter.

Each row of the Delivery Table defines a single order for producing MUs:
* Enter the time at which the Source produces the MUs into the column Delivery Time.

* Enter the class of the MU into the column MU. You can also use drag-and-drop of the MU class to accomplish
this.

* Enter the number of MUs to be produced into the column Number.

Note: When you enter 0 as Number into a row, Plant Simulation does take the specified interval for the next cre-
ating cycle into account. This means that it does not skip this row, but does not produce a part during
this cycle.

* Enter a name for the MUs to be produced into the column Name.
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Note: You have to enter the Delivery Time and the MU. When you do not enter a Number, Plant Simulation pro-

duces a single MU. When you do not enter a Name, the MUs, which the Source produces, use the name of
their class.

* In addition you can, but you do not have to enter the name of a subtable into the column Attributes. Enter the
attributes whose value the Source sets and the user-defined attributes that it creates, when it produces the MUs,
into that subtable.

.Models. MyPlantAnytown. DeliveryTablePlantA
File Edit Format Mavigate WView Tools Help

= 03 Ay % G 0 E i 44

time | ohject | integer | skring | table s
i 2 3 4 5
string [DeliveryTime MU Mumber  |Mame Attributes
1 1:20,0000 Mls Enkity |1 bz properties
2 [1:30,0000 MUs Enkity |3 SCrew properties
3 [1:40,0000 MUs Entity |2 shaft properties
4 v/
< Al

To open the subtable, do one of the following:
* Click into the cell and press F2.
* Right-click into the cell and select Open Object.

Enter the name of a built-in attribute into the cells below column 1 of the attribute table. Enter the value you
want to assign to this attribute into one of the cells to the right with the respective data type.

Enter the name of a user-defined attribute into the cells below column 1 of the table. When an attribute with that
name does not exist yet, Plant Simulation creates it. Enter the value you want to assign to this attribute into the
cell to the right, which has the corresponding data type.

_Models. MyPlantAnytown.DeliveryTablePlantA[5,1] (= |03
File Edit Format Mavigate WView Tools Help

= L p2 Gl L O B T S B8 L

currlcon

?trlng |?teger|goolear| ‘s‘trlng |rseal |str|ng AI
string [Mame of the Attribute =
1 urrlcon | b 1
2 |BoxDiameter 100.00
. (]
< I | B

Note: Plant Simulation assigns the data type of the column containing the attribute’s value to the data type of the
attribute itself. Plant Simulation assigns the value you enter into the cell to the generated attribute.

To produce MUs according to the time, the type, and the number of parts you entered into a Delivery Table:
¢ Select Time of creation > Delivery Table.
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« Click Le and select the delivery table you would like to use in the dialog Select Object. Or
Drag your delivery table over the text box Table and drop it there.
* Click OK.

Produce Parts During an Interval Which You Define
To produce MUs during the interval you define:
* Select Time of creation > Interval Adjustable.

* Inour example, we chose to have the Source create one Constant type of MU, namely an Entity, every two minutes.
* Click OK.

-+ .Models.Frame.Source
Mavigate View Tools Help
MName: | Source O [Failed
Label: O |Planned || [ Exit locked (]
Attributes | Failures | Controls || Exit Strategy | Statistics | User-defined Attributes
Operating mode: Blocking ]|
Time of creation: Interval Adjustable|w| O
DOD:HH:MM: 55, XXX
Interval: Const v | 100 O
Start: Const vl |0 ]
Stop: Const ~||0 O
MU selection: Constant V (]
MU: MUs. Entity E] B
[ ok ][ cancel |[ Zppy |

The Sonrce:

* Produces the first MU at the time you enter for Start.

* Produces the next MU after the time you enter for Interval has elapsed.

* Stops producing MUs at the point in time you enter for Stop. Enter 0 into the text box Stop if you do not want
to apply a time limit.

When you select Time of creation > Interval Adjustable or Time of creation > Number Adjustable you can also select

how the Source produces which types of MUs.

*  Produce One Part Type Only

* Produce Parts in a Fixed Sequence Over and Over Again

*  Produce Parts in a Fixed Sequence One Time Only
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*  Produce Parts According to a Random Frequency Which Yon Enter into a Table

Produce One Part Type Only
To make the Source produce one type of MU only:
* Select MU selection > Constant.

¢ Click E In the dialog Select Object navigate to the folder where the MUs are located. Select the name of an
MU class and click OK.

i+ .Models.Frame.Source

Mavigate View Tools Help Select Object
Mame: | Source O [railed Objects:
Label: O |Planned 'Con.tt:iner Back

Trans

Attributes | Failures | Controls | Exit Strategy | Statistics |

Operating mode: Blocking O

Time of creation: Interval Adjustable O
Interval: W 1:00

MU selection: |C0nstant Lv] i
MU: .MUs.TableLeg Q i Path: [#] Absolute path
.MUz, TableLeg

[ ok J[ cancel |[ ppy ]_

Produce Parts in a Fixed Sequence Over and Over Again

To make the Source produce MUs in a fixed sequence over and over again:

* Select MU selection > Sequence cyclical.
* Insert a table into a Frame or into a folder in the Class Library.
* To designate the MU class to be produced, do one of the following:
* Click [ . In the dialog Select Object navigate to the folder where the table file is located into which you
want to enter the MUs. Select the name of the Table and click OK.
* Drag the table over the text box Table and drop it there.
* Enter the name of and the path to the table into the text box next to Table.
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-+ .Models.assembly.

BasicObject_Assembly.SourceMain

Mavigate View Tools

Operating mode:

Time of creation:

Help

Mame: | SourceMain B [Faied
Label: O [ Exit locked
Attributes | Failures | Controls || Exit Strategy | Statistics | User-defined Attrib

Blocking O

Interval Adjustable| s | B

DDD:HH:MM: 55, XXXX

utes

Interval: 1:00 E
MU selection: |Sequence Cydical vi =
Table: MainParts E] g [OGenerateasbatch O
ook ) [ Cancel ] E fonty ]
.Models.assembly.BasicObject_Assembly.MainParts E]@]
File Edit Format Mavigate View Tools Help -Models.assembly.BasicObject_Assembly.MainParts[4,2] (= O/
i e o N [T R = sk " File Edit Format Mavigate View Tools Help
= ZHS A % S 0 CE e A i
= L ] 2oy (38 += &
Models, assembly MUs, plate Lj lﬂ = IS TN =y 4
?bject | iéﬂteger | gtring | aable | I Currlcon
2 skring |integer |b00|ean |string |real |time -~
string [rU MNumber  |Mamne Aktribute 1 2 3 4 5 [
1 |Maodels. assembly MUs. plate 2 Part_a al string |Mame of Attribute
2 |.Models, assembly MUs, plate z Part_E az 1 urtlcon Plate_B

* Enter the names of the MU classes to be produced into the cells below MU of the table.

Enter the number of MUs to be produced into the cells below Number.

* You can, but you do not have to enter a Name and Attributes into columns 3 and 4 of the table.

Note: When you do not enter a Name, the MUs that the Source produces use the name of their class.

To make the Source produce the number of MUs you specified in a row of the sequence table all at once in a single

batch before moving the entire batch on, select Generate as batch. Once the Source has processed the entire se-
quence, it starts processing the information in the table again starting at the beginning of the sequence.

To make the Source produce the MUs as a sequence of individual MUy, clear the check box. When the Source pro-
duces the MUs as a batch, it attempts to produce the entire set of entities at the given start time and to move

them on to the next object.
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Produce Parts in a Fixed Sequence One Time Only

To make the Source produce MUs in a fixed sequence one time only:

e Select MU selection > Sequence.

Note: The setting Sequence is not available, when you set Time of Generation to Number Adjustable.

* Insert a table into a Frame ot into a folder in the Class Library.

* To designate the type of MU to be produced, do one of the following:

* Click [ ]. In the dialog Select Object navigate to the folder where the table file is located into which you
enter the MUs. Select the name of the Table and click OK.

* Drag the table over the text box Table and drop it there.

* Enter the name of and the path to the table into the text box next to Table.

.Models.assembly.BasicObject_Assembly.Parts

(]=1X]

File Edit Format Mavigate WView Tools Help

= 5 Ay ¥ GaE 0 E i 84

Models, assembly MUs,Legs

-+ .Models.assembly.BasicObject_Assembly.SourceParts
Mavigate View Tools Help
Mame: | SourceParts B [raied
Label: [0 |Planned v [CExit lncked (L]
Attributes | Faiures | Controls | Exit Stategy | Statistcs | User defined Atiributes |
Operating mode: Blocking O
Time of creation: Mumber Adjustable:vé E Amount |1 ]
DDD:HH:MM: S5 XXXX
Creation times: Const v|| o0 =
MU selection: Sequence v =
Table: Parts E =] [ Generate asbatch [
[ ok [ cence J[ ooy |

?b]ect | ?teger | gtrlng | aable | |lA'=
string [rU MNumber  |Mamne Aktribuke !
1 |Models, assembly MUs.Legs g Leg_fA al |
2 [.Models, assembly,MUs,Legs g Leg_B az |

* Enter the names of the MU classes to be produced into the cells below MU into the table.

* Enter the number of MUs to be produced into the cells below Number.

* You can, but you do not have to enter a Name and Attributes into columns 3 and 4 of the table.

Note: When you do not enter a Name, the MUs that the Source produces use the name of their class.

* To make the Source produce the number of MUs you specified in a row of the sequence table all at once in a single
batch before moving the entire batch on, select Generate as batch.

To make the Source produce the MUs as a sequence of individual MUy, clear the check box. When the Source pro-
duces the MUs as a batch, it attempts to produce the entire set of entities at the given start time and to move

them on to the next object.
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Produce Parts According to a Random Frequency Which You Enter into a Table
To make the Source produce MUs with a frequency, which you enter into a table:
* Select MU selection > Random.
* Insert a table into a Frame or into a folder in the Class Library.
* To designate the type of MU to be produced, do one of the following:
* Click [ ]. In the dialog Select Object navigate to the folder where the table file is located into which you
enter the MUs. Select the name of the Table and click OK.
* Drag the table over the text box Table and drop it there.

* Enter the name of and the path to the table into the text box next to Table.

~+ .Models. MyPlantAntown.Receiving . %
Mavigate View Tools Help

Mame: | Receiving B [Failed

Label: O |Planned v [ Exit locked [E]

Attributes | Failures | Controls || Exit Strategy || Statistics | User-defined Attributes

Operating mode: Blocking ]
Time of creation: Number Adjustable _V:E E  Amount: |4 E

Stream, Beta[, Lower Bound, Upper Bound]

Creation times: Megexp v 1, 5:00 =
.Models.MyPlantAntown. MyRandomSequence E]@
File Edit Format Mavigate View Tools Help
il i - A — I P
._ I T [ T e SO OEE W O T WO »
MU selection: Random |%| B Stream: |1 O
Table: MyRandomSequence E] Bl [OGenerateasbatch O ohject |real |integer |string |table | -~
1 2 3 4 5 (ml
string MU Frequency Mumber |Mame  |attributes
g p 1 [.MUs.Entit: 40.00 4 Part  |myAttributes
[ ok ][ Cancel | [ Aopy | ¥ y
2 |MUs.Container 60,00 1 Pallet

* Enter the names of the MU classes to be produced into the cells below MU into the table.
* Enter the frequency number for each class of MU to be produced into the cells below Frequency.

When the Source produces the MUs, Plant Simulation selects and processes a random generation order according
to the frequency you entered here.

* Enter the number of MUs to be produced into the column Number.
* You can, but you do not have to enter a Name or an Attributes table.
Note: When you do not enter a Name, the MUs that the Source produces use the name of their class.

* Enter the stream of the random number distribution into the text box Stream. When you use a distribution that
requires a Stream as the Interval, enter another stream than the one used for the distribution.
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Produce Parts According to a Percentage Which You Enter into a Table
To make the Source produce MUs with a frequency, which you enter into a table:
* Select MU selection > Percentage.
* Insert a table into a Frame ot into a folder in the Class Library.
* To designate the type of MU to be produced, do one of the following:
* Click [ ]. In the dialog Select Object navigate to the folder where the table file is located into which you
enter the MUs. Select the name of the Table and click OK.
* Drag the table over the text box Table and drop it there.

* Enter the name of and the path to the table into the text box next to Table.

~+ .Models. MyPlantAntown.Receiving
Mavigate View Tools Help

Mame: | Receiving B [Failed

Label: O |Planned || [ Exit locked O

Attributes | Failures | Controls || Exit Strategy || Statistics | User-defined Attributes

Operating mode: Blocking O
Time of creation: Interval Adjustable v E
Interval: Negexp v 1, 5:00 E
Start: Const v||o O .Models.MyPlantAntown. MyPercentages E]@]
Stop: Const v 0 O File Edit Format Mavigate View Tools Help
e o 2 T o P
= SldsS A ¥ LB 0CE g sh E
MU selection: Percentage hdl E 4
Table: MyPercentages E] B [Generateasbatch [ ?bject |rzeal |ié1teger |§tring |tsable |.A.
string [rU Partion Mumber Mame |Attribukes
7 3 1 MUs MyPart 30,00 4
ook ) [ Cancel ] E Aonly] - .

* Enter the names of the MU classes to be produced into the cells below MU into the table.

* Enter the percentage portion for each class of MU to be produced into the cells below Portion.
* Enter the number of parts to be produced into the cells below Number.

* You can, but you do not have to enter a Name or an Attributes table.

Note: When you do not enter a Name, the MUs that the Source produces use the name of their class.

Produce the Number of Parts You Need
To produce a certain number of MUs during the interval you define:
¢ Select Time of creation > Number Adjustable.

* Enter the Amount, i.e., the number of MUs to be created.
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Note: When you enter a very large Amount of MUy, the list of MUs to be created, including the time of genera-
tion, is very long also, which might result in a large consumption of memory. The Source creates the
amount of MUy at the different times, which the random number generator generated at the beginning

of the simulation.

* Select the Creation times, which determine the points in time at which the Source creates the MUs.

Select a distribution from the drop-down list Creation times and enter the values that the distribution requires

into the text box.

Note: As opposed to Interval Adjustable, here the Creation times are a range, within which the Source creates

MUy, and not a repeating interval.

Note: When you select the Constant distribution, the Source creates the number of MUs all at one point in time,
as here the Creation times are a point in time, not a range!

Note: For this setting you cannot select Sequence from the drop-down list MU selection.

e Click OK.

~+ .Models. MyPlantAnytown.Receiving

Mavigate WView Tools Help

Mame: | Receiving B [Faied

Label: O |Planned || | [ Exit locked [E]
Attributes | Failures | Controls || Exit Strategy | Statistics | User-defined Attributes
Operating mode: Blocking H
Time of creation: MNumber Adjustable v| B Amount: |4 E

Stream, Mu, Sigma[, Lower Bound, Upper Bound]

Creation times: Mormal v 1, 8:20, 1:40, 3:20, 15:00 =
MU selection: Constant v| B
MU: e, ne,MUs. Entity m B

[

oKk ][ Cancd [ ppy |

When you select Time of creation > Interval Adjustable or Time of creation > Number Adjustable you can also select

how the Source produces which types of MUs.
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Produce Parts Using a Trigger Object

You might, for example, use a Source that is controlled by a Trigger:

* If you want to set a time of creation, such as with a delivery table, and

* If you would like to periodically repeat using the values in this list, for example when you select Sequence Cyclical

from the drop-down list MU selection.

Proceed as follows:

* Select Time of creation > Trigger in the dialog of the Sourre.

~+ .Models. MyPlantAnytown.Receiving
Mavigate View Tools Help
Mame: | Receiving B [Faied
Label: O |Planned  |v [ Exit locked O
Attributes | Failures | Controls || Exit Strategy | Statistics || User-defined Attributes
Operating mode: Blocking O
Time of creation: Trigger x| B E
[ ok ][ cancel |[ ppy |

Before you can enter the Trigger, click the toggle button Inheritance, so that it looks like this =.

* Click Trigger, drag the Trigger ¥ that controls the Source from the Frame over the list that opens and drop it there.

* In the dialog of the Trigger enter the Active interval, i.c., the interval during which the Trigger will be active.

Enter the Period length, i.c., the duration of the Trigger’s cycle.
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1%, .Models. MyPlantAnytown. Trigger
Mavigate View Tools Help

Name: | Trigger| O

Label: O

Period | values | Actions | Representation | User-defined Attributes

Acﬁve
Time reference: | Relative Iv| O
Start time: 0 ]
Active interval: 20:00 =]
[repeat periodically H
Period length: 20:00 B
[ ok J[ cancel |[_ Appty |

* Click the tab Values and select the Trigger type > Input.

Period | Values | Actions | Representation | User-defined Attributes

Trigger type:  |Input o |

* Click the button Values and enter into the TimeSequence object that opens:
The Point in Time at which the Source creates MUs into the cells on the left hand side.

The current sequence of Values into the cells on the right hand side. An order is a s#ring with this format:
<amount>,<mu_Type>,<distributionType>,<stream>[,<distribution parameters>].

Note: The string defining this sequence of values may not contain any blank spaces.

You have to enter the amount of MUs to be produced, the type to be produced, and at least a constant value.
When you enter just Const, the Source produces the MUs at the point in time, which you entered into the cell to
the left. When you would like it to produce the MUs with an offset to the time you entered there, enter the num-
ber of seconds after which it produces them after Const.

When you enter a distribution, its values set the time offset to the time you entered into the corresponding left
cell. Note that the offset you enter has to be a positive numbet!
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1E .Models. MyPlantAnytown. Trigger. Valuetable
File Edit Format Mavigate View Tools Help
5H & % O M oE
Contents | Start Values
kirne skring i
1 2 *
string Paink in Time Walue
1 1:00,0000 3,.MUs.entity,negexp, 1,20,0,60
2 [5:00,0000 2,.MUs, container, normal, 1,20,5
G| |

* Click the tab Actions and click Objects. The Trigger shows the Source in the table.

.Models. MyPlantAnytown. Trigger. Triggered Objects

e .Models.MyPlantanytown.Receiving
Period | Values | Actions | Representation | User-defined Attributes

Object
S Object: 1 .Models,MyPlantAnytown.Receiving |
:
Methods O Objects
[ ] I M [ ak, H Cancel ][ Apply

iy

Producing and Processing Parts with a Work Plan

A work plan or operations plan determines how a product is produced. It lists the various production steps in the
sequence in which they are executed. Note that in Plant Sinulation we neither specify the cost center, to which each
of the individual production steps is charged, nor the allowed time for each step. This you can do in Process Designer.

For simplicity’s sake each operation can only be executed by a single station in our example. Our work plan thus is
described by a sequence of stations. The Source holds position 0 in the work plan, the station Mz//ing position 1, the
stations Drilling A or Drilling B position 2 and the station Packing position 3.
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£ .Models.MyWorkplan Ot

Edit Mavigate Objects Icons View Toaols Help

hE s Gwbw (& 2w d ) (= ]2)HEE e
& M M

EventContraller MySequenceTable MyWorkPlan  MyExitControl  ProcessingTimeInFaormula

—
-+
L
| e | Drilling_aA —
|- }» S S0 - =
L L
Receiving Milling — Packing Shipping
-+
L
Drilling_E

To facilitate quick and easy modeling:

* We create the work plan in a TableFile B and insert it into the Frame, in which we create our simulation model.

We enter the set-up times of the stations and the processing times of the different parts into subtables of the
work plan.

* We produce two different types of parts in a Source * using a sequence table. The parts need two user-defined
attributes. One sets the name of the part. The other sets the position of the part in the work plan.

¢ We program a Method M, i.e., an exit control, which enables the processing station to find the next station in the
progr > 1.6, > p g

sequence of operations after each processing step and moves the part onto this station. We place this Mezhod,
which all stations access, into the Frame.

Create the Processing Stations

To be able to assign the operations and the stations in the work plan later on, we start out with creating the stations
which execute the operations.

* To create the class of the processing station, right-click the object SingleProc in the folder Materialflow and select
Derive on the context menu.

* To move the derived SingleProc to the folder in which we are going to create the model, hold down Shift and drag
it to that folder.

* Insert it from there into the model three times. Rename the stations so that they match the names of the opera-
tions. In our example we named them Milling, Drilling A, Drilling B and Packing.
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£ .Models.MyWorkplan E]@

Class Library - 0 X Edit Mavigate Objects Icons View Tools Help
)

e s Swew 04 QAR

D Resources
[Z] InformationFlow

[Z] UserInterface ey
1 Mus -
(1 Tools — Drilling_aA [—1
=[] Models - b
£ MyWorkplan I il
5 MyStation Milling — Packing
g Frame
Drilling_E

As the processing stations share a number of features, we set these in their class, MySzation in our example. The class
object passes these properties on to its instances. We

* Define Times in the Class of the Processing Stations
* Define Set-up Bebavior in the Class of the Processing Stations
* Enter the Name of the Exit Control in the Class of the Processing Stations

Define Times in the Class of the Processing Stations
We define the Processing time and the Set-up time in a Formula.

5 .Models. MyStation
Mavigate Wiew Tools Help
Mame: | MyStation B  [Failed [JEntrance locked O
Label: O |Planned v [ Exit locked (]
Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls Exit Strategy Statistics
Processing time: Formula .v. ProcessingTimeInFormula =
Set-up time: Formula ™ root.MyWorkPlan["Operations”, @.Entityl| =
Recovery time: Const v a H
Cyde time: Const v a O

* We want the stations to get the processing time of all parts from the work plan MyWor&Plan. This table object
is located in the Frame in which we build the model, i.e., the 700f Frame. The station then opens the subtable
Operations for the respective part and gets the times in the column Processing time of the respective station with-
in this subtable.
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.Models. MyWorkplan.MyWorkPlan
File Edit Format Mavigate WView Tools Help
= |2 0] <3 ¥ B BT i dd -Models.MyWorkplan.MyWorkPlan[1,2] (= |EJES
Operations For MyPart & File Edit Format MNavigate View Tools Help
3 RIS - . y . = "
e b A RE WL WA SN Su e W
string [Entity byvpe (Operations 3:00,0000
1 [MyPart & perations for MyPart & Bb]'ECt tlime |gm8 ad
2 MyPartB (Operations For MyPart B string |Operation Setup kime Processing irme i
3 1 |milling 10,0000 1:00.0000 1
i 2 |Driling_B 20,0000 2:00.0000
3 |Packing 10,0000 E:DD.DDDD [v]
'(] I | [’]

For the processing time we use a formula, which we programmed in the Method processinglimelnFormula.

M .Models.MyWorkplan.ProcessingTimelnFormula E]@]
! File Edit Mavigate Run Template View Tools Help
LY et B B B 42 ELEY
ttime
is
PartType : string:
Station : object:
WorkPlan : table;
do
PartType := @ EntityType:
Station = 7
WorkFlan := root. myWorkPlan["Operations". PartType]:
result := WorkPlan[ "Processing time" Station]:
end;

* We want the stations to get the set-up time of all parts from the work plan MyWorkPlan. This table object & is
located in the Frame in which we build the model, i.e., the rooz frame. The station then opens the subtable Opera-
tions for the respective part and gets the times in the column Set-up time of the respective station within this
subtable. Self identifies the station contained in the row in the subtable.

The above statements translate into this formula, which we directly enter into the text box:

root.MyWorkPlan["Operations"”,@.EntityType] ["Setup time",Self]

i .Models. MyStation

Mavigate Wiew Tools Help

Mame: | MyStation

B  [IFailed [JEntrance locked O

Label:

O |Penned  [w| | [Jexitlocked

O

Imparter

Times Set-Up

Processing time:

Set-up time:

Failure Importer

Failures Controls

ProcessingTimeInFormula =]
root.MyWorkPlan["Operations”, @.Entity1| =

User-defined Attributes
Exit Sh’ate_gy Statistics
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Define Set-up Behavior in the Class of the Processing Stations
To automatically set the stations up depending on the name of a user-defined attribute of the MU:
* Select the check box Automatic.

* Select User-defined Attribute from the drop-down list Set-up depends on. Enter the name of the user-defined
attribute which we defined in the Sequence table with which the Source produces patts, compare Produce the Parts
with a Source Using a Sequence Table. We typed in EntityType.

5 .Models. MyStation
Mavigate View Tools Help
Mame: | MyStation H [Jraied [CJEentrance locked O
Label: O |Planned || [ Exit locked O
Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls Exit Strategy Statistics
Set-up for:
Automatic L]
[ only when empty L]
[ after parts O
Set-up depends on: | Custom Attribute v B
EntityType

Enter the Name of the Exit Control in the Class of the Processing Stations

As the station has to find the next station in the sequence of operations after each processing step and move the
part on to this station, we enter the name of an exit control. Program the Exit Control shows how to accomplish this.

5 . Models. MyStation
Mavigate Wiew Tools Help
Mame: | MyStation| B [JFaied [CJEentrance locked O
Label: O  |Planned v [JExit locked O
Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls Exit Strategy Statistics
Entrance: C] O
Exit: “kplan.MyExitControl C] B | [#Front O | [Jrear O
Set-up: C] O
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Create the Work Plan

To create the work plan:

* Insert a TableFile & into the Frame. For clarity’s sake, let’s activate the column index and the row index.

* Assign the data type Table to the column which contains the subtable into which we enter information about the
operations. Format this column so that all subtables have the same format, compare Create Lists within Lists and
Tables. Activate the column index and the row index in the subtables. Assign the data type Object to the column
of the column index. Assign the data type Time to the next two columns.

» After we assigned the correct format to the subtables, we can then enter the contents:

* Once we enter an identifier, Plant Simulation creates the subtable in this cell. We typed in Operations for
MyPart A and Operations for MyPart B.

.Models. MyWorkplan.MyWorkPlan
File Edit Format Mavigate WView Tools Help

= =S Ay % Ga 0 E i 84

Operations For MyPart A

atrlng tlable |
string [Entity bype (Cperations
1 [MyPart & perations for MyPart & |
2 |MyPart B Operations for MyPart B
3
4

* To open the subtable for the respective work plan, double-click the respective cell below Operations.

*» Enter the names of the operations/stations, their set-up times and the processing times of the parts.

Operations MyPart A Operations MyPart B
£ .Models.MyWorkplan.MyWorkPlan[1,1] (= 33 .Models. MyWorkplan.MyWorkPlan[1,2] Q@]1
File Edit Format Mavigate Wiew Tools Help File Edit Format Mavigate WView Tools Help
= S e @ b B, = (Zld S rt @ % a1 E
3:00,0000 3:00,0000
Bbject tlime | gme i Bbject tlime | gme i
string |Operation Sebup ime Processing kime string |Operation Sebup ime Processing kime
1 |milling 10,0000 1:00.0000 1 1 |milling 10,0000 1:00.0000
2 |Driling_A 20,0000 2:00,0000 - 2 |Driling_B 20,0000 2:00,0000 E |
3 |Packing 10,0000 E:DD.DDDD ol 3 |Packing 10,0000 E:DD.DDDD P
<] ™ <] Pl
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Produce the Parts with a Source Using a Sequence Table

To produce the parts in the sequence, which we specify in a sequence table:

e Insert a Source I into the Frame. Select MU selection > Sequence cyclical.

~+ .Models. MyWorkplan. Receiving
Mavigate View Tools Help

Mame: | Receiving B [Failed

Label: O |Planned v: [ Exit locked ]

Attributes | Failures | Controls || Exit Strategy || Statistics | User-defined Attributes

Operating mode: Blocking L]
Time of creation: Interval Adjustable = E
Interval: Const V_. 0 L]
Start: Const ~||0 ]
Stop: Const ~||0 L]
MU selection: Sequence Cydlical it | E
5 Constant
Table: St e T B [[Generate asbatch [
Sequence
Random

e NP (WI—  (——

* Insert a TableFile B into the Frame. Drag this table over the text box Table. Plant Simulation automatically assigns
the columns in the table the correct data types and the correct column headers.

.Models. MyWorkplan.MySequenceTable E][@
File Edit Format Mavigate View Tools Help

= L= b S By &a.;ﬁ*inﬁlﬁ;

object integer | strir table | ]
el e a

string MU Mumber  |Marne Attributes
il

Z
MU selection: Sequence Cydical ™ | B 3
4

Table: MySequenceTable E] B [JGenerateasbatch [

* Open the table and enter the type of part you want to produce, how many of them, their name and the name of
the subtable containing the attributes of the part.
In our example the Source is to produce 1 patt of the MU class Entity each with the name MyPartA and My-
PartB.
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* To create a subtable for the user-defined attributes of the parts, enter an identifier into the cells below Attributes.
To open this subtable, double-click the cell. Here we enter the names and the values of two user-defined at-
tributes: One sets the name of the part, the EntityType is either MyParta or MyPartB. The other sets the po-
sition of the part in the work plan (PositionInWorkPlan). In our case the sequence of operations always starts
at position 0, which is the Soxrce. The counter, which we programmed in the exit control, then steps through the

.Models.MyWorkplan.MySequenceTable [Z]@]
File Edit Format Mavigate View Tools Help
=R =T R AN R Wi e A
MUs, Enkity

?b]ect |?teger |§trlng |aable | sl
string MU Mumber  |Marne Attributes
1 . MLs, Enkit |1 MyPartd Attribubesa
2 | \MUs.Entity |1 MyPartB AttributesE
3
4 [+

stations: Milling is position 1, Drilling A or Drilling_B are position 2 and Packing is position 3.

During the simulation run Plant Simulation enters these user-defined attributes into the created Entities. The Entity
with the number 100343, for example, is of type MyPart B and is located on station 3, Packing, according to the

User-defined Attributes for MyPart A

User-defined Attributes for MyPart B

.Models. MyWorkplan.MySequenceTable[4,1] [;]@ .Models. MyWorkplan.MySequenceTable[4,2] E]@]

File Edit Format Mavigate View Tools Help File Edit Format Mavigate View Tools Help

= Sl e ki ok # L = Sl e @ b4 0oEw i
EntityType EntityType

?trlng |?teger |goolean |§trlng ) ?trlng |?teger |goolean |§trlng Ll

string [Marme of Attribute string [Mame of Attribute =

1 ntikyType | MyPart & 1 ntikyType | MyPart B

2 |PositionInworkPlan 0 2 |PositionInworkPlan 0

3 = 3 (]
< 3) e — B

position, which we defined in the work plan as operation.
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3 .MUs.Entity:66065

Mavigate View Tools Help

Name: | MyPartS B Mumber: 66065

| Attributes || Product Statistics | User-defined Attributes

Label: O  Conveying direction: |0 (forward) _

ENew | [ Edt | [ ek |
Mame Value | Type o] v B
EntityType MyPartB  sfring *
PositionInWorkPlan 3 integer =

File Edit Format Mavigate

View Tools Help

_Models.MyWorkplan.MyWorkPlan[1,2] (= |03

= Seld e % a0 o
3:00,0000
Bbject tlime | gme -~

string |Operation Setup kime Processing irme i
1 |milling 10,0000 1:00.0000 1
2 |Driling_B 20,0000 2:00,0000

3 |Packing 10,0000 +00, 0000 [v]
'(] I | [’]

* Finally, enter the name of the exit control, which finds the processing station and moves the patt onto it.

-+ .Models.MyWorkplan.Receiving

Mavigate View Tools Help

Mame: | Receiving B [Faied

Label: O [JExit locked

Entrance:

Exit: MyExitControl

Program the Exit Control

() O
E] B | #Front O |[JRrRear O

finding the next station in the sequence of operations after each processing step and for moving the part on to this
station, we program If just the stations were going to use this control, we could have programmed it in a user-de-

fined attribute of type method of the class of the station.
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M .Models. MyWorkplan.MyExitControl [Z][@
! File Edit MNavigate Run Template View Tools Help
iy p B B A 4 ELEY

—— Thi=s i= the exit control for all stations and for the source.

—— Thi=s control can be called several times until the mowve
— command iz successful.

is

WorkPlan 1 table:
HextStation : object:
do
WorkFlan := root. HyWorkPlan["Operations".®@ EntityType]:
if @ PozitionInWorkFlan = WorkFPlan. ydim
then
@ Mowe(root Shipping); — end of production
else
HezxtStation = WorkPlan["Operation", @ PositionInWorkPlan + 17]:
if @ Move{NextStation)
then
@ PositionInWorkPlan := @ PositionInWorkPlan + 1;
end;
end;
end:|

Removing Parts from the Installation with the Drain

To remove the parts and workpieces from the plant after they have been processed, for example to model the ship-
ping department, we use the object Drain 1.

The Drain has a single processing station. It removes the MU from the installation after setting-up for it and after
processing it. The built-in propetties of the Drain are the same as those of the SingleProc =. The Drain destroys the
MU after it processed it, instead of moving it on to a succeeding object in the flow of materials and it collects sta-
tistics about the MU.

You can insert the Drain ~ into your simulation model from the folder MaterialFlow in the Class Library or from
the toolbar Material Flow in the Too/box.

Toolbox * o X

Material Flow | Resources | Information Flow | User Interface | Mobile Units | Tools
e | e [ g 4 oo [l ey | =TT
B3a 2 = | =] |+ wEib oS @:
X D2 » b2 R R (e
e —— e e | i
Qs g = :Ecﬁl — © soyailBiry @
{TEREILE 4 TR E&éﬁ —_ —_ e [ fEEE

Remember that we create these parts with the object Source 1.
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-+ .Models.MyPlantAnytown.Shipping
Mavigate View Tools Help

Mame: | Shipping| B [Failed [CJEntrance locked O
Label: O |Planned v

Times | Set-Up | Failures | Controls || Statistics | Type Statistics | User-defined Attributes

Processing time: Const v 1:00 ]
Set-up time: Const v 0 O
Recovery time: Const v o ]
Cyde time: Const v 0 ]
ook ] [Lcancel (L Aeply. ]

Transferring Parts from Station to Station

When transferring parts from station to station in your simulation model, you can:
* Use the Standard Transfer Behavior, which employs the push-block principle. Or you can

* Select an Exit Strategy, which distributes the parts to the succeeding stations according to the criteria you set. Or
you can

* Load, Unload, and Reload Parts with the TransferStation. Ot you can
* Move the part, when an attribute of the processing station changes by employing an observer.

Compare the sample models: Select View > Start Page > See also > Examples/Infos, scroll to Concise Modeling Ex-
amples and click on Examples Collection. Then, select the Category, the Theme, and the Example in the dialog Ex-
amples Collection and click Open Model.

Use the Standard Transfer Behavior

By default Plant Simulation uses the push-block principle when mobile parts from station to station, either along
the connections you established with the Connector > ot by programming a Method M.
An object that has processed the part, which is ready to be transferred, actively attempts to move that part on to its

successor (push). If the successor cannot receive the part at the moment, the block principle will be activated, guar-
anteeing that the object ready to move the part is re-activated as soon the successor is ready to receive the part.

The push-block principle ensures that parts are transferred using the built-in functionality of the objects and that
the stream of events is not interrupted by failures or pauses.

The standard transfer strategy is cyclic, non-blocking, meaning that the current object moves the MU to the first
non-blocked succeeding object in the flow of materials. Once the object reaches the end of the list of successors,
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it continues the search at the beginning of the list and terminates the search when it reaches the successor from the
previous search.

&5 .Models.MyPlantAnytown. SingleProc
Mavigate WView Tools Help
Name: | SingleProc O [IFailed [ClEntrance locked [}
Label: O |Planned v [ Exit locked O
Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls Exit Strategy Statistics
Strategy: F ; E
Cydic v E

Suppose Station] is the first station in the sequence of stations in your simulation model, Szazion2 is the second sta-
tion, MUT is the first mobile object that entered the flow of materials, MU2Z is the second mobile object. Suppose
MUT is located on Station2, and MU?2 is located on Station! and wants to move to Station2.

Once MU2 is completely processed by Szationl, MUZ notifies Station2 that it intends to move to it.
e When Station2 can receive MU?2, it notifies MU2, and MU?2 moves from Stationl to Station2.

* When Station2 cannot receive MU2Z because it is busy, its entrance is locked, etc., MUZ enters itself into the for-
ward blocking list of Szaion2 and of all other stations it intends to move to.

5 .Models. MyPlantAnytown. SingleProc |
Navigate SR Tocls Help Models.MyPlantAnytown. SingleProc.fwBlockList
Refresh
MName: |
Statistics Report 1 |.MUs.Entity:23484 12:23:15:00.0000
Label: 5 [ MUs.Entity:23434 12:23:15:00.0000
Contents ]
Stal Forward l.3|ock?ng List Failure Importer Custom Attributes
Tim|  Exit Blocking List s Controls Exit Strategy

e When MUT exits Station2, Station2? schedules an Out event for all entries, i.e., MUs, in the forward blocking list,
including MU2. Afterwards Station2 deletes all entries from its forward blocking list.

* Provided Station2 can receive MUZ, MU2 deletes all references to itself from all blocking lists of all stations it
entered itself into, and then moves to Station2.

The material flow objects SingleProc &, Paralle/Proc &, Assembly &, DismantleStation & Line =, Sorter & | PlaceBuffer

= and Buffer 2% handle the MUs that transfer onto them:

1. For these times, which you define:

* The processing time. This is the time, which the MU remains on the object to be processed. It is the interval
between setting-up for the present type of MU and the point in time when the material flow object moves it
on to its successor.

* The set-up time. This is the time it takes to set-up the object for processing a different type of MU. An iden-
tical name denotes that MUs are of the same type.
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* The recovery time. This is the time during which the first gate at the entrance of a material flow object is
closed after an MU entered the station. The recovery time is useful to model material handling equipment,
such as a robot that requires a certain time to insert into or remove work pieces from processing stations.
When you enter 0 the gate is always open, a value greater than 0 closes the gate for the specified interval as
soon as the front of the MU has entered the object.

* The cycle time. This is the time during which the second gate at the entrance of a material flow object opens
and closes cyclically, regardless of MUs entering the object. The cycle time is useful to model chain conveyors
with a fixed chain interval that only transport material when a free hook is available.

Note: You do not have to define all of the times listed above for the object.

Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls Exit Strategy Statistics

Stream, Start, Stop

Processing time: Uniform v 1, 0:30, 1:10 =
Set-up time: Const v 0 O
Recovery time: Const v 0:01 =]
Recovery time starts: |When part enters v (]

Cyde time: Const v 0:01 =

2. For failures you define and activate.

The material flow objects then transfer the MUs to the next object along the material flow connections using the
exit strategy you select.

Select an Exit Strategy

If you do not want to transfer the MUs using the standard transfer behavior, click the Tab Exit Strategy and select
another Strategy. As a rule you will use an exit strategy, which distributes the flow of materials, when the sequence
of operations does not uniquely designate the next object that processes the MU. Your objective will be to make a
choice that is close to optimal in some respect, say cost or time, but not in others.
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Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls Exit Strategy Statistics

Strategy: [Blocking =

Start at successor 1
Random

Percentage

Cydlic sequence
Linear sequence
Least Recent Demand
Most Recent Demand
Min. Contents

Max. Contents

Min. Proc. Time

Max. Proc. Time

Min., Set-up Time
Max. Set-up Time

Min. Num. In PK ] [ Cancel ] [ Apply ]
Max. Num. In
Min. Rel. Occu.
Max. Rel. Occu.
MU Attribute
Carry Part Away

* To make the Worker carry the MU to the target object, select Carry Part Away.
* To move the parts cyclically to the next successor in line, select Cyclic.

* To cyclically move the part to the successor according to the sequence of successors, which you entered into the
list, select Cyclic Sequence.

* To move the parts to the successor that has been Waiting the longest for an MU, select Least Recent Demand.

* To move the parts to the successor in a linear fashion, according to the sequence of successors, which you en-
tered into the list, select Linear Sequence.

* To move the parts to the successor that contains the greatest number of MUs, select Maximum Contents.

* To move the parts to the successor that received the most MUs, select Maximum Number In.

* To move the parts to the successor with the longest processing time, select Maximum Processing Time.

* To move the parts to the successor with the highest relative occupancy, select Maximum Relative Occupation
* To move the parts to the successor with the longest set-up time, select Maximum Set-up Time.

* To move the parts to the successor that contains the smallest number of MUy, select Minimum Contents.

* To move the parts to the successor that received the smallest number of MUs, select Minimum Number In.

* To move the parts to the successor with the shortest processing time, select Minimum Processing Time.

* To move the parts to the successor with the lowest relative occupancy, select Minimum Relative Occupation
* To move the parts to the successor with the shortest set-up time, select Minimum Set-up Time.

* To move the parts to the successor that has been Waiting the least amount of time for an MU, select Most Recent
Demand.

* To move the MUs to the successor according to an attribute of the MU, select MU Attribute.
* To move the parts to the successor according to an attribute of the part, select Percentage.

* To move the parts to the successors according to a percentage distribution, select Percentage.
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* To move the parts to the successors in a random fashion, select Random.
* To always move the part to successor with the number 1, select Start at Successor 1.

Note: Click Apply, to apply your new settings, and to display additional dialog items, which the selected exit strategy
requires.

Carry Part Away

To make the Worker pick up and carry parts, which are ready to leave the station, to the destination object, select
Carry part away from the drop-down list. If you would like to define a Loading time and/or an Unloading time, you
can enter them in the Workplace attached to the station.

Note: Click Apply to display the dialog items of this strategy.

Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls Statistics
Strategy:
Carry Part Away v E

E Can be interrupted and drawn off: [Cinterruptible =
Priority: 0 | E  Broker: C] E
MU target: C] E
Maximum dwell time: | Const v 0 E

Select the Broker, enter the required Services into the services list, and enter the Priority with which the Importer pro-
vides these services. To prevent the Worker from waiting too long for additional parts to arrive, enter the Maximum
dwell time. After it has passed, he moves to the target station, the MU target, and puts the part down.

The Worker evaluates the MU targets and moves to the closest one first. At the target station, he places all parts
destined for this station. If he carries additional parts, he evaluates the next target and moves on to the closest one.

To send a Worker to a specific station, you can use the methods goTv and goToPool. To change the services for an
available Worker, you can use the methods sezServices and gerServices.

Cyclic
To move the part cyclically to the next successor in line, select Cyclic from the drop-down list.
&5 .Models.MyPlantAnytown. SingleProc
Mavigate View Tools Help
Name: | SingleProd O [Jraied [CJEentrance locked [E]
Label: O |Planned v [ Exit locked [E]
Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls Exit Strategy Statistics
Strategy: [Blocking =
Cydic v E
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* When you select Blocking Msiackng, the object moves the MU onto the object, which in sequence of successors
immediately follows on the object onto which an MU was last transferred.

* When you clear Blocking [lebding, the object moves the MU to the next object in the sequence of successors,
which can receive a part.

Once the object reaches the end of the sequence of successors, it continues the search at the beginning of the se-
quence and terminates the search when it reaches the successor from the previous search.
Cyclic Sequence

To cyclically move the part to the material flow object’s successor according to the sequence of successors, which
you entered into the list repeatedly, select Cyclic sequence from the drop-down list.

= -
i .Models. MyPlantAnytown. SingleProc 23
Mavigate View Tools Help
Mame: | SingleProd O [Jraied ‘DEmIanoe locked O
e e .Models. MyPlantAnytown. SingleProc. ExitStrategySequencelList m
3
| Importer || Failure Importer
| Times || Set-Up || Failures || Contralff 1 2
2 1
Strategy: [Blocking 3 3
|Cydic SEqUENCE M

openi ] o o —

Note: Click Apply, to apply your settings, and to display the button Open List.

Click Open List and enter the number of the succeeding object into the corresponding cell of the list. When you
enter 2 into the cell in row 1, the object first moves the MU to the successor with the number 2.

1=

—
—-[ 2>
L ] 3F

SingleProc

SingleProc3

The successor to which the object moves the MU is the next one in line that can receive it in the sequence, which
you entered into the list. When the object arrives at the last entry in the list (last object in the sequence), it returns
to the first entry and processes the list again.

The same successor object may be contained several times, one after the other, in the list. Then the object attempts
to move the part to this same successor as often as it is contained in the list.
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* When you select Blocking siackng, the object only moves the MU, when the designated successor is ready to re-
ceive it.

* When you clear Blocking [sleding, the object attempts to move the part to the corresponding successor, beginning
with the active entry of the list.

When the object arrives at the last entry in the list, i.e., the last object in the sequence, it returns to the first entry
and processes the list again.
Least Recent Demand

To move the part to the successor that has been Waiting the longest for an MU, select Least recent demand from
the drop-down list.

* When you select Blocking [siecking, the object moves the MU to the next successor.

* When you clear Blocking Celecking, the object moves the MU the next successor, which can receive the MU.

Linear Sequence

To move the part to the material flow object’s successor in a linear fashion, one time only, according to the sequence
of successors, which you entered into the list, select Linear sequence from the drop-down list.

&5 .Models. MyPlantAnytown. SingleProc
Mavigate View Tools Help
MName: | SingleProc O [Jraied [CJentrance locked O
Label: O |Planned || | []Exit locked O
EZ .Models. MyPlantAnytown. SingleProc. ExitStrategySequencelist 3
Importer Failure Importer 2
Times Set-Up Failures Contrg
1 3
Strategy: [Blocking 2 1
Linear sequence w 3 2 |

Open List 5 [ Ok H Cancel H Apply

Note: Click Apply, to apply your settings, and to display the button Open List.

Click Open List and enter the number of the succeeding object into the corresponding cell of the list. When you
enter 3 into the cell in row 1, the object first moves the MU to the successor with the number 3.

—i
—-[ 2>
L ] 3F
SingleProc

SingleProc3
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The successor to which the object moves the MU is the first one in line that can receive it in the sequence, which
you entered into the list.

* When you select Blocking Mlsiacing, the object only moves the MU to the first successor in the list of successors.

* When you clear Blocking Clsiecing , the object moves the MU to the first available successor in the list of successors.

Maximum Contents

To move the part to the successor that contains the highest number of MUy, select Max. contents from the drop-
down list.

Note: This only works correctly, when resource statistics of the successor or of the predecessor is active
Statistics Importer

Resource statistics [

* When you select Blocking [siecking, the object moves the MU to the next successor.

* When you clear Blocking Celecking, the object moves the MU the next successor, which can receive the MU.

Maximum Number In
To move the part to the successor that received the most MUs, select Max. num. in from the drop-down list.

Note: This only works correctly, when resource statistics of the successor or of the predecessor is active
Statistics Importer

Resource statistics [

* When you select Blocking Meecing B the object moves the MU to the next successor.

* When you clear Blocking [Bleting Bl the object moves the MU the next successor, which can receive the MU.

Maximum Processing Time
To move the part to the successor with the longest processing time, select Max. proc. time from the drop-down list.

Note: This only works correctly, when resource statistics of the successor or of the predecessor is active

Statistics Importer

Resource statistics [0

* When you select Blocking Meecing B the object moves the MU to the next successor.

* When you clear Blocking [lBleting Bl the object moves the MU the next successor, which can receive the MU.

Maximum Relative Occupation

To move the part to the successor with the highest relative occupancy, select Max. rel. occu. from the drop-down
list.

Note: This only works correctly, when resource statistics of the successor or of the predecessor is active

Statistics Importer

Resource statistics [
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* When you select Blocking Meeding B the object moves the MU to the next successor.

* When you clear Blocking [8eding B the object moves the MU the next successor, which can receive the MU.

Maximum Set-up Time

To move the parts to the successor with the longest set-up time, select Maximum set-up time from the drop-down
list.

Note: This only works correctly, when resource statistics of the successor or of the predecessor is active
Statistics Importer

Resource statistics [

* When you select Blocking Meeding B the object moves the MU to the next successor.

* When you clear Blocking [8eding B the object moves the MU the next successor, which can receive the MU.

Minimum Contents

To move the part to the successor that contains the least number of MU, select Min. contents from the drop-down
list.

Note: This only works correctly, when resource statistics of the successor or of the predecessor is active
Statistics Importer

Resource statistics [

* When you select Blocking [kding B the object moves the MU to the next successor.

* When you clear Blocking [Bleting B the object moves the MU the next successor, which can receive the MU.

Minimum Number In

To move the part to the successor that received the least number of MUy, select Min. num. in from the drop-down
list.

Note: This only works correctly, when resource statistics of the successor or of the predecessor is active
Statistics Importer

Resource statistics [0

* When you select Blocking Meecing B the object moves the MU to the next successor.

* When you clear Blocking [I8eding B | the object moves the MU the next successor, which can receive the MU.

Minimum Processing Time
To move the part to the successor with the shortest processing time, select Min. proc. time from the drop-down list.

Note: This only works correctly, when resource statistics of the successor or of the predecessor is active
Statistics Importer

Resource statistics [
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* When you select Blocking Meecing B the object moves the MU to the next successor.

* When you clear Blocking [l8eding B the object moves the MU the next successor, which can receive the MU.

Minimum Relative Occupation
To move the part to the successor with the lowest relative occupancy, select Min. rel. occu. from the list.

Note: This only works correctly, when resource statistics of the successor or of the predecessor is active
Statistics Importer

Resource statistics [

* When you select Blocking Meecing B the object moves the MU to the next successor.

* When you clear Blocking [l8eding B the object moves the MU the next successor, which can receive the MU.

Minimum Set-up Time
To move the parts to the successor with the shortest set-up time, select Min. set-up time from the drop-down list.
* When you select Blocking Mkding B the object moves the MU to the next successor.

* When you clear Blocking [8eding B the object moves the MU the next successor, which can receive the MU.

Most Recent Demand
To move the part to the successor Waiting the least time for an MU, select Most recent demand from the drop-down
list.

* When you select Blocking Meecing B the object moves the MU to the next successor.

* When you clear Blocking [Bleing Bl the object moves the MU the next successor, which can receive the MU.

MU Attribute

To pass the parts on to a successor according to the values of attributes of the part, select Most recent demand from
the drop-down list.

Note: Click Apply to display the dialog items of this strategy.

Click Open List to open a table, into which you can enter the names of the user-defined or the built-in attributes,
their values, and the numbers of the successor. The object searches the table from top to bottom until it finds an
attribute with the value you entered. It then passes the MU on to that successor.

Note: Create the user-defined attributes for the parts on the Tab User-defined Attributes.

e Default Successor

Enter the number of the default successor. This is the successor to which the object moves the MUs, when none
of the MUs has an attribute with the Value you entered into the TableFile.

o Attribute Type
Select the data type of the attribute from this drop-down list, compare Data Types.
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Percentage

To move the part to the successors according to a percentage distribution, select Percentage from the drop-down
list.

= _Models. MyPlantAnytown.SinglePro >
Name: | SingleProc O [IFailed [ClEntrance locked 0
Label O [Pemned || |Oextlocked O
| Importer || Failure Importer I| User-defined Attributes |
| Tmes | setUp | Failures | Controls | Exit Strategy

Strategy: [Blocking =

|Percemage M E

Open List E

.Models. MyPlantAnytown. SingleProc.ExitStrategyPercentageList
50

Note: Click Apply, to apply your settings, and to display the button Open List.

Click Open List and enter the percentages in the list that opens. The #-#» row in the table defines the #-# successot’s
portion: When you enter 20 in row 1, for example, the object moves 20% of the MUs it received to the successor
with the number 1, etc.

The object always moves the MU to the successor with the greatest difference between the rated value and the cur-
rent value.

* When you select Blocking Meding B it moves the MU to the successor with the highest deviation from the nom-
inal percentage.

* When you clear Blocking [leecting B it moves the MU to the successor, which can receive the MU with the highest
deviation from the nominal percentage.
Note: The actual percentages reached may differ from the nominal ones due to a low number of total transfers
and to the Blocking-state of successors.
Any previous transfers of MUs affect the Percentage strategy, as they alter the deviation from the nominal
transfer frequencies.
Plant Simulation sums up the values you entered into the list of nominal percentages to obtain the value that matches
100%. The distribution pattern only depends on the relative size of the values, not on their magnitude. This way
you can, for example, either enter [1;2] or [0.3333..; 0.6666..], the result will be the same.
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If the distribution pattern is periodic, then it is so right from the beginning. This means that the distribution pattern
at the start of a simulation run does not differ from the distribution pattern at a later point in time. These examples
demonstrate, how nicely the values are balanced:

* If you assign the values 1 and 2 to the exits 1 and 2 respectively, Plant Simulation generates this sequence of exits:
212 212 212 212 212

* Ifyouassign 2 and 3 to the exits 1 and 2, Plant Simulation generates this sequence of exits:
21212 21212 21212

* If you assign the values 1, 2, 4 and 8 to the exits 1, 2, 3, and 4, Plant Simulation generates this sequence of exits:
434243414342434 434243414342434

Random

To move the part to the successors in a random fashion, select Random from the drop-down list.

&5 .Models.MyPlantAnytown. SingleProc
Mavigate Wiew Tools Help
Mame: | SingleProd O [IFailed [Entrance locked O
Label: O |Planned v [ Exit locked O
Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls Exit Strategy Statistics
Strategy: [Blocking =
Random V E
Stream: 1 =]

Enter the random number stream that controls this exit strategy into the text box Stream.
* When you select Blocking M8eding B the object determines the successor using the random-number generator.

* When you clear Blocking Hleding B the object determines the successor using the random-number generator un-
til it either calculates a successor, which can receive the MU or the object has iterated through all successors.

A previous call to the random number generator does affect the Random strategy. The order in which the successors
are iterated through is not predictable.

Start at Successor 1

To always move the part to the material flow object’s successor with the number 1, select Start at successor 1 from
the drop-down list.
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&5 .Models.MyPlantAnytown. SingleProc
Mavigate View Tools Help
Name: | SingleProc O [IFailed [lEntrance locked [}
Label: O |Planned v [ Exit locked O
Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls Exit Strategy Statistics
Strategy: [Blocking E
Start at successor 1 v =]

* When you select Blocking Meecing B the object moves the MU to the first successor in the list of successors.
* When you clear Blocking [l8kding Bl the object moves the MU to the first successor in the sequence of successors,
which can receive the MU.

Note that a previous search for a successor does not affect the strategy Start at successor 1.

Load, Unload, and Reload Parts with the TransferStation

To define your own way of transferring parts from station to station, you can use the TransferStation. You can insert

the TransferStation @ into your simulation model from the folder Tools in the Class Library ot from the toolbar Tools
in the Toolbox.

Toolbox

Material Flow | Resources || Information Flow | User Interface | Mobile Units | Tools
[ Al
RO
LH [x:Ad ped

In our example below we load a block of four parts onto a pallet, which is transported to another section within
the plant on a conveyor line. At the location in the plant, which is marked by a sensor, we unload parts in blocks
of two from the pallets and reload them onto a transport vehicle. Finally, we unload parts in blocks of one from
the transport vehicle onto a processing station and then remove them from the plant.
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9] k2 M

PE@

® =

This way, we will demonstrate how to:
* Load Parts with the Transfer Station

* Reload Parts with the Transfer Station

* Unload Parts with the Transfer Station

Load Parts with the Transfer Station

One of your most basic tasks when creating a simulation model will be to load parts onto a means of transport, a
Container = or a Transporter == and to unload them from a means of transport.

When loading parts, the TransferStation gets these parts from the parts station and loads them onto a means of trans-
port, which has to be located at the target station. The loading process statts as soon as part and means of transport
are ready.

To model a loading process, proceed like this:

* Insert the conveyor Line =, which transports the parts.

Parts from: Targetis on:
ParallelProc E] Line E]
Sensor position: Sensor position: | 56.5
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* Insert a Source 1», which creates the parts. In our sample model we named it SourceParts.

|+ .Models.Frame.SourceParts

Mavigate Wiew Tools Help
MName: | SourceParts
Label:

B [Faied

O ||:|E)cit|od<ed O

Attributes |Failures | Controls | Exit Strategy | Statistics | User-defined Attributes |

Operating mode:

Blocking

O

Time of creation:

Interval Adjustable| + O

Interval; const_[w] [0 o
st om0 o
s = D o
MU selection: |Constant M ]
MU: MUs. Entity E] O

Aoply |

[FTT— | ———

* Insert a Paralle/Proc &, which processes the parts be

fore they are loaded onto pallets.

* Insert a Source I», which creates the pallets onto which the TransferStation 1oads the parts. In our sample model

we named it SourcePallets.

|+ .Models.Frame.SourcePalettes

Mavigate Wiew Tools Help
Name: | SourcePaletts B [Faied
Label O [pianned  [w] | Oesitlocked O
Attributes |Failures | Controls | Exit Strategy | Statistics | User-defined Attributes |

Operating mode: Blocking O
Time of creation: Interval Adjustable v O
s J] 0 .
MU selection: |Constant M (]
MU: MUs. Container E] B
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* Insert a TransferStation @, which loads the processed parts onto the Container =, i.c., the means of transport,
which moves on the conveyor. In our sample model we named it LoadingStation. Then, we tell this station
what we want it to do.

* We want to load parts, so we select Load as the Station type.

* Then, we have to tell it where the parts to be loaded come from. For this we click the m button and select

the parallel station Paralle/Proc in the dialog Select Object.

Next, we have to tell it where the means of transport, our Contazner, is located. For this we click the m button

and select the Line in the dialog Select Object.

Finally, we have to designate the exact spot on the line, where the LoadingStation loads the parts onto the pallets.
For this we type 56.5 meters as the position of the sensor into the text box on the tab Attributes. The Loading-
Station automatically inserts this sensor into the object Lize.

To show a 2o/tip with information about the sensor, drag

object.
]

the mouse over the red line designating it on the

CSC1:
Sensor-ID: 3
Position = 13.25m (Front)

Destination = .Models.CSC_Demo_3.CC
Control = Models C5C_Demo_3.C5C1 load

Note: To successfully transfer the MU onto the target station, you have to make sure that the target station pro-
vides enough space to accommodate the incoming MU.

.Models.Demo.LoadingStation

Mavigate View Help
Mame: LoadingStation [Failed
Label:

Attributes lTlmes ] Failures ] Advanced Attributes ] Advanced Controls | Statistics

Station type
(®) Load O Unload
(O Reload O Move
Parts from: Targetis on:
ParallelProc E] Line E]
Sensor position: | 56.5

[—

] [ Cancel

J

Apply ]
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1

o~
Line:
Sensor-I10: 1

Position = 56.5m {Front)

Control = ,Models, Demo. LoadingStation. TargetSensorControl

N

43

To set how we want the parts to be loaded, we click the tab Advanced Attributes.
* We want to load all blocks of parts in blocks of 4.

() .Models.Demo.LoadingStation
Mavigate View Tools Help

Mame: LoadingStation [Failed

Label:

Attributes ] Times ] Failures Advanced Attributes | Advanced Controls | Statistics

Load unload all blocks
Block size 1
[ specific type [[]Homogeneous loading

Behavior for failures:

Stop container on target station

[ OK ][ Cancel ][ Apply

Reload Parts with the Transfer Station

When reloading parts, the TransferStation takes these parts from a means of transport (Container or Transporter),
which is located at the parts station, and places them onto a Container == or a Transporter == , which is located at the
target station. The parts station is the station, which provides the parts to be transported. The target station is the
station onto which the parts will be placed. The reloading process starts as soon as both means of transport are
ready.

To model a reloading process, proceed like this:

* Insert a Source 1», which creates the Transporters. In our sample model we named it SourceTransporters.
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~+ .Models.Frame.SourceTransporters
Mavigate View Tools Help

Name: | SourceTransporters B [railed
Label: O [CJExit locked (]

Attributes | Failures | Controls || Exit Strategy || Statistics | User-defined Attributes

Operating mode: Blocking L]
Time of creation: Number Adjustable B  Amount: |3 E

DDD:HH:MM: 55, X¥XX

Creation times: 0 =

MU selection: Constant [V] ]
MU .MUs. Transporter E] =]
[ ok ][ Cancel | Aopby ]

* Insert the Track =, on which the Transporter == transports the reloaded parts.

* Insert a TransferStation @, which reloads the transported parts from the Container = onto the Transporter == . In
our sample model we named it ReloadingStation. Then, we tell this station what we want it to do.
* We want to reload parts, so we select Reload as the Station type.

* Then, we have to tell it where the parts to be reloaded come from. For this we drag the Line from the Frame
over the text box in the dialog of the ReladingStation and drop it there.

* Next, we have to tell it where the means of transport, our Transporter, is located. For this we drag the Track
from the Frame over the text box in the dialog of the RelvadingStation and drop it there.

* Tinally, we have to designate the exact spot on the Line, where the ReloadingStation removes the parts from the
pallets. For this we enter 40.5 meters as the position of the sensor, which the ReladingStation automatically
enters into the object Line.
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(D) .Models.Demo.ReloadingStation
Mavigate View Help

Mame: Reloadingstation [Failed

Label:

Attributes |T|mes I Failures I Advanced Attributes I Advanced Controls | Statistics

Station type

(® Load O Unload
O Reload O Move

Parts from: Targetis on:

Line E] Track E]
Sensor position: | 4.5 ane Sensor position: | 16
[ QK ] [ Cancel ] [ Apply ]
I

Line:
Sensor-10: 2
Position = 40.5m {Front)
Control = .Maodels, Demo. ReloadingStation. PartSensorControl

N

43

As we want to reload the parts from the pallet onto a Transporter, we have to designate the exact spot on the Track,
where the RelvadingStation loads the parts onto the Transporter. For this we enter 16 meters as the position of the
sensor, which the ReladingStation automatically enters into the object Track.

Note: To successfully transfer the MU onto the target station, you have to make sure that the target station pro-
vides enough space to accommodate the incoming MU.

Track:

Sensor-I10: 1

Position = 16m {Front)
Control = \Models, Demo. ReloadingStation. TargetSensorControl

* To set how we want the parts to be reloaded, we click the tab Advanced Attributes. We want to load parts in
blocks of 2.
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®) .Models.Demo.TransferStation

Label:

Load unload

Block size

[ specific type

Behavior for failures:

Mavigate View Tools Help

Mame: ReloadingStation

[IFailed

Attributes ] Times ] Failures Advanced Attributes | Advanced Controls | Statistics

Stop container on target station

blocks

[]Homogeneous loading

OK ][ Cancel ][ Apply

Unload Parts with the Transfer Station

When unloading parts, the TransferStation unloads these parts from a Container = or a Transporter == , which is lo-
cated at the parts station, and places them onto the target station. The unloading process starts as soon as a means

of transport is ready at the parts station.

To model an unloading process, proceed like this:

* Insert a SingleProc =, onto which the UnloadingStation unloads the parts from the Transporters.

* Insert a Drain +1, which removes the parts from the plant.

* Insert a TransferStation @, which unloads the parts from the Transporter == and places them onto the processing
station SingleProc. In our sample model we named it UnloadingStation. Now we tell this station what we want

it to do.

* We want to unload parts, so we select Unload as the Station type.

* Then, we have to tell it where the parts to be unloaded come from. For this we drag the Track from the Frame
over the text box in the dialog of the UnlvadingStation and drop it there.

* Next, we have to tell it where the means of transport, our Transporter, is located. For this we drag the SingleProc
from the Frame over the text box in the dialog of the UnlvadingStation and drop it there.

* To designate the exact spot on the Track =, where the UnloadingStation unloads the parts from the Transporters
= onto the processing station SingleProc, we to enter 47 meters as the sensor position. The UnloadingStation

automatically enters this sensor into the object Track.
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"I} .Models.Demo.Unloadi ngg'tatlon w

Mavigate View Help

MName: UnloadingStation [Failed

Attributes |T|mes I Failures I Advanced Attributes I Advanced Controls | Statistics

Station type
(®) Load O Unload
(O Reload ) Move
Parts from: Targetis on:

L [smoom -
Sensor position: Lane A Sensar position l:l Lane A

[ QK ][ Cancel ][ Apply ]

Track:
Sensor-10: 2
Position = 47m {Front)
Control = .Maodels, Demo. UnloadingStation, PartSensorControl

To set how we want the parts to be unloaded, we click the tab Advanced Attributes. We want to unload all blocks
of parts in blocks of 1.

o Insert a Method, enter deleteMovables as the source code, and name the Mezhod reset.

o Insert an EventController into the Frame, and run the simulation.

You can then change a number of settings, such as the dimensions of the Transporters and the Containers, the block
size, the number of blocks, etc. and watch how these changes affect the simulation model.
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Setting a Station Up

You can define how to set up the objects SingleProc &, Paralle/Proc &, Assembly &, DismantleS tation % and Drain ~+

to process another type of MU.

You can:

o Select Set-up Options on the tab Set-Up.
o Select the Ser-Up Time on the tab Times.

&5 .Models.Frame.MyMachine
Mavigate View Tools Help
Name: | MyMaching| B [JFaied [CJEentrance locked O
Label: O [ Exit locked O
Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls Exit Strategy Statistics
Set-up for:
Automatic L]
[ only when empty L]
[ after parts (]
Set-up depends on: EMU Mame ™ 1]
[ ok ][ Cancel |[ ppy |

Compare the sample models: Select View > Start Page > See also > Examples/Infos, scroll to Concise Modeling Ex-
amples and click on Examples Collection. Then, select the Category, the Theme, and the Example in the dialog Ex-

amples Collection and click Open Model.

Select Set-up Options

When you set up a station you will first select the set-up options. Next to Set-up for Plant Simulation shows which
type of MU the object is presently set up for or is going to be set up for. If the object has not been set up yet at all,
it shows a hyphen -. To tell one type of MU from the other, Plant Simulation either uses the name of the MU or a

user-defined attribute of the MU.

Set-up for: PartA

Automatic E

[ Only when empty H

[ After parts O

Set-up depends on: ML Name v O

Set-up for:

Automatic O

[ Only when empty O

[ After parts O

Set-up depends on: ML Name v O
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First, you will select if you want to:

e Set the Station Up Automatically

* Only Set the Station Up When it is Empty

o Set the Station Up after it Processed a Certain Number of Parts

* After you have done this, you will Select the Ser-Up Criteria.

Set the Station Up Automatically

To automatically set the object up, select Automatic. Then, the material flow object triggers the set-up process as
soon as an MU of the corresponding MU type intends to move onto it.

To define the set-up process in a Method, clear the check box.

Only Set the Station Up When it is Empty

To only start setting-up the object for the next type of MU when it is Empty, select Only when empty. MUs of the
type for which the object is setting-up can only enter the object, after the set-up process is finished.

To allow MUs to enter the object although it has not been set-up for their type yet, clear the check box.

Their set-up time begins, when all set-up processes you specified are finished. MUs located on the object will be
processed with the settings for the MU type the object was set-up before.

Set the Station Up after it Processed a Certain Number of Parts

To set the material flow object up, after a certain number of parts have been processed, select the check box After.
Then, enter the number of parts into the text box after which you want the object to be set up. The object also sets
up and starts counting anew, starting from 1, when the part type changes before the number you enter is reached.
For this reason it may happen that the object does not reach the number of parts of a certain type for which it is to
set up.

Note: The Paralle/Proc does not provide the setting After n parts.

You can emulate the setting Always, which previous versions of Plant Simulation provided, by selecting the check
box and by entering 1 into the text box. Entering 0 into the text box deactivates setting-up after a number of parts
has been processed.

The object always sets up for the part type, which is going to enter next. For this reason the set-up process does
not start immediately after the n-th part has been processed or when this part exits the object. setting-up starts as
soon as the (n+1)-th part enters the station.

Note: Number of parts designates the number of parts, which enter the station. These parts do not necessarily
have to be processed. The object also counts parts, which are removed from the station before they have
been processed, for example during the set-up process or while the station is Waiting for a service to be ex-
ecuted.
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Select the Set-Up Criteria

After you decided how the station sets-up, you can select when the object has to be set up:
* When the name of the MU (MU Name), which wants to move onto the station, changes.

* When the value of a user-defined attribute of the MU changes.

Set-up depends on: Custom Attribute v =

color

* Select User-defined Attribute from the drop-down list.

* Enter the name of the user-defined attribute of the MU into the text box. This user-defined attribute has to
be of type string. The material flow object sets up, when an MU, whose user-defined attribute has a different
value, moves onto the station.

In our example we created a user-defined attribute named Color for the MU types. Let us assume that the
station is set up for red. When an MU with the user-defined attribute Value blue moves onto the station, it
sets up for blue.

Name: | MyEntity = Mame: | MyEntityl =
Label: El  Conveying direction: [0 (forward) |%| Label: El  Conveying direction: |0 (forward) v
Attributes | Product Statistics | User-defined Attributes Attributes | Product Statistics | User-defined Attributes
new | [ Edt ] [ peete | new | [ Edt | [ Deete |
Name Value | Type Created here i [ b Name Value | Type Created here | I1.| 3D
calor red string = calor blue string =

Select the Set-Up Time

The set-up time is the time it takes to set up the object for processing a different type of MU. An identical name
denotes that MUs are of the same type. In this case the material flow object will not have to set up for a different
MU type. It only needs to set up, when the MUs are of another type, denoted by a name that differs from the pre-
vious type.

For the set-up time, you can select a distribution from the drop-down list on the tab Times, depending on the type
of MU, or the location on a station, or you can enter a constant time. When you selected a distribution, you will
then enter the values, which that distribution requires, into the text box. Plant Simulation shows these values along
the top border of the tab. In addition to any of the other distributions, you can select the Matrix(Type) distribution.
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Imparter

Times Set-Up

Processing time:
Set-up time:
Recovery time:
Recovery time starts:

Cydle time:

Failure Importer User-defined Attributes
Failures Controls Exit Strategy Statistics
Table[time,...]
uniform  [s] [ 1, 0:30, 1:10 o]
Matrix{Type) v odels.MyPlantAnytown. MatrixTypeTabld | F
Const ]| 001 =
When part enters v O
Const [v] [ 0:01 =

When setting-up, the time may not only depend on the target type, for which you want to set-up, but also on the
source type. In this case you can define the times in a table. Activate the custom row index and the custom column
index of the table. The row index designates the source type. The column index designates the target type.

atring tlime W

skring Enkity Container Trans

1 |- 1:00.0000 1:12.0000 1:25,

2 [Entity 1:37.0000 2:07,

3 |[Container 1:34.0000 209,
4 |Transporter 1:46,0000 1:41.0000

In our example above setting-up from no type, indicated by the hyphen, to the target type Entity takes exactly one
minute. setting-up from the type Entity to the type Transporter takes two minutes and seven seconds.

When you select the Formula distribution, you can enter a numeric expression or the name of a Mezhod. You can use
the anonymous identifier @ to access the MU for which the set-up time applies.

Note: You can also determine the set-up time in a user-defined attribute of type method, which you created for the

MU!

$ . ApplicationObjects.BasicObjects. MyEntity
Mavigate View Tools Help

Mame: | MyEntity =

Label: El  Conveying direction: D__(f_D;\'_a_rE)______h\z]

[ —_— ]

New | [ Edit |
Mame Value | Type o el [ ]
|| calculateSetupTime method *
|| color red string *

Defining Processing Times

The processing time is the time, which the MU remains on the material flow object to be processed. It is the interval
between set-up and the time the material flow object moves it on to its successor.
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&5 .Models.MyPlantAnytown. SingleProc2
Mavigate View Tools Help
Name: | SingleProc2| B [JFaied [CJentrance locked [E|
Label: O ;Planned v“ [ Exit locked (]

Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls Exit Strategy Statistics

Processing time: E
Set-up time: O
Recovery time: H
Recovery time starts: |When part enters L (]
Cyde time: L]
oKk | [ cancel [ ppy |
On the tab Times you can:
* Select a distribution from the drop-down list Processing tme: |uniform [v][ 1 0:30, 110

* Enter a constant time (Const). In our example we entered one minute Processing time: |
* Select to process the MU depending on its type (List(Type)).
* Select to process the MU depending on the station on which it is located on a Paralle/Proc (List(Place)).

After you selected a distribution, you will then enter the values, which that distribution requires, into the text box.
Plant Simulation shows these values along the top border of the tab. For the Recovery time in the example above,
you have to enter values for the Stream, Beta, Lower Bound and Upper Bound.

When you select Formula, you can enter a numeric expression or a the name of a Mezhod. You can use the anony-
mous identifier @ to access the MU for which the processing time applies. This Mezhod may also be a uset-defined
attribute of type method of the MU.

The successor is the object that is connected to the selected object with a Connector and that succeeds it in the se-
quence of stations in the simulation model.
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1=
T I 2=
— 1 »
L N3 5l
SingleProc Drain

SingleProc3

Compare the sample models: Select View > Start Page > See also > Examples/Infos, scroll to Concise Modeling Ex-
amples and click on Examples Collection. Then, select the Category, the Theme, and the Example in the dialog Ex-
amples Collection and click Open Model.

Enter Times

Plant Simulation inputs and outputs data referring to times in the format 1:00:00: 00, standing for, left to right,
days:hours:minutes:seconds.split seconds. 12:34 for example, means 12 minutes and 34 seconds.

If you do not want to write one day out in full, just type 1: : : and click Apply L_225Y &J PJaz Simulation then trans-
lates this to the full format 1:00:00:00.

1 minute 1 hour 1 day

S T 000k Processing time: | Const V 1 Processing time: | Const (v [ 102
Processing time: | Const [l 1:|

S b Processing time: | Const v 1:00:00 Processing time: |Const v 1:00:00:00
Processing time: | Const hdl 1:00

You can also enter numbers without the colon. Plant Simulation will then interpret the number as seconds and con-
verts it into the above format. 111 (seconds), for example, is 1 minute and 51 seconds.

You can change time-related settings under Tools > Model Settings/Preferences > Units > Time scale.
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Enter Data of a Probability Distribution

Select the distribution you want to use for the processing time from the drop-down list. Then, Plant Simulation shows

the parameters, which this distribution requires, on the tab.

5 .Models. MyPlantAnytown. SingleProc2 .
Mavigate View Tools Help
Name: | SingleProc2 B  [Failed [ClEntrance locked [}
Label: O  |Planned Vj [ Exit locked [F]
Importer Failure Importer User-defined Attributes
Times | Setdp Failures Controls Exit Strategy Statistics
Processing time: Const v 1:00 =
: Const
Set-up time: Uniform 0 O
Recovery time: Mormal a ]
Lognorm
Recovery time starts; |[legexp
Geom
Cyde time: Hypgeo 0 L]
Erlang
Weibull
Triangle
Binomial
Poisson
Gamma
oela
dEmp
il [ ok J[ cancel | [  Aepty |
Emp
Formula
List(Type)

Enter the corresponding values into the text box. Note that the upper bound and the lower bound are optional,

you can, but do not have to enter them.

Define Processing Times Depending on the Type of MU

To set the processing time of a station depending on the type of MU, you can use the Lis#(Type) distribution.

e Select the List(Type) distribution as the Processing time.

&5 .Models.MyPlantAnytown. SingleProc3
Mavigate View Tools Help
Mame: | SingleProc3 B [Failed [JEntrance locked [E]
Label: O |Planned v [ Exit locked [E]
Importer Failure Importer User-defined Attributes
Times Set-lp Failures Controls Exit Strategy Statistics
Table[string, time]
Processing time: List(Type) |+ || .Models.MyPlantAnytown.ListTypeTable | &

* Enter the name of the TubleFile object into the text box. Enter the names of all MUs to be processed into column
1 of the table and the corresponding times in seconds into column 2. Plant Simulation then uses this time as the

processing time for the corresponding MU type.
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.Models.MyPlantAnytown. ListTypeTable
File Edit Format Mavigate View Tools Help

= Gidd A % a0 Ewma

red
?Umg |gme
il ed | 1:00.0000
2 |blue 3:00,0000
3 |green 2:00,0000
4 |yellow 4:00,0000

During the simulation run Plant Simulation reads the processing time from that table.

Define Processing Times in a Formula

You can also define the processing time of a station in a formula.

* Enter the name of a Mezhod into the text box and program the formula in that Mezhod.
* Enter the formula as a basic arithmetic operation directly into the text box.

* Enter the formula directly into the text box and access the MU for which the processing time applies with the
anonymous identifier @.

To set the processing time of a station in a formula using a Method:

Importer Failure Importer User-defined Attributes
Tmes  Sckling aiaies s s Conlolsa et Shalea g esialisic
Formula

Processing time: .Models.MyPlantanytown.cydesMethod | E

e Select Formula as the Processing time.
* Enter the name of a Method object into the text box. Enter the formula into the Mezbod. This Method has to return
a value of type zme.

M .Models. MyPlantAnytown.cyclesMethod =JOEd
File Edit Mavigate Run Template View Tools Help
R R R W fAR & 4% ELE T
Totime
is
do
if @ Hame = "red"
then
result = 60;
elzeif @ Hame = "blus"
then
result = 180;
else
result = 120
end;
end;
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Defining Processing Times

In our example, the formula, which we entered into the method ¢yclesMethod, sets how long the station processes the

MU s in accordance to their color.

To set the processing time of a station in a formula with an arithmetic operator:

¢ Select Formula as the Processing time.

* Enter the expression into the text box. In our example we entered x+2. x is the name of an object of type [ ariable,
of data type #ime. This variable adds two minutes to the processing time.

Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls Exit Strategy Statistics
Formula
Processing time: Formula v X +2 =]

To set the processing time of a station by accessing the MU:

Enter @. timeRed into the text box.

Define Processing Times for a ParallelProc

r=t _Models.Frame.x

Mavigate View Tools Help

Mame: | x =]
Value | Display || Statistics | Communication
Data type: | time V E
Value: 2:00

Create a user-defined attribute for the MU and name it t imeRed.

To set the processing time of a Paralle/Proc & with several processing stations, which have different but constant

processing times, you can use the Lzs#(Place) distribution.

¢ Select the List(Place) distribution as the Processing time.

X .Models.MyPlantAnytown.ParallelProc

Mavigate View Tools Help

Mame: | ParallelProc O [Jraied [CJentrance locked O

Label: O [Planned || |[JExitlocked O
Statistics Importer Failure Importer User-defined Attributes
Attributes Times Set-Up Failures Controls Exit Strategy

DOD:HH:MM: 55, XXXX

Processing time: List(Place) ™ .Models.MyPlantanytown.ListPlaceTable | E

* Enter the name of the TableFile object into the text box. In this table, the entry [1, 2] corresponds to the process-

ing station located at position [1, 2], for example.

When an MU arrives at a processing station of a Paralle/Proc during a simulation run, Plant Simulation takes the

appropriate time for that station from the table.
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Modeling Failures

To closely model real situations, where machines fail at times, you can define one or several failure profiles. Failures
do affect the technical availability of the individual stations. You can:

* Manually fail the object by selecting Failed in the dialog of the material flow object. When you fail the object like
this, you will also have to manually remove the failure by clearing [Jraied the check box again.

| &5 .Models.Frame.SingleProc

Mavigate View Tools Help

Mame: | SingleProc =
Label: O Planned v

* Define failures with the failure generator on the Tab Failures.

The state of the station then changes from operational to failed.
* By default a Failed object shows a red dot &— in the LED display area along the top border of the icon.
Note: The LED can simultancously display several states that are active at the same time, while the state icon

can only display the state it represents.

* To use an icon for each of the different states, create a new icon in the leon Editor, and name it failed. Select Object
> State Icons/LEDs > Use State Icons in the Icon Editor, to make the object show state icons, instead of the LED.

[E] -Models. MyPlantAnytown. SingleProc E]@]
File Edif Icon éObject Tools Help

- g Center of Rotation D:', @5‘ o 4 @ Q |l
T e | |

i i b
Qrientation of the MUs I ey

— Mumber: | I
E | State Icons / LEDs ’| Use State Icons

Default LED | Sample state icons
.I_I =1 | = |
ke w

When you manually fail a station, it remains failed while any of the failure profiles you defined is active. It will change

to not failed once the last failure (DisruptionEnd) of the last failure profile is over ot you clear the check box [IFaied

As soon as the failure starts, the object changes to inactive for the duration of the failure. During this time it will
not receive any parts. If a part is located on the object, its processing is interrupted for the duration of the failure
and continues once the failure is cleared. Plant Simulation adds the duration of the failure to the processing time or
to the dwelling time.

If an MU could not enter the object because of a failure, Plant Sinulation reactivates the MU with the un-blocking
mechanism as soon as the failure ends.
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Compare the sample models: Select View > Start Page > See also > Examples/Infos, scroll to Concise Modeling Ex-
amples and click on Examples Collection. Then, select the Category, the Theme, and the Example in the dialog Ex-
amples Collection and click Open Model.

Define Failures

Note: When you change failure settings, we recommend to first clear the check box Active and to then click Apply.
Then change your settings, apply them, and select the check box Active again. This ensures that the next
failure event (DisruptionBegin/DisruptionEnd)will be calculated with a complete valid set of parametets.

Note: The failure of the object is only active, when you activate Active the check box on the tab Failures and the
check box Active of the corresponding failure profile!

& .Models.Frame.SingleProc
Mavigate View Tools Help
Name: | SingleProc | O [IFailed [ClEntrance locked 0
Label: | | [E] |Planned M [ Exit locked [E]
| Importer Failure Importer || User-defined Attributes |

Falres | Controls | ExitStrategy | Statistics |

Mame: | MyFailureProfile | [Failed Active [E
| Importer " Failure Importer " User-defined Attributes | | Importer " Failure Importer ” User-defined Attributes
| Tmes | setup | Fales | controls | ExitStateay | Statistcs | | Times | SetUp | Falues | Controls | ExitStrategy | Statistics
Active O Active O
e I r—=r— ) —— Lovew | [LoEdt. ] [ o= ]
Active Mame Availability MTTR Start Stop | Active | Mame Availability | MTTR Start Stop

W | MyFailureProfie 95.00 % Uniform, 1, 30:00, 35:00
| MainMotorDown 0.00 %
gl |DrillFailed

< Il | (2

To define failure profiles for a station, proceed as follows:
1. To run your simulation model with failures in general, make sure that the check box Active on the tab is selected.

2. Click New and select and enter the parameters of the failure profile you are defining into the dialog that opens.
3. Enter a Name for the failure profile.

4. Select if this failure profile is Failed or not during the simulation run.
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—
=

Name: | SingleProc O [IFailed [ClEntrance locked 0
Label: O |Planned || | [ Exit locked %]
Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls Exit Strategy Statistics
Active H
[ wew | [ et ] [ Deete
Active | Name | Avaiabiity | MTTR | Start
v |M\0Fﬁ.ld’fnﬂe 95.00 % 1:00 | Uniform, 1, 30:00, 35:00
.Models.Frame. SingleProc
Name: MyFailureProfile [Failed Active [
Start: Uniform w || 1, 30:00, 35:00 E
Stop: 0 El
Availability El
Availability: 95 % MTTR: | 1, 1:00 E
Failure relates to: SimulationTime |»| E
[ OK ] [ Cancel ] [ Apply ]

5. Select a distribution for the time at which the first failure takes place from the drop-down list Start.

Enter the values, which that distribution requires, into the text box. Plant Simulation shows these values above the
list of distributions which you can select.

The Lognormal distribution, the Erlang distribution and the Negative exponential distribution are especially suited
for modeling failures.

6. Select a distribution for the time at which the last failure will take place from the drop-down list Stop. Enter the
values, which that distribution requires. Plant Simulation shows these values above the list of distributions which
you can select.
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.Models.Frame.SingleProc
Name: MyFailureProfile [Failed Active [
DOD:HH:MM: 55, 30300
Start: Const E
Stop: Const El

Availability =]
Availability: 95 % MTTR: | 1, 1:00 E

Failure relates to: SimulationTime ;V‘ =]

[ OK ][ Cancel H Apply ]

When you do not enter a Start time and a Stop time, the first failure occurs after the Interval you entered is over.
Any value you enter as the Start time overwrites this behavior.

. Enter the Availability in percent and MTTR. If you would like to enter the Interval and the Duration of a failure
instead, clear the check box Availability. Note that Availability and MTTR is just another kind for displaying the
Interval and the Duration When you enter values for Availability and MTTR and click Apply, Plant Simulation com-
putes the values for the Interval and the Duration and enters them into the respective text boxes. It also selects
the Negexp distribution for the Interval and the Erlang-distribution for the Duration. Plant Simulation shows them
in the dialog, when you clear the check box Availability. An availability of 100% has an MTTR of 0, as the machine
is available and does not have to be repaired.

. If you want to select a distribution for the Interval and the Duration, clear the check box Availability. Then select
a distribution for the time between the end of the last failure and the beginning of the next one, i.e., the failure
Interval, from the drop-down list. Enter the values, which that distribution requires, into the text box. Plant Sim-
ulation shows these values above the list of distributions which you can select.

Select a distribution for the Duration of the failure. Enter the values, which that distribution requites, into the
text box. Plant Simulation shows these values above the list of distributions which you can select.

.Models.Frame.SingleProc

Mame: MyFailureProfile| [C1Failed Active [

Stream, Mu, Sigma[, Lower Bound, Upper Bound]
Start: 1, 0:01, 0:01
Stop: v} 300

Interval: 1, 15:00

0o m m

Duration: 1, 1:00, 0:42,4264068711925

[ Availability =

Failure relates to:

QK H Cancel ][ Apply
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9. Select the time to which the failures relate from the drop-down list:

* Simulation Time
Consumes the time you entered for the failure interval, regardless of the state the object is in. An example
could be the electronics of the installation, which may fail at any point in time. The simulation time is the time
between the beginning of the simulation run (Reset, Start) and its end (Stop).

¢ Processing Time
Consumes the time you entered for the failure interval while the object is processing. An example could be a
saw blade, which can only break, when the machine actually saws materials. The processing time is the time
during which an MU is located on a material flow object and is being processed.

¢ Operating Time
Consumes the time you entered for the failure interval only when the object is operational. An example could
be the coolant pump of the engine, which may fail any time during which the machine is on; the machine does
not actually have to process parts. The operating time will be interrupted by pauses and failures.

Material Flow Objects Transporter, Exporter, Worker

Failure relates to: | SimulationTime |v| [ Failure relates to: SimulationTime v

OperatingTime

10.Click OK to add this failure profile to the list of failure profiles. If you want to edit a failure profile, double-click it in
the list or click Edit.

11.Repeat this procedure for any additional failure profiles you want to define.

Modeling Random Processes

Many computer programs use random number generators to create a stream of random numbers that generally are
located in the interval between 0 and 1. Starting from given start values, the so called seed values, a large number
of stochastically independent random numbers has to be available.

Compare these examples of the application of random numbers in computer programs:
* Gaming programs use random numbers to allow for a greater diversity of the operating sequence of the game.

* Database programs use random numbers to enter a large number of data sets and thus test the functionality of
the database.

* Simulation programs, such as Plant Simulation, use random numbers to represent, among others, the interval be-
tween failures of machines.
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Random Numbers and Their Statistical Distribution

We know that there are deterministic processes and random processes. For a deterministic process, we can predict
the result of the process, for example by knowing a law of nature. If we do not know all factors that characterize a
process, its result is random. When we simulate a production processes, the occurrence of pauses is a deterministic
process. Failures of machines or the rejects that are produces, on the other hand, are random processes. A random
process results in a random number. The replication of the process results in the realization of the random number.
Throwing the dice is a random process, the resulting number of points is the associated random number.

There are random numbers that can have individual, disjoined values. These may be a limited or an unlimited num-
ber of different values, such as the number of rejects over a long period of time or the number of orders on a day.
A limited number may result from throwing the dice, an unlimited number can be a countable numbered amount.
These types of random numbers are called discrete. To simplify matters, we suppose that these values can be 0, 1,
2, etc. For describing the random number we specify the probability for the individual numbers to be the result of
throwing the dice. Adding up all probabilities has to result in 1, as one of the numbers will always be thrown.

A random number that can take all values within a limited or an unlimited interval of numbers is continuous. Ex-
amples of continuous random numbers are the mean time between failures (MTBF) and the mean time to repair
(MTTR) of a machine. For describing a continuous random number, we cannot specify the probability for an indi-
vidual number to occur. We rather have to specify the probability with which this random number is located be-
tween two given values, i.e., we specify an interval.

The probability density function best describes the distribution of a random number. The density function of a
continuous random number only has values greater than 0 or equal to 0. It can be continuously drawn without in-
terruption. The area underneath the function between two values a and b is the probability that the random number
is located between these values a and b. Simply put the value of the density function at the location x describes how
often a value will occur that approximates x. The entire area below the curve of the density function has the value
1, as with each realization of the random number a certain value occurs.

0,050
0.045
0.040
0.035
0.020
0.025
0.020
0.015
0.010
0,005 -1 I S . _,
0,000 S : : e

The picture above shows the density function of the gamma distribution with the parameters Alpha = 3 and Beta
= 5,5. The most random numbers occur in the vicinity of the apex of the density function (random number x =

11). This value is called the modal value. When you build the mean of many realizations of this distribution, you
will notice that the mean value is substantially greater than the mode/modal value. The mean value will be around
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16.5. This gamma distribution will create random numbers between 24 and 26 with a probability of 0.04. This prob-
ability equals the gray area below the curve in the picture above.

Using Pseudo Random Numbers

On first sight it seems to be impossible to simulate random processes with a computer, as a computer calculates
the numbers according to fixed stipulated calculation rules. A computer cannot create a truly random sequence of
numbers. A computer-generated sequence of numbers can only approximately have the properties of random num-
bers. This is why they are called pseudo random numbers. The sequence of numbers that a computer creates is
called random number stream. The computer calculates the following number starting from a random number. The
algorithm for creating random numbers starts out with the so-called seed values and can generate any number of
values from them. By using different seed values you can model several random processes that are independent of
each other.

For creating a random number it oftentimes suffices to create a uniformly distributed random number located in
the interval between 0 and 1 (0,1). A random number is uniformly distributed, when the probability for an interval
only depends on its length, and not from it position on the line of numbers. Using a uniformly distributed random
number the computer can, for example, algorithmically create a normally distributed random number with a given
mean value and standard deviation.

A uniformly distributed pseudo random number has to meet a number of requirements:

* The arrangement of the random numbers shows no typical characteristics, i.c., the algebraic signs of consecutive
random numbers do not display any typical patterns.

* The algorithm for creating random numbers has to become periodic, as the computer only has a finite number
of states. For this reason the period length has to be as large as possible.

* Starting from the given seed values a large number of stochastically independent random numbers has to be avail-

able for the simulation.

* The random processes of a simulation have to be reproducible to be able to use certain statistic methods, such
as the variance reduction.

Work with Random Number Streams

In Plant Simulation, two random number generators create random integer numbers, using the Multiplicative Linear
Congtruential Generator (MLCG). These random numbers are then merged into a fraction located in the interval
between 0 and 1.

Each of the two random number generators is initialized with a certain start value, the so called seed value. You can
describe them in the Random Number Seed Values table, compare Enter Random Nunber Seed 1 alues. Each random
number stream in Plant Simmulation is defined by a pair of integer values, which you enter into the two cells of one row.
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Enter Random Number Seed Values
Select Tools > Random Number Seed Values in the program window:
! File View 3D Debugger Profiler iTooIs | Window Help

HRR I N | @ E| Random NumberSeed\-’aIuesk

"y

Then:
* Add additional streams to the table. Or
* Edit any one of the existing streams, by entering different numbers.

Each random number stream in the Random Number Seed Values table is defined by a pair of integer values, which
you enter into the cells below Seed 1 and Seed 2.

The two numbers you enter here stand for the seed values of two random number generators, which create integer
values. Plant Simulation uses these two random numbers to calculate a real random number between 0 and 1.

Random Number Seed Values
1
Seed 1 Seed 2 Info ~
Random number streams = —pud § il 1
2 1 1
3 H 1
Enter seed value 1 ~
3 1
5 4 1
Enter seed value 2 . = » |
7 6 1 i
< >
[ OK. ] [ Cancel ]

You can tell Plant Simmulation to start creating the random number anew from the seed values, when you start the
simulation the next time:

¢ Select the EventController of your simulation model, press F8, double-click seedReses and enter true. Or
¢ Enter root.eventController.seedReset := true into a Method.

When the random number stream 1 has the seed values 0 and 1, the first call of the function (Distribution Functions)
z uniform(1,0,1) resultsin the value 0.391085897014842 and the second call in the value 0.503495287916464.
The interval bounds of 0 and 1 will never be rolled.

Note: Make sure that each random process is assigned a random number stream.

The initial values, i.e., the seed values, should have different values, so that the associated events do not al-
ways occur the same point in time. You will, for example, not want all machines to fail at the same time, etc.

To find out how random number affect your simulation model, execute several simulation runs with differ-
ent seed value tables.
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Use Probability Distributions

As arule, only very few observed data about random process, such as the interval between two failures of a machine,
will be available to you.
To enable you to reproduce these random processes in your simulation model, Plant Simulation provides a number
of probability distributions, compare Probability Distributions, Empirical Distributions, and User-defined Distributions in the
Plant Simulation Reference.

The topic Step 3: Decide which Distribution to Use assists you in picking the right distribution for your purpose.

&5 .Models.MyPlantAnytown. SingleProc2
Mavigate View Tools Help
Name: | SingleProc2 B  [Failed [ClEntrance locked [}
Label: O |Planned :vj [ Exit locked O
Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls Exit Strategy Statistics
Processing time: Const v 1:00 =
: Const
Set-up time: Lnifarm o O
Recovery time: Marmal ]
Lognorm
Recovery time starts; |[legexp
Geom e
Cyde time: Hypgeo 0 L]
Erlang
Weibull
Triangle
Binomial
Poisson
Gamma
oela
dEmp
il [ ok J[ cancel | [  Aepty |
Emp
Formula
List(Type}

Once you select the distribution from the list, Plant Simulation shows the parameters, which this distribution re-
quires, on the tab.

Importer Failure Importer User-defined Attributes
Tmes  \schling i es i s ConolseendiShalea e esialisic
Stream, Mu, Sigma, Lower Bound, Upper Bound

Processing time: Mormal _v:: 5, 0:50, 0:10, 0:45, 0:55 =]

Calculate the corresponding values in the observed data, which you received from your customer, and enter them
into the text box. Note that the upper bound and the lower bound are optional, meaning that you can, but do not
have to enter them.
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Modeling the Flow of Materials, Advanced

In this chapter we introduce you to some of the more advanced features of modeling the flow of materials in your
simulation model. You will learn:

* How to program entrance controls and exit controls that override the built-in, default transfer behavior of the
material flow objects.

* How to define sensofs.
* How to define observers.

* How to customize the behavior of the objects with controls and user-defined attributes.

Create Entrance and Exit Controls

You can modify the built-in transfer behavior of the material flow objects by programming an Entrance control and
an Exit control. The object calls the Mezhod, whose name you entered, as soon as an MU intends to enter or exit the
respective object. Be aware that these controls override the standard transfer behavior, meaning that you yourself
have to make sure that the MU moves to the correct station!

You can use control methods in a number of ways. You might, for example, count the number of incoming MUs and
then, after a specified number has been reached, move the following MUs to a different successor.

You will program the controls in a Method. This can either be:

* A Method M object, which can be located in a folder in the Class Library or in a Frame. When you want a number
of objects, which are located in the same Frame, to call the same Method, you typically use a Mezhod object, which
you insert into that Frame.

* A user-defined attribute of type method, which only the object to which you added it, can use. When you
want all instances of a class to provide the same control, you typically create that control as a user-defined at-
tribute in the class.

To tell Plant Simulation which Method to use, do one of the following. The process is the same for entrance and exit

and backward entrance and backward exit controls:

* To select a Method in a Frame: Click the button |_..._| and select a Mezhod in the dialog Select Object. By default
Plant Simulation enters the relative path into the text box.
To activate the entrance control of point-oriented objects before the actions you program in the control take
place, select Before actions. Actions encompass changing the processing time or the setup time, requesting ser-
vices through the zzporter, or changing the assembly table of the Assenbly station.
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—
=
Mame: | SP1 B [JFaied [CJentrance locked O
Label: O |Planned || | [ Exit locked O
Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls Exit Strategy Statistics
Entrance: E] O I:‘Befnre actions O
Exit: enterOrder m B | [#Front O | [JRear O
Setup: (..} O/ |Select Object
Objects:
enterOrder Back
init
Pull: E] ] load1
load2
reset
shift calendar: E] E SP1
Track
unload
0K
Path: [] absolute path
Models. TS4

Select the Method in a Frame, drag it to the text box and drop it there. Here Plant Simulation enters the absolute
path into the text box.

Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls Exit Strategy Statistics
Entrance: C] 0O | [Before actions ]
Exit: dels. T54.enterOrder C] =] Front [0 | [JRear O

To open the dialog of the object, whose name you entered into the text box, either press F2 or right-click the text
box and select Open Object or hold down Shift and double-click in the text box.

* To create a control method, which belongs to this object: Right-click into the text box and select Create Control
on the context menu:

* Enter a meaningful name into the text box and select Create Control. Plant Simulation then inserts
self.Name you entered for the control, such as self.ExitControlEnginePlant.

* Select Create Control. Plant Simmulation then inserts self.OnBuilt in name of the control, such as
self.OnEntrance.
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= Models.TS4.5P1 BX]
Mavigate View Tools Help = Models.T54.5P1
Mame: | SP1 B [IFaied [CJEentrance locked PEEE Wl RS RS
Label: O } [CJExit locked Mame: | 5P B  [Failed [ClEntrance locked (]
Label: [E] } [CJExit locked (]
Importer Failure Importer User-defined Attributes
Jines Sl Galuces Canirals DiLSiategy Slats Importer Failure Importer User-defined Attributes
e [ | e L [l Before actions Times Set-Up Failures Controls Exit Strategy Statistics
Exit: enterOrd|  Create Control F4 k Front O | [JRear Entrance: self.OnEntrance E] E | []Before actions (]
Set-up: Is Empty Exit: enterOrder E] E Front O |[Jrear O
Set-up: E] O

Enter the source code of this control into the Mezhod that opens.
Be aware that a control you create with Create Control is a user-defined attribute of the respective object, not

a Method object, which you can open in the Frame.

&5 .Models.TS4.5P1
Mavigate View Tools Help

Mame: | SP1 B [JFaied [CJEentrance locked O
Label: (4] [CJExit locked [E]
Times Set-Up Failures Controls Exit Strategy Statistics
Importer Failure Importer User-defined Attributes

New | [ Edt | [ Delete
Mame Value | Type o e i
OnEntrance method =

* To delete this control, delete the user-defined attribute; deleting the name from the text box just deletes the
name, but preserves the user-defined attribute.
Note: The exit control can have an optional parameter of data type object. When the Mezhod has this parameter, then
the successor object, which pulls the MU because the MU was contained in the blocking list of the object,
will be assigned to this parameter. The MU will be pulled, for example, when the successor becomes avail-

able again or when its entrance is opened.

You can:
* Define Controls for Point-Oriented Objects
*  Define Controls for Length-Oriented Objects
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Define Controls for Point-Oriented Objects

Point-oriented objects are the material flow objects that provide one or more processing stations, but do not have
a length and do not take the length of the MU into account.

The SingleProc &, the Paralle/Proc &, the Assembly &, the DismantleStation & | the Buffer =, the PlaceBuffer =, the Store

E, the Sorter &, the Source I+ and the Drain +1 are point-oriented.

I .Models.TS4.5P1
Mavigate View Tools Help
Mame: | 51 B [JFaied [CJEentrance locked O
Label: O |Planned v [ Exit locked [E]
Importer Failure Importer User-defined Attributes
Times Setp || Failures Controls Exit Strategy Statistics |
Entrance: self.OnEntrance C] B | []Before actions E |
Exit: enterOrder C] B | [#Front O | [JRear O
Set-up: C] O
Pull: C] ]
Shift calendar: C] O
[ ok ][ cancel [  ppy |

Plant Simulation activates the Entrance control you entered, once the MU has entered the object in its entirety, for
the point-oriented objects, such as the SingleProc =. For this setting, the default, the check box

Entrance: | self.OnEntrance C] B | [eefore actions EI is cleared.

To activate the entrance control of point-oriented objects before the actions you program in the control take
place, select Before actions. Actions encompass changing the processing time or the setup time, requesting services
through the mporter, or changing the assembly table of the Assembly station.

Plant Simulation activates the Exit control, when an MU exits the object.
The check boxes Front and Rear set, when the MU triggers the Method.

* Select Front to activate the control as soon as the MU is ready to exit the object. The exit control then has to
move the part to another object, as the built-in behavior of the material flow object, i.e., moving the MU on to
the successors along the Connectors, has been overridden by the exit control.

Note: The same MU can call the Front-activated exit control more than once, if that MU could not exit the ob-
ject and entered itself into the Blocking List of the target object. As soon as the target object is ready to
receive the MU, the MU is assigned a new Out event, which triggers the Front-activated exit control again.
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Select Rear to activate the control as soon as the rear of the MU has completely exited the object. This control

does not override the built-in behavior of how MUs move to the successor of the current object.

Note: The program calls the rear-activated exit control once only. It does not override the default exit strategy.

Note: Compare the Out, OutEnd and Reference events in the List of Scheduled Events.

* You can also select both check boxes, Front and Rear, for the entrance and the exit control. The MU then exe-
cutes the control as soon as the front or the rear of the MU enters or exits the object.

Compare the video ExitControl in Help > Videos

Define Controls for Length-

Oriented Objects

The length-oriented objects Track =, TwolaneTrack =, Line = and Turntable € take their own length and the
length of the MUs, which move on them, into account during the simulation runs.

In addition to the forward Entrance control and the forward Exit control, they provide a Backward entrance control
and a Backward exit control. Plant Simulation activates these controls, when the Transporter == backs up on them.

-+ .Models.TS4.Track

Mavigate View Tools

Mame: | Track

Label:

Attributes | Times

Entrance:

Help

[JEntrance locked

| | Desitlocked

O [Failed

Failures | Controls | Exit Strateqy | Statistics | Curve || User-defil 4| * |

Front [Irear

[l
(]

) ®
()=
] ™
()=
(] ™
] ®

-

Exit: load2 Front
|:| Front

|:| Front

|:| Rear
Rear
Rear

Backward entrance:

LB B B |

Backward exit: load1

Pull:
Shift calendar:

Sensors (1)

][ Cancel ][

Apply |

Note: The Transporter backs up on the Track, it does not turn around. This means that it moves in reverse with its
front end still pointing in the direction of the flow of materials instead of its front end pointing in the op-
posite direction!

Note: The Front of the part always moves towards the end of the length-oriented object into the direction with
which you inserted it along the direction of motion of the material flow. When you insert a Line from left
to right, the Front of the part is located on the right-hand side and moves towards the right. When you insert

a Line from right to left, the Front of the part is located on the left-hand side and moves towards the left.
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[ C— b=l

I« < el

This also applies to parts which move backwards when you select the check box Backwards of the Line or
the Transporterl The Front of the part keeps on pointing towards the end of the length-oriented object into
the direction with which you inserted it along the direction of motion of the material flow.

Plant Simulation activates the entrance control you entered:

* When the Front or the Rear of the MU has entered the Track =, the Twol_aneTrack = | ot the Line =.

Remember that an MU, for which you entered a length, does not move onto these objects all at once, but con-
tinually. Depending on the length and the speed of the MU, there will a delay between the time the front and the
time the rear of the MU enters the object.

* Select Front to activate the control as soon as the front of the MU has entered, i.e., is located on the object.
This means that changing the processing time in the entrance control does not affect the MU that already en-
tered the object. To set the processing time depending on the MU that atrives, define the processing time in
a formula.

* Select Rear to activate the control as soon as the rear of the MU has entered the object.
Plant Simnlation activates the backward entrance controls:

When the Front or the Rear of the Transporter has moved onto the length-oriented objects Track, Twol_aneTrack,
ot Line at their entrance while it backs up.

Remember that a Transporter, for which you entered a length, does not move onto these objects all at once while
backing up, but continually. Depending on the length and the speed of the Transporter, there will a delay between
the time the back and the time its front is located on the object:

* Select Rear to activate the control as soon as the rear of the Transporter has moved onto the object while moving
in reverse.

* Select Front to activate the control as soon as the front of the Transporterhas moved onto the object while moving
in reverse.

Plant Simulation activates the backward exit controls:

When the Front or the Rear of the Transporter has moved onto the length-oriented objects Track, TwolaneTrack,
ot Line at their exit while it backs up. The check boxes Front and Rear set, when the Transporter triggers the Methods.

* Select Rear to activate the control as soon as the back of the Transporterhas moved onto the object at its exit while
backing up.

Note: The program calls the rear-activated exit control once only. It does not override the default exit strategy.

* Select Front to activate the control as soon as the front of the Transporter has moved onto the object at its exit
while backing up. The exit control then has to move the part to another object, as the built-in behavior of the
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material flow object, i.e., moving the MU on to the successors along the Connectors, has been overridden by the
exit control.

Note: The same MU can call the Front-activated exit control more than once, if that MU could not exit the ob-
ject and entered itself into the Blocking List of the target object. As soon as the target object is ready to
receive the MU, the MU is assigned a new Out event, which triggers the Front-activated exit control again.

Create Sensors

The material flow objects have built-in sensors, i.e., the entrance controls and the exit controls that the arriving or
the leaving MUs trigger. A triggered sensor calls the Mezhod object, whose name you entered as an entrance or as an
exit control. These custom controls will then replace the built-in properties of the object.

For the length-oriented objects Track ==, TwolaneTrack =, Turntable ©, and Line = and for the Transporter == you
yourself can, in addition to the entrance controls and to the exit controls, define sensor controls anywhere on the
object. The Track and the Line activate the Methods you assigned to the sensor, when an MU passes the sensor, which
in your installation might be a light barrier, or some similar device. In the Mezhod assigned to the control you can
program the action you want Plant Simulation to execute. You might, for example define the conditions that apply
when the parts are transferred onto the next material flow object, or you might change the target velocity, and the
icon, of a transporter, when its front reaches the sensor.

To create sensors in the dialog of the Track, the TwolaneTrack, the Turntable, the Line or the Transporter:
¢ Click the tab Controls.

Note: The Transporter shows the button Sensors on the tab Load Bay, when you select Track or Line. Click Apply
to activate the button.

* Click || and select the name of the contro/ method in which you programmed the action you would like the Trans-
porter to execute. In our example, we want it to turn around, when its front passes the sensor.
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v MUs.Transporter:1 .
Mavigate View Tools Help
Mame: | Transporter O Mumber: 00001 [IFailed
Lobel: o
Attributes | Load Bay | Faiures | Cantrols | Battery | Product Statistics | Statistics | 41>
= .
s-dimension: 3 ¥-dimension:
| Attributes | Times | Failures | Controls | Exit strateay || statistics | curve || user-defil 4 » Length: 1.5 Elm  Capacty: 1 =
Entrance: E] O | FFront O |[CJrear O Speed: L Blm/s [¥]Accumulating B
Exit: E] O | lFront O | [CJrear O [eadwards B
Backward entrance: E] O |Ofront O | #lRear 0O [ Acceleration B Accelzration: mfs?
Backward exit: E] O | CFront O | [#Rear O Deceleration: 1 myfs?
Full: E] ]
Shift calendar: E] O [ OK ] l Cancel ] [ Apply ]
* To add additional sensors, click Sensors.
=" Models.TS4.Track
Mavigate View Tools Help
Mame: | Trackl O [Faied [CJentrance locked O
Label O [planned  [v] |[exitlocked O
| Attributes | Times | Failures | Controls |E)cit Strategy | Statistics | Curve | User-defil ¢ 2
Entrance: E] O |[#Front O |[Jrear O
Exit: load2 E] B | [#Front O | [JrRear O
Backward entrance: E] O | [Front O | [¥]Rear O
Backward exit: load1 E] B | [dFront O | [#]Rear O
Pull: E] ]
Shift calendar: E] ]
ok | [ cancdl [ ppy |
* To create a new sensor and open the dialog Sensor, click New.
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Sensor-10: 1
Position: Length v
8 [El [m] [#]Front B | [JRear H
| Sensor List - .Models.Sensor. Track Activate: Only when Desﬁnaﬁo::v:i B [Light barrier mode E
5 3 Destination: | SingleProc =
[ New ) [ Edt | [ Delete o
) Control: accelerate E] =
jin] Position | Front | Rear | Path Created here
[ QK ] [ Cancel ] [ Apply ]

ID is the number that Plant Simmulation automatically assigns to the sensor, when it creates it. You can use this
unique identifier to access that sensor from within Mezhods.

Select the type of position, Relative or Length, from the drop-down list and enter the position of the sensor.

* For Relative you can enter a value between 0 and 1, and Plant Simulation shows 0..1 to the right of the text
box.

* For Length you can enter a value between 0 and the length of the object.

Plant Simnlation uses the length unit you selected under Tools > Model Settings/Preferences > Units > Length.
When you enter an invalid value, Plant Simulation changes the color of the text box to red.

When you define a sensor for a Track, you can select when a Transporfer passing over it triggers the sensor:
Always, independent of the destination of the Transporter. Or Only when the Transporter has the same destina-
tion, which you entered into the sensor.

The Transporter’s automatic routing feature also includes this destination object. When you assign a Destination
to the Transporter while automatic routing is active, it drives to the sensor. There it activates the sensor Control
and a destination control which you defined for the Transporter. The same destination object can be defined in
several sensors. It may also be directly reached via different Tracks. Even when a direct route leads to the des-
tination object, the Transporter drives to the neatest sensor, when this sensor can be reached on a shorter route
than the destination object itself.

Enter the name of the object to which the Transporter drives into the text box Destination.

Click E and select the name of the Method M, which the sensor calls, in the dialog Select Object. To open
the dialog of the object, whose name you entered into the text box, press F2.

M .Models.Sensor.Sensor.accelerate E]@]
! File Edit MNavigate Run Template View Tools Help

4T B e < O R A e ELR
is
do
@ =peed = 50
@ currlcon :="car_fast":
end:|

I’
+

uRY 4
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As soon as the sensor calls this Mezhod, it passes the Sensor ID as parameter. When the Method expects an integer
parameter, the sensor passes the Sensor ID to the Mezhod, if you do not enter an integer parameter, the Method
will be called without a parameter.

Or you can right-click in the text box. Then, select Create Control on the context menu to create a control method,
which is a user-defined attribute of type method of this object:

* Enter a meaningful name into the text box and select Create Control. Plant Simulation then inserts
self.Name you entered for the control,such as self.MySensorControl.

* Select Create Control. Plant Simulation then inserts self.OnBuilt in name of the control, such as
self.OnSelect.

* To delete this control, delete the user-defined attribute; deleting the name from the text box just deletes the
name, but preserves the user-defined attribute.

Enter the source code of this control into the Mezhod that opens.

* Select Front, so that the front of the MU calls the Method. You can also select Front and Rear. Then both the
front and the rear of the MU activate the Mezhod.

* Select Rear, so that the rear of the MU calls the Mezhod. You can also select Front and Rear. Then both the
front and the rear of the MU activate the Mezhod.

* Click OK to apply your settings and to close the dialog.

| Sensor List - .Models.5ensor.Track
[ wew J[ GEdt | [ Deete |
jin] Position | Front | Rear | Path Created here
1 am  x SingleProc == accelerate *

* When you click the Close button, Plant Simulation updates and shows the number of sensors on the button

in the dialog.

* To edit the sensor, which you selected in the list, click Edit. Or double-click the row that defines the sensor in
the list.
* To delete the sensor, which you selected in the list, click Delete.

* To open the sensor that Plant Simulation inserts as a red line into the icon of the object, Alt+double-click the red

line EE and change the settings in the dialog that opens.

* To show a foltip with information about the sensor, drag the mouse over the red line designating it on the object.

SC1:

C

Sensor-ID: 3
Position = 13.25m (Front)
Destination = .Models.CSC_Demo_3.CC
Control = Models C5C_Demo_3.C5C1 load
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You will make extensive use of sensors when Modeling Transport Systems. We used them in our sample applications
for loading and unloading a cross-sliding car and a tugger train.

Compare the sample models: Select View > Start Page > See also > Examples/Infos, scroll to Concise Modeling Ex-
amples and click on Examples Collection. Then, select the Category, the Theme, and the Example in the dialog Ex-
amples Collection and click Open Model.

Create Observers

When you create your simulation model, it will often become necessary to trigger certain actions, when the observ-
able values of artributes or methods of objects change. To accomplish this, you can create observers for most of the
built-in objects.

This obsetver observes the value of an a#tribute or of a method and then executes one or several methods when the
value changes. This method can either be a Method object, which you insert into a Frame, or a user-defined attribute
of type Method.

Note: This only works, if the a#tribute or the method of the object is observable.

Note: As a rule observer methods are called after all other controls. If you want to react to state changes before other
controls, you have to use the stopuntil instruction ot the waituntil instruction instead of an observer.

You can use observers for a wide range of applications. In our example, we show how to move the contents of
Station1 to Station2, when the value of the Method of Station1 changes.

£ Models.MyPlant ks

Edit Mavigate Objects Icons View Tools Help

E-(clil:gl) tﬂ‘}l«b» ﬁ% 3"\‘:‘« 'I-'E ﬁ ”‘

&

EventController

b= =3l

Receiving Stationl Station2 Shipping

M

occupiedObserver

* Open the dialog of Station]. Select Tools > Select Observers.

i .Models.MyPlant.Station1
Mavigate View Tools Help
Select Controls...

Mame: | Station Select Observers. .. " |Failed [CJEentrance locked O
Label: Select Viewer Process... Planned v [ Exit locked O
Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls Exit Strategy Statistics
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* To create the observer, click Add in the dialog Observers.

Observers - .Models. MyPlant. Station1

Add _] [ Edit ] [ Remove

Observed Value Method

Created here

* To select the attribute or method whose value you want to watch, click [I] next to Attribute in the dialog Select
Observed Value and Method to be Executed. Then, select the attribute in the dialog Select Object. We selected

occupied.

Select Observed Value and Method to be Executed

Observed value:

Executed method:

H Cancel ]

| —r

Select Object

Attributes and methods:

cont [A]
Currlcon

Currlconho

Empty

Entrancelocked

ExitLocked

failed

FailureActive

FailureMode

Full

Location

Mame

MumMU

MumMUParts

Qccupied

operational k
pause

ResBlocked
ResnurceTvne [v]

Path:
Models, MyPlant, Station 1. Occupied

* To select the Method that will be executed, when the value of the a#ribute or method changes, click [I] next to

Method. Then, select the Mezhod in the dialog Select Object. We selected the Mezhod object occupiedObserverin which
we programmed our transfer behavior.
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Select Observed Value and Method to be Executed

Cbserved value: self,Occupied

Executed method:

—

Select Object
Cbjects:
occupiedCbserver Back
q Path: [ absolute path
Models, MyPlant.occupiedObserver

H Cancel ]

* The dialog Observers then shows that our observer consists of the observed method ##zMU and of the method
occupiedObserver. The asterisk shows that we created the observer in Szazion], meaning that it is not inherited from

its origin.

Select Observed Value and Method to be Executed

L.
L.

[ OK k H Cancel ]

CObzerved value: occupied

Executed method: occupiedObserver|

-
Observers - .Models.MyPlant.5tation1

[ Add ] [ Edit ] [ Remove
Observed Value Method Created here
occupied QccupiedObserver *

* The source code of our method occupiedObserver looks like this:

M .Models. MyPlant.occupiedObserver

(M]=1¥ ]

i File Edit

PR Y i

Mavigate Run

Template View Tools

4B o A eSS Eh

Help

is
do
if (?.occupied) then
?.cont . move(Station2):
end;
end;

(attributelams: string; previousValue: boolean)

* First, we declare the two parameters, which are passed to the Mezhod:

* The name of the attribute or the method, whose observable value changed. This allows you to use a single
Method as the method to be called for several attributes.

* The previous value of the aztribute or the method. This way you can still access the previous value after the

executed method changed it to the new value.
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* Then, we tell Plant Sinmlation to check if Station] is occupied, i.e., if it contains a part. If that is the case, we
want it to move the part to Station2. Within the called Mezhod, we can use the anonymous identifiers ? and @
to address the object, whose Method changed, Station1 in our case.

Customize the Behavior of Objects

You can customize the behavior of most of the Plant Simulation objects to meet your modeling needs.

* You can program and assign contro/ methods to an object. The object then reacts to certain user actions, such as
inserting and deleting objects, etc.

* You can define user-defined attributes for an object, which it does not provide by default.

Define Controls

To assign a control method that makes the object take an action you want it to execute you can:

* Program the actions you want one or several objects to take in a Mezhod object and insert it into a Frame in your
simulation model or in a folder in the Class Library. This way you program actions that several objects can use.

* Create a control that only applies to the selected object. Then you will program the actions in a user-defined at-
tribute of type method of this object. The control thus becomes part of the object and carries it with it, when you
insert the object into other Frames.

Assign a Control Method

When you want a number of objects that are located in the same Frame to call the same method, you typically use a
Method object, which you insert into that Frame.

To assign a control, which you programmed in a Method object:
* Program the control in a Method object.
* Click the object to which you want to assign the control in the Frame.

¢ Select Tools > Select Controls.

-
1% .Models. MyPlantAnytown.ParallelProc
Mavigate View Tools Help

Select Controls... k
Select Observers. ..

MName: | Paralle | Failed [CJentrance locked O

Label: Select Viewer Process... v [ Exit locked (]
Statistics Importer Failure Importer User-defined Attributes
Attributes Times SetUp || Failures Controls | Exit Strategy

* In the dialog Controls select the Mezhod to be activated, when the user or when Plant Simulation performs a certain
action:

* Click [ ... ] next to the name of the control. In the dialog Select Object navigate to the folder or Frame, in which
the Method object is located, select it and click OK.
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Controls - .Models.Frame.ParallelProc

Constructar:
Destructar:

Connect:

Open:

Flauszibility:
Select:
Drrag-and-drop:
Move in frame:
Rename:
Relabel:
Change path:

Move to folder:

Fail:
Pause:

Unplanned time:

Select Object
Objects:
M ethod Back
my0pentdethod k ;]
Fath: [] Absolute path
Models. Frame. myOpenkd ethod

Create a Control which is Part of the Object

When you want all instances of a class to provide the same control, you typically create that control as a user-defined

attribute in the class.

To create a control as a user-defined attribute of type method of the object:

* Enter a meaningful name into the text box, right-click in the text box and select Create Control. Plant Simulation
then inserts self .Name you entered for the control, such as self.mySelectControl.

* Right-click in the text box and select Create Control on the context menu. Plant Simulation then inserts
self.OnBuilt in name of the control, such as self.OnSelect.
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Controls - .Models. MyPlantAnytown.ParallelProc1

o

Constructar: E] O
Destructar: E] O
Connect: E] O
O
Open: E] O
O
Plausibilty: =
Select: E] O
Drag-and-drop: Create Contrl F4 LJo
Mave in frame: 1= Empty E] O
Rename: E] O
Relabel: E] O
Change path: E] O
Move to folder: Paste :] O
O
Controls - .Models.MyPlantAnytown. ParallelProc1 1
Carstuctor: 1% .Models. MyPlantAnytown.ParallelProc1.OnSelect E]@]
[DiesEien ! File Edit Mavigate Run Template View Tools Help
Comect (| PGS i B2 w0
is
Open: do . .
print @ selected:
@ =zelected = true;
Plausibilty: =ndd
Select: Sl Unoelect LeJ B

Enter the source code of this control into the Mezhod that opens.

This control is a user-defined attribute of type method. To open and modify it, do one of the following:

* Click in the text box and press F2.
Shift and double-click in the text box.

* Select the tab User-defined Attributes and double-click the name of the Mezhod M in the list pane.

I .Models. MyPlantAnytown.ParallelProc1

Mavigate WView Tools Help

MName: | ParallelProci B [Faied [CJEentrance locked O
Label: O [Perned  [v| |[CJEsitlocked |
Attributes Times Set-Up Failures Controls Exit Strategy
Statistics Importer Failure Importer | User-defined Attributes
New | [ Edt | [ Delete
Mame Value | Type 1| s

OnSelect method =
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Create a User-defined Attribute

In addition to the built-in attributes, which are patt of the Plant Simulation objects, you can add user-defined at-

tributes to meet your modeling needs to most objects. Naturally, these attributes do not affect the built-in propetties

of the object.

A user-defined attribute provides most of the functions that a global variable in any of the programming languages
makes available. As a rule you will use a user-defined attribute for internal purposes, for example to attach the type

of article, the order number, etc. to an MU.

You might, for example:

* Create the user-defined attribute with the name Quality for a part.

* Change its value with a Method to reflect a changed state, good or bad for example.

* Depending to its quality move the part either on to the next station or to a reworking station where it will be

fixed to meet the quality criteria.
To create a user-defined attribute for the selected object:
* (lick the Tab User-defined Attributes, and click New.

v . ApplicationObjects.BasicObjects. MyDolly
Mavigate View Tools Help
MName: | MyDolly El [Failed
Label: = Planned v
Controls || Battery | Product Statistics || Statistics | User-defined Attributes [«]»]
New Q [ Edt ] [ Deete
Mame Value | Type [
[ ok ][ Cancel [ Appy |

* Enter a meaningful name for your user-defined attribute into the text box. The name has to be unique, i.e., no

other built-in or user-defined a#fribute or method may have the same namel

* Select a Data type (compare Data Types).

* Enter a value into the text box that is compatible with this data type you selected.
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User-defined Attributes

Mame: | Quality

oatatpe: [sors[3]

Value: good|

[ OK H Cancel ][ Apply ]

* Click OK to add the user-defined attribute you just created. Plant Simulation sorts the attribute at the correct loca-
tion in the alphabet into the list.

v .ApplicationObjects.BasicObjects. MyDolly
Mavigate View Tools Help
Mame: | MyDolly| E [railed
: parrea_[3]
| Controls | Battery | Product Statistics || Statistics | User-defined Attributes [s]2)
e [ | r=r— ] ——)
Mame Value | Type 5] s
Quality good  string =
oK | [ cancd [ ppy |
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Modeling Workers and the Jobs They Do

When you simulate your installation, you also have to model workers who work at the machines (Tab Importer) or
who repair the machines themselves (Tab Failure Importer). While the Worker € works at the machine or while he
repairs the machine, he stays on a Workplace & at the associated machine. While the worker is Waiting for a job, he
stays in the WorkerPoo/ 82, which might be the lounge or the staff room of your installation. When the worker has
to perform one or several jobs at a machine, the foreman (Broker :#) tells him to do so. The worker then walks on
a FootPath = from the worker pool to the workplace of the respective machine and does his job.

You can also use the Broker :# and the Exporter ¥, to model workers and the tools they need to do their jobs. As a
rule, you will use the Worker, if the time it takes him to get to a machine is of importance to you. In addition, the
Worker will be animated on the FoofPath and the Workplace while he walks to the station and works there. You will
use Importer, Broker and Exporter if producing a part requires shared resources and if the LEDs on these objects suf-
fice for your animation needs.

You can insert the required objects into your simulation model from the folder Resources in the Class Library or
from the toolbar Resources in the Toolbox.

Toolbox

Material Flow | Resources | information Flow | User Interface | Mobile Units | Tools

L5 ]
N G € W @

In our examples we show how to:

» Model a Worker Who Works at a Machine

* Model a Worker Who Repairs a Machine

* Model a Worker Who Carries Parts between Workplaces
o Model Workers with Importer, Broker and Exporter
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£ .Models.Worker.MyPlant g@]

Edit Mavigate Objects Icons View Tools Help
S AN . B N Wy B RO MO

" 5

< I | [

Compare the sample models: Select View > Start Page > See also > Examples/Infos, scroll to Concise Modeling Ex-
amples and click on Examples Collection. Then, select the Category, the Theme, and the Example in the dialog Ex-
amples Collection and click Open Model.

Also compare the videos SimpleWorker and WorkerCarry, which you can open under View > Start Page > See also
> Demo Videos.

Model a Worker Who Works at a Machine

To simulate a Worker who works at a machine, you will typically proceed as follows:

* Configure the WorkerPool. This is the place where Plant Simulation creates the Workers and where they stay, when
they do not work and are Waiting for a job order.

« Insert the object WorkerPool 3 into your model.

Deactivate inheritance of the Creation Table: Click the toggle button, so that it looks like this E. Open the table.
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'35 Models. Worker_MyPlant.MyWorkerPool X

Mavigate View Tools Help

Name: |My\".|’orkerPool | E
Label: | ||:I |Planned M

Attributes |Staﬁsh'cs | controls || User-defined Attributes |

Workers: Creation Table

X

Get job orders in the pool only ]
Workers can beam to the workplace O
Workers can work remotely O
Broker: E] E
Shift calendar: E] ]
Parts buffer: | | E] O
T e

Add the path of the worker class .Models.Worker.myWorker to the Creation Table.

£5 .Models.Worker.MyPlant.MyWorkerPool. CreationTable Ed
Worker Amount | Shift |Speed |Efficiency | Additional Services
i .Models,worker.myWorker |1
L m | [l]
[ OK ] [ Cancel ] [ Apply ]

* Insert the object Broker #* into your model. He manages all of the Workers in your model.

Click the Browse [ ... | button and add the Broker to the WarkerPool in the dialog Select Object.
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25 .Models.Worker. MyPlant. MyWorkerPool
Mavigate View Tools Help

Mame: | MyWorkerPool E
Label: O

Attributes |Staﬁsh'cs Controls || User-defined Attributes

Workers: Creation Table (]

Get job orders in the pool only ]
Workers can beam to the workplace O
Workers can work remotely ]
Broker: MyEroker| E] B
Shift calendar: E] O
Parts buffer: E] O
T e

* Insert a workplace into our model and attach it to the machine at which the Worker performs his job. Click the

WorkPlace @ on the toolbar and place it next to the machine.

* Drag the machine, in our example the SingleProc MyMachine, onto the dialog of the WorkPlace and drop it. This
adds the machine to the text box Station the dialog of the WorkPlace.

' .Models.Worker.MyPlant.WorkplaceProcess
Mavigate View Tools Help

Mame: | WorkplaceProcess =

Label: O

Attributes |C0nh’ols | User-defined Attributes |

Station: | MyMachine E] B

Supported Services =

[Jworker stays here after completing the job O

T = |

* Deactivate inheritance: Click the toggle button, so that it looks like this . Open the table Supported Services.
Type in the service StandardService.
The name of the service is not case-sensitive, just like the names of a#tributes and methods of the objects are not

case-sensitive.
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To save memory and improve access speed, all places which are using such an case-insensitive string are point-

ing to the same string in main memory. To compare such strings it therefore suffices to compare the address

of the string in memory. This greatly improves access speed and reduces memory consumption.

The visible and unexpected result is that the first occurrence of the string defines how the string is written in

terms of upper- and lower-casing,.

.Models.Worker. MyPlant. WorkplaceProcess.supportedServices

standardservice

[ 1

I standardservice |

—

J

] [ Cancel Apply ]

* Then, we have to tell the machine that it asks for the Worker to do a job: Select the check box Active on the tab

Importer in the dialog of the machine.

Click the Browse | ... | button and add the path of the Broker to the tab Importer in the dialog Select Object.

75 .Models. Worker. MyPlant. MyMachine

Mavigate View Tools Help

[ Services for Setting-Up and Processing ] O

Can be interrupted and drawn off:

| [ Exit locked O

MName: | MyMachine B [JFaied
Label:
Times Set-Up Failures Controls
Importer Failure Importer
Active E
Commaon resources ]

interruptible O

[JEentrance locked [E|

Exit Strategy Statistics
User-defined Attributes

Release when services are failed: All O
Priority: |0 O Broker: MyBroker E] =
Request contral: E] O
Receive contral: E] O
Release control: E] (]

[ ok J[ Cancel [ Appty |

* Next, we will insert the FooPath = on which the Workerwalks from the WorkerPoo/ to the WorkPlace. Finally, we
have to connect the WorkerPool and the FootPath with a Connector.

* Open the EventController and reduce the simulation speed. Then, start the simulation. The Worker walks on the
FootPath from the WorkerPool to the WorkPlace, works on a single part, and then returns to the WorkerPool. This

is because he performs 1 StandardService.
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I-’ = ﬁ OO0
ga

s.Worker. nt EJE/ES| | = -Models.Worker.MyPlant.MyMachine
Edit Mavigate Objects Icons View Tools Help Mz View Tools Help
@ e N :
R - Name: ||'“'|Y|'“'|Ed’1ll’1€ | EH [JFaied [CJentrance locked [
Label: | | O |Planned M [ Exit locked O
M Py
He Times SetUp | Falures | Controls | ExitStrategy | Stafistics |
Importer | Failure Importer I User-defined Attributes |
[#] Active E
Common resources ] Setting-Up Processing
[ Services for Setting-Up and Processing ] O
Can be interrupted and drawn off: [Cinterruptible O
=l =

Release when sep=

Priority: EI

.Models.Worker.MyFlant.MyMachine.imp.servioes w

Request control

Receive control:

Release control:

Aleernative

Lok J[ concel J[ emv ]

You can also click the tab Statistics and view the most important data, which the object collected.

Compare the video SimpleWorker in Help >

Videos
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Model a Worker Who Repairs a Machine

To simulate a Worker who repairs a machine, we continue modeling in the simulation model we created above.

* Insert a Footpath from the WorkerPool to the machine on which the repair worker gets to it. Connect Foozpath and

WorkerPool.

£ .Models.Worker.MyPlant

()=}

Edit Mavigate

Objects  Icons

View Tools Help
e 6w GMeW B R

<]

M

reset

MySource Mylachine MyDrain
o)
‘WorkplaceRepair
FootPathl

IMyBroker

My\orkerPool

B

* Insert a Workplace on which the Worker stays, when he repairs the machine.

Deactivate inheritance: Click the toggle button, so that it looks like this . Open the table Supported Services.

Type in the service repair.

The name of the service is not case-sensitive, just like the names of a#ributes and methods of the objects are not

case-sensitive.

To save memory and improve access speed, all places which are using such an case-insensitive string are pointing
to the same string in main memory. To compare such strings it therefore suffices to compare the address of the
string in memory. This greatly improves access speed and reduces memory consumption.

The visible and unexpected result is that the first occurrence of the string defines how the string is written in

terms of upper- and lower-casing.
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© .Models.Worker.MyPlant. WorkplaceRepair
te View Tools Help

Mame: |W0rkplaceRepair | =

Label: | | O

Attributes | Controls | User-defined Attributes |

Station: | MyMachine | E] E

Supported Services =

£5 .Models.Worker.MyPlant. WorkplaceRepair.supportedServices £

repair —I

Supported services

T | R {_———

* Add a second worker to the Creation Table of the WorkerPook Right-click in the table and select Append Row on
the context menu. Drag the worker from the Class Library to the cell Worker. Enter repair into the cell below
Additional Services.

£5 .Models.Worker. MyPlant.MyWorkerPool. CreationTable Ed
repair

Worker Amount | Shift |Speed | Efficiency | Additional Services
Models,worker.myWorker | 1
% Models. Worker.myWorker | 1 repair|

< 1l ] m

[ oK ][ Cancel ][ Apply ]

* Then, configure the machine, so that it creates failures and requests a worker for fixing this failure.

* Select the check box Active on the tab Failures in the dialog of the machine. Type 9: into the text box Interval;
this is the mean time between failures. Type 1: into the text box Duration; this is the mean time to repair.
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-
& Models.Worker.MyPlant. MyMachine

Mame: | MyMachine B [JFaied [JEentrance locked O
Label: | | O |Plamned [v| | [Exitlocked O
| Imparter Failure Importer || User-defined Attributes |
Times Set-Up Falures | cControls | Exitstrateqy | statistics |
[#] Active O
s [ o [ r—")
Active Mame Availab... | MTTR | Start Stop |Inter... | Duration
¥ |Failure 100.00 % 0 0 0 Simu
I3 MyFailure [u] [u] 9:00 1:00 | Simu
-Models.Worker.MyPlant.MyMachine ZJE3
Name: MyFailure [JFailed Active  EI
Start: |Const M o =
Stop: |Const M a =
Interval: Const . 9:00 =
Duration: Const . 1:00 =
[ Availability =
Ay ailability “a MTTR: |
Failure relates to: SimulationTime || [El
[ ok ][ cancel |[__apply |

* Select the check box Active on the tab Failure Importer.

Click the [_.. | button and add the path of the Broker to the tab Failure Importer in the dialog Select Object.
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'3 .Models. Worker.MyPlant. MyMachine 23
Mavigate Wiew Tools Help
MName: | MyMachine B [JFaied [CJEentrance locked O
Label O [Pamned  [v| |[(extlocked O
| Tmes | SetUp | Faiures | Controls || Exit Strategy || Statistics |
Importer Failure Importer | User-defined Attributes |
E
[ Services for Repairing ] E
Can be interrupted and drawn off: [Cinterruptible O
Release when services are failed: All O
Priority: |0 ] Broker: MyBroker E] E
Request contral: E] O
Receive contral: E] O
Release contral: E] O
e ors—— ——re—

Deactivate inheritance: Click the toggle button, so that it looks like this B. and open the table Services for Re-
pairing. Replace the StandardService with the service repair.

The name of the service is not case-sensitive, just like the names of a#tributes and methods of the objects are not

case-sensitive.

To save memory and improve access speed, all places which are using such an case-insensitive string are point-
ing to the same string in main memory. To compare such strings it therefore suffices to compare the address

of the string in memory. This greatly improves access

speed and reduces memory consumption.

The visible and unexpected result is that the first occurrence of the string defines how the string is written in

terms of upper- and lower-casing,.

.Models.Worker. MyPlant. MyMachine. faillmp.services

repair

Service

| Armount | Aleernative

repair 1

O

[

] [ Cancel

J ]

Apply

* Open the EventControllerand reduce the simulation speed. Then, start the simulation. You will see how the worker
on the workplace at the top of the machine works on the part and how the worker on the bottom workplace

repairs the machine, when it fails.

You can also click the tab Statistics and view the most important data, which the object collected.
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Model a Worker Who Carries Parts between Workplaces

To simulate a Worker who carties parts from workplace to workplace, you will typically proceed as follows:
» Attach a Workplace to the work station at which the Worker picks up the part.

* Attach a Workplace to the target station at which he puts down the part. To automatically enter the Station, drag
the Workplace close to one of the sides of the material flow object, which you want to use as the Station.

* Connect the Workplaces with a Footpath. The Worker walks on this footpath from one workplace to the next.

* Connect the WorkerPoo/ and the Workplace at the work station at which the Worker picks up the part with a Foor-
path.

£ Models.Worker. MyPlant3 Ok

Edit Mavigate Objects Icons View Tools Help

E e B 04 @A%E /[l PHE @
g§f -

MyWorkerPooI © MyBroker

. . . d . . 'myWDrker'
. FootPath| ./ FootPathl . R

Cworkplacel . . . . . . . .. Workplacez .
G e e
CEnfiey. . Mnbky, o = o = ==
Receiving Stationl MyPartsBuffer Skationz Shipping

* Select the exit strategy Carry part away on the tab Exit Strategy in the dialog of the station, which is ready to send
the part on. The part then requests a Worker. The parts wait at the station until the Workerarrives and picks them
up.

Note: Click Apply to show the settings for this strategy.
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I .Models.Worker.MyPlant3.Station1
Mavigate View Tools Help
Mame: | Stationl B [IFaied [CJentrance locked (]
Label: O [Perned  [v] | ClEtlocked O
Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls | Exit Strategy Statistics
Strategy: [Blocking ]
| Carry Part Away M E
) pr— -
i

Select the Broker who manages the Workers. We selected MyBroker.

I .Models.Worker.MyPlant3.Station1
Mavigate View Tools Help
Mame: | Stationl B [JFaied [CJEntrance locked 4]
Label O [lesitlocked O
Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls ! Exit Strategy L___
Strategy:
Carry Part Away v} E
Broker: MyBroker E] =] E
MU target: E] El Priority: o | E=

Maximum dwell time: 0 E

DDD:HH:MM: 55, XXXX

ook ] [Lcancel ] (L Aeply.. ]

Enter the names of the Services which the Broker manages and which the Transport-Inmporter provides into the ser-
vices table. We accepted the default setting, namely the StandardService.

The name of the service is not case-sensitive, just like the names of aztributes and methods of the objects are not

case-sensitive.
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To save memory and improve access speed, all places which are using such an case-insensitive string are pointing
to the same string in main memory. To compare such strings it therefore suffices to compare the address of the
string in memory. This greatly improves access speed and reduces memory consumption.

The visible and unexpected result is that the first occurrence of the string defines how the string is written in
terms of upper- and lower-casing.

.Models.MyPlant.5tation1.transportimp.services m

StandardService

Service

StandardService|

[ QK H Cancel ][ Apply ]

Select the MU target, i.e., the target station, at which the Worker places the parts. We selected Station2.

-
i .Models.Worker.MyPlant3.Station1 =ty
Mavigate View Tools Help
Mame: | Stationl B [JFaied [CJEentrance locked 4]
Label O [Pemned || |Oextlocked O
| Importer || Failure Importer || User-defined Attributes |
| Tmes | setUp | Faiures | cControls | ExitStrategy Statistics
Strategy:
|Carry Part Away M E
Broker: MyBroker E] =] E
MU target: Workplace2 E] E Priority: 0| B

Maximum dwell time: 0 =

DDD:HH:MM: 55, X¥XX

Lok J[ concel J[ emv ]

To prevent the Worker from waiting too long for additional parts to arrive, you have to enter the Maximum dwell
time. After it has passed, he walks to the target station, the MU target. In our example we do not need to do this.

* Sclect the Worker, who carries the parts from station to station in the WorkerPool. We selected the worker my-
Worker.
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Mame: | MyWorkerPool E
0 [remes [v]

Attributes |Staﬁsh'cs Controls || User-defined Attributes

Workers: Creation Table =

Get job orders in the pool only H
Workers can beam to the workplace H

-Models. Worker. MyPlant3. MyWorkerPool.CreationTable

* Models. Worker. myWorker

Worker | Amount | Shift | Speed | Efficiency
i * Models, Worker . my'Warker | 1
<l w | (2]
[ OK ] [ Cancel ] [ Apply ]

* Sclect the Broker, who manages the Workers, in the WorkerPool. We selected MyBroker.

52 -Models.Worker. MyPlant3.MyWorkerPool
Mavigate View Tools Help

Mame: | MyWorkerPool E
0 [remes [v]

Attributes |Staﬁsh'cs Controls || User-defined Attributes

Workers: Creation Table =]

Label:

Get job orders in the pool only O
Workers can beam to the workplace O
Workers can work remotely L]
Broker: MyBroker| E] B
Shift calendar: E] E
Parts buffer: E] ]
[ ok ][ cancel [ ppty |

* Start the simulation run and watch the worker pick up the part at first workplace, walk on the footpath to the
target workplace, put it down there, walk back to the first workplace, pick up the next part, and so on.
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£ .Models.Worker.MyPlant3

Edit Mavigate Objects Icons View Tools Help

(]=1X]

o0
MywWorkerPool

5

IMyBroker

m@.ﬂ:m @l«b» @W( @.&E&Q N S ] B )

. Workplacel

o - - - e -
Entity - MEntiy.

Receiving Stationl

FootPathl .

- myWarker -
.
. Workplacez
-G +Eb———] |
el | N—
MyPartsBuffer Skationz Shipping

You can also model a Worker, who carries several parts. To do so, you just have to change these settings in the above

sample model:

* Type the number of parts, which the Worker can carry into the text box Capacity. We typed in 2.

¥ .Models.Worker.myWorker E
Mavigate View Tools Help
Mame: | myWorker = [Failed
8 [pored [
Attributes |Failures | Controls | Statistics | User-defined Attributes |
Priority: 0 E Supply: E
Efficiency: 100 =
Speed: 1 E mfs
Capacity: 2 E
shift: E
Broker: E] E
o e e

* To make the Workerwait for the second part, type the Maximum dwell time into die station, which wants to trans-
fer the part. The dwell time has to be longer than the processing time.
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T .Models. Worker. MyPlant3.Station1

[[X]

Mavigate View Tools Help

Name: | Station1| | B [IFaied [CJEentrance locked O

Label: | | O |Planned M [ Exit locked O

| Importer || Failure Importer || User-defined Attributes |

| Tmes | settp | Failres | Controls | Exit Strategy Statistics
Strategy: Blocking

| Carry Part Away

v B

Broker: | MyBroker

MU target: | Workplace2

L) B
Le)m

=2
Priority: EI E

Maximum dwell time: | Const

[v] [ 200

| =

DDD:HH:MM: 55, X¥XX

[F——

| MFCSRNI Mo

* Start the simulation and watch the worker pick up the two parts at first workplace, walk on the footpath to the
target workplace, put them down there, walk back to the first workplace, pick up the next two parts, and so on.

£ .Models.Worker.MyPlant3

S9[=] X )

Edit Mavigate

Objects Itons View Tools

Help
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The Worker shows the percentages of the carrying operations and of the en-route-times of the statistics collection
time on the Tab Statistics next to Services > transporting and Services > en-route to job.

¥ .Models.Worker.myWorker:53
Mavigate View Tools Help

MName: | myWorker O [Failed Mumber: 00053

Exporter statistics [0

Services: Exporter:
Setting-up: 0.00% Operational: 100.00%
Processing: 0.00% Paused: 0.00%
Repairing: 0.00%: Unplanned: 0.00%:
Transporting: 7.71% Failed: 0.00%:
En-route to job: 20, 14%
Waiting: 72.15% Worker:
Failed: 0.00% Traveled distance:  157445m

[ ok ][ Cancel |[  ppy |

To show additional information in the statistics report, select the Worker and press the F6 key.
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| Statistics Report

[B]=]X]

Movable Resources

~|[_ShowAll ][ Print This Page ][ PrintAll |[ Save | [ Refresh

2. August 2010 10:47
D:\MyWorkerExamples.spp
30:01:21:00.6982

Created on
Model name
Simulation time

Material Flow Properties

Resource Stati - Movable Resources

-Models.Worker.myWorker:60 20.14% 15614 6:01:18:22.8027 33.5022 0.3162]

Service Statistics - States

Capacities and States of the Exporters

Object Number of Number of Minimum Maximum Empty Relative Occupation without Relative Occupation with
Entries Exits Contents Contents Interruptions Interruptions
-Models.Worker.myWorker:60 31226 31226 1] 2/20.14% 43.78% 43.78%
Empty Time
Object Portion Count Sum Mean Value Standard Deviation|

|Object Capacity Ready Failed Paused Unplanned Start of Statistics
Sum Free  Sum Mediated Mi Free i Free lini il Collection
Capacity Capacity Capacity Capacity Mediated Capacity Mediated Capacity

myWorker 15613 15613 0 1 0 1/100.00% 0.00%| 0.00% 0.00% 0.0000

Service Statistics - Services

Operating Times by Exporter Type

myWorker 0.00% 0.00%; 0.00% 7.71% 20.14%

‘Set-up Portion Working Portion Repairing Portion Transporting Portion En-route to job Waiting for Importers Waiting for MUs Failed Portion

0.00%; 72.15% 0.00%

Worker Statistics
Traveled Distance by Workers

Traveled Distance

myWorker 723300.70m

Compare the video WorkerCarry in Help > Videos
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Model Workers with Importer, Broker and Exporter

Instead of using the Worker, you can also employ the Broker— Importer—Exporfer mechanism to simulate the jobs,
which a single person or a group of people do.

Employing this mechanism encompasses these basic steps:

* Telling the station which services are required for doing a job. You accomplish this by typing in the names of the
services into the services list on the tabs Importer or Failure Importer.

* Telling the station which Broker assigns these services to it. You accomplish this by specifying the name of this
Broker in the text box Broker on the tabs Importer or Failure Importer.

* Telling an Exporfer which services it is to supply for the stations in your simulation model. You accomplish this
by typing in the names of the services into the services list on the tab Attributes.

* Telling the Exporter which Broker manages the services it provides. You accomplish this by specifying the name
of this Brokerin the text box Broker on the tab Attributes.

As a rule, you will use Importer, Broker and Exporter to model workers, and the tools they need to do their jobs, if
producing a part requires shared resources and if the LEDs on these objects suffice for your animation needs.

We show how to:
*  Model Processing Jobs
*  Model Processing and Set-up Jobs

Model Processing Jobs
In our example we will demonstrate how to model jobs, which process parts.

The Exporter ¥ provides the services, while the Broker :* assigns the Exporter to the station, which we here model
with the object SingleProc &. The stations Station1 and Station3 both require the Exporter named Exporter[ob1, which
provides the service Jobl. The station Station2 requitres the service Job2, which the Exporter[ob2 provides.

To model this, we proceed like this:

* Insert a Source, three SingleProcs, and a Drain. Connect them. Then, insett two Exporters, a Broker, and an EventCon-
troller. Finally, insert a Method, name it Reset and enter deleteMovables; as source code.
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£ .Models.MyProcessingBroker L;][ﬁ]

Edit Mavigate Objects Icons View Tools Help

hE s S W» O 2w E 7 [al-]PEE e

6. m =

EventCantroller = Resst ~  MyBroker
: J-b [ [ [ -DJ :
4 | M— | M— | E—
Source Stationl Skationz Skation3 Drain
o e
. z’y Lo z’y .
Exporterdobl  ExporterJobz

* Open StationT and click the tab Importer.

* Select the check box Active.

* Make sure that the check box Common resources is selected. Deactivate inheritance for the resources: Click
the toggle button to the right of Services for Setting-Up and Processing, so that it looks like this =.
Click Services for Setting-Up and Processing and enter Job1 into the column Service of the service list.
The name of the service is not case-sensitive, just like the names of a#tributes and methods of the objects are not
case-sensitive.
To save memory and improve access speed, all places which are using such an case-insensitive string are point-
ing to the same string in main memory. To compare such strings it therefore suffices to compare the address
of the string in memory. This greatly improves access speed and reduces memory consumption.
The visible and unexpected result is that the first occurrence of the string defines how the string is written in
terms of upper- and lower-casing,

Modeling in Tecnomatix Plant Simulation 2D 191



Modeling Workers and the Jobs They Do

Model Workers with Importer, Broker and Exporter

Name: | Stationl

Label:
Times Set-Up
Imparter
Active E

Common resources

Failure Importer

B [Failed [Eentrance locked O
O |Planned || | [ Exit locked O
Controls Exit Strategy Statistics

User-defined Attributes

[ Services for Setting-Up and Processing ] E

Can be interrupted and drawn off:

Release when services are failed:

Ointerruptible O
all ]

priority: | 0 | 2 .Models.MyProcessingBroker.Station1.imp.services

Reguest contr: Job1

Receive contrq|| 28vice

| Armount | Aleernative |

Job1

|1

Release contr

[ OK. H Cancel ][ Apply ]

Click [ ] and select the Broker, which procures the services, MyBroker in our example.

* Open Station2 and click the tab Importer.
* Select the check box Active.

* Make sure that the check box Common resources is selected. Deactivate inheritance for the resources: Click
the toggle button to the right of Services for Setting-Up and Processing, so that it looks like this B.

Click Services for Setting-Up and Processing and enter Job2 into the column Service of the service list.

Click |-« | and select the Broker, which procures the services, MyBroker in our example.
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r .
—
=
Mame: | Station2 B [JFaied [CJEntrance locked O
Label: O |Planned || [ Exit locked O
Times Set-Up Failures Controls Exit Strategy
Statistics | Importer Failure Importer Custom Attributes
Active E
Common resources O

[ Services for Setting-Up and Processing ] E

Can be interrupted and drawn off: [Cinterruptible O
Release when services are failed: All O
Priority: |0 O Broker: MyBroker | E

Request control:

Receive control: Alterative

Release contral: Service | Amount | Alternative |
b2 ! [akernativer |
[ OK ] [ Cancel ] [ Apply ]

* Open Station3 and click the tab Importer.
* Select the check box Active.
* Make sure that the check box Common resources is selected. Deactivate inheritance for the resources: Click
the toggle button to the right of Services for Setting-Up and Processing, so that it looks like this =.

Click Services for Setting-Up and Processing and enter Job1 into the column Service of the service list.

Click [ ] and select the Broker, which procures the services, MyBroker in our example.

* Next, we have tell the Exporters, which services they have to provide and which Broker procures the services.
Open Exporter[ob1.

* Deactivate inheritance for the services: Click the toggle button to the right of Services, so that it looks like this
B. Click Services and enter Job1 into the column Services of the service list.

The name of the service is not case-sensitive, just like the names of a#tributes and methods of the objects are not
case-sensitive.

To save memory and improve access speed, all places which are using such an case-insensitive string are point-
ing to the same string in main memory. To compare such strings it therefore suffices to compare the address
of the string in memory. This greatly improves access speed and reduces memory consumption.

The visible and unexpected result is that the first occurrence of the string defines how the string is written in
terms of upper- and lower-casing,.

* Click [.= | and select the Broker, which procures the services, MyBroker in our example.
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X' _Models.MyProcessingBroker.ExporterJob1 '
Mavigate View Tools Help

Name: | Exparterlobl | = [Failed

Label: | ||:I |Planned

Attributes | Failures || Controls || Statistics || User-defined Attributes |

Priority: l:l [} Supply: =]
Capadity: 1—| ] [CFail services O
Broker: MyBroker |E] B
ProoesmngBrdner.'Ex:pnrter.kb1 .exp.services w

Job1 —|

Services

i S| TSI | e
[ e =

Repeat this for Exporter[ob2. Enter Job2 into the column Services of the service list.

¥ 5
¥ _Models.MyProcessingBroker.ExporterJob2 |
Mavigate WView Tools Help
Mame: |E)cporherJob2 | E [CFailed
Label: | | O |Planned

Attributes |Faj|ures | controls || statistics || User-defined Attributes |

Priority: l:l 0 Supply: =
Capadity: 1—| 1] [ Fail services ]
Broker: MyBroker |E] B
.MyProcessingBroker.ExporterJob2.exp.services m‘

Job; —I

Services

[r— —— —
C_ Ok _JL Gl JL P |

Plant Simulation automatically enters the Exporters and the services into the Broker, which we specified. To view
them, open MyBroker and select View > Exporters and View > Offered Services.
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'r* _Models.MyProcessingBroker. MyBroker

[]X]

Mavigate Wiew Tools Help

MName:

Label:
Control

Impar

Refresh
E

Statistics Report
[l

Open Importers

Satisfied Importers MI

Exporters
Offered Services

Exporter request:

() ®
(] ®

Exporters

Models.MyProcessingBroker Exporter Jobl

Models,MyProcessingBroker Exporter Job2

5= .Models.MyProcessingBroker. MyBroker. AdministratedExporters “

[

OK

][ Cancel ][

Apply

]

* Finally, open the EventControllerand click Start. As the Exporter can only work at one station at a time, and because
the stations SzationT and Station3 share the Exporterfob1, short standstills occur. Sationt has to wait until Szation3
releases ExporterJob1, and thus is blocked. S7ation3 in turn has to wait until Szation1 releases ExporterJobl, and thus

is Waiting.

You can also click the tab Statistics and view the most important data, which the object collected.

Model Processing and Set-up Jobs

In our example we will demonstrate how to model jobs, which process parts and which set the station up to process

these different types of parts.

The Exporter provides the services, while the Broker assigns the Exporter to the station, which we here model with
the object SingleProc. All stations need the service Setup, which Exporter3 provides, for setting the station up for a
new part type. Station! and Station3 both require the Exporter named Exporter, which provides the services Jobl

and Jobl. The station Station2 requires the service Job2, which Exporter? provides.

To model this, we proceed like this:

* Insert a Source, three SingleProcs, and a Drain. Connect them. Then, insert three Exporters, a Broker, a table, which
contains the products, and an EventController. Finally, insert a Method, name it Reset and enter deleteMov-

ables; as source code.
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£ .Models.MyProcessingAndSetupBroker
Edit Mavigate Objects

0E A e SMEW O R EE S

Icons  View Tools Help

by XY B
9 QL o 2 BE
EventController Reset IMyBroker Products
| =
|- [ =
4 | M— | E—
Source Stationl Skationz Skation3 Drain
Setup + Setup + Setup +
Jobil Jobz Job3

A

F.A F.A F.
I(’)l I(’)l I(’)l

Exporterl Exporterz Exporter3
Jobl + Jobz Setup
Job3

* First we have to tell the Source which type of part and how many of them we want it to create. Open the Sozurce

and select MU selection > Sequence Cyclical. Click [E next to Table and select the name of the table, which
contains the products. This is the table, which we inserted above.

-+ .Models.MyProcessingAndSetupBroker.Source
Mavigate View Tools Help

Mame: | Source] O [railed
Label: O [Pemned [v]|Dexitlocked a]

Attributes |Failures Controls || Exit Strategy | Statistics | User-defined Attributes

Blocking L]

Interval Adjustable |+ | =

Operating mode:

Time of creation:

Interval: :v
MU selection: |Sequence Cydlical {VI E
Table: Products E] B [JGenerateasbatch [

T = |

Double-click the table, Products in our example, and enter the name of the MU class into the column MU. Enter
the amount of parts to be created into the column Number, and the name of the part into the column Name.
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.Models.MyProcessingAndSetupBroker. Products

File Edit Format Mavigate View Tools

T (R TR S WECE W s =T TG

Partz
ohject | integer | skring
1 2 3
string MU Mumber  |Mame
1 MUs, Enkity 5 Part1

3

2 |MUsEnkty |3

* Open StationT and click the tab Importer.
* Select the check box Active.

* Clear the check box Common resources. Deactivate inheritance for the resources: Click the toggle button to

the right of Services for Setting-Up or of Services for Processing, so that it looks like this .

Click Services for Setting-Up and enter Setup into the column Service.
The name of the service is not case-sensitive, just like the names of a#tributes and methods of the objects are not

case-sensitive.

To save memory and improve access speed, all places which are using such an case-insensitive string are point-
ing to the same string in main memory. To compare such strings it therefore suffices to compare the address

of the string in memory. This greatly improves access speed and reduces memory consumption.

The visible and unexpected result is that the first occurrence of the string defines how the string is written in

terms of upper- and lower-casing,

Click Services for Processing and enter Job1 into the column Service.

.Models.MyProcessingAndSetupBroker. Station1.imp.services

Service | Amount | Alternative

Job1 1 Alternativel

l

H Cancel ][ Apply ]

Click [ ] and select the Broker, which procures the services, MyBroker in our example.
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5 .Models.MyProcessingAndSetupBroker. Station1 5 . Models. MyProcessingAndSetupBroker. Station1
Mavigate View Tools Help Navigate View Tools Help
Name:  Stationl B [JFaied i [CJEntrance locked ] Name: | Stationl B  [JFailed ' [CJEntrance locked O
Label: O [Pemned [v] | [Exitlocked o Label: o | Oesitlockes o
Times Set-p Failures Contrals Exit Strategy Statistics » Times SetUp || F_ailurg_s ___ C_onh'_a\s ’ E)git Strategy |  Statistics
Importer | Failure Imparter User-defined Attributes Imparter | Failure Importer User-defined Attributes
Active =] E
_OmmMAn resources (®) setting-Up ) Processing [[] common resources = () setting-Up (¥ Processing
[ Services for Setting-Up ] 2] [ Services for Processing ] =
Can be interrupted and drawn off: [interruptble 0 Can be interrupted and drawn off: [Dinterruptible O
Releaze when services are failed: All O Release when services are failed: Al O
Priority: |0 4] Broker: MyBroker E] =] Priority: |0 L] Broker: MyBroker E] =
Request contral: E] O Request control: E] O
Receive control: E] O Receive control: E] [}
Release control: E] ] Release control: E] [}
Lok J[ Cancel ][ ety | oK | [ cancel J[ eety |

* Open Station2 and click the tab Importer.
* Select the check box Active.

* Clear the check box Common resources. Deactivate inheritance for the resources: Click the toggle button to
the right of Services for Setting-Up or of Services for Processing, so that it looks like this 8.

Click Services for Setting-Up and enter Setup into the column Service.

Click Services for Processing and enter Job2 into the column Service.

.Models.MyProcessingAndSetupBroker. Station2.imp.services

Service

| Amount | Alternative |

Job2 1

Alternativel

l

H Cancel ][ Apply

Click E and select the Broker, which procures the services.

* Open Station3 and click the tab Importer.
* Select the check box Active.

* Clear the check box Common resources. Deactivate inheritance for the resources: Click the toggle buttons to
the right of Setting-Up and Processing, so that they look like this .

Click Setting-Up and enter Setup into the column Service.

Click Processing and enter Job3 into the column Service.
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.Models.MyProcessingAndSetupBroker. Station3.imp.services m

Service Amount | Alternative
Job3 1 Alternativel

[ QK ][ Cancel ][ Apply ]

Click E and select the Broker, which procures the services.

* Next, we have tell the Exporters, which services they have to provide and which Broker procures the services.
Open Exportert.

* Deactivate inheritance for the services: Click the toggle button to the right of Services, so that it looks like this
E. Click Services and enter Job1 and Job3 into the column Services of the service list.

* Click [ ] and select the Broker, which procures the services, MyBroker in our example.

The name of the service is not case-sensitive, just like the names of a#tributes and methods of the objects are not
case-sensitive.

To save memory and improve access speed, all places which are using such an case-insensitive string are point-
ing to the same string in main memory. To compare such strings it therefore suffices to compare the address
of the string in memory. This greatly improves access speed and reduces memory consumption.

The visible and unexpected result is that the first occurrence of the string defines how the string is written in
terms of upper- and lower-casing,.

.
X' _Models. MyProcessingAndSetupBroker.Exporter1 /V\
Name: |Exporber1 | = [CIFailed

Label: | ||:| |Planned M

Attributes |Failures | controls || Statistics || User-defined Attributes |

Priority: l:l L] Supply: B
Capacdity: 1—| ] [CFail services O
Broker: MyBroker |E] B
ls.ﬁyprooesm ngAndeetupBroker.ExporteH .exp.services [

-

[ QK ” Cancel ][ Apply ]

Repeat this for Exporter2. Enter Job2 into the column Services of the service list.
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"306 .Models. MyProcessingAndSetupBroker.Exporter2
Mavigate Wiew Tools Help

Name: |E)cporber2 | = [CIFailed

Label: | ||:I |Planned

Attributes |Faj|ures || Controls || Statistics || User-defined Attributesl

e 5
Capadty: |1 o [CFail services ]

Broker: MyBroker | E] =]

5 .Models.N rocessmgAntBeumeher.qurterZ.em.semces E
J0b2 ]

Services

Repeat this for Exporter3. Enter Setup into the column Services of the service list.

i N
X _Models.MyProcessingAndSetupBroker.Exporter3 i
Mavigate WView Tools Help
Name: |E)cporber3 | = [CFailed
Label: | | (] |Planned

Attributes | Failures | Controls | Statistics || User-defined Attributes |

oy [0 |@ swon 2
Capadty: |1 ] [CFail services ]
Broker: MyBroker |E] E
mcessmgAmBetumeher.Expnrterlexp.servms w
Setlp —I

Services

[ ok J[ cancel J[ appy |

* Finally, open the EventControllerand click Start. As the Exporfer can only work at one station at a time, and because
the stations S7ationT and Station3 share Exporter], short standstills occur. Station has to wait until Station3 releases
ExporterJob1, and thus is blocked. S7ation3 in turn has to wait until Szazion1 teleases Exporterl, and thus is Waiting.
All stations receive the service Setup from Exporter3, which does not cause a problem as it is needed once only
for each station.

You can also click the tab Statistics and view the most important data, which the object collected.
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Modeling a Shift System

When creating your simulation model, you will, more than likely, also have to integrate the shift system that applies
to your installation. You can quickly and easily define these shifts with the object ShiftCalendar 6.

The ShiftCalendar can control the working hours as well as the paused times, the planned times and the unplanned
times of these material flow objects: Frame &, SingleProc &, ParallelProc &, Assembly &, DismantleStation &, Buffer
&2, PlaceBuffer =, Store B, Sorter &, Line =, AngularConverter N, Turntable © , Track = | Twol aneTrack = | Source 1+ |
Drain ~, WorkerPool 38 and Exporter %..

Naturally, you can also control Frames in which you modeled components of your overall installation, with the Shsf#-
Calendar. Here you employ Methods as unplanned time and paused time controls of that Frame to propagate the shift
settings to the objects, which you inserted into this Framze.

You can use the method schedule to make the ShiftCalendar set the date and time to start or to finish the production
process.

Starting and Ending a Shift

When a ShiftCalendar starts a shift, it sets the attribute Unplanned of the material flow objects and of any of the Frames
it controls to false, i.e., it deactivates unplanned times. If need be, you can program an Unplanned control control that
executes other actions, which your modeling situation requires.

The statistics of the material flow objects then starts to collect the unplanned time. This is the time when a resource
is not planned to work.

When you define shifts that are active from 6 o’clock in the morning until 10 o’clock at night, for example, the
planned time lasts from 6 o’clock to 22 o’clock. The unplanned time lasts from 22 o’clock to 6 o’clock the fol-
lowing morning.

When a ShifiCalendar finishes a shift, it sets the attribute Unplanned of the material flow object and Frames it controls
to true, i.e., it activates unplanned times. Then, the objects stop processing the current part and release all services.

Starting and Ending a Break

When a ShiftCalendar starts a break, it sets the attribute Pasuse of the material flow objects and of the Frames it controls
to true, i.e., it activates pauses. For the material objects activating a pause also affects statistics. For Frames Plant
Simulation only changes the state of the attribute. If need be, you can program a Pause control for your Frames that
executes the actions your modeling situation requires.

When a ShifiCalendar ends a break, it sets the attribute Pause of the material flow object and Frames it controls to
false, i.e., it deactivates pauses. For the Frames you can react to the end of a pause in a pause control that executes
the actions your modeling situation requires.

Compare the sample models: Select View > Start Page > See also > Examples/Infos, scroll to Concise Modeling Ex-

amples and click on Examples Collection. Then, select the Category, the Theme, and the Example in the dialog Ex-
amples Collection and click Open Model.
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Defining Shifts with the ShiftCalendar

You can insert the ShifiCalendar 8 into your simulation model from the folder Resources in the Class Library or from
the toolbar Resources in the Too/box.

Toolbox

Material Flow | Resources | Information Flow || User Interface || Mobile Units || Toaols |

~$@-%eXﬁ@®

You can define the settings for the entire shift system in the ShzftCalendar. You can:
* Enter the Names of the Shifts, the Corresponding Times and Days

*  Enter Times During which the Installation Works Part of the Time

* Enter the Stations which the ShiftCalendar Controls

e Schedule Date and Time to Start or to Finish the Production Process

Once you have entered all the settings for the shifts, you have to select the check box Active, so that Plant Simulation
uses the shifts in your simulation model.

Enter the Names of the Shifts, the Corresponding Times and Days

Before you can enter data pertaining to the shift times, click the toggle button Inheritance, so that it looks like this 5.

‘&l -Models. Shift.ShiftDemo.ShiftCalendar FEd

File Mavigate View Tools Help

Name: |Shiﬂ:CaIendar | = [¥] Active
Label: | | @
Shift Times |Ca|endar || Resources || User-defined .Attributesl
Shift From To |Mo (Tu |We|Th |Fr [Sa |Su |Pauses B
1 |Morning shift| &:00| 1400/ | |W W (W |W | |12:00-13:00
2[payshif] | 1400 2200 | | (W W | [T |17:00-13:00
[_ok [ Concel J[ ooty ]

Enter the data pertaining to one shift into the cells of one row.

* Enter the names of the different shifts into the cells below Shift. You might, for example, enter Morning shift,
Day shift,Evening shift, Graveyard shift, etc.
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The ShiftCalendar displays this icon ﬁ for the day shift, and this icon i for the night shift. It displays this

icon g when it is waiting and this icon E when it is paused.
¢ Enter the times at which the shifts start in the cells below From. Enter a time between 0: 00 o’clock and 24:00

o’clock. Note that you can only enter hours and minutes, not hours, minutes and seconds.

* To create a shift located within one day, enter a greater number for the time it ends than for the time it starts.
You might, for example, define a Morning shift that starts at 6: 00 o’clock in the morning and ends at 14: 00
o’clock on the same day.

* To create a shift that spans two days, enter a smaller number for the time it ends than for the time it starts.
You might, for example, define a Graveyard shift that starts at 22: 00 o’clock at night on one day, and ends at
6:00 o’clock in the morning on the next day.

* Enter the times at which the shifts end into the cells below To. Enter a time between 0:00 o’clock and 24:00
o’clock. Note that you can only enter hours and minutes, not hours, minutes and seconds.

* To select the individual days on which the shift in the row is active, click in the cells below the days of the week.
You might, for example:
* Define a Morning shift that works from Monday up to and including Saturday.
* Define an Evening shift that works from Monday up to and including Friday.

* Enter the times of the breaks for each shift in the cells below Pauses. Enter the houtr and the minute when the
break starts, a hyphen and the hour and minute the break ends. When you define several breaks during one work
day, separate them with a semicolon.

To define a coffee break from 9 o’clock to a quarter past 9 o’clock, and a lunch break from 12 o’clock to a quarter
till 1 o’clock, enter 9:00-9:15;12:00-12:45.

To make the ShifiCalendar check if the values you entered for the breaks are plausible or not and if you used the
correct format to enter the break times, click Apply.

You can also import the settings for the individual shifts, which you saved as a tab-delimited text file or which you
received from factory management. Enter data, so that it matches the screenshot below. Or you can export a shift,
which you defined, and then import it into another simulation model. To do so, right-click in the list field and select
Export or Import on the context menu.

1] MyShift1.doc - Microsoft Word =JOEd
I Fle Edit View Insert Format Tools Table Window Help Trados Type a question for help - X
N EHRSISRITE G g o 8 dnm e girios o2 B8 H
T
Shift -+ From -+ To -+ Mo -+ Tu —+ We -+ Th —+ Fr —+ 5Sa —+ Su -+ Pauses] 1]
Shift-1 —+ &:00 — 14:00 - true - trus —+ true — true —+ trus —+ -+ —+ 9:00-9:15;-12:00-12:459
Shift-2 — 14:00 - 22:00 — true -+ trus — true — true —+ trus —+ -+ —+ 18:00-18:30;-20:30-21:009
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Enter Times During which the Installation Works Part of the Time

Before you can enter data pertaining to public holidays, retooling periods and times the installation only works part
of the time, click the toggle button Inheritance, so that it looks like this E.

| Shift Times | Calendar |Resources || User-defined Attributes|

Date From Date To | Reduce Time To | Comment =]
1| 2010/08/05

[¢| August 2010 | 5|

1 2 3 4[5]s 7
& 9 10 11 12 13 14
15 16 17 18 13 20 21
22 23 24 25 2% 27 B\
22030 31 1 2 3 o4
Today: 8/5/2010

To enter the date when your installation starts not working into the cells below Date From:

* Double-click into the cell and click the down arrow 1.

* Select a date in the calendar. Click the right or left buttons to move to another month.

To designate an entire day as a day-off, only enter a start date and no end date (Date To), and no Reduce Time To.
To enter the date when your installation stops not working into the cells below Date To:

* Double-click into the cell and click the down arrow .

* Sclect a date in the calendar. Click the right or left buttons to move to another month.

To designate a single day on which your installation only works part of the time, enter its date in the cell in the
column Date From. Enter the hour and the minute when the reduced working time starts, a hyphen and the hour
and minute the reduced time ends in the cells below Reduce Time To.

If your installation only works half a day on Christmas eve, for example the shifts from midnight to noon, you
would enter 0: 00 - 12:00 into the cell Reduce Time To.

Note: The ShifiCalendar combines the reduced time and the definition of the shifts for a day. If, for example, the
start time of a day with a reduced working time falls on a break, then this work day starts with a break.

Enter why your installation does not work into the cells below Comment.

You can also import a calender, which you saved as a tab-delimited text file or which you received from factory

management. Enter data, so that it matches the screenshot below. Or you can export a calender you defined and
then import it into another simulation model. To do so, right-click in the list field and select Export or Import on
the context menu.
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Calendar2006US. txt - Microsoft Word ][
I Fle Edit View [Insert Format Tools Table Window Help Type a question for help  «

NS - é,ﬁ“_;‘a|?§|__1|j§|qv|%g|lf]mo% - | OdRead EECourierNew

Date-From

—+ Date-To —+ Reduce-Time-To—+ Commentd

01.01.2006 —» —+ —+ New-Year's-Davi =

16.01.2006 —+ -+ —+ Birthday-of-Martin-Luther-King,-Jr.9

20.02.2008 —+ -+ -+ Washington's-Birthday9d

259.05.2006 —+ -+ -+ Memorial-Davd

04.07.2006 —+ -+ -+ Independence-Dayvd

04.09.2006 —+ -+ -+ Labor-Davd

02.10.2008 - —+ —+ Columbus-Dayd M

11.11.2006 —+ -+ -+ Veterans-Davd s

23.11.2006 —+ -+ -+ Thanksgiving-Dayvd °

25.12.2008 —+ -+ -+ Christmas-Davd Z
=E@ E::—- 5} [i] i ] [l]

Enter the Stations which the ShiftCalendar Controls

Enter the name of any of the built-in material flow objects, or enter the name of a Frame you used to model a ma-
chine, whose working hours you would like to control with the ShzftCalendar into the cells of the list.

| shift Times || Calendar | Resources | User-defined Attributes |
Objects Il
1 SubFramem

2 Machine

This automatically enters the ShiftCalendar:

* Into the dialog Select Shift Calendar that the command Tools > Select Shift Calendar in the Frame opens.
* Into the text box Shift calendar on the tab Controls of the material flow object.

[ L
I .Models.Shift.ShiftDemo. Machine &
Mavigate View Tools Help
Mame: |Machine | B [JFaied [CJEntrance locked O
r !
£ .Models.Shift.ShiftDemo.SubFrame Label: | 'O [paused [v] |Cletiodked S
= has BaRE (EE T |HE|D— | Importer || Failure Importer Il User-defined Attributes |
Select Controls. .. | mmes | setUp | Falures | Controls | Etstrategy | Statistics |

Select Ob:
PR ee-d_ﬁse;versb Entrance: l:lz] O | []Before actions O
User-defined Attributes. ..
M M e . |G o|Ere 0|0k B
unplanne|  select Shiftcalendar... o
[ Select Shift Calendar B[} i

MName: |~.Shiﬂ£alendar |E] = F4 Pl |:| E] o
o JCcma ] | © ||| shtclendar  [shficander  |[L] B
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Schedule Date and Time to Start or to Finish the Production Process

You can use the method sehedule to set the date and the time to start or to finish the production process. We distin-

guish between:

* Forward scheduling, beginning from the start date forwa

rd into the future, and

* Backward scheduling, which calculates the start date going backwards in time from the demand date.

Normally you start with the demand date, and calculate the start date through backward scheduling. If this start date
is located in the past though, you have to recalculate the dates beginning with the present time and forward-schedule

the end date.
Present time

Forward scheduling

Demand date

Simulation time

-

¢

Backward scheduling

Start date

End date

In our example below we programmed the method schedule to compute the end date of two jobs taking into account

the shifts we defined in the ShiftCalendar.

M .Models. Shift.ShiftDemo.ScheduleTest =JOEY
! File Edit MNavigate Run Template View Tools Help
O e . 3 = [=
LEE A aiie Lt B A% % ELEY Fov
is
endDate : dateTime;
starthate : dateTime;
duration :otime;
do
startbate := str_to dateTime( "4.1.2003 0:00" );
duration := str_to_time( "10:00:00.0" };
endbate := ShiftCalendar.schedule| startDate, duration, "forward" }:
print "3tart date: ", startDate, " Duration: ", duration, " End date: ", endDate;
startlbate := str_to dateTime( "20.12.2003 0:00" )
duration := str_to_time( "19:00:00.0" };
endbate := ShiftCalendar.schedule| startDate, duration, "forward" }:
print "3tart date: ", startDate, " Duration: ", duration, " End date: ", endDate;
end;

The first job starts on January 4, 2003 at midnight and takes 10 hours to finish. The second job starts on December

12, 2003 and takes 19 hours. We want to know on what days

and at which times the parts will be all processed,

considering the morning and day shifts we defined in the ShiftCalendar.
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We also programmed the Mezhod to print the results of its computations to the Console: The first job was done on
January 6, 2003 at 9 o’clock in the morning. The second job will get done on December 22, 2003 at 8 o’clock in the
evening.

Current shift: -
Frame is planned: falze _I
Currently pauzed: falze

Current shift: Marning shift

Start date: 2003/01/04 00:00:00.0000 Duration: 10:00:00.0000 End date: 2003/01 /06 09:00:00.0000

Start date: 200312720 00:00:00.0000 Duration: 159:00:00.0000 End date: 2003412422 20:00:00.0000

Pausing Material Flow Objects and Pausing Frames

The ShiftCalendar interacts with the material flow objects and the Frames it controls by changing their
Paused/Planned/Unplanned state. One of these objects is:

* Paused when it is not processing parts due to a pause. It resumes processing once you terminate the pause, either
by selecting Planned from the drop-down list or by setting its attribute Pause to false.

Note: When a station fails, and a pause occurs during the failure, the failure time of the station will still be con-
sumed, although the station is paused. Statistics counts the times during which these two states overlap
as paused time. Resetting your model removes both failures and pauses of the object.

* Unplanned when it is not scheduled to work during the shifts which you defined in the ShiftCalendar.

* Planned when it is scheduled to work during the shifts which you defined in the ShiftCalendar. The sched-
uled/planned time is the processing time minus the times of the breaks.

We distinguish between:
* Paused Material Flow Objects and

o Paused Frames

Paused Material Flow Objects

The ShiftCalendar interacts with the material flow objects by changing their Paused state according to the shifts you
defined. During a simulation run the dialog of these objects also reflects this by selecting the present state in the
drop-down list.

I .Models.Shift.ShiftDemo.Machine
Mavigate Wiew Tools Help
MName: | Machine B [JFaied [Jentrance locked ¥
Label: O |Planned v: [ Exit locked [E]

Importer Failure Importer ser-defined Attributes
Times Set-Up Failures Confrals t Strategy Statistics

When it is paused, the material flow object does not receive any mobile parts. MUs can exit the object, when you
program a Method to make them do so. Plant Simulation stops set-up and processing until the end of the pause or of
the unplanned time.
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The unplanned state is identical to the paused state. The only difference is how Plant Simulation counts the internal
statistics of the objects. When you define shifts that are active from 6 o’clock in the morning until 10 o’clock at
night, for example, the planned time lasts from 6 o’clock to 22 o’clock. The unplanned time lasts from 22 o’clock
to 6 o’clock the following morning.

Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls Exit Strategy Statistics
Resource type:  |Production v H
E

Working: 44.03% | Empty: 0.00% | Contents: 1
Setting-up: 0.00% | Rel. occupation:  100.00%: | Minimum contents: [u]
Waiting: 0.00% Maximum contents: 1
Blocked: 0.00% Entries: 160303
Stopped: 0.00% Exits: 160302
Failed: 0.00%

Paused: 6.30%

Unplanned:  49.67%

When it is planned/scheduled to work, the object receives and processes MUs and moves them on to the succeed-
ing object in the material flow.

Paused Frames

As opposed to the material flow objects, which you can also pause manually, you can only change the paused and
the unplanned states of the Frame with its attributes Pause and Unplanned.

In addition, you can program a pause and/or an unplanned time control, both of which activate a Me#hod on chang-
ing the value of the attribute.

£ .Models.Shift.ShiftDemo.SubFrame

Edit MNavigate Objects Icons View | Tools | Help Controls - .Models. Shift.ShiftDemo.SubFrame
([ Select Controls...
£t @ W W O @/| | || Constructar: E] O
Select Observers...
|| Destructar: E] O
Thece [Ma User-defined Attributes... i
l M Connect: E] O
ur‘]p|ar‘]r‘]el Select shiftCalendar... 1 Eeriid :] O
ermit delete:
reset setPause They prog Select Viewer Process. ..
in the fral Fause: sstPauss (JO
M Scaling Factor... 1
Unplarned time: setUnplanned| E] O

Example of a Pause Control

You can change the paused state of the Frame by assigning the value true or false to the attribute Pause. Use the
anonymous identifier ? to access the object from within a control.

Plant Simulation executes the pause control, whenever the Paused state of the Frame changes. When you get the paused
state within the Mezhod, it shows the state after the change.
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Modeling a Shift System

M .Models. Shift.SubFrame.setPaused

(]=1¥ ]

! File Edit Mavigate Run Template View Tools Help
R Y

A X

=l

S

i=
shift
do
print "Current pause: ",
=p.pause

. =tring:

;= current . pause;

end;
end;

current . pause;

szhift = root.ShiftCalendar. getCurrShift:

print "Current pause: ", shift:
if not current . unplanned
then
if current.pause
then
current .currlcon := "pause":
else
current .currlcon := "working" ;|
end;

Example of an Unplanned Control

Plant Stmulation executes the unplanned control, whenever the Unplanned state of the Frame changes, i.e., whether the
Frame is not scheduled to work during the time you entered or whether it is scheduled to work.

You can change the unplanned state by assigning the value true or false to the attribute Unplanned. Use the anon-

ymous identifier ? to access the object from within a control.

M’ .Models. Shift.SubFrame.setUnplanned /Oty
! File Edit Mavigate Run Template View Tools Help
PRl 4 By T f A ELEY Fh
is
do
print "Frame planned: ", current. unplanned:
=p.unplanned = current. unplanned:
if current . unplanned
then
current .currlcon = "unplanned":
else
if current.pause
then
current .currlcon := "pause":
else
current .currlcon := "working":
end;
end;
end;

Modeling in Tecnomatix Plant Simulation 2D

209



Modeling a Lockout Zone Enter the Stations Which the LockoutZone Stops

Modeling a Lockout Zone

The LockoutZone combines a group of material flow objects. If one of these stations fails, all other stations that are
part of the lockout zone stop processing their patts.

You have to define failure profiles for at least one of the stations assigned to the LockoutZone. As soon as one of the
stations fails, the LockoutZone stops all processing operations of all assigned stations. You can select if it stops the
processing operations immediately or when the required service arrives.

The stations only start processing parts again after all failures were removed. They then only use up the respective
remaining processing time. You can assign any of the build-in Material Flow Oljects or a station you modeled in a
Frame to the LockoutZone.

You can insert the LockoutZone ¥ into your simulation model from the folder Resources in the Class Library or from
the toolbar Resources in the Too/box.

Toolbox

Material Flow | Resources | information Flow | User Interface | Mobile Units | Tools
3 JQ /’\ K k]
k @ - o0 \/ .( u J 2 i Q

You can:

*  Enter the Stations Which the LockoutZone Stops

* Create a Failure Profile for One of the Stations

o Stop the Associated Stations Immediately After a Failure

o Stop the Associated Stations When the Repair Service Arrives
* Use a Stop Processing Control

» Use a Resume Processing Control

Enter the Stations Which the LockoutZone Stops

In our sample model the processing stations Station2, Station3, and Station4 are part of the lockout zone. If Station3
fails, the lockout zone stops the processing operations of Station2 and Station4. The percentages of the stopped
time of Station2 and Station4 have to match the percentage of the Failed time of Station3. The total availability of
the stations within the lockout zone corresponds to the availability of Station3.

EventController LockoutZone

Stationz Station3 Station+
—i
J;'%—f IJH+»JH—
| N—

Rersivinm Skatbinni Fa |FF=r Fa |FF=r| Skakinnt Shirmire
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Modeling a Lockout Zone

To add a station as a resource to the lockout zone:

* Drag the icon of that object, in our case Station2, over the icon of the LockoutZone and drop it there.

* Repeat this with Station3 and Station4.

.Models.MyPlant.LockoutZone

Mavigate View Tools Help

Mame: | LockoutZone il

Label: ]

| Controls | Objects | Statistics | User-defined Attributes |

Active

Objects

Station2
Station3
Station4

1
B
3

4

O

=]

To clarify which objects are part of the lockout zone, you can draw a filled rectangle over the stations onto the

background of the Frame:

* First, activate vector graphics mode by clicking the button on the toolbar of the Frame.

£ .Models.MyPlant

Edit Mavigate Objects Icons View Tools

* Then, click the filled rectangle button on the Vector Graphics toolbar.

hEa e Swew 08 2w e/ =P e
X

£ .Models.MyPlant

Edit Mavigate Objects Icons View Tools

hEo e Swew 04 2w/ =2 e

\oom@@ 0 ¢ T & T
[

* Drag a rectangle over the lockout zone and the stations that are part of it.
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£ .Models. MyPlant
Edit Mavigate Objects Icons View Tools Help

BEG e SMEw» 04 Ra%E ) [=a]2EE e

g
Va1

EventCantroller ©

[ [
i

/i L |
: J;'%—f QR ——
| N— | N—
Receiving Stationl Buffer1

* Double-click the black rectangle and select a color. We selected light blue and added a gradient from bottom to
top.
=

Edit Mavigate Objects Icons View Tools Help

o e s SMew 04 22 d/7][al]2E]E e
Bl oen B = Ae o Tl

Settings of Selected Object(s)
Color: ] |»|  [«]Filed
Gradient: Bottom to Top 1
Weight: | f
Style:
Layer: 0 B T T
: = =
FamisE Buffer Bufferl
i
[ Ok ] [ Cancel ] [ Apply
* The result looks like this:
LR
o
EventController LockoutZone
Stationz Station3 Station+
—i
J;'%—f IJH+»JH—
| N—
Receiving Stationl BuFFer BuFFerl Skations Shipping
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Create a Failure Profile for One of the Stations

To make the LockoutZone stop the processing operations of the stations it controls, we have to create a failure profile

for one of the stations.
To make one of the stations, in our example Station3, fail, proceed as follows:

¢ Click the tab Failures and click New.

* Enter an availability and a mean time to repair. We entered an availability of 85% and a mean time to repair of

15 minutes.

* Click OK to close the dialog.

=
-

Mame: | Station3 B [JFaied [CJEentrance locked O
Label: O |Planned  |v| [ Exit locked [
Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls Exit Strategy Statistics

[#] Active O

[ L o |

v | Mame [Avaiab..| MTTR | Start | Stop |

W [MyFaiure | 85.00%  15:00 0 0
-Models.MyPlant.Station3
Name: MyFailure [Failed Active [
Start: Const v 0 El
Stop: Const | 0 =

Availability E

Availability: 85 % MTTR: | 1, 15:00 E
Failure relates to: SimulatiorTime || [
[ OK ] [ Cancel ] [ Apply
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Stop the Associated Stations Immediately After a Failure

To make the LockontZone stop the processing operations of the stations it controls immediately, select the stop mode
> stop immediately.

.Models. MyPlant. LockoutZone
Mavigate View Tools Help
Mame: | LockoutZone [l Active 4|
Label: O

Controls | Objects | Statistics | User-defined Attributes

Stop: C] O

Resume: C] ]

Stop mode: Stop immediately v E
Stop immediately |
Stop when Service arrives

The LockontZone then immediately stops the processing operations of Station2 and Station4 as soon as Station3 fails.
Note that only the stations that are part of the LockontZone are stopped, but none of the other stations in the model!

Then, check the statistics values of the stations, which you assigned to the LockoutZone:
* Open the dialogs of Station2, Station3, and Station4 and change to the tab Statistics.

* You’ll notice that the stopped percentages of Station2 and Station4 match the failed percentage of Station3. This
means that the overall availability of Station2, Station3, and Station4 corresponds to the availability of the failed
station, namely Station3.
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=
w
Mame: | Station2 B [JFaied [CJEentrance locked O
Label: O |Planned || | [ Exit locked 5]
Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls Exit Strategy Statistics
Resource type: | Production | O
Resource statistics [
Working: 85.46% | Empty: 0.00% | Contents: 1
Setting-up: 0.00% | Rel. occupation:  100.00% | Minimum contents: [u]
Waiting: 0.00% Maximum contents: 1
Blocked: 0.00% Entries: 29614
Stopped: 14.53% Exits: 29613
Failed: 0.00% | =
=
Paused: 0.00%
Unplanned:  0.00%
Mame: | Station3 B [Failed [JEntrance locked ]
Label: O |Planned || | [ Exit locked ]
Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls Exit Strategy Statistics
Resource type:  |Production [
Resource statistics [
Working: 85.46% | Empty: 0.01% | Contents: 1
Setting-up: 0.00% | Rel. occupation: 99.99% | Minimum contents: [u]
Waiting: 0.01% Maximum contents: 1
Blocked: 0.00% Entries: 24613
Stopped: 0.00% Exits: 29612 )
Failed: 14.53% [= 1
Paused: 0.00% | =
Unplanned:  0.00%
Mame: | Station4 B [JFaied [JEentrance locked O
Label: O |Planned || | [ Exit locked 5]
Imparter Failure Importer User-defined Attributes
Times Set-Up Failures Contrals Exit Strategy Statistics
Resource type:  |Production [
Resource statistics [0
Working: 85.45% | Empty: 0.01% | Contents: 1
Setting-up: 0.00% | Rel. occupation: 99.93% | Minimum contents: [u]
Waiting: 0.01% Maximum contents: 1
Blocked: 0.00% Entries: 29611
Stopped: 14.53% Exits: 24510
Failed: 0.00%
Paused: 0.00%
Unplanned:  0.00%
oK | [ Cancd ][ ppy |
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The statistics report shows additional statistics data about the stopped and failed times. To open it, select the stations

in the Frame and press the F6 key.

.| Statistics Report

Tecnomatix Plant Simulation 10 Statistics

(]=1X]

|Resource Statistics

[v][_ShowAll ][ Print This Page | [ PrintAll | [ Save | Refresh

Created on
Model name
Simulation time

Resource Statistics - Resource Statistics

Portions of the States of the Statistics Collection Period

2. August 2010 10:56
D: \myLockoutZone.spp
20:00:00:00.0000

0Object Working Set-up Waiting Blocked Stopped Failed Paused Unplanned Empty Start of Statistics Collection Portion
Station2 385.46% 0.00% 0.00% 0.00% 14.53% 0.00% 0.00% 0.00% 0.00% 0.0000 —
Station3 85.46% 0.00% 0.01% 0.00% 0.00% 14.53% 0.00% 0.00% 0.01% 0.0000 M-
Stationd 85.45% 0.00% 0.01% 0.00% 14.53% 0.00% 0.00% 0.00% 0.01% 0.0000 —
Material Flow Properties 3

Object  Numberof  Number of Mini Maxil Relative Occupation without Relative Occupation with

Entries Exits Contents Contents Interruptions Interruptions

Station2 24614 24613 1] 1 100.00% 100.00%
Station3 24613 24612 o 1 99.99% 99.99%
Station4 24611 24610 0 1 99.98% 99.99%
Stopped Time

Object Portion Count Sum Mean Value Standard Deviation
Station2 14.53% 291 2:21:45:20.0025 14:22.9553 9:51.1435
Station3 0.00% 291 0.0000 0.0000 0.0000
Stationd 14.53% 291 2:21:45:20.0025 14:22.9553 9:51.1435

Failed Time

Object Portion Count Sum
Station2 0.00% 1] 0.0000
Station3 14.53% 291 2:21:45:20.0025
Stationd 0.00% 1] 0.0000

Mean Value Standard Deviation

0.0000
14:22.9553
0.0000

0.0000
9:51.1435
0.0000
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Stop the Associated Stations When the Repair Service Arrives

To make the LockoutZone stop the processing operations of the stations it controls once the service technician, who

repairs the failed stations, arrives, select the stop mode > stop when service arrives.

.Models. MyNewPlant. LockoutZone
Mavigate View Tools Help
Mame: | LockoutZone O Active El
Label: (]

Stop: E] O
Resume: E] O

Stop mode: |Sh0p when Service arrives vi =

In our example the LockontZone stops the processing operations of the assigned stations, namely Station2, Station3,

and Station4, when the repair service, which the failed Station3 requested, is assigned.

i d

I

EventController Broker WarkerPool

M

myResumeControl

FootPath?; FDDtPa“?lV
Workplace

W lacel
— o | LockoutZone |er|p et —
m———F T =
| Ne— | N— el | N— J
Stationz Station3 Station4 Stations Shipping
—i L |
Bt 7
| N— | N—
—
Receiving Stationl Buffer

Proceed as follows to create our simple sample model:

* Insert the stations you want to simulate and drag these stations over the icon of the LockoutZone to assign them.

In our case these are Station2, Station3, and Station4.

* Asaservice technician is to repair the failed machines, add a workplace to them and connect the workplace with the

workerpool with a_footpath.

* As we want Station3 to fail, define a fazlure profile for it.
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—
=
Mame: | Station3 EH  [“IFaied [CJEntrance locked ]
Label: O [CJExit locked O
Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls Exit Strategy Statistics
[#] Active O
[ wew | [ et ] [ Deete
-Models. MyNewPlant.Station3
Mame: Failure| Active [
Interval: 50:00 =
Duration: 10:00 =
[ Availability El
Failure relates to: SimulationTime |»| E
[ QK ] [ Cancel ] [ Apply ]

* To make a service technician repair Station3 once it fails, insert a Broker into the model and assign it on the tab
Failure Importer. Then activate the failure importer. There is no need to change any other settings.

* Then, run the simulation by clicking

i .Models.MyNewPlant.Station3
Mavigate View Tools Help
Mame: | Station3 = Failed [CJEntrance locked O
Label: O j [CExit locked O
Times Set-Up Failures Controls Exit Strategy Statistics
Importer Failure Importer User-defined Attributes
Active E
[ Services for Repairing ] O
Can be interrupted and drawn off: [Cinterruptible O
Release when services are failed: All O
Priority: |0 | O Broker: Broker E] E

on the toolbar in the Frame. Once Station3 fails, the worker walks from

the workerpool to the failed station on the foozpath. Once our service technician has reached the workplace attached to
the failed station Station2, the LockoutZone stops the associated stations, namely Station2 and Station4.

218

Modeling in Tecnomatix Plant Simulation 2D



Use a Stop Processing Control Modeling a Lockout Zone

M
v
i

Use a Stop Processing Control

If you want to use your own logic when one of the stations assigned to the LockontZone fails, you have to program
a stop control. Be aware that this user-defined control overrides the default behavior of the LockoutZone, so you have

to stop the associated stations by assigning true to their attribute S#pped.
Within the control method the anonymous identifier (@ designates the triggering station, while the anonymous

identifier ? designates the LockoutZone.

-Models.MyEnginePlant.LockoutZone
Mavigate View Tools Help
Mame: | LockoutZone| [} Active [l
Label: [B]

Controls | Ohjects | Statistics | User-defined Attributes

Stop: self.OnStop E] E

Resume: myResumeControl E =

Stop mode: Stop immediately M (4]

ok | [ cancsl [ ppy |
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.Models.MyEnginePlant.LockoutZone.OnStop *
File Edit Mavigate Run Template View Tools Help

2 S S EE N BT W, NP T S W? W

is

resources : list[object];
i 1 integer;
obj : object;
do
resources.create;
Protocol["Start”, Protocol.¥YDim+l] := eventController.abssimtime;
LockoutZone.getResourcelist( Resources );
for 1 := 1 to Rescurces.dim loop
obj := resocurces.read(i);
if obj/=@ then
obj.stopped := true;
end;
next;
end;|

Use a Resume Processing Control

If you want to use your own logic when all failures of all assigned stations were repaired and the stations can thus
continue processing parts, you have to program a resume control.

Be aware that this user-defined control overrides the default behavior of the LockoutZone, so you have make the
associated stations resume processing by assigning false to their attribute Stgpped.

.Models. MyEnginePlant.LockoutZone
Mavigate View Tools Help
Mame: | LockoutZone| [} Active [l
Label: [B]

Controls ;Objects | Statistics | User-defined Attributes

Stop: self.OnStop

(e B
Resume: myResumeControl m =

Stop mode: Stop immediately vi O

ok | [ cancsl [ ppy |
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M .Models. MyEnginePlant. myResumeControl

(M]=1¥]

resources.create;

if Protocol.¥YDim>@ then
Protocol[“End™
LockoutZone.getResourcel
for 1

File Edit Mavigate Run Template View Tools Help
00 ST EER G S BRI T S . T Eal¥4
is
resources : list[object];
i 1 integer;
obj : object;
do

» Protocol.

1 to Resources.dim loop

obj := rescurces.read(i);
obj.stopped := false;
next;
end;
end;|

¥Dim ] eventController.absSimTime;
ist({ Resources );

Stopped Material Flow Objects and Stopped Frames

The LockoutZone stops the assigned material flow obj

&

EventController

?(/f;:;honZ

ects by setting their attribute Szgpped to true.

(o]
i;::;\x\

LockoutZane

;{//;:;hon4 bt

5 .Models.MyPlant. Station3

._. _Models. MyPlant Station4
REREIEETIEE BEREIEEIREE IIIIEIIMI
Mame Value MName Value [k b]
Failed true Stopped true [J
Faillmp true succ Models.MyPla... i
(<] I (<] m (]
The LockoutZone stops an assigned Frame by setting its attribute SZgpped to true.
LockoutZone  %—— G—
W —— R
A 1
/;;gIeProcl Frame \ /;;Q|EPI’DC2 SingleProc3
.Models.MyEnginePlant.SingleProc1 g .Models.MyEnginePlant.Frame

DIQIQI B/aMIE ==00/6/ s &M SE M
Mame Mame Value i“[A]
StopCount 1 StopCount 1 =
Stopped true Stopped true [V]
2] I | 2] I | (]
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Modeling a Kanban System

You can use the Object Libraries to model production facilities using pu// strategies. The customer order at the end
of the production plant determines which parts have to be produced.

To add the Kanban objects to your simulation model, click File > Manage Class Library > Libraries > Standard >
Free > Kanban.

A1 Manage Class Library

Basic Objects | Libraries

Library Version
* Tools A
= Standard Libraries 7]
= Free

[ aGvs

[] Assistant for the libraries of material fl...

[] CNC_Machines3D

[] 30 Comau Robots

[] Conveyor

[] Conveyors3D

[] EOM

[] EOM3D

[ Fuzzy Logic

[] HBW

[] 30 High Bay Warehouss (HEW)

Kanban -

[] Machines3D

[] Shop Light [ve]
Kanban

The objects of the Kanbandibrary enable modelling of Kanban controlled
production lines

[] Always show this dialog when you open a new model

This then adds the toolbar Kanban to the Toolbox.

Toolbox * o X

Material Flow Resources Information Flow User Interface Mobile Units
Tools Genetic Algorithms Tools: Kanban

o

hd

In our very basic simulation model a KanbanSingleProc ¥ at the end of a production line orders the parts, which the
Assembly & station, located directly before the KanbanSingleProc in the sequence of stations in the plant, requires to
assemble cars. Two sublines feed wheels for two differing car models via a KanbanBuffer 8 and two KanbanSources

H into the plant.

222 Modeling in Tecnomatix Plant Simulation 2D



Stopped Material Flow Objects and Stopped Frames

Modeling a Kanban System

In addition to the stations we inserted above, we need:

* A control, which orders the wheels to be attached to the car, when it is ready to be moved to the Assenzbly station.

We enter this control as an exit control into the SzngleProc Processing on the bottom line.

* A bill of materials, i.e., a TableFile, which tells how many and which type of wheel the two car models need.

An EventController to control the simulation.

£ .Models.MyKanbanLine

(=X ]

! Edit Mavigate Objects Icons View Tools Help

EG SMe W T4 AR EE ] (&SP e

= H;l-lj
Wheels KanbanBuffe
=2
B [
=l
.‘/ Assembly KanbanSingleProc
[ £ o |
= | ———21
| M—
Cars SingleProc

In our example we will:

Create the Sequence of Stations within the Line

Configure the Assembly Station

Configure the Kanban Station which Orders the Parts

Configure the Kanban Sonrces which Produce the Parts

Configure the Kanban Buffer which Manages Storing and Ordering of Parts
Program a Control which Orders Parts from the Kanban Buffer
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Create the Sequence of Stations within the Line

Create the Sequence of Stations within the Line

We'll start modeling our Kanban system by establishing the sequence of stations within the plant.

* Insert a KanbanSonrce and a KanbanBuffer, which feed the wheels for our cars to the Assembly station.

Toolbox

Material Flow Resources

Information Flow User Interface Tools: Kanban Information Flow User Interface Tools: Kanban

o ]

x Toolbox ®

Material Flow Resources

o ]

* Insert another KanbanSonrce, which produces the cars to which the wheels from the other line are attached. Insert

a processing station, a SingleProc = in our case, to the right of the KanbanSource.

o Insert an Assembly Station & to the right of the two feeding lines. It attaches the wheels to the cars.

* Inserta KanbanSingleProcand a Drain ™ . This KanbanSingleProcis the crucial station of the entire system as it orders

the parts to be produced and assembled.

Toolbox

Material Flow
Information Flow

v B

Resources
User Interface Tools: Kanban

gl

* Connect all objects with Connectors. Make sure that you connect the bottom line to the Assenbly station before

connecting the top line.
The model should then look like this:
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£ .Models.MyKanbanLine =) =1[%]

! Edit Mavigate Objects Icons View Tools Help

e Sk & 22 EE Y [aH[@EE e

|+ | ——— an ’
Wheels KanbanBuffe
=2
e | [
Q’ > SN J
=l
/ Assembly KanbanSingleProc Drain
[ £ o |
= | ———21
| M—
Cars SingleProc

Note: To view the order in which you connect the stations, select View > Options > Show Predecessors.

After inserting the required objects into our simulation model, we have to configure them.

Configure the Assembly Station

We want the Assembly Station B station to put four wheels, which it receives from the line at the top of the model,
onto the cars, which the bottom line delivers. We choose these settings on the tab Attributes.

¢ Select Predecessors from the drop-down list Assembly table with. Then, click Open and enter the number of the
predecessor into column 1 and the number of wheels into column 2. We want to assemble 4 wheels which pre-

decessor 2 delivets.
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Mame: | Assembly O [railed [Centrance locked O
Label: O |Planned  |s | | [ Exit locked O
Statistics Imparter Failure Importer Custom Attributes
Attributes Times Set-Up Failures Controls Exit Strategy

Assembly table with: Predecessors | B =]
-

Main MU from predecessor: | 1

Assembly mode: Attach MUs | 2 P oy O
Exiting MU: Main MU Predecessor | Mumber | EJ;’J
1 2 |+
=2
| g |
Sequence: MUs then S b
[ QK ] [ Cancel ] [ Apply ] 12
—— T B ——

* As the main part, the car, comes from predecessor 1, we do not have to change the default setting 1 for Main MU
from predecessor.
* To put the wheels onto the car, select Attach MUs as the Assembly mode.

¢ To send the car on to the next station, select Main MU as the Exiting MU.

Assembly mode: Attach MUs v: E

Exiting MU: Main MU v O

Configure the Kanban Station which Orders the Parts

To configure the KanbanSingleProc, which is the crucial station of the entire system as it orders the parts to be pro-
duced and assembled, when they are needed, double-click its icon B

* Click Insert New Part on the tab Part Information. Enter the types of parts you want to order and the supplier.
We entered MyCarA and the KanbanSource Cars as the station producing it.
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E KanbanSlngIeProc S R S ..
Mavigate View Tools Help

Mame: | KanbanSingleProc
Label:

Advanced Kanban Information

Entity Type Portion Supplier
== New
Insert Mew Part . S MyCard
Fartion:
Supplier: Cars D
Cpen Supplier
[ QK ] [ Cancel ] [ Apply ] [ OK ] [ Cancel ] [ Apply ]

* Repeat this for the second car model, MyCarB.

-

+2 KanbanSingleProc
Mavigate View Tools Help

Mame: | KanbanSingleProc
Label:

Advanced Kanban Information

Entity Type Portion Supplier
MyCarA 0 Cars
MyCarB o Cars

Insert New Part

[ QK ][ Cancel ][ Apply ]

Note: To delete an entry from this table, select Tools > Open Kanban Information Table and delete the respective
row from that TableFile. Instead, you can also double-click the entry on the tab, delete the EntityType and
then close the dialog.
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* As we want to define a sequence of orders, we have to select the check box Sequence on the tab Advanced. We
also want the sequence of orders to be repeated, we have to make sure that the check box Cyclical is selected.
Then, click Open and enter the sequence into the table. We entered MyCara, MyCarB and MyCarA again.

+2 KanbanSingleProc

Mavigate View Tools Help

Mame: | KanbanSingleProc
Label:

Advanced l Kanban Infarmation |

Sequence Cyclical
Kanban sequence
Order next part only when correct part

type was processed

Waiting for:

Open Workplace

QK ][ Cancel ][ Apply ]

.Models.MyKanbanLine.KanbanSingleProc.KanbanSequence E]@]
File Edit Format Mavigate View Tools Help
= [(Fl fE @ R Ga i 0 CE 44

Enter all parts, which are defined in the sequence,
into the part information table,

My Card
skring | i
1 L]

string [Marne of Part

1 Card |
2 |MyCarB
3 [MyCara _v'

=0

Configure the Kanban Sources which Produce the Parts

To configure the KanbanSources Wheels and Cars, which produce the parts, when the KanbanSingleProc and the Kan-
banBuffer order them, double-click their icon &,

* Click Insert New Part on the tab Part Information of the KanbanSource named Wheels. Enter the type of parts you
want to order and which MU class you want to use. We entered MyWheelA and the MU type Entity.
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] Wheels

Mavigate View Tools Help

Mame: | Wheels
Label:

Part Information | Advanced

Entity Type | MU Attributes

== MyWheelA
EntityType: MyWheela
Insert New Part » ] Path to MU: MUs Entity E]
Attributes:
[ QK. ] [ Cancel [ QK ] [ Cancel ] [ Apply ]
* Repeat this for the second type of wheel, MyWheelB.
E] Wheels

Mavigate View Tools Help

Mame: | Wheels
Label:

Part Information i Advanced i

MyWheeld  .MUs.Entity
MyWheels .MUs Entity

Entity Type | MU Attributes

Insert New Part

) oo

* Click Insert New Part on the tab Part Information of the KanbanSonrce named Cars. Enter the types of parts you
want to order and which MU class you want to use. We entered MyCarA and the MU type Transporter.
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Ecars
Mavigate View Tools Help
MName: | Cars
Label:
Part Information | Advanced
| Entity Type | MU Attributes
= MyCarA
| EntityType: MyCarA
L ! Path to MU: .MUs.Transporter
Insert New Part P E]
[ QK H Cancel H Apply ] [ QK ][ Cancel ][ Apply ]

* Repeat this for the second car model, MyCarB.

PE Cars

Mavigate View Tools Help

MName: | Cars
Label:

Part Information ; Advanced

Entity Type | MU Attributes
MyCarA MUs. Transporter
MyCarB .MUs. Transporter

Insert Mew Part

[ QK ][ Cancel ][ Apply ]

Configure the Kanban Buffer which Manages Storing and
Ordering of Parts

To configure the KanbanBuffer, which temporarily stores parts, and orders replenishment when the stock dwindles,
double-click its icon &,
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* Click Insert New Part on the tab Part Information of the KanbanBuffer. Enter the type of part you want to order,

the amount of parts you want to keep in stock and the station which produces the parts. For MyWheelA we en-
tered the information shown in the screenshot below.

-

2] KanbanBuffer X
Mavigate View Tools Help

Mame: | KanbanBuffer
Label:

Kanban Information |Advanced Statistics

Entity Type Min, Stock | Max, Stock | Inital Stock | Supplier
= New
EntityType: MyWheela
Minimal stock: 3
Maximal stock: 20
Initial stock: 12
ier: Wheel
Insert New Part ' Sl esE
Open Supplier
[ QK ] [ Cancel ] [ Apply ] [ QK ] [ Cancel ] [ Apply ]
* Repeat this procedure for MyWheelB.
a2 KanbanBuffer

Mavigate View Tools Help

Mame: | KanbanBuffer
Label:

Kanban Information |Advanced Statistics

Mame Min, Stock Max, Stock | Initial Stock Sup
MyWheela 3 20 12 Wit
= New MyWheelsB 3 12 20 W
EntityType: MyWheelsB
Minimal stock: 3
Maximal stock: 12
Initial stock: 20

| 1l | [l]
Supplier: Wheels
i : Insert Mew Part
Open Supplier

[ QK ][ Cancel ][ Apply ] QK ][ Cancel ][ Apply ]
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Program a Control which Orders Parts from the Kanban Buffer

In addition to the stations we inserted above, we need:

* A control, which orders the wheels to be attached to the cars, when they are ready to be moved to the Assembly
station. We enter this control as an exit control into the SingleProc Processing on the bottom line.

* A bill of materials, i.e., a TableFile, which tells how many and which type of wheel the different car models need.
To accomplish this, insert a Mezhod and a TableFile into the simulation model.

Toolbox w  Toolbox -

Material Flow | Resources | Information Flow | User Interface | Mobile Units | Tools Material Flow | Resources | Information Flow | User Interface | Mobile Units || Tools
e +1 F i .JJ P Mo +1 F ' .JJ

MBS EEAR »MmEIS 0 EH LAY

RHL, @ ML F @

For S+t » S S+t »

To make the KanbanBuffer order the type of wheels, MyWheelA or MyW heelB, for the car models, MyCarA or MyCarB,
we entered this source code into the method MyExitControl. They instruct the buffer to get the correct type of
wheels according to the mapping you are going to enter into the TableFile BOM (bill of materials) in the next step.
It then moves the part on to the successor. In the table, activate the column index and the row index.

.Models.MyKanbanLine.BOM =JOEY
M .Models.MyKanbanLine.MyExitControl [;]@ File Edit Format Mavigate View Tools Help
i : - SRR : B g
! File Edit Mavigate Run Template View Tools Help I e N e TN FREEN I o wp @ i
R e : = L3 Mywheela
T e = I L . pihee
- = skring skring | skring ~
iz 1] 1 2 l
requiredWhe=lType | string: skring |Car bype Wwheel bype
do
requiredWheelType := BOM[1.@ EntityType]: ! MyCara Wheelh
KanbanBuffer . requestParts({requiredheslType. 4): 2 |MyCarB MyiheslB
@ move:| 3 w
end; < =T

Then, enter the Method as the exit control into the SingleProc Processing.

5 .Models.MyKanbanLine.Processing
Mavigate View Tools Help
Mame: | Processing B [JFaied [CJEntrance locked ]
Label: O |Planned _v:: [ Exit locked (]
Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls Exit Strategy Statistics
Entrance: C] H |:| Before actions O
Exit: MyExitControl C] =] Front O |[JrRear O
Set-up: C] O

Finally, insert an EventController and start the simulation.
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Modeling Transport Systems

£ .Models.MyKanbanLine

(=¥ ]

Edit Mavigate Ohbjects

Icons

R P W 04 22w/ [al-]PHE e

View Tools Help

o~
ol I

EventController

M

MyExitControl

BOM

/ Assembly
—
= — 5 =,

| N—

| ——— g
Wheels KanbanBuffe
— |+ |
N =1 ¥ =1 -
=1 1= J

KanbanSingleProc

Shipping

Processing

Modeling Transport Systems

You will use transport systems in a variety of ways in your simulation models. You might have to model a simple
conveyor that transports parts between two stations, as well as complex electric overhead monorail systems or fork-
lifts that transport parts from one location to another, as well as cranes and automatic guided vehicle systems.

For this task you can use the Line =, the Track == and the Twolanelrack =, which you find in the folder Material-
Flow in the Class Library.

* The Lineis an active material flow object that has a propulsion system of its own. It transports passive parts that
do not have a propulsion system of their own.

* The Track and the TwolaneTrack are passive material flow objects without a propulsion system of their own. They
mainly serve as the route on which the active material flow object Transporfer == moves, forward or in reverse.

When modeling your transport system keep these characteristics of Line, Track and TwolaneTrack in mind:

* All three are length-oriented objects, i.e., Plant Simulation uses their own Length, and the MU length of the MU,
which you enter into their dialog windows to determine how many MUs they can hold. The point-oriented ma-
terial flow objects on the other hand, such as the SingleProc, the Paralle/Proc, etc. do not use a length.

* You can Define Controls for Length-Oriented Objects and define sensors for them, compare Create Sensors.

* Parts transfer from a point-oriented object to a length-oriented object in their entirety, i.e., they are located on
Line and Track in their full length as soon as their tip has moved onto these objects.

* Parts transfer from one length-oriented object to another length-oriented object with the speed (Speed) you enter
into the dialog of the length-oriented object. This is of importance, when you employ entrance controls.

* To model simple transport systems, you will use the active object Laze.

* To model cross-transfer systems, AGV systems, cranes, etc. you will use the passive object Track.
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Working with Curved Objects

By inserting Track ==, TwolaneTrack =, Line =, and FootPath = as a sequence of curved segments and/or straight
segments, you can realistically model the conveyor systems and tracks of your installation. The mobile objects Entity

# Container =, Transporter == and Worker € move to their destination on them, either to the Workplace & attached
to or directly to the designated material flow object.

Plant Simulation uses the length of the polygonal and curved objects during the simulation. The Scaling Factor you
select in the Frame controls how Plant Simulation computes the length. Plant Simulation automatically animates and
aligns mobile objects along the polygon or the curve.

Note: Curve mode in 2D corresponds to the Path type > ExtrusionPath, compare Polycurve in the 3D Viewer.
In general, you can proceed the same way as you would in Plant Simulation 2D when inserting curved objects
in the 3D Viewer.

The illustration shows the most important items of the curve you can define in 2D:

Pen color Color

Curve width

Midline style

Pen weight

attributes | Tmes | Faiures | Controls | Exit Strategy || Statistics | Curve | User-deil € |

Active H

Curve width: 24 O Rotate movables [0
Pen weight: 1 O Transfer length H
Color: _ v H |:| Transparent O
Pen calor: I:l ; O

Midine style: ~ [_______ . O

Animate every x-th pixel: | 2 V O ]

¢ To turn the MU in the direction of motion of the flow of materials, when it turns a curve, select Rotate movables.
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Rotate movables O [rotate movables B

To use the length of the curve in the layout within the Frame as the actual length of the Track, the Line or the

FootPath, select Transfer length MTransferlenath O \When the dialog is open, Plant Simulation enters this value into
the text box Length.

Attributes | Times || Failures | Controls | Exit Strategy | Statistics | Curve User-defil £ [ ]

Length: 10.198039 B m

Capacity: -1 ]

To create a class from a Line, Turntable, Track, Twol_aneTrack or FootPath, model this class in the Frame, and then drag
this object from the Frame to the Class Library. You can then insert this class into the active and into any other sim-

ulation model.

You can:

Insert Curved and Straight Segments

Draw Straight and Curved Segments with a 90° Angle (Fixed 1V alues)
Draw Straight and Curved Segments without Fixed 1/ alues

Change the Shape of a Segment

Create a Curved Object with SimTalk Commands

Import Settings of a Curved Object from Another Simulation Model

Insert Curved and Straight Segments

To insert a Track, a TwoLaneTrack, a Line, or a FootPath with a sequence of curved and straight segments into the

Frame that contains your simulation model:

Zoom the Frame to a size that it can accommodate the object you want to insert. Note that the scaling factor you
set also applies to curved objects.
Make sure that Curve mode in the class of the object, either in the Class Library or in the Toolbox, is active

Mactve B, In Curve mode Plant Simulation animates the MUs using the number you entered into the text box An-
imate on every xth pixel.
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* Click the Track, the Line ot the FootPath in the Toolbox, and drag the mouse to the Frame window and click the
point where the object is to start. This opens the dialog Edit Parameters of Curve.

Note: When you drag a length-oriented object from the Class Library to the Frame, Plant Simulation inserts it as a

straight segment

You can then append points to it or insert points between existing anchor points.

Note: In the 3D [ewer Curve mode corresponds to the Path type > ExtrusionPath, compare Polycurve. In gen-
eral, you can proceed the same way as you would in Plant Simulation 2D when inserting curved objects in

the 3D Viewer.

To draw a straight segment, click a second time at the position at which you want the end of the segment to be.

To draw a curved segment, hold down Ctrl, drag the mouse down to draw the curve downward, and click the left

mouse button once to set the curve.

£ .Models.Frame

Edit Parameters of Curve
Line segments
8972627 | = [|fixed
5770615 | m [ ]fixed
Arc segments
0.000000 | = [¥]fixed
3.141593 | m  []fixed
20,000000 | @ [+]fixed
2000000 | m  [+]fixed
[ Fnsh ][ abort || DeleteLastpoint

]

! Edit Mavigate Objects Icons View Tools

B SR O @

-
:L'_*::\_

To draw the next straight segment of the line, release Ctrl, drag the mouse to the end point of the line and click

the left mouse button once.

Click the right mouse button once or click Finish to exit Insert mode and to insert the curve you drew. This also
closes the dialog Edit Parameters of Curve.

Press Esc or click Abort to terminate curve mode without inserting the curve.

When the grid is active 2 , Plant Simulation places the points that make up the line onto grid points, provided this
is possible. For this fixed vales take precedence. When you enter a radius of 2.5 meters, for example, the end
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point of the arc will not be placed onto a grid point. This results in a non-tangential transition between the end
of the arc and the end of the next straight segment, which will be placed onto a grid point again.

To insert the curved Line, Twol aneTrack, Track or FootPath with fixed values, enter them into the text boxes in
the dialog and select the check box fixed of the respective element to tell Plant Simunlation that you want to use
these fixed values.

* For aline segment, you can enter the Line length in world coordinates and the Tangential angle as compared
to the previous segment.

Edit Parameters of Curve

Line segments

Tangential angle: 5.000000 | = [ fixed
Line length: 10.750000 | m [ fixed
Arc segments

0,000000 | = [¥]fixed
3141583 | m [ fixed
20.000000 | = [v]fixed
2,000000 | m [¥]fixed

[ Finish H Abart H Delete Last Point ]

* For a curved segment, you can enter the Arc length and its Radius, its Tangential angle, and its Center angle in
degrees as compared to the previous segment.

Edit Parameters of Curve

Line segments
-36.951933 | ©  []fixed
2,390021 | m [ |fixed

Arc segments

33297093 | ©  []fixed

Arc length: 40.604401 | m  []fixed

Center angle: 360.000000 | = []fixed

Radius: 6462391 | m [ |fixed
Fish [ abort || Deletelastpont |
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The tangential angle designates the change of the tangential direction. Enter a positive number for a clock-
wise angle. Enter a negative number for a counterclockwise angle. As a rule, the tangential angle is relative to
the previous direction of a curved segment. For the first segment the tangential angle is the angle to the pos-
itive x-direction.

Direction of the previous segment

Direction of the next segment

Beginning of the curved object End of the curved object

The center angle is the angle that is formed by the radius between the start point A and the end point B of
the arc segment. A positive number denotes a clockwise angle. A negative number a counterclockwise angle.

S

A B

Arc segment between A and B

Note: When you define a center angle of 360°, Plant Simunlation automatically connects the end point the curve
with its starting point.
Hold down Alt to deactivate the snap to grid feature:
* When you insert an object or a vector graphics object into the Frame.
* When you move an object or a vector graphics object in the Frame with drag-and-drop.
* When you insert an anchor point of a Connector or of a curved object into the Frame.
* When you move an anchor point of a Connector or of a curved object with drag-and-drop.

Inserting a length-oriented curved object in the 3D Viewer works along the same lines. When you insert a length-
oriented curved object, which is an extrusion object in 3D, the 3D Zewer shows the extrusion path of this object.
The path of the polycurve initially just consists of the starting point:

* Either the insertion point, i.e., the position on the grid on which you click or

* The end point of the picked object, which is its exit projected onto the XY layer.
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Just like in Plant Simulation 2D:

The 3D VViewer shows a movable line, which connects a path tool at the starting point with another path tool
attached to the cursor.

You insert straight path segments by clicking the left mouse button. You insert curved path segments by holding
down the Shift key and by clicking the left mouse button.

You terminate curve mode by clicking the right mouse button. In 3D, you can also do this by pressing the Esc key.

The 3D VViewerwill not insert a length-otiented/extrusion object, if the cutved object does not consist of at least
two segments/points after you finished or terminated inserting the curved object.

Draw Straight and Curved Segments with a 90° Angle (Fixed Values)

To draw a Line/ Track/ TwoLaneI'rack/ Footpath with a straight segment, and a 90° curve followed by another straight
segment:

Click the icon &R of the Line in the Toolbox.
Drag the mouse to the Frame window to the point where you would like to start the straight segment of the line.

Click the left mouse button once to set the starting point of the line.

Edit Parameters of Curve £ Models.Frame

! Edit Mavigate Objects Icons View

Line segments

Tangential angle: 0 = [ fixced P 7
LB 0 M O
Line length: 7.001785 | m  []fixed
s |
-33.297093 | ®  [fixed o ..

40.604400 | m  []fixed
360.000000 | = []fixed
6462391 | m [ |fixed

[ Fnsh ][ abort || Deletelastront |

Plant Simulation opens the dialog Edit Parameters of Curve. Here, we defined default settings for inserting a curve
with a 90° angle, i.e., a fixed tangential angle of 0°, a fixed center angle of 90° and a fixed radius of 2 meters.

You can either apply these values or you can enter a different radius to make the curve wider. To do so, drag the
mouse to the dialog and enter another value into the text box.

Note: Plant Simulation saves the last set of settings in the dialog, so that you can re-use them the next time you

insert a curved object.

To draw the curve, drag the mouse back to the Frame window, hold down Ctrl, drag the mouse down to draw the
curve downward, and click the left mouse button once to set the curve.
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Edit Parameters of Curve

Line segments

bi7.993088 | = []fixed o [IJ > ‘h\ )
6150813 | m [ |fixed Lo L. . \
e L

0.000000 | = [¥]fixed

3141593 | m  []fixed
90,000000 | @ []fixed
2,000000 | m  [+]fixed

[ Fnsh ][ abort || Deletelastpont |

To draw a curve pointing to the left: Drag the mouse back to the Frame window and hold down Ctrl. Make sure
that fixed is selected for the tangential angle of arc segments and type in 180. Then drag the mouse down to draw
the curve downward, and click the left mouse button once to set the curve.

Edit Parameters of Curve

Line segments

Tangential angle: -174.651728| = [ fixced
Line length: 11801377 | m  [|fixed

Arc segments
0.000000 | = fixed

3141593 | m  []fixed

20,000000 | @ fixed

U
o
2.000000 | m  [¥]fixed LrJ o

[ Fnsh ][ abot || Deletelastront |

* To draw the next straight segment of the line, release Ctrl, drag the mouse to the end point of the line and click
the left mouse button once.

* Click the right mouse button once to exit Insert mode. This also closes the dialog Edit Parameters of Curve.

When the grid is active S5 Plant Simulation places the points that make up the line onto grid points, provided this
is possible. For this fixed vales take precedence. When you enter a radius of 2.5 meters, for example, the end point
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of the arc will not be placed onto a grid point. This results in a non-tangential transition between the end of the arc
and the end of the next straight segment, which will be placed onto a grid point again.

To get a tangential transition, you can:

* Deactivate Snap to Grid by holding down Alt, when you click the left mouse button to set the end point of the
second straight segment.

» Enter a tangential angle of 0° and fix it for this straight segment. Then, deactivate it for subsequent straight seg-
ments again.

Edit Parameters of Curve

Line segments

Tangential angle: 0.000000 | = fixed
Line length: 0.050000 | m [ |fixed
Arc segments [IJ >

0.000000 | &= [¥]fixed
3141593 | m  []fixed
20,000000 | ®  []fixed
2,000000 | m  [+]fixed

[ Fnsh ][ abot || Deletelastront |

To draw a curved segment without using fixed vales, you will have to click the left mouse button three times. To
activate curve mode, you have to hold down Ctrl, when you click the mouse button the first time!

* The first mouse click sets the tangential angle.
¢ The second mouse click sets the radius.

* The third mouse click sets the arc length or the center angle respectively.
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Draw Straight and Curved Segments without Fixed Values

To draw a straight segment of Track, Twol_aneTrack, Line or FootPath not using fixed values:

To set the starting point of the segment, click the left mouse button once. You will notice that Plant Simulation
attaches the icon of the Connector to the front end of the cursor L in the Frame window.
The text boxes now show the actual values of the line segment.

Drag the mouse in a direction of your choice and as far as you want the segment to be long. Click the left mouse
button again to set the first anchor point. Now, Plant Simulation draws the segment with the settings you selected.

Continue this until the object has the length and the shape you want.

To set the end point of the segment, and to exit Insert mode, click the right mouse button.

To draw a curved segment of Track, TwolLaneTrack, Line or FootPath not using fixed values:

To set the starting point of the curved segment, hold down Ctrl and click the left mouse button once.
You will notice that the text boxes now show the actual values of the curve segment.
To set the tangential angle, drag the mouse in a direction of your choice.

To set the radius of the curved segment continue dragging the mouse until the curve has the radius you want it
to be and click the left mouse button.

To set the arc length, continue dragging the mouse until the curve is as long as you want it to be and click the
left mouse button.

To set the end point of the segment, click the right mouse button.

To delete the last anchor point from the curve, drag the mouse pointer from the Frame window to the dialog Edit
Parameters of Curve and click Delete Last Point.

Naturally you can combine both techniques to insert curved and straight segments in any sequence you like.

Change the Shape of a Segment

You can modify the shape of a segment in a number of ways:

To change the shape of the straight segment, click an anchor point with the left mouse button, and drag it up
and down or left and right until the shape meets your needs. Depending on how far you moved the anchor point,
Plant Simulation lengthens the segment and compresses or expands it.

To delete an anchor point from the curve, right-click it and select Delete Point on the context menu.

To insert an anchor point between two existing anchor points, right-click at the location between those points
and select Insert Point on the context menu.

To append anchor points to the end of the curve, right-click anywhere on the curve and select Append Points on
the context menu. Add additional anchor point with the dialog Edit Parameters of Curve.

To flip the selected object on the y-axis, right-click it and select Mirror Vertical.

To flip the selected object on the x-axis, right-click it and select Mirror Horizontal.
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* To move the entire curved Track, Twol aneTrack, Line or FootPath, click it once with the left mouse button and
drag the mouse up or down or left or right. You can also use the arrow keys to move the object one pixel at a
time or hold down Shift and press an arrow key to move the object one grid unit at a time.

¢ To delete the entite curved Track, Twol_aneTrack, 1ine or FootPath, click it once with the left mouse button and
press Del.

* To extend an existing curved Track, TwolaneTrack, Line or FoorPath, without adding a new anchor point, grab the

X with the left mouse button and drag the mouse to the new location.

* To link two or more existing curved Tracks, TwolaneTracks, Lines or FootPaths, insert a Connector between them.

Create a Curved Object with SimTalk Commands

Naturally, you can also create a curved object using the SizTalk commands createObject and SegmentsTable:

is
obj,obj2 : object;

do
obj := .Materialflow.Line.createObject (.Models.Frame,100,100);
obj.SegmentsTable := InputTable;
obj2 := .Materialflow.Line.createObject (.Models.Frame,40,40);
obj2.SegmentsTable := InputTablel;

end;

In the example above, InputTable is a table that contains the information about the segments to be created for
the first Lzne, InputTablel is a table that contains the information about the segments to be created for the second
Line.

Import Settings of a Curved Object from Another Simulation Model

To transfer the settings of a curved object from one simulation model to another, we first have to write the seg-
ments table into a Variable with a Method. Then, we export this [ariable, so that we can import it into the other
model.

£ .Models.Frame E]@]

Edit Mavigate Objects Icons View Tools Help

E(cl_lgl) @m'w ﬁ@/ t'k:k'éﬁ ‘.

M

exportMySegments

MySegmentsTable
Line
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To export the segments table:

* Program a Method to export the coordinates of the curved object into a table using the attribute SegmentsTable.

M .Models.Frame.exportMySegments =JOEY

! File Edit Mavigate Run Template View Tools Help

PHE Yk Y B 0 BB OE ¥
do

HySegment=Table := Line.Segment=sTable:|
end;

Executing the method, exportMySegments in our example, writes this data into the Variable, MySegmentsTable in our
example.

=i Models.Frame.MySegmentsTable
Mavigate View Tools Help

Mame: | MySegmentsTable =

Data type: rtable . =

Value:

OK ] [ Cancel ] [ Apply ]
Clicking Open opens the segments table.
.Models.Frame.MySegmentsTable E]@]
File Edit Format Mavigate View Tools Help
= S ftE % a0 R #d E E i
40
integer |integer |integer |real |real |real |integer |integer |integer |real |
1 Z 3 4 5 & 7 g 9 10
stting |anchor point % |Anchor point ¥ |Anchor point 2 |Angle |Length Radius Center ¥ (Center ¥ |(Center 2 |Arc angle
1 0 |120 o -45.00 (113,14
Z 120 40 o 45.00 120,00
3 240 40 o 0.00 62,83 40,00 240 a0 o 90,00
4 280 a0 o 0.00 100,00
5 |z80 150 o 0.00 0.00

To import the segments table into another simulation model:

* Insert a Line of any shape into the other model. Insert the Iariable, which we exported above into the model,
FrameT in our example. Then, insert a Method into Framel.
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£ .Models.Frame1

(]=1X]

Edit Mavigate

Ohbjects

Icons

View Tools

Help

Bod e Guew G4 22 ®e 7 =2

M

ImportedSegmentsTable

MySeqmentsTable

* Program the Mezhod to overwrite the settings of the Line, which we inserted, with the exported settings.

M .Models.Frame1.ImportedSegmentsTable

(]=1¥]

(=¥ ]

£ .Models.Frame1

Edit Mavigate Objects Icons View Tools

BB e Sk e @

Help

! File Edit MNavigate Run Template View Tools Help
SER Y 4 B ﬁﬁ'/‘/c'%%;‘
is
do
Line.Segmnent=Table := HySegmentsTable:
end;

ImportedSegmentsTable

MySegmentsTable
Line

Keyboard Shortcuts for Inserting a Curved Object

When Curve mode is active these keyboard shortcuts apply, even before you click a mouse button for the first time.

To

Press/click

Set the starting point of a straight segment.

left mouse button

Set the starting point of a curved segment.

Ctrl+left mouse button

Deactivate the Snap To Grid feature.

Alt+left mouse button

Draw a straight segment horizontally or vertically and to deactivate Snap To Grid.

Shift+left mouse button
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To Press/click

Terminate Insert mode. right mouse button

Terminate Insert mode and insert a new curved object of the same class without hav-  Ctrl+right mouse button,

ing to select it in the Too/box again. then left mouse button

Draw the last straight segment horizontally or vertically and to deactivate Snap To  Shift+right mouse button
Grid. The right mouse button just refers to the last anchor point.

Open the dialog Sensors Alt+double-click the red
Sensor line on Line/ Track

Modeling a Transport System with Active Objects of Type Line

When you model transport systems with active objects, such as stationary belt conveyors, roller conveyors, etc., you
will employ the Lize. Below we outline in two simple examples how you can use the Lize.

Model a Simple Conveyor Between Two Stations

In its most basic way, a transport system consists of a conveyor that moves parts between two processing stations.
In our example we inserted a Line between two SingleProcs, SP1 and SP2. The MUs are transferred from the point-
oriented station SP7 onto the length-oriented Line, which then transports them to the point-oriented station SP2.

i d

5. m

EventController

Source SP1 ke Drain

The Iine moves the MUs from the station SP7 with the Final speed we enter to the station SP2. Plant Simmulation
calculates the transport Time using the final speed and the Length of the Line. Note that speed, length and transport
time depend on each other. When you change speed or length, Plant Simulation recalculates the transport time anew.

Changing the transport time also changes the speed.
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='.Models.TS1.Line

Mavigate View Tools Help
Mame: | Ling|

Label:
Attributes | Times | Failures

Length: 7
Speed: 0.7

[ Acceleration

Time: 0:10
Capadity: -1
MU distance type: |Gap

[JEentrance locked
v [ Exit locked

B [IFailed

O  |Planned

Controls | Exit Strategy | Statistics || Curve | User-defil 4 1*

[}
[}

Elm [¥] Accumulating O
El mfs [Backwards O
[}
O
w| 0 MUdistance: |-1 Om
[ ok ][ cancel [ ppy |

Model an Accumulating/a Non-Accumulating Conveyor Between Stations

You can also use the Line to model an accumulating or a non-accumulating transport system between stations.

¢ To make the MUs accumulate on the Lizne, select the check box Accumulating. This allows the MUs to move front
to end to each other, when the exit of the conveyor is blocked.
* To make the MUs retain their distance to each other, i.e., make all succeeding MUs stop moving when the pre-
ceding MU cannot exit, clear the check box to deactivate Accumulating.

As we want to apply the default behavior of the Line, we do not change its Capacity of -1, which stands for an infinite
number of MUs. This way its capacity is defined by its own length and by the length of the parts (MU), which it

transports.

In our sample we entered an Availability of 85% and an MTTR of 360 seconds for the two SingleProcs, SPT and SP2.
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I .Models.TS2.5P1
Mavigate View Tools Help
Mame: | 5P1 B [JFaied [CJEentrance locked ¥
Label: O |Planned v [ Exit locked O
Statistics Importer Failure Importer Custom Attributes
Times Set-Up Failures Controls Exit Strategy
Active H
Start: Const v 0 O
Stop: Const v i O
Availability: 35 %%  MTTR: |1, 6:00 =]
Availability O Failure mode relates to: | SimulationTime v O
[ QK ] [ Cancel ] [ Apply ]

You can use an accumulating Lize to decouple stations. Then, the Line behaves like a roller conveyor that allows

the MUs to move up to those in front of them, when the exit of the conveyor is blocked.

Line accumulating [acaumistng

Line non-accumulating [4ccumuizting

When you do not decouple the stations, the Lize behaves like a belt conveyor, meaning that the belt stops when an
MU blocks the exit of the Line and restarts as soon as the MU at the exit has moved on to the successor.
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Modeling a Transport System with Passive Objects of Type

Track

When you model transport systems with passive objects, you will employ the Track and the Transporter.

As the Trackis a passive object, you cannot just connect it with two stations, but have to make sure that a Transporter
is available, plus you have to load and unload this Transporter. To prevent the MUs from automatically transferring
from the preceding station, in our example SP7, onto the Track, do not connect them with a Connector.

M M

BT e —— |

5 .Models.TS4.5P1
Mavigate View Tools Help
Mame: | SP1 B [Iraied [CJEentrance locked
Label: O |Planned v [ Exit locked
Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls | ExitStrategy | Statistics
Entrance: C] ]
Exit: enterOrder C] B | [#Front O | [Rrear
Set-up: C] O

To create and insert a Transporter you can do one of the following:
* Use the Source: Select Attributes > Time of creation > Number Adjustable and enter an Amount of 1. To tell it to

create transporters, select MU > .MUs.Transporter.

[}
0

o |
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+"Models.TS5_1.Source

Mavigate Wiew Tools Help

MName: | Source O [railed
Label: O ||:|Exit|od<ed O

Attributes | Failures | Controls || Exit Strategy || Statistics | User-defined Attributes

Operating mode: Blocking O

Time of creation: Number Adjustable B  Amount: |3 E
Creation times: 1:00 (]

MU selection: Constant M E
MU .MUs.Transporter E] =
[ ok ][ cancel |[ ppy |

* Use the Sin/Talk method create and enter this command into the 77z method of your simulation model:
.MUs.Transporter.create (Track) ;

This inserts a Transporter at the end of the Track. If you want to insert a Transporter anywhere else on the Track,
enter a position into the Mezbod. This example creates the Transporter 5.5 meters into the length of the Track:

M .Models.TS3.init =JOEY

! File Edit MNavigate Run Template View Tools Help

PO A p BB 0 MRS AR Fha
is
do
MU= Transporter.create(Track, 5.5):
end;

As the Transporferis to move parts from station to station, SP7 and SP2 in our example, you have to load those parts
onto the Transporter at the station SP7 and unload them at the station SP2. For this you will program a control in a
Method and enter its name into the respective text box on the tab Controls.
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= .Models.TS3.Track
Mavigate View Tools Help
MName: | Track O [Faied [CJEentrance locked O
Label: O [Pemned [v] | CExitlocked O

Attributes || Times Failures | Controls | Exit Strateay | Statistics | Curve User-defil /2 |

Entrance: | E] ] Front O |[Jrear 0O
Exit: FrontOutCtrl E] 2] Front O |[JRear O
Backward entrance: E] O | CFront @ Rear O
Backward exit: BackOutCtrl E] B | [JFront O Rear O

Pull: E] O
Shift calendar: E] ]

[ ok ][ cancel [ ppty |

Without entering a control, the Transporter just moves to the end of the Track and stops there. To make the Trans-
portermove back to the beginning of the Track, once it unloaded the parts, select the check box Front and enter these
statements into the exit control, FronOutCrr/ in our example:
if @.empty then
@.backwards := true;
end;

Once the Transporter backed up to the beginning of the Track, Plant Simulation activates the rear backward exit con-
trol, when you select Rear and enter the name of the Mezhod M into the text box Backward exit. This control has to

accomplish these tasks:

* Wait until an MU is ready to exit the station, SP7 in our example.
* Load the MUs onto the Transporter.

* Move the Transporter to the end of the Track.

In our example we entered this source code.

M .Models.TS3.BackOutCtrl =JOEY
! File Edit MNavigate Run Template View Tools Help

P Y e | 4 Bny o R o AT ELE Eh

is

do
waituntil Spl.occupied and SP1 . cont. finished prioc 1:
SP1l . cont .move({ @ ); —— load the HI
@ backwards := false;

end:|
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Line 3 tells Plant Simulation to wait until an MU is located on the station SP7 and is processed all the way. Line 4
loads the MU onto the Transporter. Note that we use the anonymous identifier @ to address the Transporter. Line
5 tells the Transporter to move forward again to the end of the Track.

When the Transporter reaches the end of the Track you have to accomplish these tasks:
* Wait until the station, SP2 in our example, is Empty.

* Unload the Transporter.

* Move the Transporter back to the beginning of the Track.

As the Transporter initially moves to the end of the Track and then activates the following exit control while being
unloaded, we query if it is loaded or empty.

In our example we entered this source code.

M .Models.TS3.FrontQutCtrl =JOEy
! File Edit MNavigate Run Template View Tools Help
DO s 4 B ﬁﬁ'/‘;‘
is
do
if @ empty then
@ backwards := true;
else
waituntil SP2.emnpty prioc 1:
@ cont . move(SP2)
@ backwards := true;
end;
end:|
]

Model with the Library CrossSlidingCar |

The cross-sliding car facilitates quick, easy and cost-effective cross transport if other materials handling equipment
obstructs the way. It is mainly used for moving the conveyed parts from one conveyor onto another one.

We modeled the CrossS/idingCarbased on the Track as an application object to be able to fully use the curve property
of the Track. The Transporter, which transports the parts, is part of the Cross Shiding Car (CSC). It makes extensive
use of the loading space of type Line. It is an active length-oriented loading space similar to a conveyor being
part of the loading space, which transports the loaded parts forwards or backwards. We use sexsors on the cross-sliding
car to determine the position onto which the parts are placed on the loading space of the cross-skiding car.

When building your simulation model, we recommend to proceed as follows:

* Tirst, insert the materials handling equipment into your model, such as the Sourve producing the patts, the feeding
conveyors, the cross-sliding car, the conveyors for conveying the parts, and the Drain removing the parts from the fac-
tory.

* Drag the feeding belt onto the cross-sliding car and drop it there. It then creates the sensors on the cross-sliding car. To
view the positions, click Track Attributes > Branch Lines.
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.Models.CSC_Demo_3.CSC.objList
* Models.C5C_Demo_3.Line

Object |side | £SC Sensor Pasition | €5C Sensor Id
1 * Models.CSC_Demo_3.lne  |L & 1
7 * Models,CSC_Demo_3.Linel  |L 3 2
3 * Models, CSC_Demo_3,CC R 9 3
4 * Models,CSC_Demo_3.BE R ] 4
5 * Models, CSC_Demo_3. A8 R 2 5
[ O ] [ Cancel ] [ Apply ]

* Then, you have to make the Source produces parts that have the user-defined attribute Destination. This at-

tribute of data type szring contains the target object to which the part is to be transported, in our example the Line
AA.

'I+'.Models.CSC_Demo_3.Source
Mavigate View Tools Help

Mame: | Source] O [railed
Label O [pianned  [v] | Oexitlocked O

Attributes |Failures | Controls | Exit Strategy | Statistics | User-defined Attributes |

Operating mode: Blocking ]

Time of creation: Interval Adjustable V El

Interval: const [0 =
st [¥] 0 o
MU selection: |Rand0m M E  Stream: |1 ]
Table: PartsList E] B [JGenerate asbatch [

[ ok ][ cancel J[ feety |
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File Edit Format Mavigate WView Tools Help
= = ] i ) i 5 = + "
= Zlda B ¥ B 0K p 44 ™
attr
object | real | string | table ad
1 Z 3 4 ml
string MU Frequencies  |Name Attributes
1 MUs.Entity |1.00 Ad ke
2 |.MUs.Entity |2.00 EE attr
3 |.MUs.Entity [2.00 CC attr
4 -
- -Models.CSC_Demo_3.PartsList[4,1] =JOEY
& File Edit Format Mavigate View Tools Help
i P— . X " o . "
7 = 3 fE clf:—.a._Iﬁ*=||l|lai‘i‘iiil
g Ad
g skrirn |inte et |b00|ean |strin ~
5 1 0 2 7 3 4 5 (ml
string |Mame of Attribute =
11
1 |destination A i |
12
2 ]
13| g |
< > 5
14 i) |) e

These sample applications show some possible fields of application of the ¢ross-sliding car. You can:

* Model a Simple Cross-sliding Car

* Model a Cross-sliding Car that Distributes and Brings Together Patts

* Model a Cross-sliding Car with an Application-specific Strategy

Model a Simple Cross-sliding Car

This sample model shows how the parts, which the Soure produces according to the PartsList, are placed onto the
center of the CrossSlidingCar and are then distributed to Line2, Line3, and Lined. Linel and Line3 are located at the
same position on the track of the cross-sliding car. In this case the CSCjust stops and slides the part to the other side.
The time the part needs to move onto the ¢ross-skiding carand off of it depends on the width of the ¢ross-sliding car and

the conveying speed.
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P
a1

EventController |

i

Drrain_&

3

Drain_B

>
__t_ﬁ Linez
2
Car
P > 2| >
Line1 c Line3
Source
M
EE partHere
PartsList
>
Line+
5

To create the model, proceed as follows:
* Insert the lines Linel, Line2, Line3, and Line4 into your simulation model.
* Insert the cross-sliding car, starting below Line4 and ending beyond Line2.

* Drag all lines onto the ¢ross-sliding car and drop them there.

]

Drrain_C

If you would like to fine-tune the positions of the sensors on the Lines, change to the tab Track Attributes and

click Branch Lines. Then edit the sensor positions. When doing so, make sure that the Track of the cross-sliding car

is long enough to accommodate the new sensor positions.

-
.Models.CSC_Demo_1.CSC.objList

* Models.C5C_Demo_1.Linel
Object | side ©5C Sensor Position CsCsensorld |
1 * Models,CSC_Demo_1.Linel | L 7 1
2 * Models,CSC_Demo_1.Line3 R 7 2
3 * Models,CSC_Demo_1.Line4 R 2 3
4 * Models,CSC_Demo_1.Line2 R 12 4
[ OK ] [ Abbrechen ] [Ubernehmen]

* Finally, enter an exit control that selects the next transport order. In our sample model we named the control

partHere.
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M’ .Models.CSC_Dema_1.partHere Oty
File Edit Mavigate Run Template View Toaols Help
IR R Na & s L5 M
is
part : object;
caller : object;
target : object;
do
part := (@;
caller := #;
target := part.destination;
CSC.transportOrder( caller, target, part, 1 );
end;|

Model a Cross-sliding Car that Distributes and Brings Together Parts

This sample model shows how the CrossSiidingCar distributes parts and brings parts products from several feeding

conveyors.
)

EventController

Source

e e\

PartsList

[ n

Vs B A, sethewTarget
Sourcel Car
Ad
=
PartsList1
C5C
i | \
EBE
C5C1 car
oo
~

gl

Drain

The cross-sliding car CSC receives driving orders from the two feeding conveyors Line and Linel. It then distributes
the parts onto the three Lines AA, BB, and CC. The method setINewTarget sets the destination for the products at the
sensor positions.
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The source code of the Method setINewTarget looks like this:

M .Models.CSC_Demo_3.setNewTarget =JOEy
File Edit Mavigate Run Template View Tools Help
£L Ay s Fe) R KA FLE
(sensorID : integer)
is
do
@.destination := "ol
end;

Model a Cross-sliding Car with an Application-specific Strategy

This sample model uses a similar layout as the model shown in Model a Cross-sliding Car that Distributes and
Brings Together Parts. The main difference is that the CrossS/idingCar CSC1 is controlled by an application-specific

strategy.

o~

vt 1

EventController

P | >
» ;%%%3 (ol

s
~CC

Line

= | >

PartsList1
5

" |

partHere 501

setMewTarget

myStrategy

gl

Drain

This strategy, which we programmed in the method myS#rategy, ensures that the cross-sliding car CSC1 first unloads the
arriving parts from the Line AA, then from the Line BB and finally from the Line CC. To do so, we use the internal

order list of the cross-shiding car, which is shown below.
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It contains the order date and time, the source, i.c., the Lire at which the cross-shiding car picks up the part, the desti-
nation, i.c., the Line at which it is to deliver the part, the priority of the order, which we do not use yet, and the part

to be transported.

.Models.CS5C_Demo_3.C5C.0rderList
File Edit Format Mavigate Wiew Tools Help
= G5l P L s 8 T AE i 84 ? [K#
datetime | ohject | ohject | ohject | integer |
1 2 3 4 =
string [Time: Source Drestination Part Priority
1 |2006f01/02 04:55:53.5001 * Models, C5C *.Models, CSC_D [*.MUs.Entity: 300 |1

The method myStrategy sorts this table ascending according to column 2 (source) and returns the row with the num-

ber 1. Therefore the first order in the table will be executed.

=T

Mavigate View Help
MName: C5C1

Label:

Strategy: myStrategy

Vehide Attributes | Track Attributes | Failures  Controls lsmﬁsﬁcs]

L]

M .Models.CSC_Demo_3.myStrategy

m=X]

- get the order list of the CSC
tab := CSC1l.0rderlist;

if tab.¥Dim=1 then
result := 1;
else

tab.sort(2, "up");

- use the first entry.
- line BB, and the line CC.
result := 1;
end;|
end;

File Edit Mavigate Run Template View Tools Help

BB Yl | g Lo 8 s AR R % T T LR B
integer
tab : table;

do

- sort the order list for the source cbjects

- now the order list is sorted so that AA, BB, CC
The CSC first serves line AA, then

Creating a 3D model from our 2D model allows us to visualize the flow of parts even better. To do so:

¢ (lick Start 3D Viewer on the toolbar 3D.
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2 MyCrossSlidingCar.spp - Tecnomatix Plant Simulation 10 - .Models.C5C_Demo_3
! File View 3D Debugger Profiler Tools

Window Help

PO s 4 dE [@ECEE] S '-éjliﬁbeii»l'i'% EIRES Y e

Class Library w+ O X Toolbox

* Click the tab 3D Library, open the folder Models, and click our model CSC_Demo_3 with the right mouse button.
Select Open > New 3D Window.

3D Library

* O X
Eclass Library 3D Library | % Favorites
Jk Basiz

3 InformationFlow
C1 MaterialFlow
=] Models

A0 C5C_Demo_1

A0 CSC_Demo_2

3D CSC Demo 3

in Open >| Active 3D Window

3D : 5 3

an Edit | Mew 30 Window %

3D o 2D Counterpart...
M MU 1t

* This opens the model in a new 3D window.
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Model a Facility Using a Storage Crane

When your simulation model requires a portal crane or an overhead crane, you can use the application object Szor-
ageCrane ‘ With it you can model four basic scenarios:

* _Automatically Place Parts into Stock and Remove Parts from Stock

e Automatically Place Parts into Stock, Remove Parts from Stock on Demand
* Place Parts into Stock on Demand, Remove Parts from Stock Automatically
*  Place Parts into Stock on Demand, Remove Parts from Stock on Demand

In addition you can:

» Temporarily Store Parts, Put together the Order, Remove the Parts from Stock
* Load a Train with the Storage Crane

*  Feed Machines with an Overbead Crane

Compare the sample models: Select View > Start Page > See also > Examples/Infos, scroll to Concise Modeling Ex-
amples and click on Examples Collection. Then, select the Category, the Theme, and the Example in the dialog Ex-
amples Collection and click Open Model.

Automatically Place Parts into Stock and Remove Parts from Stock
Note: Your Plant Simulation license determines how you can use the StorageCrane.

To model a portal crane, which automatically places parts into stock and which automatically removes parts from
stock, proceed like this:

* Insert the StorageCrane ‘ into your simulation model. Connect it with its predecessor and with its successor.

D
B

B> 4
R
R

* Double-click the S#rageCrane to open its dialog window. Define its properties, such as its size, the number of
storage places, etc.
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Size | Speed Store lSh’ategy ] Failures ] Removal ] Statistics

Storage places: X 10 Zm
Y 5 2m

Size lSpeed ] Store ] Strategy ] Failures ] = B 1LF
Crane length: 20 m
Pt i 10 2 [ Define Barred Area ] Stack height: | 4
Portal height: 2 = [ Define Initislization of Store Area ]
Portal position 1: | 0 m
Portal position 2: | 10 i Entry place: (¥,¥) 1,3 Exit place: (X,Y) 10,3

* Select the check box Remove after this time on the tab Removal. Then, enter the time after which the part is to

be removed from stock. Note that this check box activates automatic stocking! When you select it the removal
orders have the highest priority (100).

Size ] Speed ] Store ] Strategy ] Failures Removal IStah’sﬁcs ]

Remove after this time:
Shift blocking parts

10:00 DDD:HH:MM:55. XXXX

Make sure that the check box Define your own method for searching an available location is not selected. When
it is cleared, the internal mechanism of the crane automatically searches for an available storage location starting
at the largest coordinate on the y-axis and the x-axis on the bottom level of the storage area and places the part
onto it. It then proceeds to fill the free storage location toward the smaller coordinates on the y-axis. Then it goes
to the second but largest coordinate on the x-axis and the y-axis and fills the free storage places, and so on. When
the bottom level of the storage area is full, it starts filling the second level, i.e., the z-dimension (Stack height),
starting at the largest coordinate on the y-axis and the x-axis, and so on.

Size ] Speed ] Store  Strategy l Failures ] Removal ] Statistics ]

Driving strategy: Remain at tanget v

Default position: (.Y}
Drive only when the hook is up

[] Define your own method for searching an available location:

* Insert an EventControllerinto the Frame, start the simulation and watch the crane place parts into stock and remove
them from stock without you having to interfere.

* Click the tab Statistics and check how many parts the portal crane placed into storage and how many it removed
from storage.
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Size ] Speed] Store ] Strateqy ] .—'l.vailabil'rt}'] Removal Statistics

Mumber of storage orders: 1044
Number of removal orders: 1038
MNumber of transfer orders: 0

Back to Model a Facility Using a Storage Crane

Automatically Place Parts into Stock, Remove Parts from Stock on Demand
To model a portal crane, which automatically places parts into stock and which removes parts from stock on de-

mand, proceed like this:

* Insert the StorageCrane ‘ into your simulation model. Connect it with its predecessor.

M

I ixg
Flagei|

* Double-click the StrageCrane to open its dialog window. Define its properties, such as its size, the number of
storage places, etc.

* The successor has to ask the crane to remove parts from stock. For this you will employ the method gezParz. In
our example the crane removes 4 parts of type Entity with the priority 20 from the store.
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i .Models.AutolnMethodOut. ParallelProc
Mavigate Wiew Tools Help
Mame: | ParallelProd O [IFaied [CJEentrance locked O
Label: E v] [JExit locked O
Statistics Importer Failure Importer User-defined Attributes
Attrbutes | Times | Setup | Faiures | Controls | ExitStrategy |
Entrance: E] O
Exit: self.OnExit E] B | [#Front O | [Jrear O
Set-up: =

% .Models. AutolnMethodOut. ParallelProc.OnExit (= J[OJEd
File Edit Mavigate Run Template View Tools Help

e E%mﬁus W' R & G 8
1s

do
Shift calendar: @ move:
if =elf .~ empty then
Portalcrane . getPart("Entitvy".4.20):
end;
end;

* Insert an EventControllerinto the Frame, start the simulation and watch the crane place parts into stock and remove
them from stock.

* Click the tab Statistics and check how many parts the crane placed into storage and how many it removed from
storage.

Back to Model a Facility Using a Storage Crane
Place Parts into Stock on Demand, Remove Parts from Stock Automatically

To model a portal crane, which places parts into stock on demand and which automatically removes parts from
stock, proceed like this:

* Insert the StorageCrane ‘ into your simulation model. Connect it with its successor.

[ i3]

* Double-click the StrageCrane to open its dialog window. Define its properties, such as its size, the number of
storage places, etc.

* The predecessor has to ask the crane to place the parts into stock. For this you will employ the method szrePart.
The instruction below moves the part (@) onto the entry place of the crane. The entry place of the crane then
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enters an order to move the part into its order list. It fulfills the order with the priority you enter, in our example
priority 1.

.
& .Models.MethodInOut.SingleProc
Mavigate Wiew Tools Help
Name: | SingleProc O [IFailed [ClEntrance locked 0
Label: O |Planned V} [ Exit locked (]
Importer Failure Importer User-defined Attributes
Times | Setlp | Failures Contrals | ExitStrategy Statistics |
Entrance: | E] ]
Exit: self.OnExit E] B | [#Front O | [Jrear O |
Set-up: =

i il 3¢
&/ .Modeis.MethodinUut. Singlefroc.Unat = | ~

File Edit Mavigate Run Template View Tools Help

R T R & 4L
Pull: i
do
Shift calendar: Portalcrane . storePart(@,1);
end:|
[ ok ][ cancel |[ ppy |

* Select the check box Remove after this time on the tab Removal. Then, enter the time after which the part is to
be removed from stock. Note that this check box activates automatic stocking! When you select it, the removal
orders have the highest priority (100).

Size | Speed | Store | Strategy | Avaiabiity Removal | Statistics |

Remove after this time: 10:00.0000 DDD:HH:MM:S5 2300
Shift blocking parts

* Insert an EventControllerinto the Frame, start the simulation and watch the crane place parts into stock and remove
them from stock.

* Click the tab Statistics and check how many parts the crane placed into storage and how many it removed from
storage.

Back to Model a Facility Using a Storage Crane

Place Parts into Stock on Demand, Remove Parts from Stock on Demand

To model a portal crane, which places parts into stock on demand and which removes parts from stock on demand,
proceed like this:

* Insert the StorageCrane ‘ into your simulation model.
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[
g

* Double-click the S#rageCrane to open its dialog window. Define its properties, such as its size, the number of
storage places, etc.

* The predecessor has to ask the crane to place the parts into stock. For this you will employ the method storePart.

The instruction below moves the part (@) onto the entry place of the crane. The entry place of the crane then
enters an order to move the part into its order list. It fulfills the order with the priority you enter, in our example

priority 1.

I .Models.MethodInAutoOut. SingleProc
Mavigate View Tools Help
Mame: | SingleProd [CJEentrance locked [E]
Label: ----] [ Exit locked O
Importer Failure Importer User-defined Attributes
Times | SetUp | Failures | Contrals _ ExitStrategy | Statistics
Entrance: E] ]
| Exit: self.OnExit E] B | [#Front O | [Jrear O
Poe = .Models.MethodinAutoOut.SingleProc.OnExit (= [CEd
File Edit Mavigate Run Template View Tools Help
BB S e 2o NRE SR L
| Pull: iz
do
| shift calendar: Portalcrane. storePart (@,1);
end;
ok ][ Cancd [ ppy |
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* The successor has to ask the crane to remove parts from stock. For this you will employ the method gezPar.
In our example the crane retrieves 4 parts of type Entity from the store. The crane enters this order with the
priority 20 into its order list.

% .Models. MethodInOut.ParallelProc
Mavigate View Tools Help
Mame: | ParallelProc O [IFaied [CJEentrance locked O
Label: O [Plamned || |[JExitlocked [}
Statistics Importer Failure Importer User-defined Attributes
Attbutes | Tmes | SetUp | Faires | Contols | ExitStrategy
Entrance: C] ]
Exit: self.OnExit] C] B | [#Front O | [Jrear O
Setupi 'S Models.MethodinOut.ParallelProc.OnExit =X
File Edit Mavigate Run Template View Tools Help
i . . L e
BB Y e X GO R R AL
Pull: i=
do
shift calenda @ ove.
if =elf .~ empty then
Portalcrane . getPart("Entitvy".4.20):
end;
end;

* Insert an EventControllerinto the Frame, start the simulation and watch the crane place parts into stock and remove
them from stock.

* Click the tab Statistics and check how many parts the portal crane placed into storage and how many it removed

from storage.

Back to Model a Facility Using a Storage Crane

Temporarily Store Parts, Put together the Order, Remove the Parts from Stock

Suppose you have to combine parts within a production facility to corresponding orders. To facilitate this, each part
has an attribute called OrderlNo, which designates the order number. The parts, which are to be combined into an
ordet, arrive in an unordered sequence. They have to be placed into intermediate storage until all parts of the order
are in stock. Then, the parts of the complete order can be retrieved from stock. Each order contains a different
number of parts. The attribute OrderQuantity, which each part has, tells how many parts belong to an order.

To solve this task, we will:

* Define How the Source Creates Parts and Moves Them On
o Shuffle the Sequence of Orders

* Place Parts into Stock

* Remove Parts from Stock
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M M

reset releaseFromshock
| = |
[ P_H j].;+
J —_
Source Shuffle

Crane

Back to Model a Facility Using a Storage Crane

M M

transferToStock myStrategy

Define How the Source Creates Parts and Moves Them On

First, we enter an exit control into the Sozurce.

InwventoryList

|

SingleProc Drain

-+ .Models.Portal.craneDemo.Source

Mavigate View Tools Help

Label: (]

MName: | Source O [Failed

Flanned v [ Exit locked

Attributes | Failures | Controls | Exit Strategy | Statistics | User-defined Attributes

Entrance: C] ]
Exit: ExitCtrl (] 8| OFont B |Frear B
Shift calendar: C] O

ook ] [ Cancel | (L Aeply.. |

The method ExiCtrl checks if the value of the [ariable, which shows the number of parts which were created for
an order, is the same as the number of parts which was actually ordered. When this is the case, Plant Simulation in-
creases the order number by 1. It also determines the order size, between 1 and 10 parts, using a uniform distribu-
tion. The bounds of the distribution, 1 and 11, are never reached. The mathematical function floor calculates the

next-lower value.
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M .Models.Portal.craneDemo.exitCtrl =JOEY
! File Edit Mavigate Run Template View Tools Help
PP Oy B | 4 Bo B Bof 4% % % FLEY Fh
is
do
if currlHo=OrderQuantity then
Orderlo = OrderNo+l:
currlo = 1:
OrderQuantity := floor{ z_uniform{ 7. 5. 15 )):
else
currNo = currHo+l:
end;
@ createittr( "Orderlo", "integer" )
@ OrderHo := OrderHo:;
@ createdttr({ "Quantity", "integer" ):
@ Quantity ;= OrderQuantity:
@ name ;= "Order_"+to_stri{orderHo):
end;

The Method then creates the attributes OrderlNo and OrderQuantity, which contain the number of the order and the

size of the order. Finally, the Method sets the name of the part

to the order number.

Back to Temporarily Store Parts, Put together the Order, Remove the Parts from Stock

Shuffle the Sequence of Orders

The second station in the sequence of stations, the Paralle/Proc, shuffles the sequence of orders. First, we define a
capacity of 100 parts by entering 10 for the x-dimension and 10 for the y-dimension.

1% .Models.Portal.craneDemo. ParallelProc
Mavigate View Tools Help
Mame: | ParallelProc O [IFaied [CJentrance locked O
Label: O |Planned |+ | |[JExitlocked O
Statistics Importer Failure Importer User-defined Attributes
Attributes Times _ Setlp Failures | Controls Exit Strategy
¥-dimension: | 10 B Y-dimension: | 10 =]
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Then, we select the Normal distribution for the processing time. We enter a mean value of 10 minutes, and a sigma
of 5 minutes. This way the processing time will be calculated anew for each incoming part and the parts will thus

be shuffled.

ZE .Models.Portal.craneDemo.ParallelProc

Mavigate View Tools Help

O [Failed
Label: O  |Planned

Mame: | ParallelProc

Statistics Imparter Failure Importer

Attributes Times Set-Up Failures

Stream, Mu, Sigma, Lower Bound, Upper Bound

[Entrance locked O

™ [ Exit locked

User-defined Attributes
Controls Exit Strategy

Processing time: Mormal ] 4, 10:00, 5:00, 0, 3:00:00:00
Set-up time: Const v 0
Recovery time: Const v 0
Cyde time: Const v 1]

O

A M

Back to Temporarily Store Parts, Put together the Order, Remove the Parts from Stock

Place Parts into Stock

From the Shuffle station the parts move on to the crane. It places them into intermediate storage until all parts of an
order are in stock. The ¢rane then removes the completed order from stock.

As we ourselves want to determine how the crane places parts into stock, we select the check box Define your own
method for searching an available location. We then enter the name of the Mezhod M, in which we want to program
our storage strategy: myStrategy. Finally, we type in our source code with the statements.

4, _Models.Portal.craneDemo.Crane

Mavigate View Help

Size ] Speed ] Store  Strategy ]Failures ] Removal ] Statistics

Driving strategy:
Default position: (¥,¥)

Drive only when the hook is up

myStrategy

Define your own method for searching an available location:

L]

| —

H Cancel ][

Apply ]

To format this Method, so that is has the correct format for our purpose, we can either click OK or Apply. The for
logps, together with the built-in method placelsFree, first search for a free storage place for stocking the parts.
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M .Models.Portal.craneDemo.myStrategy =JOEY
! File Edit MNavigate Run Template View Tools Help
7 Tk APRS BB AS R Wl by
—— =earch for a free place on the crane, then call
— tran=zferToStock to transfer the part into the stock
{ byref =l.vl.zl1 : integer; part : object ) : boolean
i=
i.j.k : integer:
=Dim, wDim, ZDim . integer:
found : boolean:
do
found := false:
=Dim := crane.getStoreiDin;
vDim := crane.getStore¥Dim:
zDimn := crane.getStoreZDin;
ko= 1:;
while not found and k<=ZDim loop
i := EDim:
while not found and i:=1 loop
i = YDim:
while not found and j:=1 loop
if crane.placelsFree(i.j.k) then
®l = i
vl = 3;
zl = Lk
found = true;
transferToStock({part., =1, %1, =zl }:
end
ji=3-1
end;
i:=1-1
end;
ko= k +1;
end;
return found:
end;

As soon as a free place is available, the method #ransferToStock, which we programmed, places the part into stock.

270 Modeling in Tecnomatix Plant Simulation 2D



Modeling a Transport System with Passive Objects of Type Track Modeling Transport Systems
M .Models.Portal.craneDemo.transferToStock E]@
! File Edit MNavigate Run Template View Tools Help
LB alle b Bo 6 B B 42 ELEY

{ part : object; 1. v¥l, zl : integer )
is
order ;. =tring;
row . integer;
location 1 table:
do
Inventorylist . setCursor{l.1):
if Inventorylist. find({ [1.1].. [*.%*], part.name ) then
row = Inventorylist. CursorY:
else
row = InventoryList. ¥YDim+l:
Inventorylist["guantity", row] = part.guantity;
Inventorylist[ "OrderHo". row ] := part. nans;
InventoryLlist[ "number", row] := 0
end;
Inventorylist[ "number", row ] := Inventorylist["number", row ] + 1:
if Inventorylist["number", row]:=inventorylist['guantity", row ] then
ref (releaseFromStock) newCallChain{ row )
end;
end;

The Method first checks the InventoryList if a part with this order number already exists in the store. When this is not
the case, the crane enters the order number and the order quantity into the InventoryList. As you remember, we de-
fined order number and order quantity as user-defined attributes for the part. The crane then increases the number
of parts in the store by 1. When the number of stored parts is the same as the number of ordered patts, the crane

removes the parts of this order from stock. As this Mezbod call may only be activated after the part has been trans-

ferred to stock for good, we employ the method newCallChain.

.Models.Portal.craneDemo.inventoryList E]@

File Edit Format Mavigate View Tools Help
T o 4 T = ek "
= S d A & 2B 0ok Y
Order_1
skrir integer integer -~
P e | B
string [OrderMo Quankity Mumber
1 rder_1 1z &
2

Back to Temporarily Store Parts, Put together the Order, Remove the Parts from Stock
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Remove Parts from Stock

Once the number of parts in store is the same as the number of ordered parts, the crane removes these parts from
stock with the method releaseFromStock, which we programmed.

M .Models.Portal.craneDemo.releaseFromStock E]@]
! File Edit Mavigate Run Template View Tools Help
R N = B 4T [ELE

{ row : integer )
is

I’
£

4

N

do
crane.getPart( Inventorylist["OrderNo". row ].
Inventorylist[ "Humber", row ]. 10 ):
Inventorylist . cutRow({ row )
end:|

This Method retrieves all parts of a certain type, identified by its name, employing the built-in method gezPart. As we
chose the name of the part to be identical with the order number, we can directly retrieve the order number and
the order quantity. After this, the crane deletes the order number from the InventoryList.

Back to Temporarily Store Parts, Put together the Order, Remove the Parts from Stock
Back to Model a Facility Using a Storage Crane

Load a Train with the Storage Crane

This example demonstrates how to load a train with a szorage crane. For this we create parts in a Source and place them
in the store of the crane. As soon as a train arrives at the loading station, the crane loads the parts onto it. The loaded
train then leaves the storage area of the crane, and will be unloaded at another station along the tracks. Note that
the loading station has to be located within the storage area of the StorageCrane. To accomplish this, we have to solve
these tasks:

*  Produce the Parts and Place them into the Storage Area of the Crane
* Parameterize the Crane

* Create the Train

* Load the Train

* Unload the Train
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il

7\
M

-/

"

Back to Model a Facility Using a Storage Crane

Produce the Parts and Place them into the Storage Area of the Crane

The patts, in our example Containers, will be created in an object of type Source. The succeeding station SingleProc
delays the parts employing a normally distributed processing time. From the SingleProc the patts are directly moved
to the entry station of the sforage crane, which then automatically places them into stock.

~+ .Models. PortalCraneloadingTrain. Source
Mavigate View Tools Help
Mame: | Source O [Failed
Label: O |Planned || | [ Exit locked El
Attributes | Failures | Controls || Exit Strategy | Statistics | User-defined Attributes
Operating mode: Blocking ]
Time of creation: Interval Adjustable|s | O
Interval: Const || 100 O
Start: Const w||0 L]
Stop: Const v 0 O
MU selection: Constant v| o
MU .MUs, Container E] =]
ook ) [ cancel | (L Aepy. ]
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i .Models. PortalCraneloadingTrain.SingleProc1

Mavigate View Tools Help

Processing time:

Const

Set-up time:

Recovery time:

II

Cyde time: Const

B [IFaied

O [CExit locked O

Name: | SingleProcd]
Label:
Imparter Failure Importer
Times Set-Up Failures

Controls

Stream, Mu, Sigma, Lower Bound, Upper Bound

5, 400, 2:00, 1:00, 5:00

[CJEentrance locked ]

User-defined Attributes
Exit Strategy Statistics

=
0 O
0 O
0 O
Lok ][ Cancel | [ Aepty. |

Back to Load a Train with the Storage Crane

Parameterize the Crane

Our StorageCrane has a length of 20 meters and a width of 10 meters. The portal positions are located at 0 meters
and 8 meters, meaning that the gantry juts out 2 meter over its columns. This is where the train is going to move.

“t, _Models.PortalCranelLoadingTrain.PortalCrane

Mavigate View Help

Crane length: po m
Portal width: 10 m
Portal height: 6 m
Portal position 1: | 0 m
Portal position 2: | & m

Size lSpeed ] Store ] Strategy ] Failures ] Removal ] Statistics

[

Apply ]

oK ][ Cancel ][

We distribute 20 times 10 storage places across the store. Each storage place is 1 meter by 1 meter.
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Size Speed Strategy ] Failures ] Removal ] Statistics
Storage places: X 20 im

Y 10 im

z 1 6m
[ Define Barred Area ] Stack height: | 1

[ Define Initislization of Store Area ]

Entry place: (¥,¥) 1,5 Exitplace: (X,Y) 20,5

We mark rows 9 and 10 as barred area on which the tracks of the train run. Other than that, we do not change any
of the default settings of the crane.

.Models.PortalCraneloadingTrain.PortalCrane.barredArea
10

%1 |y1 |x2 ¥ |
1 1 10 20 10
2 1 9 20 9
[ QK ] [ Cancel ] [ Apply

Back to Load a Train with the Storage Crane

Create the Train
For our model we create two new object classes, Engine and Boxcar, in the Class Library by duplicating the Transporter:

Class Library v 0 X
[ Class Library
Jk Basis
+-[_] MaterialFlow
+ D Resources
+-[_] InformationFlow
#-[_] UserInterface
=-[Z] MUs
3 Entity
w1 Container
v Transpgrher

#-[_] Tools
=1-[_] Models
£% PortalCraneloadingTrain
g SourceTrain

In a Frame of its own we combine the Source, the sequence table, the collision control hitch and a short piece of track.
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£ .Models.PortalCraneloadingTrain.SourceTrain

(=¥ ]

i Edit

Mavigate Objects

HEA GMER L 22 FE ) (@S]

Icons

View Tools

Help

——)p

bt

rackl
Sourcel
M
Sequence  hitch

out

* We configure the Soxrce so that it creates a train every ten minutes according to the settings, which we enter into

the sequence table.

~+ .Models.SourceTrain.Source1

Mavigate Wiew Tools Help

Name: | Sourcel B [railed

Label: ] | [CExit locked O

Attributes | Failures | Controls || Exit Strategy | Statistics | User-defined Attributes
Operating mode: Blocking O
Time of creation: Interval Adjustable E
st [v] 0 o
MU selection: |Sequenoe M B [[JGenerate asbatch [
Table: Sequence E] = Format table B
ook ] [ cancel | (L Aeply.. ]

* In the sequence table we instruct the Sozrce to produce one engine and seven boxcars per train.

.Models.SourceTrain.Sequence

(=X ]

File

Edit Format

T I T8 S WEC) N =

Mavigate

View Tools Help

Ms,Engine
object integer | strir table | ”~
i e
string MU Mumber  |Marne Attribute
1 LMUs, Engine | 1 Engine a
2 |.MUs.Boxcar 7 Boxcar a M
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* For the engine we set the attribute isTractor to true and the speed (in column 12) to 1 m/s.

.Models.SourceTrain.Sequence[4,1] E]@]
File Edit Format Mavigate WView Tools Help
= Ghg A %G 0k i 6 RS
true
skring |integer |b00|ean |string |real |time |A
il Z 3 4 5 & al
string [Mame of Attribuke =
1 |isTractor |trL| 1
2 |speed E |
3 (]
<] | B

* For the boxcars we set isTractor to £alse and the speed (in column 12) to 1.1 m/s. This way we cause a collision

event, which hitches the boxcars to each other and to the

engine.

.Models.SourceTrain.Sequence[4,2]

File Edit Format Mavigate Wiew Tools Help
R [ TR L S TECWF O 1 =0
hitch
skring |integer |b00|ean |string |real |time -~
1 2 3 4 5 & (ml
string [Marme of Attribute
1 |isTrackar false 3
2 |speed L8
3 |CollisionCtrl
4 (]
<] | B

* We then program the control for the collision event in the method bizch.

M .Models.PortalCraneLoadingTrain. SourceTrain. hitch [;]@]

! File Edit Mavigate Run

Template View Tools

COTEIN T P, 0 S Y ;‘

Help

R e
is
rear, front @ object:
do
rear = @;
front := rear.frontHl;
rear . hitchFrontfront) ;]

end;

Back to Load a Train with the Storage Crane
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Load the Train

We model the track of the train with the object Track. For this we have to make sure that a piece of track runs
underneath the crane so that the crane can load the parts onto the train. We thus define a sensor on the far right
side of the crane area. The exact position depends on the way we model our track. As sensor control we enter the
method /vad in which we program how the train is to be loaded.

@ »

The method /kadis to be executed only, when the engine of the train triggered the sensor. Thus we first have to check
if the respective car of the train is the engine, i.c., if the attribute isTractoris frue. 1f so, the train stops and we retrieve
the contents table of the crane. For safety purposes we wait until the store contains 10 containers at least.

The first boxcar is hitched directly to the rear of the engine (engine . rearMU). The loading position refers to the X-
Position of the crane at which the first boxcar is located.

Then we create the loading orders for the crane. For this we always take the last entry in its contents list. We utilize
the method getPartFroniPosition ToObject to instruct the crane to load the part from the specified position in the con-
tents list with the priority 20 to the X-Position loadPos, and the Y-Position 10 onto the boxcar. As the boxcar can
only hold a single container, we also enter the loading position (1, 1). The priority 20 ensures that the loading orders
have a higher priority than the storage orders.

Then we proceed to the next boxcar and adjust its loading position accordingly. This we repeat until we have given
the loading orders for all boxcars. Note that until now we only have issued the orders, but that the boxvars have not
necessarily been loaded yet! To ensure this, we pass over all boxcars again and wait until all boxcars are loaded. Only
then can the engine start and pull the train away.

Our complete source code of the method /&ad looks like this:
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M .Models.PortalCraneLoadingTrain.load E]@]
! File Edit Mavigate Run Template View Tools Help
LAY B 4 B B B 42 ELEY

1=

content : table[integer., integer. integer, integer. object]:
i, row : integer;
boxcar © object:
engine . obhject:
loadPos © integer:
outcome : boolean:
do
if @ isTractor then
engine = @
engine. stop;
content . create:
repeat
— 10 containers at least need to be in the store
PortalCrane.getStoreTablel{content ) :
if content.ydim<l0 then
wait{ 300 ):
end;
until content . ydim»=10;

boxcar = engine.rearMu:
loadPos = 18:

—— generate all loading orders for the crane
while bozxcar-=void loop
row := content . ydim:
outcone = PortalCrane. getPartFromPositionToObject(
content[l.row]. content[2.row]. content[3. row].
20, loadPos. 10, bozcar., 1. 1 ):

boxcar = bozcar.rearHl:
loadPos = loadPos - 2:

content . .cutFow({ row ):
end;

—— wait until the train i= completely loaded
boxcar = engine.rearMu:
while bozxcar-=void loop

wailtuntil boxcar. full prioc 1:
boxcar = bozcar.rearHl:
end;
engine. continue;
end;
end;

Back to Load a Train with the Storage Crane
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Unload the Train

At another location along the track we define another sensor and assign it the method #n/oad as its control. This
Method is only to be executed, when the engine triggers the sensor. First we stop the train. The first boxcar is located
directly behind the engine. Starting from this boxcar we pass over the entire train. When the boxcar is loaded, we wait
until the SingleProc named SP is Empty and then move the Container onto this station. When all boxcars are unloaded,
the engine can start pulling away the train again.

The complete source code of the method #nivad looks like this:

M .Models. PortalCraneloadingTrain.unload

(9](=1¥ ]

! File Edit MNavigate Run Template View Tools Help
T e : o "
iBA% s BB o BB A S8
{=zen=orID : integer)
is
engine . obhject:
boxcar © object:
do

if @ isTractor then
engine = @

engine. stop;

boxcar = engine.rearMu:
while bozxcar-=void loop
if boxcar. conts= void then
waituntil =p.empty prio 1:
bozcar . cont .move{ SP )

end;

boxcar := boxcar. rearMu:
end;
engine. continue;

end;
end;

Back to Load a Train with the Storage Crane

Feed Machines with an Overhead Crane
In this example we demonstrate how to transport heavy parts that are to be processed from one machine to another
machine on the shop floor with an overhead crane.

For this we instantiate the object S#orageCrane. The only setting of the S#orageCrane which we change is to deactivate
the automatic removal of parts (Removal > Remove after this time).
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Size ] Speed ] Store ] Strategy | Failures

Statistics

[Iremove after this time: DDD:HH:MM: 55, X3XX
Shift blocking parts

Next we place several instances of the SingleProc within the storage area of the crane. In order to be able see them,
we set the icon of the S#rageCrane to transparent by selecting View > Change Icon. Then, we connect two SingleProcs
each. Thus we created a processing machine and a removal station. For this removal station we enter an exit control
and the short processing time it takes the part to be moved from the machine to the removal station.

3 Sl

+ b0
—

2 g

Within the exit control we first assign the current part. Then we instruct the S#rageCrane to transport the part with
the priority 2 from the position at the coordinates (13, 6) to the position (10, 3) and to there place it onto

SingleProcl. As the SingleProc only has a single processing station, we do not have to specify the station on the
SingleProc and enter -1 twice.

M .Models.Portal.Frame.Exit2 =JOEY

! File Edit MNavigate Run Template View Tools Help

DEE Y sl 4 B COTROT: WS P W Y

1=

part : object:
do
part := @:
PortalCrane. shiftPartFromToObject (paxrt. 2. 13. 6, 10, 3

. SingleProc, -1, -13:]
end;
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Back to Model a Facility Using a Storage Crane

Model a Tugger Train

To model Tugger Trains, consisting of a #ractor and a number of #railers, you will use a number of extended features
of the Transporter. In our sample model a #ugger train is loaded with parts, which will be unloaded at a station on the
main line and on the side line each.

Note: At present fugger trains do not support Acceleration.
The model demonstrates how to:

*  Define the Tractor of the Tugger Train.

* Model the Source Creating the Tugger Trains.

* Model the Track System on which the Tugger Trains Move.

* Configure the Loading and Unloading Stations.
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Define the Tractor of the Tugger Train

To set the #ractor of the fugger train:

* Duplicate the object Transporterin the Class Library. Rename it Tractor.

Class Library - 1 X
‘/k basis Class Library - I X
[Z1 MaterialFlow -
[Z1 Resources ,/k [Bjasil e
21 InformationFlow = Ra rialFlow
2] UserInterface esources
=] Mus [Z1 InformationFlow
i [Z1 UserInterface
H Entity
= =21 MUs
o H Entity
21 Tog Open mr Contalne;E
=] Mo r r
= [Z1 Tools
| Duplicate Y | =-[Z] Models
Derive 4 £ Frame

* Double-click the object Tractor. To designate it as the #ractor of the tugger train, which pulls the #railer(s), select the
check box Is Tractor. This Transporter then shows the icon tractor instead of the icon Operational.

To prevent the fractor from loading parts, enter 0 as the X-dimension and the Y-dimension. For the loading space
types Track and Line, enter 0 as the Capacity.

v MUs.Tractor
Mavigate View Tools Help
Mame: | Tractor =] [Failed
Label: = Planned [v]
Attributes | Load Bay | Failures | Controls | Battery || Product Statistics || Statistics [ 1[4 ]
Type: Store [V] E
¥-dimension: 3 =] ¥-dimension: 2 E
Lok ][ Cancel ][ Aopty_ ]
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w« _MUs.Tractor
Mavigate View Tools Help
Mame: | Tractor = [Failed
@ et [v]
Attributes | Load Bay | Failures | Controls | Battery | Product statistics | statistics [ 142 ]
e [ ¥ E
Length: 15 Elm  Capadty: 0 =]
o)
Lok ][ Cancel | [ Aepty. ]

Model the Source Creating the Tugger Trains

We modeled the source, which creates the #ugger trains, in the Frame which we named SourceTuggerTrains. We did this
to prevent our overall model from becoming too clogged with objects.

The Frame contains of these objects:

* A Source object, which creates #ractors and #railers according to the settings, which we enter into a seguence table.

* A Track object, which should be long enough to accommodate the zugger frain with its entire length after the Source
object has created it. This ensures that the zugger #rain is able to move onto the succeeding object as a whole. The

tugger train in our example consists of a zractor and four #railers, ecach of which is 1.5 meters long. So we entered a
length of 8 meters for the Track.

£ .Models.TuggerTrain.SourceTuggerTrain

(]=]¥ ]

! Edit Mavigate Objects Icons View Tools

I EA SIMER O RQwE S

Help

sl

M

MySequenceTable  hitchMethod

|-

Source Track

Interface
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Modeling Transport Systems

* A Method object, in which we program how the #railers are hitched up to the #ractor, when they collide with the
transporter driving in front of them.

* An Interface object, which provides the connection to the other objects within the simulation model.

Configuring the Source Object and Creating the Sequence Table

To configure the Source object, which creates the #ractors and the #railers, which make up the fugger train, double-click

its icon.

To produce the objects as a sequence according to the settings, which we enter into the sequence table:

* Select MU selection > Sequence.

~+ .Models.TuggerTrain.5ourceTuggerTrains. Source
Mavigate View Tools Help
MName: | Source| O [railed
Label: O |Planned || | [ Exit locked (]
Attributes | Failures | Controls || Exit Strategy | Statistics | User-defined Attributes
Operating mode: Blocking O
Time of creation:
Interval: Const w| |0 B
Start: Const wv||0 L]
Stop: Const |0 O
MU selection: Sequence | O
Table: MySequenceTable E] O [JGenerateasbatch [
[ ok ][ Cancel |[_ ppy |

* Click [ ] and select the TableFile MySequenceTable, which we inserted above. To create a fractor object using the
MU class Tractor and four #ailer objects using the MU class Transporter, we entered the values shown in the

screenshot below.

...5ourceTuggerTrain.MySequenceTable
File Edit

T = (R TN 3 TP T v = O

Format Mavigate View Tools Help

(M=} ]

™

b
?bject | iéﬂteger | gtring | aable | A
string [rMU MNumber  |Mamne Aktribuke
1 |.MUs.tractor 1 Tractar a =
2 | MUs.Transporter |4 Trailer D ™
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* The characters, which we enter into the column Attributes, only serve as a placeholder for the subtables contained
in these cells. Within the subtables we set the attributes of the tractor and of the trailers.

To designate the #uctor, we entered the attribute IsTractor and set it to true. To set its speed, we entered the
attribute Speed and entered 1.0 m/s.

Note: We already defined the attributes of the #acforin the class Tractor. We just entered them again to make
sure that the settings in the #ractor are the correct ones, in case the settings of the class get changed.

.Models.SourceTuggerTrain. MySequenceTable[4,1] E]@]
File Edit Format Mavigate WView Tools Help

T (R TR L TP TNE 0 = 1

IsTractar

skring | integer | boolean | skring | real
1 = 3 4 5

string [Marme of Attribute

1 sTrackor | krue

Speed 1.00

=
3
|

<

To designate the #railers, we set the attribute IsTractor to false. As we want the #ailers of drive faster than the
tractor and to collide with the object in front of them, we entered 1.1 m/s as their Speed. To designate the col-
lision control (CollisionCtrl), we entered the name of the Method, which we inserted above, hitchMethod in
our case. The collision control hitches the #ailers to each other and the front #railer to the tractor.

.Models.SourceTuggerTrain. MySequenceTable[4,2] E]@]
File Edit Format Mavigate WView Tools Help

e I T T TEC 0 v = -

Models, TuggerTrain, SourceTugger Trains, hitchiMethod

?trlng | ?teger | goole1 ‘s‘trlng | rseal
string [Marme of Attribute
1 |IsTractor false
2 |Speed 1.10

3 |CollisionCtrl .Models, Tugger Train, SourceTugger Trains. hitchMethiod

Programming the Collision Control

To program the collision control hizchMethod, which we inserted above, double-click the Mezhod object. We want this
control to hitch the colliding Transporter to the one in front of it. To do so, we have to establish the Transporter mov-
ing in front of the active Transporter.

Finally, we are going to hitch the rear Transporter to the one moving in front of it to create the zugger train.
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Direction of the Track

Rear trailer Active trailer Front trailer Tractor

These statements above translate into this source code in our Method-
is
Rear, Front : object;
TractorSpeed : real;
do
Rear := @;
Front := @.frontMU;
if Front.IsTractor then
TractorSpeed := Front.Speed;
Rear.hitchFront (Front) ;
else
Rear.hitchFront (Front) ;
end;
end;

Model the Track System on which the Tugger Trains Move

To demonstrate how the zugger frains move as a single unit on a track system, let’s model a main line, from which a
side line splits, which then leads back into the main line. For this we use four Track objects and connect them with
Connectors. To move the side line over the main line, hold down the Shift and/or Ctrl keys and press the arrow keys.

After we have finished creating the track system, we have to insert:

* The station producing the #ugger trains, which we modeled in the Frame SourceTnggerTrains. We connect this Frame
with the object Track.

* A Source which produces the parts with the default settings and a station, which loads them onto the #raifers of the
tugger train.
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* An unloading station on the main line and the side line each, plus a Drain each, which removes the parts from
the lines. For the two Drains, which we named ShippingMain and ShippingSide, we use the default settings.

* An EventController for running the simulation.
Our finished model looks like this.

£ .Models. TuggerTrain [

Edit Mavigate Objects Icons View Tools Help

(s

= st @ M
—Enkity
SourceTugget Trains SourceParts  LoadingStation Method

Trailer Trailer Trailer Trailer Trackor

®@ &7 @ =

Unloadingrain Shippingrain UnloadingSide  ShippingSide

Configure the Loading and Unloading Stations

Configure the loading station on the tab Attributes. Select the object which provides the parts (parts from) and the
object on which the #ugger frain moves (target is on). In our case this is the SourceParts and the Track.
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(2} .Models. TuggerTrain.LoadingStation

Mavigate View Help
Mame: LoadingStation
Label:

Station type
(®) Load
(O Reload

Parts from:

SourceParts

Attributes lTlmes ] Failures ] Advanced Attributes ] Advanced Controls | Statistics

[IFailed

O Unload
O Move

Targetis on:

Track

L] L]

Sensor position: | 7

J

[ QK ] [ Cancel Apply ]

Enter the position of the sensor, which triggers loading the #ugger trains with parts. We entered 7 (meters). The Trans-
JferStation then enters these settings into the dialog Sensor of the Track.

Sensor list - .Models. TuggerTrain.Track

J

Inheritance | ID
C 1

[ hew Edt | [ pekte |

Path
LoadingStation. TargetSensorContral

Position | Front | Rear

m  x

Next, configure the stations UnlvadingMain and UnloadingSide as shown in the screenshots below.

() .Models. TuggerTrain.UnloadingMain

Mavigate View Help
Mame: UnloadingMain [Failed
Label:

Attributes lTlmes ] Failures ] Advanced Attributes ] Advanced Controls | Statistics

Station type
O Load (®) Unload
(O Reload O Move
Parts from: Target is on:
Track2 E] ShippingMain E]
Sensor position: | 9
[ OK ] [ Cancel ] [ Apply ]
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() .Models.TuggerTrain.UnloadingSide

Mavigate  View Help

MName: UnloadingSide [Failed

Label:

Attributes lTlmes ] Failures ] Advanced Attributes ] Advanced Controls | Statistics

Station type
O Load (®) Unload
(O Reload O Move
Parts from: Targetis on:

Track3 E] ShippingSide E]

Sensor position: | 29.5

[ QK ][ Cancel ][ Apply ]

When you are finished, insert an EventController, run the simulation and watch how the Zugger trains are loaded with
parts, move on the main line, are unloaded, are loaded again and are unloaded on the side line on their second trip.
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Preparing Data for the Simulation with DataFit

One of the purposes of your simulation study will be to optimize the availability of resources, such as machines,
laborers, vehicles, etc. for an existing or a planned production facility. This means that you have to reduce the num-
ber of failures and down-times of machines. When a machine fails, it has to be repaired, which leads to delays in
the production and costs money.

Oftentimes the Mean Time Between Failures (MTBF) and the Mean Time To Repair (MTTR) are stochastically distrib-
uted. Because of the qualitative properties of a system with failures, we know the type of distribution for the MTBF
and for the MTTR. What we do not know are the parameters of the distribution.

Production planning specialists do observe the availability of resources, the MTTR and the MTBF. The availability

100 - MTBF
MTBF+ MTTR

two of the three values—AV (availability), MTTR and MTBF—we can calculate the third one. The Dataliit Wizard
calculates the parameters of the distributions for the MTTR and MTBF to arrive at the availability you want to
achieve.

Step 1: Define the Task and the Objectives

You will start out with defining the task and the objective of the simulation study, being careful to not predefine

is the MTBF divided by the MTBF plus the MTTR times 100%, i.e., AV = . So when we know

any one solution you might expect or wish to be true.

Some of the questions you want answers for are:

* What throughput and what output can we expect?

* What is the optimal number of resources (machines, workers, tools)?

* Where in the installation are buffers necessary? What is the optimal buffer size?
* What is the optimal number of work piece carriers?

* Which control strategies are best suited for the task?

* How do some or all of the above factors interact and produce different results?
Then, you will have to decide the scope of the simulation.

* Do you only need to simulate the production facility?

* Or do you also have to simulate other areas, such as receiving the parts delivered by the suppliers, warehousing,
shipping, etc.?
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Step 2: Collect and Prepare Data

Collecting and preparing the data to use in the simulation study is one of your most important tasks.

This takes up about 35% of the project time! Creating the model takes up 25%, validating and correcting 15%, run-
ning experiments 10%, analyzing and evaluating 15% of the project time.

You will use:
Static data, such as:

* Data extracted from the production program, which you collected by watching the machines in the installation
or which you received from the experts on the shop floor.

* Data extracted from the structure of the installation.
* Data from a shift model.
Stochastic data, such as:
* The failure behavior.
* The processing and set-up times.
* The amount of rejects.
For simulating the material flow of interlinked production and assembly facilities you need:
1. Data covering the entire production system (model data):
* The production program, such as the produced products, the lot sizes, etc.

* The layout of the installation, its structure, controls, and the points where parts are introduced into or dis-
charged from the system.

* Reworking, such as reworking times, the station that produces rejects, and the frequency of rejects.
2. Data covering the staff working in the installation (object data):

* The number of workers, and their qualifications.

* The shifts worked.

* The distances covered and the required times.
3. Data covering machines, transport systems and work stations (object data):

* Failures, including MTBF, MTTR, reference time, distribution, and variance.

* Cycle times, capacities and cycle variance.

* Set-up times.

* Supply with materials.
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Step 3: Decide which Distribution to Use

Once you have collected the data you need for the simulation study, you have to decide:

* Which distributions to select for the Processing time, the Set-up time, the Recovery time, the Cycle time, and the
Failure times for the Plant Simulation objects.

* Which parameters to enter for the selected distribution.
For this, we provide Stzatistics Wizards.

You can:

¢ Employ Distribution-Fitting with DataFit.

¢ Use Distributions with Bounds.

Distribution-Fitting with DataFit

Use the object Dataliit |]]]n. for distributions without bounds.
* Enter a sample of observations of a random number and a Level of significance.
* Then, the Wizard finds the parameters of the selected distribution.

The Wizard estimates the parameters of the selected distribution(s) and then performs a goodness-of-fit test with
the filtered data on the tab Fit.

Note: The Level of significance is the probability with which a distribution with estimated parameters will be
rejected by the goodness-of-fit test, although it is suitable for the sample.

Compare the sample models: Select View > Start Page > See also > Examples/Infos, scroll to Concise Modeling Ex-
amples and click on Examples Collection. Then, select the Category, the Theme, and the Example in the dialog Ex-
amples Collection and click Open Model.

Input Data in DataFit

Note: Dutaliit only computes the distribution parameters for a sample with more than 10 values.

You can only proceed to the next tab, after you have selected the required settings and entered the data for
them on the active tab. Da#aFit then activates buttons and/or text boxes on the next tab.

Most buttons are toggle buttons that activate and deactivate a feature.

Modeling in Tecnomatix Plant Simulation 2D 293



Preparing Data for the Simulation with DataFit Step 3: Decide which Distribution to Use

i, Distribution Fitting
Mavigate Help

Input of Data | pataFiter | Fit | Evaluation |

Data File: sample.dat

Data from file:

Decimal separator:

Type of data:

[ QK ][ Cancel ][ Apply

Import data to be fitted on the tab Input:

Import the data you received—sample data observed on the shop floor, or the results of a previous simulation
run—into a column of an Plant Simulation table file. Then, drag this table over the object DataFit in the Frame that
contains your simulation model and drop it there.

Select a column that contains the data you want to use in the dialog that opens and click Load.
Or
Click Read to import data from the file whose name you enter into the text box Data file.

When you import data from other programs, for example from Excel, you have to select the same Decimal sep-
arator in Plant Simulation as you used in the other application. You might also paste the sample data into the table
via the Windows-Clipboard. For this you have to click Open to open the input table.

Select which type of data you want to investigate:
* Discrete numbers, i.e., any integer number greater than or equal to 0, this is 0, 1, 2, 3, etc.

* Continuous numbers, which include negative numbers, and floating point numbers, for example -10, 1.4, 5, ...

When you have entered all required data or selected the required settings, you can proceed to the tab Filter.

Filter Data in DataFit

Filter the data on the tab Filter.
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Inputof Data Data Filter lFit ] Evaluation

Filter data

Lower bound (all values =): 1]
Upper bound (all values <): 1
Offset (&l values +): 1]
Zoom factor (all values *): 1

Descriptive statistics:
Sorted data:

Filtering serves three purposes:
1. It cuts off data that is atypical.
2. It eliminates outliers, i.e., if removes these values from the sample.
3. It transforms data to a certain range, i.e., it translates or zooms data.
To filter data:
* You can, but do not have to enter a value for the Lower bound and a value for the Upper bound.
* Click Start to start filtering the data.
* This activates the buttons Show descriptive statistics and Open filtered data.
* Clicking Show opens a table with descriptive statistics of the characteristics of the sample data.

* Clicking Open filtered data opens a table with the sorted data to be used for data fitting, i.e., after eliminating
unwanted values.

When you have entered the required data or selected the required settings, you can proceed to the tab Fit.

Fit Data in DataFit

DataFit estimates the parameters of the selected distribution(s) and then performs a goodness-of-fit test with the
filtered data on the tab FIT.

Input of Data ] Data Filte Evaluation ]

GOODMESS-OF-FIT TEST
Level of significance: 0.05
Parameters for the Chi-Square Test

Mumber of dasses: 100

Distributions: [ select [ FT |

[ show intermediate results
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* Click Select and select one, several or all distributions in the dialog that opens.

* Enter a Level of significance for the values. You can enter a number between 0 and 1. In most cases you will enter
a number between 0 and 0. 2.

* Click Fit to estimate the parameters for the selected distribution or distributions using the sample.

* If you are investigating a large sample, you will have to use the Chi-Square Test as the Goodness-of-Fit Test. For
this you have to enter the Number of classes. The Goodness-of-Fit Test describes how good the distribution with
its parameters fits the given sample.

* Click Show to display a histogram of the sample in a chart.

When you have entered the required data or selected the required settings, you can proceed to the tab Evaluation.

Evaluate Data in DataFit

Perform an analysis of the filtered data on the tab Evaluation.

Input of Data | DataFiter | Fit  Evaluation |
Frequency table:
Sort according to: Kolmogorov-Smirnov v
Messages: Open

HTML Report: Show

HTML Report: Delete

Select how Datalit sotts the fitting tests:

* The Chi-Square test suits all purposes. It splits up the sampled data into classes. The sample has to have more
than 40 values.

* The Kolmogorov-Smirnov and the Anderson-Darling test are only suited for continuous distributions with 10 to
200 values.

Open the results table that shows which parameters of which distribution to enter in Plant Simulation.

* The columns Result Chi, Result KS, Result AD tell, if the distributions are applicable to the sampled values or not.
This is the case, when the corresponding value statistic is smaller than the corresponding value. Naturally, the
evaluation takes the Level of significance into account.

* The columns labeled Parameter 1, Parameter 2, and Parameter 3 show the exact numbers and the names of the
rounded parameters as you enter them into the dialogs of the Plant Simulation objects.

* To show a HTML Report of the parameters and the goodness-of-fit test, click Show.
* To reduce the size of the model, which might have been bloated by the HTML Report, click Delete.
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* When none of the selected distributions adequately represent the properties of the sample, you can use an em-
pirical distribution to model the data of the sample in Plant Simulation. Click Open to open the Frequency table.

Use Distributions with Bounds

The distributions you use in your simulation have realizations that may be arbitrarily large or small, respectively. For
this reason, you will use distributions with upper and lower bounds, to cut off values you do not want to consider.

Be aware that using a distribution with bounds will change the mean value and the standard deviation.

When you use the normal distribution for modeling a random time, the lower bound automatically will be 0.
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0.24
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0.14

0.10+

0.05+

oo 0.4 1.0 14 20 24 an

When you enter the parameters = 2.0, and ¢ = 1 for the normal distribution, a real mean value of the distribution
with the lower bound 0 and the upper bound 3 will be 1.77.

Use the object TruncDistribution m}-‘ for distributions with bounds.
* Select a distribution and both bounds.
* Type in a reasonable precision level for the calculations.
One hundredth of the expected mean value of the distribution with bound suffices for most applications.

* Change to the tab Statistics Values. Enter the parameters of the distribution for which you want to investigate
the effects of the bounds. Then, click Start to calculate the real mean value and the real standard deviation of the
distribution with bounds.

After the calculation is done, you can click Show to view the density function and the bounds. The density visu-
alizes how the bounds cause the mean value to shift.

The solid vertical line designates the real mean value of the distribution with bounds.

The dotted line designates the mean value of the distribution without bounds.
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In addition, the TruncDistribution shows the probability of a hit, with which a random number of the distribution
without bounds falls in between the bounds, which you entered.
Plant Sinmlation rolls the dice until a random number falls in between the bounds of the distribution with bounds.
When its probability is too small, it may happen that the maximum number of samples, which you entered under
Tools > Preferences > Simulation does not suffice and Plant Simulation interrupts the simulation.

* On the tab Parameterization you determine the parameters of the distribution, so that the distribution with
bounds arrives as the mean value, which you set.

To a certain degree you execute the reverse conversion to the calculation task on the tab Statistics Values.
Click Start to start calculating. Note that not each mean value between the bounds is viable.

* On the tab Normal you calculate the distribution parameter Sigma o of the normal distribution with given quar-
tering parameter Mu p and probability of a hit.

In addition, the TruncDistribution calculates the real mean value and the real standard deviation of the normal dis-

tribution with bounds.

Executing Simulation Experiments

After creating your model, you have to validate it, i.e., you have to make sure that the model displays the intended
properties and shows the intended behavior. In a simulation study you will consider how certain model parameters

as input values influence result values as output values.

You might, for example, execute a number of simulation experiments with the ExperimentManager B to:
1. Arrive at statistically safe results.

When you re-created an existing installation, you will compare the data you collected on the shop floor with the

results of the simulation run.

When your model contains random components, you will have to investigate how reliable the data resulting from
the simulation runs is. This is especially important for data you use for drawing conclusions about the installation
you modeled. Make sure to assign different seed values to the different random components of the random num-
ber streams. To consider how the random components statistically influence the results the ExperimentManager

will change the seeds of the corresponding random number streams for each set of input values. This way you

arrive at a set of observations for the output values under consideration.

For this reason the ExperimentManager generates a statistical evaluation for each set of input values you enter.
More detailed, for each output value and for fixed input values you will receive a confidence interval and a min-
max interval with a desired level of confidence.

A confidence interval, which results from the observations, is an interval of numbers that contains the true mean
value of the random number with the confidence level which you entered. The mean value of a random compo-
nent of the simulation model is unknown, and it cannot be measured exactly, as the simulation runs only provide
a finite number of realizations of the corresponding random output values.

298 Modeling in Tecnomatix Plant Simulation 2D



Execute Experiments with the ExperimentManager Executing Simulation Experiments

To statistically hedge the resulting data for random data, you not only average out the results of the different
simulation experiments, but you also have to decide if the data allows to draw conclusions about the simulated
system, despite of fluctuations of the resulting data.

Be aware that one cannot draw conclusions with absolute safety. One can only make statements about a system
with random components with a confidence level (level of significance) you define. Compare the chapter about
confidence intervals in the documentation that comes with the library DazaFiz.

2. Optimize the results of the simulation experiment.

To determine the parameters that will lead to the desired simulation results, or to optimize the results of the sim-
ulation experiment, you can also use Genetic Algorithms.

Execute Experiments with the ExperimentManager

You find the ExperimentManager B in the Tools folder in the Class Library ot on the toolbar Tools in the Toolbox.

Toolbox -

Material Flow | Resources || Information Flow | User Interface | Mobile Units | Tools
3 alls.
L

Your Plant Simulation license determines how you can use the ExperimentManager.

* With a runtime license you can execute experiments with a simulation model. You can modify parameters in tables.
You cannot change the structure of the ExperimentManager model.

 With an application license, you can also change the structure of the model.

* With a development license and with a professional license, you can, in addition, define the experiments in a Method.
* The standard license does not support the ExperimentManager at all.

o The runtine license and the student license cannot control distributed simulations.

You can use computers with the following license types as simulation machines:

Remote license: Professional v

i Application
Lower priority Educational

Professional
Research

Runtime
prabisios

—_—  JSimulation |

Note: A simulation study contains several experiments. Each experiment executes several simulation runs,
each of which leads to an observation.
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Execute a Simple Simulation Study

You can execute a simple simulation study in three quick-and-easy steps:

o Step 1: Define input values and output values of the experinents.

o Step 2: Run the excperiments with the settings you defined.

o Step 3: Evaluate the results of the simulation study.

You can also Refine the Settings and Set Static Parameters and Set Static Parameters.

Step 1: Define input values and output values of the experiments

In a simulation study you’ll examine how a set of input values, which are the model parameters, affects output val-
ues. The output values can be observed after a single simulation run. Each simulation study needs at least one out-

put value.

[ Experiments in 'myLine’
Mavigate Tools Help

TS| | fREETT—— |—>———

Current experiment: 5  Observation: 10

Definition l Evaluation ]

[ Define Output Values ]

Use input values

[ Define Input Variables ]

[ Define Experiments ]

Observations per experiment: 10
[ pistributed simulation
[ Ok ] [ Cancel ] [ Apply ]

To open the table into which you enter the output values, click the button Define Output Values on the tab Defini-
tion. An output value can be a method or an attribute of an object in your model. You can enter a description for the
output values which the ExperimentManager shows in all evaluations. This makes the results of the simulation study
easier to understand.

When you drag an object onto the ExperimentManager, it offers all numerical attributes and methods which can be

used as output values.
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Please select one or several input values to be set,

ExitStrategyBlocking b]
FailDuration
Faillnterval
FailStart
FailStop
Failed
FailureActive
FailureMode
Label

Pause
ProcTime
RecoveryTime
RecoyeTneode 2

[ oK ] [ Abbrechen ]

If the results of a simulation run are provided in a Plant Simulation table, you can use the entire table as output value
of the study. To designate a table as the results table drag it onto the ExperimentManager.

To open the table into which you enter the input values, click the button Define Input Variables on the tab Definition.
An input value can be an attribute of an object or an entry in a table. Before executing an experiment, the Experi-
mentManager sets the input values in the simulation model. These input values are not changed in the simulations
runs of an experiment.

.Models.myLine.ExperimentManager.Output
Specify the output values for the simulation study.

root.Senke. stathumOut

Qutput Yalues | Description

rook, Senke. skakhumout | Throughput of the Production line
2 rook, TableFile My overview of the results
3 rook.Machinel, statBlockingTime Blockage of Machine 1

[ 0K H Cancel ][ Apply ]

Hold down the Shift key and drag an object onto the ExperimentManager and drop it there. This shows all attributes
of the object in a dialog. To select one or more attributes, hold down Ctrl and click the attributes your are interested
in. This opens the table file of all input values. Then, add other values. You can also enter a description of the input
value which the ExperimentManager uses in all evaluations. The ExperimentManager checks the entries by closing this
table file.
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i .hhdels.nwtim.fmeﬁmntﬁanager.lnput X

Specify the input values for the simulation study.

Buffer size

Input Values

Description

i root, Buffer, Capacity

Buffer size|

[

OK

][ Cancel ][ Apply ]

Input values can also be parameters of probability distributions, which you have to type into the table.

To set the input values for the experiments, as shown in the figure below, click the button Define Experiments on

the tab Definition.

i .Models.First‘Experiment.Etart.'Experiment.ExpTable X

Enter the input values for each experiment.
The row corresponds to the number of the experiment.

15:00.0000

Active

ook, Delivery[3,1]

root. SP.MTTR

true

100

5:00.0000

true

100

10:00.0000

true

100

15:00.0000

true

200

5:00.0000

true

200

10:00.0000

(=T I S PV O N

true

200

15:00.0000

[

QK

][ Cancel ][ Apply ]

After you have finished creating your simulation model, you can start running experiments with it. Note that a sim-

ulation run always has to end. Many models might continue running after the processes, which interest you, have
been simulated, for example to simulate failures, etc. When you use the method szgp of the EventController in your

simulation model, you have to call the method endsim of the ExperimentManager at the appropriate place. Instead you
can also set the duration of the simulation, by either entering an End time in the EventController or setting it with the

attribute Eznd.
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& .Models.myLine.EventController
Mavigate View Tools Help

Time 0:01:00:00.0000

Controls | Settings |

Date: 2010/01,/02 00:00:00
End: 1:00:00
Statistics: |0

Delete MUs on reset
Step over animation events

[ ok ][ cancel | [ ey ]

Step 2: Run the experiments with the settings you defined
To run the experiments with the settings you defined, proceed as follows:

1. Click Reset to reset the ExperimentManager.

2. Click Start to start the experiment run.

[ Experiments in 'myLine’
Mavigate Tools Help

TESTS| | REETTS—— |—>——

Current experiment: 5  Observation: 10

Definition l Evaluation ]

[ Define Output Values ]

Use input values

[ Define Input Variables ]

[ Define Experiments ]

Observations per experiment: 10
[ pistributed simulation
[ OK ] [ Cancel ] [ Apply ]

Depending on the size of your simulation model, running the experiments can take a while. Plant Simulation shows
the currently running simulation in the dialog. At the end of the experiment run the ExperimentManager opens a
report.
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Current experiment: 5  Observation: 10

When you defined several experiments with many simulation runs that take a long time to be executed, you can run
them overnight.

Step 3: Evaluate the results of the simulation study

After the ExperimentManager has executed the simulation experiments, you will want to examine the results.

[ Experiments in 'myLine’
Mavigate Tools Help

[ st | [ sop | [ Reset |

Current experiment: 1 Observation: 1

Definition  Evaluation

[ Results ]

[ Detailed Results ]

[ Report ]

Intervals: (O MinMax (%) Confidence

Ok ][ Cancel ][ Apply

You can:

o View the Results as a Table.

o View the Results in a Chart.

*  View the Results as a Report.

View the Results as a Table
To display the results of the simulation experiments in the result tables:

1. Click Results to show an overview for all simulation experiments. The table Res#/ts shows all input values and all
mean values of the output values. To show a results table in a subtable, select the respective entry in a cell in the
table and press the F2 key.
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.Models.myLine.ExperimentManager.Results
1

Buffer size | Throughput of the Production line My overview of the results Blockage of Machine 1 |
il Exp 1 1 | 35.65 Obs 1 F2:44.1711
i Exp2 2 49,95 Obs 2 231364400
3 Exp 3 3 56,15 Obs 3 21:25.8383
= Exp 4 4 62,2 Obs 4 17:05.6049
5 Exp 5 5 61,35 Obs S 16:29.1865

[ O ] [ Cancel ] [ Apply ]

Note: You can execute an experiment run without any input values. But each simulation study requires at least
one output value.

2. Click Detailed Results to show the values for all output values.

.Models.myLine.ExperimentManager.DetailedResults
24:50.8065
Experiment Observations My overview of the results | Standard Deviation Tinirmum TMaximum Observations

1 Exp 1 Obs 1 Mean 1 SkdDev 1 Min 1 Max 1 Tab Obs 1

2 Exp 2 Obs 2 IMean 2 SkdDey 2 Min 2 Max 2 Tab Obs 2

3 Exp 3 Obs 3 IMean 2 SkdDev 3 Min 3 Max 3 Tab Obs 3

4 Exp 4 Obs 4 IMean 4 SkdDev ¢4 Min 4 Max 4 Tab Obs 4

5 Exp 5 Obs S Mean 5 SkdDev 5 Min S Max 5 Tab Cbs 5

:< I ):

[ QK ] [ Cancel ] [ Apply ]

The observations of each experiment represent a sample for each output value. The ExperimentManager calculates
these values for it. The:

Mean value

Standard deviation

Minimum

Maximum

Left bound of the confidence interval

Right bound of the confidence interval

The confidence intervals belong to the Confidence interval which you entered under Tools > Advanced Settings >
Settings.

If you defined a table as output value, the table DetailedResults provides subtables with the following statistical values
of the numerical entries of this table:

Mean value

Standard deviation

Minimum
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e Maximum

The column Observations provides the results of all simulation runs for all output values.

View the Results in a Chart

The ExperimentManager can generate a chart of the selected output values.

Definition Evaluation l

[ Results ]

[ Detailed Results ]

[ Report ]

Intervals: O MinMax (%) Confidence

Select one or several entries from the list below,
by Shift+dicking or Ctrl+dicking.

Throughput of the Production line
Blockage of Machine 1

You can select to show min-max intervals or confidence intervals for the output values. Under Tools > Advanced
Settings > Settings you can select MMinaxintervals with quartles if the ExperimentManager shows the 25%, the 50%, and the

75% quartiles for the min-max intervals.

This type of display is called a box plot. It shows the distribution of the observations of an output value of an ex-

periment.
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Min-max intervals of selected result values Confidence intervals of selected result values
80 T

65
75

J— ‘_‘—\—___\_\_\_\_\_\_‘

70+ 504
65— €

56 T 1

@
=
|

Throughput of the Production line
I
&
)

Throughput of the Production line
3
T T L T 1 1 1 17T T T T T I T 1T T T T T T T [ 1 17T T T LU

50 71
45+ 1
45+
40+ L 404
354
35
30+ 4
| | | | | | | | | |
i i i i i i i i i i
Exp 1 Exp 2 Exp 3 Exp 4 Exp 5 Exp 1 Exp 2 Exp 3 Exp 4 Exp 5

View the Results as a Report

To show the results of the simulation experiment as a Reporz, click Report.
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EE Experiments in ‘'myLine’

Mavigate Tools Help

FRETR| | fUETTow | —>——

Current experiment: 1 Observation: 1

Definition Evaluation

[ Results

[ Detailed Results

| Report

Intervals: (O MinMax (%) Confidence

[ Ok ][ Cancel ][

Apply ]

You can select what the report shows under Tools > Advanced Settings > Report. You can select to automatically

show the report at the end of the simulation study and to save the report. You can also select if the ExperimentMan-
ager saves the data of the table Res#/ts to an Excel file. This way you can publish the results of a study in a compact

format. If you want to save the report or the Excel file to a folder, click Folder and select the target folder.

To add a Chartwhich you inserted into your model to the Repors, drag the Chart over the icon of the ExperimentMan-

ager and drop it there.
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% Advanced Settings in ‘myLine’

Settings ] validation ] Distribution ] Rules Report l

The report shows the information you enter

Name of the project: Experimentmanager
Version of the project: Plant Simulation 10
Person in charge: Simulation Expert

Behavior at the end of the experiment run

Show run time [ show report
|:| Save report |:| Save results
civem)
[send e-mail
OK. ] [ Cancel ] [ Apply ]

Refine the Settings

The topic Execute a Simple Simulation Study describes the most basic way of running experiments with the Experiment-
Manager. Here you learn how to refine the settings when you Sez Static Parameters and when you Sez Dynamic Parameters.

Set Static Parameters

Static parameters are specific values for each experiment for each parameter. If you want to, you can also Modify Settings
in the Confignration Method.

Modify Settings in the Configuration Method

Under Tools > Advanced Settings > Settings you can configure the settings of your simulation model with a SiwTalk
method. Select the check box User configuration method and click Method to open the Mezhod object userMethod and
program additional settings for each experiment. You can use all commands which SiwTalk provides. Note that the
code you enter into this Method modifies the settings for the experiment.
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-

\
5 Advanced Settings in ‘myLine’

Settings 1Validah’on 1 Distribution 1 Rules 1 Reporti

User-defined methods

Use configuration method Method
Use evaluation method

User-defined seed values

Statistical reliability M .Models.myLine.ExperimentManager. UserMethod 9l 3%
Confidence level (3%): 90 File Edit Mavigate Run Template View Tools Help
[¥] Min-Max intervals with quartiles [ 3Rga NE I EEN Y 34 R £ A TEH S FELE e

- After the Experiment Manager has defined all settings #

+|Use antithetic random numbers . : .
- you can modify these settings by entering code below.

- After executing this method the simulation is started.
(localExp:integer)

is

do

[[IRrestore original input values print "CONFIG Experiment “,localExp;

[ K ] [ pr— ] [ Apply end;-- of the method

Set Dynamic Parameters

Under Tools > Advanced Settings > Rules you can define dynamic parameters. For this type of parameterization the
results of previous experiments produce the values for the input values of the current experiment.

A rule is a logic expression that consists of a condition and an action. As soon as the condition of a rule is met, the
associated action of the rule is taken.

First enter the number of experiments you want the ExperimentManager to execute.

The ExperimentManager checks if the conditions you entered as the table condition and as the method condition on
the tab do apply. It then takes the action(s) which you entered into the table action and programmed in the method
action.

1. To use dynamically changing parameters, select the check box use rules.
2. Select one of the built-in rules from the drop-down list Select rule, or Create a Rule of Your Own.

3. Select the check box Rule is active, to activate the rule you selected. This rule will then be executed before the
simulation experiment.

4. If you want to, you can enter the number of the experiment(s) for which the rule applies.
5. Enter a Priority. The greater the number you enter, the higher the priority will be: A rule with the priority 10 is
executed before a rule with the priority 1.

To use the rule which you selected for the first experiment, select the check box Use for first simulation run. When
you do not select it, the ExperimentManager only uses the rule from the second experiment onward.
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Create a Rule of Your Own

To create a rule of your own:

B Advanced Settings in 'myLine’

X}

Settings I Validation I Distribution Rules |Report|

Rule-based settings
Use rules

o [y]
[Juse for first simulation run
]
]

[ Method Condition

Mumber of experiments:
Select rule:

Rule is active
Valid for experiment {e.g. 8-12; 5):

Priority of the rule:

[ Table Condition ]

]
Method Action ]
J

[ Table Action ] [
[ Create New Rule ] [ Show All Rules
| =

1. Click the button Create, and enter a name for the rule into the dialog that opens.

[X]

Flease enter the name of the new nile.

MyRule

The Plant Simulation conventions for the Name of an object do apply.

2. Click Table Condition. Enter your values into the table that opens.

.Models.myLine.ExperimentManager.Rules.Conthion

Boolean operation | Opening Parenthesis

Object Attribute Operator | Value

Object

Attribute Closing Parenthesis

-

[ oK ” Cancel ][ Apply ]

* Click into the cell and select the level of the Opening Parenthesis. Plant Simulation evaluates expressions in pa-
renthesis from the inside to the outside, i.e., it evaluates the contents of the innermost expression in paren-

thesis first and then proceeds towards the outside one by one.
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* Enter the name of the Object whose attribute value you want to compare to another object.

* Enter the name of an Attribute of this object.

* Click into the cell and select an Operator that compares the attribute values: < (less than), > (greater than), =
(equal to), == (about equal), or /= (unequal to).

* Enter the Value that the operator compares.

* Enter the name of the Object whose attribute value is compared to the object you entered above.

* Enter the name of an Attribute of this object.

¢ Click into the cell and select the level of the Closing Parenthesis.

* Click into the cell Boolean Operation and select an operator, AND or OR that connects the boolean values
that result from evaluating the logical expression you defined in a row of the query table.
3. If you want to, you can also test a condition in a Mezhod. For this, click Method Condition and enter your source
code into the Method that opens.

M .Models.FirstExperiment...Experiment.Rules.Methods.Cond_MyRule * (= |TJEF
! File Edit Mavigate Run Template View Tools Help

i i s
Eal & L

S

Condition for the Fule: 'HyRule'
description:

*

‘boolean

is

do

|
result = TRUE:
end;

4. Click Table Action. Enter your values into the table that opens:

.Models.myLine.ExperimentManager.Rules. Action

Operator | Value

-

][ Cancel ] [ Apply ]

* Enter the name of the object whose attribute value you want to manipulate.
* Enter the name of an attribute of this object.
* Click into the cell and select an operator that manipulates the attribute value.

* Enter the value the operator adds, subtracts or equates to the value of the attribute you entered above.
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5. If you want to, you can also program a Mezhod that executes an action. To do so, click Method Action and enter
your source code into the Mezhod that opens.

M’ .Models.FirstExperiment.Start.Experiment.Rules.Methods.Act_MyRule * =JOEs
! File Edit MNavigate Run Template View Tools Help
0L Yl 4 B B A 42 ELEY

e 3

Hethod for the Rule: 'HyRule'

description:

*.

i=

do

|
end;

[ T T (R ]

Optimize Models with Genetic Algorithms 7t == = ¢ X

When your optimization task has a large number of different solution variants, we recommend to use Genetic Algo-
rithms.

Toolbox * o X
Material Flow | Resources || Information Flow | User Interface | Mobile Units | Tools | Genetic Algorthms

&8 [ O T T R ]
B

GA,
The GAWizard N;g! integrates genetic algorithms into an existing simulation model. You can use it for optimiza-

tions in which the evaluation is based on a simulation run as well as for optimizations in which the evaluation is
based on calculations in Mezhods.

Note: Your Plant Simulation license determines how you can use the GAWizard.

Genetic algorithms are stochastic optimization procedures that in most cases only produce an approximate solution.
For the most common practical applications these approximate solutions do suffice. Genetic algorithms manage sev-
eral solution proposals during the optimization. According to evolution in biology these solution proposals are
called individuals. The individuals managed in a single optimization step are combined into a generation. The
quality of a solution proposal is evaluated through a numerical value, the so-called fitness value.

Solutions generated by Genetic Algorithms are passed to the simulation model, which in turn will be configured ac-
cordingly. When you do not use the Batch-Mean method, Plant Simulation starts the simulation run with the settings
typical for this solution. At the end of the simulation run the simulation model is going to pass the resulting fitness
value back to the object GAWizard.
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The Batch-Mean method starts a single simulation run for the entire optimization run. After a warm-up period, it
uses time sectors for evaluating the solution. At the beginning of a time sector the method configures the model
for a solution. At the end of the time sector the fitness value will be determined.

When your evaluation takes place via a model containing random components, such as failures of machines, then
you have to execute several simulation runs for each newly created individual. The fitness value is called observa-
tion. The genetic algorithm uses the mean value of all observations of the fitness values of an individual. Enter the
number of observations per individual on the tab Define of the G.AW7zard. For a deterministic simulation, you will
use a single observation per individual.

When the genetic algorithm creates individuals defining the same parameterization, the GAWizard recognizes this
and uses the fitness values of the already evaluated individuals. The optimization run thus does not waste additional
time for multiple evaluations of an individual.

Packing a Model and Sending it to Somebody Else

To pack and send a Plant Simulation model to somebody, who does not have Plant Simulation on his computer, you
can use Pack and Go.

Pack and Go takes all files needed for starting the selected simulation model with a Plant Simulation 1V iewer license, packs
the files and saves them as a self-extracting executable. You can send this packed model to a customer for example,
who can open the model by simply double-clicking it.

Note: Puack and Go only works on Windows XP, Service Pack 2 and on higher operating systems.
* To start Pack and Go, select File > Pack and Go in the program window.
* If you would like to save your model, before sending it, click Yes in the dialog that opens.

* Navigate to the folder into which you want to save the model file. Enter a name and click Save.

Select Output File

Savein: | I3 My Models, Plant Anytown v €] ¥ E'

-

My Recent
Documents

Desktop

File name: myModelForCustomer exe
Save as bype: " e

* Click OK after Pack and Go successfully created the package. Then, distribute the file, for example by sending it
as an e-mail or by putting it in your intranet, etc.
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PackAndGo

-
\}4) The package was created successfully!

* The recipient can double-click the file you sent and run the simulation to view what you wanted to show.

Be aware that the Plant Simulation Viewer license only provides a restricted set of features, which are described under
View > Start Page > See also > Examples/Infos > Product Information.
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Viewing the Results

Animating the simulation model and viewing the results provides information about these topics:
o Animating Y our Simulation Model

o Viewing and VVisnalizing Statistics

o Toggling States and Executing Actions

» Working with Evaluation Tools

Animating Your Simulation Model

One of your tasks when creating your simulation model will be to visually show the flow of materials through the
installation you are modeling. For this you can either animate the built-in icons of the material flow objects and the
mobile objects or you can create a model in the 3D 1Viewer.

* By default Tecnomatix Plant Simulation shows the state of the material flow objects, and of the Frame itself, during

your simulation runs as one or more colored dots in the LED display = along the top botder of the icons of
the objects you inserted into the Frame.

* You can also create an icon each for the different states the objects may take to display the state of operation of
an object, such as failed, paused, etc. during a simulation run.

To use state icons instead of the LEDs, right-click the material flow object and select Edit Icons. In the Icon Editor,
select Object > State Icons/LEDs > Use State Icons, so that the latter shows a check mark in front of it

Use State Icons

Default LED | Sample state icons
.I_I =1 | = |
= Hy

For this, you can modify any of the built-in icons or design new one icons in the Icon Editor. Here you can also create

and modify the animation structures, i.e., the animation points and animation lines, to define the route and the paths
the mobile objects take.

Animating the Simulation Model and Viewing the Results 317



Animating Your Simulation Model Activate and Deactivate the Animation

Activate and Deactivate the Animation

Note: As the animation slows down the simulation, only turn it on, when you actually want to show the simulation
model to somebody. For your overnight batch runs we recommend to turn it off.

We differentiate between:

+ Icon Animation [, i.c., the animation of the icons of the material flow objects themselves. When it is active,
the objects show the state they are in. This way you can easily detect which object obstructs the flow of materials.

+ MU Animation [#], i.c., the animation of mobile objects in your simulation model. During the simulation run
the animation shows the state of the objects and the positions and movements of the MUr.

* When you activate MU Animation, you immediately detect the flow of the mobile objects and can detect
blocked stations, where the MUs pile up.

* When you deactivate MU Animation while an object intends to change its state, Plant Simulation delays its display
on screen until you activate the animation again or until the object is selected.

To deactivate:
¢ Icon Animation, click View > Icon Animation in the program window. The button then looks like this & .

» MU Animation, click View > MU Animation [#] in the program window. The button then looks like this #*.
To run the simulation with the setting you selected, click Start in the EventController.

Note: Clicking &= in the Frame window activates MU Animation and Icon Animation. To start the simulation without
animating objects and MU, click B¥.

Working with Object Icons

Note: The icons of an object are a property of its class, i.e., an object in the Class Library and all of its instances
share the same set of icons. Modifying the icons of an instance will change the icons of all objects of this
class!

Plant Simulation uses the icon of an object to display it in the Class Library, in the Toolbox, and in the Frame. The icons
can also serve to display the state of operation of the object, such as failed, paused, unplanned, etc. You can modify the
built-in icons, including any of the animation paths, or design new ones in the Icon Editor.

At times you have to edit one of the existing icons of an object or you will want to add different icons to it.

Editing an Icon

To edit the icons of an object, do one of the following:

* Right-click the object in the Frame and select Edit Icons or press Ctrl+1.

* Select the object in the Frame and select Icons > Edit Icons or press Ctrl+I.
* Right-click the object in the Class Library and select Edit Icons.

* To edit the icons of a Frame, you can also click & on the toolbar of the Frame.
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Click ¥ to apply the changes you made.

Click this to enter animation Click this to show RGB values of the Click this to apply your
structures selected pixel changes
AN pa \
2] -Mode{s.Frame. SinglePQc/ =]
Click this to edit and ; g :
creote icons \ File Edlt ‘ Okye/ Tools Help
o] = g Cu e =y
e O = GICNCEESEEE 1 I N €
Original size of Number: 1/2 Name: |Operational Curent O
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Coordinates of / | |
ANEEEEEEEEEEEEEEEEEEEEEEEEEE
the cursor |— u H H
m= - g
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.|— 11T
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[ | [ |
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H H area
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mouse button
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Creating an Icon

To create a new icon and to then open an existing drawing you would like to use, do one of the following:

Select Icon > New. If the drawing you open is larger than the default icon size of 41 by 41 pixels, enter another
width and/or height.

Select File > Open, navigate to the folder that contains the drawing you would like to use as an icon, select the
file and click Open.

Drag a graphics file (.gif, .bmp, .ppm, .ppm raw, .dxf or .dwg) from the Windows Explorer, etc. over the drawing
window and drop it there.

Enter a meaningful Name for the icon.
To draw a line or a shape, select a drawing color and one of the drawing tools el L , and draw the
shape in the drawing window.

To move the reference point, click 4 and then click the position you would like to move the reference point to.

To change the color
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* of one or several pixels, select a color in the color palette and click the pixel(s) whose color you would like to
change with one of the drawing tools.

* of a contiguous color area, select a color in the color palette and click the area whose color you would like to
change with @ .

* To draw with two colors, you can assign a color each to the left mouse button and the right mouse button:
* Click a color in the color palette with the left mouse button to add this color to the top drawing color field. Or
* Double-click the color field and define a color of your choice in the dialog Colors.
* Then, click the respective mouse button to draw with that color.

* To make transparent

* one or several pixels, click the transparency field and click the pixel(s), which you would like to make trans-
parent with one of the drawing tools.

* a contiguous color area, click the transparency field and click the area, which you would like to make transpar-
ent with @ .

Note: The background of the Frame shines through any area you marked as transparent.

* Click + to apply the changes you made.

Defining the Rotation of an Object

To set how Plant Sinulation rotates the selected material flow object itself, select Object > Center of Rotation > Rotate
around Reference Point. The reference point B of an object is located in the center of the icon by default.

* When you use the default setting Rotate around Reference Point, Plant Simulation rotates and zooms the icon

around the reference point. You can compare this to pushing a pin through the center of a photograph and then
turning the photograph around this pin.

* When you deactivate Rotate around Reference Point, the upper left corner of the icon remains at the same loca-
tion when rotating and zooming the icon.

Object | Tools Help Object | Tools Help

Center of Rotation * Rotate around Reference Point Center of Rotation * Rotate around Reference Point

Reference point

located in the m

center o o

Reference point
located in the

upper left corner
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In addition to defining the rotation of the material flow object, you can define, if an MU that transfers onto a ma-

terial flow object uses the same orientation, i.e., the same rotation angle, as the icon of the material flow object it is

animated on.

* When you use the default setting, Same as the Object, the front end of the MU points in the same direction as
the right border of the material flow object.

* When you deactivate Same as the Object, the front end of the MU points in the direction it had, when it trans-
ferred onto the material flow object.

Object | Tools Help Object | Tools Help
Center of Rotation 3" &g‘ g4 @ Center of Rotation Fy &g‘ g4 @
Crientation of the MUs ’| Same as the Object | Crientation of the MUs ’| Same as the Object

il

Making Areas of an Icon Transparent

To make a contiguous area of a graphics file, which you opened, transparent, so that the background color of the
Frame shines through, proceed as follows:

* Open the Icon Editor (Icons > Edit Icons).

* Click ¢ or » to navigate to the icon you want to make transparent.

* Click the eyedropper Z and click in the background of the icon. This makes that color the active drawing color,
which we want to replace.

* Select the transparency color that replaces the active drawing color with in the Color Palette proper, not in the
transparency color field!

If the transparency color is not part of the color palette proper, double-click any field in the Color Palette that con-
tains a color you do not need, and enter 0, 128, 128 into the dialog Colors > Custom and click OK.

* Make sure that Icon > Transparent is active.

* Click Apply Changes " to make the area transparent.

* To use the changed icon as the current icon of the object, make sure that F&™=® s selected.
Not transparent Transparent
n n
Weg e

To make individual pixels of the icon transparent:
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* Click the transparency color field [l with the left or right mouse button to make the transpatency color the
drawing color.

* Select one of the drawing tools &~ N A QOB click the respective mouse button and change the color of a
single pixel or draw a shape.

* Click + to make the area transparent.

Set and Link Animation Points and Animation Lines

During the simulation run the MU moves along the connecting lines, which you established with the Connector, from
matetial flow object to matetial flow object and/or matetial flow object to components you modeled in a Frame. In
your animated simulation model, Plant Simulation places the reference point M of the icon of the MU onto the an-

imation point L of the icon of the material flow object or the animation line | of the icon of the Frame.
For a material flow object the correlation looks like this:

Reference point of the MU =7/

N
\

Animation point of the object D

Frame

For a Frame the correlation looks like this:

% Reference point of the MU

Icon of the Frame

Animation points on the icon of the Frame

L\

Objects located
in the Frame

Reference point of the MU

Animation point of the object

To insert an animation point or an animation line into the icon of the class of a matetial flow object or of a Frame:

* To open the Icon Editor, right-click the Frame into which you would like to insert an animation structure and select
Edit Icons.

* To activate Animation Mode, which allows you can insert animation points and animation lines, click =
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To insert an animation point or an animation line into the icon of the class of an object, select Tools > Edit Class.
You will notice that Plant Simulation opens the class object of the selected object. If you want to insert an anima-
tion point into the icon of the active instance of the icon, do not select Edit Class.

To insert an animation point } into the icon of a point-oriented object, click @~. Then, click into the drawing

area with the left mouse button at the location of your new animation point.

To insert a straight animation line @=222224 into the icon of a length-oriented object, click \. Then, click into
the drawing area with the left mouse button, hold the mouse button down to insert the beginning of the line,
drag the mouse until the line is as long as you want it to be and release the mouse button. This inserts the end of
the line.

To insert a non-straight animation line ™/ into the icon of a length-oriented object, click A.Then, click
once into the drawing area with the left mouse button to set the starting point of the line, click again to set the
next anchor point. Plant Simulation connects the anchor points to create the line. Continue this until the polyline
meets your needs.

To move an animation point or an animation line to a different location, click .

These colors represent the different states of an animation point:

* Blue: Is the standard color for all objects, except for the Frame. For a Frame Plant Simulation shows that the
animation point is linked to an object located within that Frame.

* Light blue: Is the same as blue. In addition, it shows that an animation point of a Frame is linked to this anima-
tion point.
* Red: The animation point in a Frame is not linked to an object located within that Frame. For this reason Plant

Simulation does not show an animation for this point.

When you are done inserting, close the class object, and click Yes to save the changes to the icon of the class.

To link an animation point, which you inserted into the class of an object, with the animation point/line of a
Frame:

Select the Frame in which you would like to link the animation structure with the right mouse button and select
Edit Icons.

To activate Animation Mode, which allows you to link animation points and animation lines, click &.

To display the name of the model or object next to the animation point/line 7n9¥*re<!t] in the drawing window,
select Tools > Show Animation Numbers. This makes assigning animation points easier.

Click Link/unlink animation point * and select the animation point/line in the icon of the Frame. Plant Simulation
shows the selected animation point ® or the animation line messs=es in red.

This opens the window of the Frame you selected above. Click the material flow object to which you want to
assign the animation point/line. You will notice that the color of the assigned animation point ® ot the animation
line memsn changes to blue. When an MU moves to this animation point/line duting the simulation run, Plant
Simulation shows it on this animation point/line.
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[ -Models.EnginePlantAnytown.Engine_Assembly [_:__JEI_'I:]
! File Edit Iron Object Tools Help

Mumber: 1/2 Name: |
(41, 15)

.Models.EnginePlantAnytown.Engine_Assembly
! Edit Mavigate Objects Icons View Tools Help

Q. B

— = 7 Bufferl
GHa—— S
el =

Buffer hssémbIQ_Eﬁginé_Blo'ck'

=

—

To apply the settings, click ¥#.

To delete all animation points/lines of an object, click ¢ or click the animation line with the tight mouse button.

Note: You can delete an animation point and insert a new one immediately afterwards without the correlation get-
ting lost.

Viewing and Visualizing Statistics

By default all material flow objects collect statistics values from the beginning to the end of the simulation runs. If
you don’t want them to do so, deactivate statistics collection by clearing the check box Resource statistics
Dresourcestatisties on the tab Statistics or Product statistics [lProductstatstis on the tab Product Statistics.

The EventController controls, when statistics collection starts and when it will be reset, i.e., started anew.

¢ Click the tab Settings. Click in the text box Statistics and enter the time at which the EventController resets statistics
and deletes all statistics values it collected up to that time, compate Statistics Collection Period. Plant Simulation starts
collecting statistical data for all material flow objects anew from this time on. This way you can discard data col-
lected during warm-up phases, which might distort the validity of the simulation results.
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< .Models.MyPlant.EventControl... < .Models.MyPlant.EventControl...

Mavigate View Tools Help Mavigate View Tools Help
Time 0:00:00:00.0000 Time 15:09:45:19.5777
Controls | Settings Controls | Settings
Date: 2010/01/04 00:00:00 4 E] @
End: 130:00:00:00
Slower Faster
Statistics: | 48:00:00:00
Delete MUs on reset J
Step over animation events D Real time x
£ ok [ Cancel ][ sy ] Eook ] [L.Cancel ] [Loemty. ]

* When you reset your simulation model, by clicking Reset L] , Plant Simulation deletes statistics data of all objects
and resets the statistics values to 0. During a simulation run you can achieve the same effect using the method

initStat. This way you can restart the collection of statistical information after a warm-up period of a machine, for
example.

Covering Plant Simulation statistics in detail would go beyond the scope of the Plant Simmulation Step-by-Step Help. It is
described under the topic Statistics of the Material Flow Obyjects in the Plant Simulation Reference.

You can view and visualize the statistics results of your simulation runs in a number of ways.

Viewing Statistics in the Dialogs of the Objects

In its most basic form you can view the statistics, which the objects collected during a simulation run, in their dia-
logs, either on the tab Statistics or by opening the statistics tables of the objects:

* The material flow objects proper show the most important statistical data they collect on the tab Statistics.
By default, the resource type used most often is pre-selected:
* Production: for the SingleProc, Paralle/Proc, the Assembly station, and for the DismantleStation.
* Transport: for the PlaceBuffer, Buffer, Sorter, Track, Line, Transporter, and for the Container.
 Storage: for the Szore.
The resource type you select here affects statistics of mobile objects.

Note: The percentages for Waiting, Working, Blocked, Setting-Up, Failed, Paused and Unplanned should add up
to 100 percent.
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Viewing Statistics in the Dialogs of the Objects

I .Models.Shift.ShiftDemo.SubFrame.sp
Mavigate View Tools Help
Name: | sp O [Failed [CJEentrance locked O
Label: O |Planned v [CJExit locked O
Importer Failure Importer User-defined Attributes
Times Set-Up Failures Controls Exit Strategy Statistics
Resource type:  |Production | O
Resource statistics [
Working: 44.08% | Empty: 0.00% | Contents: 1
Setting-up: 0.00% | Rel. occupation:  100.00%: | Minimum contents: [u]
Waiting: 0.00% Maximum contents: 1
Blocked: 0.00% Entries: 308277
Stopped: 0.00% Exits: 308275
Failed: 0.00%
Paused: 6.28%
Unplanned:  49.64%
ook ] [ cancel | (L Aepy.. |

Note: Plant Simunlation does not dynamically update the values during a simulation run when the dialog window
is open. To accomplish this, select Refresh on the View menu of the object or press F5.

Working Shows the portion of the statistics collection period during which the object was Working.

Setting-up Shows the time portion of the statistics collection period during which the object was Set-
ting-Up.

Waiting Shows the pottion of the statistics collection period during which the object was Waiting.

Blocked Shows the portion of the statistics collection period during which the object was Blocked.

Stopped Shows the time portion of the statistics collection period during which the object was
Stopped by a LockoutZone.

Failed Shows the portion of the statistics collection period during which the object was Failed.

Paused Shows the portion of the statistics collection period during which the object was Paused.

Unplanned Shows the portion of the statistics collection period during which the object was Un-
planned, i.e., is not scheduled to work.

Empty Shows the portion of the statistics collection period during which the object was Empty.

Relative occupation

Shows the capacity-based portion of the time during which the object was occupied, not
paused and not failed to the time the object was not paused and not failed as a 7ea/ num-

ber.
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Viewing and Visualizing Statistics

Contents

Shows the number of MUs, which are located on the object. The rules described under
Entries apply.

Minimum contents

Shows the minimum number of MUs that was located on the object. The rules described
under Entries apply.

Maximum contents

Shows the maximum number of MUs that was located on the object. The rules described
under Entries apply.

Entries Shows the number of MUs that entered the object as an znfeger. When an MU enters the
object, it only counts the MU itself, not its contents: When a Container holding several en-
tities enters the object, the number of entries increases by 1, not by the number of entities
located on the Containen

Exits

Shows the number of MUs that exited the object as an infeger. When an MU exits the ob-
ject, it only counts the MU itself, not its contents: When a Transporterholding several MUs
leaves the object, the number of exits increases by 1, not by the number of MUs the Trans-
porter transports!

To view the statistics, which the object collected, select View > Show Statistics Report. You can query most of
these values with the Mezhods that are listed next to the name of the value in the description of the statistics table.

* The mobile objects show the most important statistical data they collect on the tab Product Statistics.

You will:

3¢ . MUs.Entity:1687
Mavigate View Tools Help
Name: | Entity O Mumber: 01687
Label: O  Conveying direction: |0 (forward) | i ]
| Attrbutes | Product Statistcs | User-defined Attributes |
Product statistics L]
Working Setting-up ~ Waiting Stopped Failed Paused
Production: 100.00% | 50.00%  0.00% 50.00%  0.00% 0.00%  0.00%
Transport: 0.00% 0.00%  0.00% 0.00%  0.00% 0.00%  0.00%
Storage: 0.00% 0.00%  0.00% 0.00%  0.00% 0.00%  0.00%
oKk | [ Cancd [ ppy |

* Check How Many Parts Were Introduced into the Plant
e Check How Many Parts Left the Plant
o Check Statistics of the Individnal Stations
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Viewing Statistics in the Dialogs of the Objects

*  Check Product Statistics of Parts
o Check Statistics of Exporter and Worker

Check How Many Parts Were Introduced into the Plant

Next to the values described under Viewing Statistics in the Dialogs of the Objects, you can make the Source record

which MUy it actually created at which point in time.

~+ .Models. MyPlantAnytown.Receiving
Mavigate Wiew Tools Help
Mame: | Receiving B [railed
Label: O |Planned V] [ Exit locked (]
Attributes | Failures | Controls | ExitStrategy | Statistics | User-defined Attributes |
Resource type:  |Production | O
Resource statistics [
Working: 0.00% | Empty: 0.00% | Contents: 1
Setting-up: 0.00% | Rel. occupation:  100.00% | Minimum contents: [u]
Waiting: 0.00% Maximum contents: 1
Blocked: 100.00% Entries: 13531
Stopped: 0.00% Exits: 183530
Failed: 0.00%
Paused: 0.00%
Unplanned:  0.00%
Creation Table E
Lok ][ cancel | (L Aepty. ]

* To write all events for which the Sowrce produced MUs during a simulation run to a table, select Creation table on

the tab Statistics.

Note: The Source records these events in addition to the resource statistics it collects in any case.

* To open the creation table, click Open.

Each row in the table shows an event for which the Source produced an MU:

* The column Name shows the name of the produced MU class.

* The column Path shows the path of the MU class, the name of the MU and its number.

* The column Time of Generation shows the time when the Soxrce produced the individual MU.
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.Models.MyPlantAnytown.Receiving.GenerationTable E]@]
! File Edit Format Mavigate View Tools Help
?trlng |§trlng gme | )
string |Marne Path Time of Generation
il kit |.MU5.Entity:839425 §:23:51:00.0000
2 [Entity MUs,Entity: 539426 |5:23:52:00,0000
3 [Entity MUs,Entity: 539427 |5:23:53:00,0000
4 [Entity MUs.Entity: 539425 |5:23:54:00,0000
5 [Entity MUs.Entity: 539429 |5:23:55:00,0000
6 [Entity MUs,Entity: 539430 |5:23:56:00,0000
7 [Entity MUs.Entity: 539431 |5:23:57:00,0000
8 [Entity MUs,Entity: 539432 |5:23:58:00,0000 v

Check How Many Parts Left the Plant

Next to the values described under Viewing Statistics in the Dialogs of the Objects, you can make the Drain record
statistics for MUs with the same name, i.e., product statistics, which pass through the simulation model.

The numbers for the average exit interval and for the throughput are of special interest for production planning

and production control specialists.

-+ .Models.MyPlantAnytown.Shipping
Mavigate View Tools Help

Mame: | Shipping| B [railed [CJEntrance locked O
Label: O Planned 'v§

Times | Set-Up | Failures | Controls || Statistics | Type Statistics Us r-defined Attributes.

Type dependent statistics =

[ Detailed Statistics Table |

Working: 66.67% | Average lifespan: 2:59,978%
Setting-up: 0.00% | Average exitinterval: 1:00.0000
Waiting: 33.33% | Total throughput: 2348
Stopped: 0.00% | Throughput per hour: 53,98
Failed: 0.00% | Throughput per day: 1439.459
Paused: 0.00%

[ ok ][ cancel |[ Appy |

* To collect statistics data depending on the type of MU, select Type dependent statistics. Plant Simulation will show
this statistical data after the simulation run on the tab:

Working

Shows the percentage of the sum of the times during which the MUs were located on a
Working object, in relation to the statistics collection periods of all MUs. In general, this
is the life time of the MUs.
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Setting-up Shows the percentage of the times that the objects were setting-up for the MUy, in re-
lation to the statistics collection periods of all MUs. In general, this is the life time of the
MUs, compare Setting-Up.

Waiting Shows the percentage of the times during which the objects wete waiting for the MU,
in relation to the statistics collection periods of all MUs. In general, this is the life time
of the MUs, compare Waiting.

Stopped Shows the percentage of the sum of the times during which the MUs were located on
an object that was Stopped, in relation to the statistics collection periods of all MUs. In
general, this is the life time of the MUs.

Failed Shows the percentage of the sum of the times that the MUs were located on a Failed
object, in relation to the statistics collection periods of all MUs. In general, this is the
life time of the MUs.

Average lifespan Shows the average life-span of MUs, which were created and destroyed during the sta-

tistics collection period. Only those MUs are counted whose product statistics was ac-
tive.

Average exit interval | Shows the average time interval between exits of the MUs, which the Drain removed
from the installation. It results from adding up the times of all intervals, and then divid-
ing them by the number of intervals. Statistics only starts counting from the time the
first MU arrived!

Total throughput Shows the number of MUs, which the Drain removed from the installation, starting at
the time, at which you activated Type dependent statistics.

Throughput her hour | Shows the number of MUs, which the Drain removed from the installation in an hour
on average, covering all observed times during which MUjs arrived.

Throughput her day | Shows the number of MUs, which the Drain removed from the installation in a day on
average, covering all observed times during which MUs arrived.

To view the statistics, which the Drain collected, select View > Show Statistics Report. You can query most of these
values with the Mezbods that are listed next to the name of the value in the description of the statistics table.

Check Statistics of the Individual Stations

All material flow object show the values described under Viewing Statistics in the Dialogs of the Objects on the tab
Statistics. The Assembly Station and the DismantleStation record additional statistical values.

The Assembly station records the percentage of the time it was:
* Waiting for parts, i.e., for mounting parts in relation of the statistics collection period.

» Waiting for resources. This is the portion of the time the Assezzbly station was waiting before the main MU entered
into it, or from the time set-up is finished, until assembly starts in relation of the statistics collection period.
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Viewing and Visualizing Statistics

Click the button to open the table Waiting Times, which shows the sum of the waiting times of the MUs for each

predecessor.

mde[s.assemb[y.Bastb]ect_Assembly.Assemb[y
Mavigate Wiew Tools Help

(/X

Mame: |Assembly| | O [railed [CJentrance locked ||
Label: | | O |Planned M [ Exit locked O
Attributes Times || Set-Up || Failures || Controls || Exit Strategy |
Statistics | Importer |  Failure Importer |  User-defined Attributes |
Resorce tpe: [rodcion (] B
Resource statistics [
Working: 3.68% | Empty: 96.32% | Contents: [u]
Setting-up: 0.00% | Rel. occupation: 3.68% | Minimum contents: [u]
Waiting: 96.32% Maximum contents: 1
Blocked: 0.00% Entries: 30331
Stopped: 0.00% Exits: 30391
Failed: 0.00% | Waiting resources:  0.00% - s "
Paused: 0.00% | Waiting parts: 0.00% -Models.assembly.Demo_Assembly. Assembly.waiting times [
Unplanned:  0.00%
1 |0.0000
2 |9:00,0000
TR | =

Check Product Statistics of Parts

All parts, represented by the MUs Entity, Container and Transporter, show the percentages of the times the part spent
waiting or working on a resource of type Production, Transport or Storage on the tab Product Statistics.

(/X

H .MUs.Entity: 961

Mavigate View Tools Help

Name: | Entity | o
Label: i | [F]

Attributes | Product Statistics | User-defined Attributes |

Mumber: 00961

Conveying direction: |0 (forward) _

Product statistics H
Working Setup  Waiting Stopped Failed Paused
Production: 56.30% 2,07% 0.00% 54.23% 0.00% 0.00% 0.00%
Transport: 43.70% | 43.70% 0.00%  0.00% 0.00% 0.00% 0.00%
Storage: 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
ok | [ cancd [ ppy |
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To view all product-related statistics data, which the MU collected, select View > Show Statistics Report. You can
query most of these values with the Mezhods that are listed next to the name of the value in the description of the
statistics table.

“v MUs.Tractor:1

Mavigate View Tools Help

Mame: | Tractor [ Mumber: pooo1 [Failed

; |
| attributes | Load Bay | Failures | Controls | Battery | Product Statistics |statistics [ 1412

Product statistics H
Working Setup  Waiting Stopped Failed Paused
Production:  0.00% 0.00%  0.00% 0.00%  0.00% 0.00%  0.00%
Transport: 100.00% 2.17% 0.00% 97.83% 0.00% 0.00%  0.00%
Storage: 0.00% 0.00%  0.00% 0.00%  0.00% 0.00%  0.00%
[ ok ][ cancel | [ Aepty |

As the Container and Transporter can load and transport other parts, they provide resource statistics as well, compare
Viewing Statistics in the Dialogs of the Objects.

« .Models.TwolaneTrack.Transporter: 1 E
Mavigate WView Tools Help

Mame: | Transporter O MNumber: o001 [Failed

Labe: 0

Attributes || Failures | Controls || Battery || Product Statistics | Statistics |User-deﬁnet[iIL]

]

Order occupied: 51.55% | Empty: 48.45% | Contents: 1
Order empty:  48.24% | Rel. occupation: 51.55% | Minimum contents: 1]
Home driving: 0.00% Maximum contents: 1
Ready: 0.21% Entries: 354
Failed: 0.00% Exits: 353
Paused: 0.00%

Unplanned: 0.00%:

oKk [ Cancel ][ Appy |
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Check Statistics of Exporter and Worker

The Tab Statistics shows the values split up by Services and by Exporter. For each of these blocks, adding up the in-
dividual values yields 100%. You can query most of these values with the Mezhods that are listed next to the name
of the value in the description of the Statistics Report.

* _Models.broker.Setup_Broker1.Exporter
Mavigate View Tools Help

Name: | Exporter| =l [ Failed

Label: [l Planned v

Attributes || Failures | Controls | Statistics | User-defined Attributes
Exporter statistics [

Services  Setting-up: 0.00% Free capacity: [u]
Processing: 81.25% Mediated capacity: 1
Repairing: 0.00%: Free capacity {sum): 81270
Waiting: 18.75% Mediated capadty (sum): 81271
Failed: 0.00%: Minimum free capacity: 1]

Exporter  Operational: 100.00%: Maximum free capacity: 1
Paused: 0.00%: Minimum mediated capacity: 1]
Unplanned: 0.00%: Maximum mediated capadity: 1
Failed: 0.00%

ook ] [ cancel | (L Apply.. |

When you select the check box Fail services on the tab Attributes, the Exporzer collects the failure times of the Services
and of the Exporter. When you deactivate it, the Exporzer only collects the failure times of the Exporter.

Attributes | Failures | Controls || Statistics | User-defined Attributes

Priorty: |0 o Supply: B
Capadity: | 1 ] aiI services =

Broker: Broker b C] =]

The Exporter only collects Failed times that take place during the processing and the set-up time, i.c., times that are
located outside of the Paused time and of the Unplanned time.

Waiting times only accumulate during the times, when the Exporter is available, i.e., when these times are located
outside of the Paused, the Unplanned and the Failed times.

Services setting-up Shows the portion of the set-up time for services of the statistics collection period
of the Exporter, weighted with the capacity.

Services processing Shows the portion of the working time of the services of the statistics collection
period of the Exporter, weighted with the capacity.

Services repairing Shows the portion of the statistics collection petiod, which the services spent for re-
pairs, weighted with the capacity.
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Services waiting Shows the portion of the statistics collection petiod, which the services spent waiting
for an Importer plus the time the services spent waiting for an MU at the Importer,
weighted with the capacity.

Services failed Shows the portion of the statistics collection petriod during which the services were
failed.

Exporter operational Shows the portion of the statistics collection period during which the Exporter was
working, weighted with the capacity.

Exporter paused Shows the portion of the statistics collection period during which the Exporterwas
paused.

Exporter unplanned Shows the portion of the statistics collection petiod duting which the Exporter was
unplanned.

Exporter failed Shows the portion of the statistics collection period duting which the Exporter was
failed.

Free capacity Shows the capacity that is available at the moment.

Mediated capacity Shows the capacity that is brokered at the moment.

Free capacity (sum) Shows the sum of the released capacity that the Exporter placed with any Importer.

Mediated capacity Shows the sum of the brokered capacity.

(sum)

Minimum free capacity | Shows the minimum capacity that is available. When the Exporter did not collect
any valid value yet, the tab shows -1.

Maximum free capacity | Shows the maximum capacity that is available. When the Exporter did not collect
any valid value yet, the tab shows -1.

Minimum mediated ca- | Shows the minimum brokered capacity. When the Exporter did not collect any valid
pacity value yet, the tab shows -1.

Maximum mediated ca- | Shows the maximum brokered capacity. When the Exporrer did not collect any val-
pacity id value yet, the tab shows -1.

Viewing the Statistics Report

The most comfortable way of viewing statistics values of one or of several objects is to open the Statistics Report.
Below we demonstrate how to use it.

* Let us assume that we want to show the statistics of several objects in a single report. To do so, we select them
(Shift+click, or drag a marquee over them) and press F6. Compare this example:
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£ Models.MyPlantAnytown (=] %]

Edit Mavigate Objects Icons View Tools Help

DM

EventController

reset

®

L= ol

= 4|
—Enkity

MyComponentl  Shipping

* This opens the report, which looks like this:
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®EX)

| Statistics Report

Tecnomatix Plant Simulation 10 Statistics

Resource Statistics ~|[ ShowAll |[_ Print This Page || PrintAll | Save | [ Refresh
Created on 2, August 2010 11:13
Model name D: \MyPlantAnytown.spp
Simulation time 3:00:00:00.0000
Resource Statistics - Resource Statistics
Portions of the States of the Statistics Collection Period
0Object Working Set-up Waiting Blocked Stopped Failed Paused Unplanned Empty Start of Statistics Collection Portion
Receiving 0.00% 0.00% 0.00% 100.00%  0.00% 0.00% 0.00% 0,00% 0.00% 0,0000
SingleProcl 93.87% 0.02% 0.02% 0.09% 0.00%0.00% 0.00% 0.00% 0.02% 0.,0000 N—
SingleProc2 30.55% 0.00% 0.87% 68.57% 0.00%0.00% 0.00% 0.00% 0.87% 0,0000 m—
SingleProc3 30.53% 0.00% 0.88% 68.59% 0.00%0.00% 0.00% 0.00% 0.88% 0,0000 m—
SingleProc  51.31% 0.00% 0.23% 48.42% 0.00%0.00% 0.00% 0.00% 0.28% 0.0000 W—
Material Flow Properties
Object Number of Number of Mini Maxil Relative Occupation without Relative Occupation with
Entries Exits Contents Contents Interruptions Interruptions
Receiving 2643 2642 1] 1 100.00% 100.00%
SingleProcl 2| 1 1] 1 99,98% 99,98%
SingleProc2 1320 1319 1] 1 99.13% 99.13%
SingleProc3 1319 1318 1] 1 99,12% 99,12%
SingleProc 2642 2641 1] 1 99.72% 99.72%
Working Time
0Object  Portion Count Sum Mean Value Standard Deviation
Receiving 0.00% 1] 0,0000 0,0000 0,0000
SingleProcl 23.37% 2/2:23:54:18.2602/1:11:57:09. 1301 17:02:15.6724
SingleProc2 30.55% 1320 21:59:58.2602 59.9987 0.0479
SingleProc3 30.53% 1319 21:59:00.0000 1:00.0000 0,0000
SingleProc  51.31% 2642 1:12:56:25.6803 50.3352 11,5096

* The report adds the statistics of the objects, which you selected, to the drop-down list in the top left corner of
the display window. In our example these are the statistics values of the Stationary resources Sozxrce (Receiving),
SingleProc, SingleProcl, SingleProc2, and SingleProc3 as well as the Importer Statistics. To jump to any of the top-
ics, which interest you, select that topic from the drop-down list:

R ce Statistics
i Resources

Importer Statistics

* One of the main topic shows the resource statistics of the material flow objects split up by the states these
objects were in, i.e., the working time, the waiting time, the blocked time, the failed time, the stopped time, the
paused time, and the unplanned time. Note that these times add up to 100%. The set-up time and the empty
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time, which follow, may be part of the working time, waiting time or of the blocked time. For details compare
the Statistics Report.

Portions of the States of the Statistics Collection Period

0Object Working Set-up Waiting Blocked Stopped Failed Paused Unplanned Empty Start of Statistics Portion
Collection

SingleProcl 84.94% 0.00% 0.00% 15.06% 0.00% 0.00% 0.00% 0.00% 0.00% 10:00.0000 FES—
SingleProc2 54.94% 0.00% 0.00% 15.06% 0.00% 0.00% 0.00% 0.00% 0.00% 10:00.0000 FES—
SingleProc3 84.93% 0.00% 0.00% 0.00% 0.00% 15.07% 0.00% 0.00% 0.00% 10:00.0000 -
SingleProc4 84.94% 0.00% 15.06% 0.00% 0.00% 0.00% 0.00% 0.00% 15.06% 10:00.0000 IE—
Receiving 0.00% 0.00% 0.00% 100.00% 0.00% 0.00% 0.00% 0.00% 0.00% 10:00.0000

Shipping 0.00% 0.00% 100.00% 0.00% 0.00% 0.00% 0.00% 0.00% 100.00% 10:00.0000

SingleProc  84.94% 0.00% 0.00% 15.06% 0.00% 0.00% 0.00% 0.00% 0.00% 10:00.0000 FES—

The subtopics further down in the report show details about the working time, the waiting time, the blocked
time, the failed time, the stopped time, the paused time, the unplanned time, the set-up time and the empty time
in the order in which they appear here.

The bar chart on the right hand side shows the respective portions of the times.

A bar with this color | Means that the object is Looks like this
green Working Working

gray Waiting Waiting
yellow Blocked Blocked

red Failed W Failed

pink Stopped Stopped

blue Paused B Paused
brown Setting-Up Setting-up

* This is followed by material flow values of general interest.

Material Flow Properties

Object Number of Number of Mini Maxil Relative Occupation without  Relative Occupation with
Entries Exits Contents Contents Interruptions Interruptions
Receiving 19457 19457 1] 1 0.00% 0.00%
SingleProc 19457 19456 1] 1 100.00% 100.00%
SingleProcl 4 3 1] 1 55.57% 55.57%
SingleProc2 9726 9725 1] 1 45.99% 45.99%
Shipping 19451 19451 1] 1 99.97% 99.97%
SingleProc3 9726 9726 1] 1 49.99% 49.99%

* The subtopics show details of the working time, the waiting time, the blocked time, the failed time, the paused
time, the unplanned time, the set-up time and the empty time in the order in which they appear in the first table.
For details compare the Statistics Report.
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Viewing the Statistics Report

Working Time

Object  Portion Freguency

Receiving 0.00%
SingleProc  100.00%
SingleProcl 52.43%
SingleProc2 43.93%
SingleProc3 42.97%

Sum Mean Value Standard Deviation

a 0.0000 0.0000 0.0000
6064 4:05:03:04.2907 59.9908 0.7154
2/2:04:59:04.2907|1:02:29:32. 1453 1:06:24:59.5222
3031 2:02:30:04.2907 59.9816 1.0119
3030 2:02:30:00.0000 1:00.0000 0.0000

* To add one ot several objects in your model, which collect statistics to an open report, select it/ them in the Frame
and press F6. In our example we added the Drain object called Shipping.

£ .Models. MyPlantAnytown

®[=¥)

Edit Mavigate Objects

Icons

View Tools Help

Bod e Gubw» 34 23w i /a2 e

5 M

EventController

reset
| N—
SingleProcl
| = e
|d »if »if
Lentity Lentity
Receiving SingleProc SingleProcz

| N—
SingleProc3

You will notice that the report added the object Shipping to the list of stationary resources as well as to the

drop-down list of available topics.

Portions of the States of the Statistics Collection Period

Object Working Waiting Blocked Failed Paused Unplanned Set-up Empty Start of Statistics Partition
Time Time Time Time Time Time Time Time Collection

Receiving 0.00% 100.00% 0.00% 0.00% 0.00% 0.00% 0.00%  100.00% 0.0000

SingleProc 100.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.0000 NE—
SingleProcl 52.43% 47.55% 0.02% 0.00% 0.00% 0.00% 0.02% 47.55% 0.0000 I——
SingleProc2 49.98% 50.02% 0.00% 0.00% 0.00% 0.00% 0.00% 50.02% 0.0000 —
SingleProc3 49.97% 50.03% 0.00% 0.00% 0.00% 0.00% 0.00% 50.03% 0.0000 —
Shipping N 99.91% 0.09% 0.00% 0.00% 0.00% 0.00% 0.00% 0.09% 0.0000 D—

&Y

* To jump to the statistics of this Drain, select Drain Statistics from the drop-down list. For details compare the

Statistics Report.

Resource Statistics
Stationary Resources

Drain Statistics

Importer Statistics

338

Animating the Simulation Model and Viewing the Results



Showing Statistics with Display Panels in Your Model Viewing and Visualizing Statistics

Resource Statistics - Drain Statistics

Cumulated Statistics of the Parts which the Drain Deleted

0Object Working Set-up Waiting Stopped Failed Paused Mean Life Time Mean Exit Time Total Throughput Throughput per Hour Throughput per Day
Shippi 8.14% 0.00% 91.86% 0.00%/0.00% 0.00% 1:30:55.6927 1:40.0000 92471 35.998671 863.9681

Part Types which the Drains Deleted

Object All Types Entity
Shipping 22471 92471

Detailed Statistics of the Part Types which the Drain Deleted

Shipping Production Transport Storage
Working Set-up Waiting Stopped Failed Paused Sum Working Set-up Waiting Stopped Failed Paused Sum Working Set-up Waiting Stopped Failed Paused Sum
Entity 6.77% 0.00% 5.31% 0.00%/0.00% 0.00% 12.07% 0.28% 0.00% 71.15% 0.00%0.00% 0.00% 71.43% 1,.10% 0.00% 15.40%  0.00% 0.00% 0.00% 16.50%

Shipping Life Time Exit Time Throughput
Mean Value Standard Deviation Minimum Maximum  Mean Value Standard Deviation Mini Maxil Total Per Hour Per Day
Entity  1:30:55.6927 1:08:52.2196 6:30.4066 2:01:28:11.4066 1:40.0000 10,0000 1:40.0000 1:40.0000 92471 35.998671 863.9681

* You can add any of the objects, which collect statistics, to the report. It then adds these objects to the drop-down
list:

R ce Statistics

Movable Resources
Drrain Statistics

Product Statistics
Cumulated Statistics ofthe Classes
Statistics of the Individual MUs
Driving Statistics
Usage ofthe Transporters
Battery
Exporter and Worker Statistics
States
Services
Importer Statistics
Broker Statistics

* To save the report as an HTML file (*.htm or *.html) or as a text file (*.txt) click Save. Enter a name for the file
and select the folder into which you want to save it.

* To update the report with the current values, click Refresh.

* To print the report, click Print.

Showing Statistics with Display Panels in Your Model

To quickly and easily show values of interest during a simulation run in your simulation model, you can define a
Display Panel each for the individual objects in the Frame. The display panel is kind of a dashboard that watches sta-
tistics values or states of the objects and shows them in different ways: As text, as a bar or as an LED.
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When you deactivate Icon Animation Plant Simulation shows the display panel, but does not update its
values and continues showing the previous values. It does not update the values either, when no simulation is run-
ning. To still show current values, it updates them:

* When the simulation stops, either because you stopped it or because the End time has been reached.
* When you click OK or Apply in the dialog of an object.

* When you select View > Update in the dialog of an object.

* When you press F5 in the Frame window.

* When you call the method redraw of an object.

You can:

o Show Values as Text

o Show Values as Bars

o Show States with . EDs

Show Values as Text

Suppose you want to display the working portion of a station. To do so, you’ll first add the label Working and then
the value propetr, i.e., the value that a Method records, to the right of it.

* Click the station for which you want to show the value with the right mouse button and select Edit Display Panel
or select Icons > Edit Display Panel.
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£ .Models.MyPlant = els. MyPlant
Edit Mavigate Objects Icons View Tools Help E:j't i l i S | T - T
a 5 - " i avigate jects | Icons iew Tools elp
El ) 3D K B> B> . B Gk ] .
4SS (e s, B2 S =7 = B0 ) ) sn | 51 4 Mirror Vertically |
Mirror Horizontally Ctrl=H
| Rotate Cirl=T
I-} Il > | Reset
o Open Enlarge (x2) Ctrl+=Num *
;\;cl‘-lgl Delete wglft'fnngc Original Size Ctrl=Num -
Rename... F2 b Failed: Reduce 12) Ctrl=/
Open Origin Home Inherit Position
Open Class Alt+Home Inherit Size and Orientation
Align to Grid Ctrl+G
Show Statistics F& Edit Icons... Ctrl+1
Show Attributes and Methods F& Edit Display Panel...
Airsnoe lions » Previous Icon Ctrl=Page up
Edit Tcons... Chrl=1 Mext Icon Ctrl+Page down
Edit Display Panel... | EBring to Front
Previous Icon Ctrl+Page up Send to Back
Mext Icon Ctrl=Page down C

* To activate and to show the Display Panel in the Frame, select this. To deactivate it, clear the check box Active

* Enter the Width and the Height of the display panel in the Frame. If need be, adjust the X-position and the Y-po-
sition.

.Models. MyPlant.SingleProc.DisplayPanel.Ele...

]
Position O Size =
% 20 [[sp] width: |42 |4}
¥: = Height: |40 |[%]

Border color: ] [v] ]
Background color: |:| [v] =

Elements: Mew . Edit Delete

* Click New to add a new element to the display panel.

* To add the label, select Static Text as the Type and enter Working: into the text box above it.
* To make the background color of the display panel shine through the text, select Transparent.
* Enter the X-position of the label on the display panel and click OK.
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Display Panel Element

Static Text: Working:
Position: X LE m

Alignment: Left .
Color: I
Transparent

* Then, define the Border color around the display panel and its Background color to make the display panel stand
out in the Frame. Click the drop-down arrow in the color box and select a color in the dialog Colors. We selected
black as the border color and light gray as the background color.

* Click Apply to show the display panel with the element you defined so far in the Frame. As you’ll want to show
the value to the right of the label, increase the Width of the display panel.

.Models.MyPlant.SingleProc2.DisplayPanel.E...

O Size (=
% 20 [[sh] width: |88 |2
¥ 35 [ Height: |20  [[%]
Border color: ] % (=
Background color: |:| v =
Elements: [ MNew ] [ Edit ] [ Delete
Value X Y| Type =
Working: 4 3 Static Text
| =
. ¥ ¥
Load... ] [ Save... ] [ Open Table... ] I Ill

[ Ok H Cancel ][ Apply ]

* Next, select the value you want to display next to the label. Click New.
* In the dialog Display Panel Element click E and select the Value you want to show. As we want to show the
working portion of our station, we select the statistics method sta/WorkingPortion.

* Select the display Type Text and select Display as percentage. Finally, adjust where Plant Simulation shows the
value on the display panel by moving the X-position to the right of the label Working:.
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Display Panel Element

Value: statWorkingPortion E]

Pasition: (85 [v| w0 [v]

Type: Text v

Alignment: Right v

Color: -
Transparent J_’ 5 '_|. » 5
Display as percentage —

Decimal places: 1 v

As we want to show several values aligned correctly one below the other, we align them right.

* Click OK to close the dialog Display Panel Element.
* Click OK again to finish defining the display panel.

Show Values as Bars

Suppose you want to display the number of parts in a buffer as a bar above the icon of the object.

* Click the station for which you want to show the value with the right mouse button and select Edit Display Panel.
* Select the check box Active to show the Display Panel in the Frame.
* To display the bar above the icon, move the X-position and the Y-position to the top left corner of the icon.

* Enter the width and the height of the display panel in the Frame. In this case it corresponds to the width and the
height of the bar itself.

.Models.MyPlant.Buffer.DisplayPanel.Elements

Position [El Size
% 14 [[sp) width: |23 |4
¥ 18 [ Height: | 3 =]
Border color: ] v =

Background color: _ v =

Elements: [ MNew ] [ Edit ] [ Delete
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¢ (lick New to add the new element.

* In the dialog Display Panel Element click .. ] and select the Value you want to show. As we want to show the
number of parts in the buffer, we select the method #umMU.

* Select the display Type Bar.
* Select the Color of the bar and enter its Length and its Width.

* TFinally, select the Direction into which the bar deflects starting at the X-position of the element. We selected
right.

¢ Click OK to add the element.

Display Panel Element
Value: numMU E]
Position: = O _v:; HER O _v:;
Type: Bar _V::
Color: B v
[¥] Transparent
Length: 29
Width: 5
Direction: Right v
Maximum value: 10|

[ QK ] [ Cancel
* Click OK again to finish defining the display panel.
o

Suppose you want to display the working, waiting, blocking, failed and paused portions of a station on a display panel
below the object.

* Click the station for which you want to show the values with the right mouse button and select Edit Display Panel.
* Select the check box Active to show the display panel in the Frame.
* Enter the position and the width and the height of the display panel in the Frame.
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.Models.MyPlant.SingleProc.DisplayPanel.Ele...

Active [
Position Size
X -20 Width: 42
T 35 Height: |42
Border color: ] [v B

Background color: |:| I

Elements: [ MNew ] [ Edit ] [ Delete

¢ Click New to add the new element.

* In the dialog Display Panel Element click E] and select the Value you want to show. We selected the statistics
method statWorkingPortion.

* Select the display Type Bar.
* Select the Color of the bar and enter its Length and its Width.

* Select the Direction into which the bar deflects starting at the X-position of the element. We selected up.
* Click OK to add the element.

Display Panel Element
Value: statWorkingPortion E]
Position: X E ¥ E
Type: Bar
Color: e

Transparent
Length: 30

Width: 5
e T
Maximum value: 1

[ OK H Cancel ]

* Click OK again to finish defining the display panel. It then looks like this.

M |
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* Repeat the steps described above to add the values szatlV aitingPortion, statBlockingPortion, etc. to the display panel.
Select a different color for each value and to shift the X-position of each value to the right so that they do not
overlap. The result will then look like this.

.Models.MyPlant.SingleProc.DisplayPanel.Ele...

|| Size E

% 20 b width: |42 |4}

& 35 | Height: |42 |[2]
Border coor: I =
Badgrondcoor: [ |[v] @
Elements: [ MNew ] [ Edit ] [ Delete

Value X| Y| Type E ! iEE_'
statWorkingPortion 5 3 Bar —
statWaitingPortion 5 11 Bar

statBlockingPortion 5 19 Bar

statFailPortion 5 27 Bar

statPausingPortion 5 35 Bar -_—

Show States with LEDs

Suppose you want to add a light-emitting diode to display more states on the icon of the object than the built-in
LEDs show. You can, for example, show an LED if the exit of the station is locked.

» j
L

* Click the station for which you want to show the LED with the right mouse button and select Edit Display Panel.

* Select the check box Active to show the Display Panelin the Frame. Enter the position and the width and the height
of the display panel in the Frame.

.Models. MyPlant.SingleProc1.DisplayPanel.E...

[¥lacive B
Position = Size
% 0 [ width: |40 |4
¥: 20 | Height: |20 |[%]
Border color: ] v (=]

Background color: |:| v =

Elements: I Mew ‘ [ Edit ] [ Delete

¢ Click New to add the new element.
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* In the dialog Display Panel Element click .. | and select the Value you want to show. We selected the attribute
Exitlocked.

* Select the display Type LED.
* Select the Color of the LED and enter its Width.

Display Panel Element
Value: exitlocked E]
Position: X (0 .v.: e O .v.:
Type: LED v
Color: I
I
Width: [ 'I — 'I

Showing Statistics in a Chart

When you want to present the results of your simulation runs to colleagues and management, you will use the Char.

You can insert the Chart W into your simulation model from the folder UserInterface in the Class Library ot from
the toolbar User Interface in the Too/box.

Toolbox

Material Flow | Resources || Information Flow | User Inteface | Mobile Units || Tools

A .EE@%@EB

T, .Models.MyPlantAnytown.Chart
Mavigate WView Tools Help

Mame: | Chart O Show Chart

Label: O Collect data El

Data | Display | Axes | Labels | Color | Font | User-defined Attributes|

Data source: iInputChanneIs E [ Table File ] =

The Chart graphically displays the data sets that Plant Simulation recorded during a simulation run. You can select to
show:

* Data from a table, into which you saved the simulation results, for example.

* Data from input channels you define that dynamically record the values of attributes of interest of objects that
your are interested in.
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Showing Statistics in a Chart

To show statistics values of an object in the Chart, which you inserted into a Frame, you can use drag-and-drop:

To Drag a Toa
Show the statistics of a material flow object material flow object Chart
Show the frequency distribution of the number of MUs PlaceBuffer, Buffer, Store | Chart
Show the contents of a table TableFile, TimeSequence Chart
Show the value of the VVariable you inserted into a Frame Variable Chart

* To apply the settings you selected in the dialog and to show the records, click Apply. When you resize the display

window, Plant Simulation also resizes the shown graph.

* To show the data the Chart collected in the display window, click Show Chart.

* To open the dialog of the Chart, double-click anywhere in the display window.

* To make a Chart of type Histogram or Plotter collect data during the simulation run, select Collect data in the di-

alog. To deactivate data collection, clear the check box.

* To delete all values that the Char# collected, select Tools > Reset Values.

The Chart lets you select settings in a number of ways. You can:

o Select Settings in the Statistics Wigard

o Select Where the Data Comes From

* Selecting How the Chart Shows the Data

* Add Labels, Format Then and Add a 1 egend

When you select another Category, the Chart automatically shows the icon of this category in the Frame window.

Chart | Histogram

Plotter

d | T

e
M t

Select Settings in the Statistics Wizard

A Chart, which you insert into a Frame, provides a Statistics Wizard. Right-click the Chart and select Statistics Wizard

on the context menu.
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Statistics Wizard
Mark the dasses of objects for which you would like to display statistics
wvalues (resource statistics has to be active). You may also restrict the
selection of objects by choosing resource types.
Class
Show SingleProc Line
Statistics Wizard... | ParallelProc Turntable
Assembly AngularConverter
0
R DismantleStation Converter
Delete PickandPlace Turnplate
Rename... F2 Source Track
Drain TwolaneTrack
COpen Crigin Home
B 2 Store
Open Class Alt=Home PIaceBuf'fer
Show Attributes and Methods F& [ Buffer
Sorter
Arrange Icons L4
Resource type v
titiaa i = ¥ Indude subframes :
Production S _
Edit Display Panel... Sort criterion: MName _
Transport
Previous Icon Ctrl=Page up
HnEmE [ 0K ] [ Cancel ]
Mext Icon Ctrl=Page down

* Select the class(es) of object(s) for which you would like to show statistical data in the Char? under the group box
Class. The Chart only adds material flow objects to the display for which you selected the check box Resource
statistics on the Tab Statistics.

* Select the type(s) of resource(s) for which you would like to show statistics of the selected object(s) in the Chart
from the drop-down list box Resource type: Production, Transport or Storage. Select the Resource type on the tab
Statistics of an object collecting statistical data. Use the check boxes in the Statistics Wizard to restrict which ob-
jects Plant Simulation shows.

Importer Failure Importer User-defined A_th'ibuhes
Times Set-Up Failures Controls Exit Strategy | Statistics
S

Resource type:  |Production v H
Working: 0. p.00% | Contents: 1]
Waiting: n.storage ,00% | Minimum contents: 0

Blocked: 0.00% Maimum contents: 0
* If you would like Plant Simulation to also show statistical data of objects within Frames that you inserted into the
Frame in which the Chart is located, select the check box Include subframes.

* Select the criterion which Plant Simulation uses when sorting statistical data from the drop-down list Sort criterion:
Either the Name of the object, or one of the states it is in: Working, Waiting, Blocked, Failed or Paused.

To sort the stations by their name in alphabetical order from A to Z, select Sort criterion > Name. To sort the
stations in the order that suits your needs, drag the stations onto the Charz in the order it is to show them. To
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change the order at a later point in time, edit the table of the Input channels by cutting the respective columns

and pasting them in the desired order.

* Finally, click OK to open the display window of the Chart with the settings you selected in the dialog.

Select Where the Data Comes From

Before you start your simulation run, you can tell the Char# what to use as the source of the data it displays and in

which mode it collects data.

* Select the Data source, i.c., whether the Chart takes the data you want to display from a set of input channels or
from a table.

* To show values of channels you define in a table file, select Input Channels from the drop-down list.

To open a table into which you enter the input channels, click Table File. These channels are, as a rule, the

paths to attributes ot methods of objects, whose values you want to display. You can also enter complex expres-

sions, such as the sum of two attributes, etc.

Enter any text you want to add as the legend to the Chart into the row index.

Input Channels

Data | Display | Axes
Data source:
Mode: Sample
Interval: 1:00

Labels

-Models. MyPlantAnytown.StateChart. InputChannels E]@]
File Edit Format Mavigate View Tools Help
G = TR RECTE N o M
Color | Font || User-defined Attributes SingleProc.statworkingPortion
gtrlng ?trlng |str|ng A
w| B WI E string SingleProc Buffer
1 |warking ingleProc.statWarkingPortion  [Buffer, skab\WarkingPortion
2 J5etting-up SingleProc.statSetupPortion Buffer. skatSetupPortion
3 |Waiting SingleProc.statWaitingPortion  |Buffer, skat\WaitingPortion
4 |Blocked SingleProc.statBlackingPortion  |Buffer. statBlockingPortion
5 |Failed SingleProc.statFailPortion Euffer. statFailPortion
i E 6 |Stopped SingleProc.statStoppedPortion  |Buffer. skatStoppedPortion
o 7 |Paused SingleProc.statPausingPortion  |Buffer. skatPausingPorkion
& Junplanned SingleProc.statUnplannedPortio |Buffer. statUnplannedPartion
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[&] StateChart =}

100 I — B Working
B setting-up
[0 waiting
20 "1 Blocked
B Failed
I stopped
304 N Faused
I Unplanned

0+

Enter into
row index

Fercent of 100
o on
3 a

404

204

SingleFroct Enter into column index

Station

* To show the contents of a table as a diagram, select Table File. This might, for example, be a table into which
you saved the results of a simulation run.

Enter the name and the path of the table file containing the data, or click the button L] and select the table
in the dialog Select Object.

Enter the Range of the table cells you want to show.

¢ To show all cells in all columns and rows, enter {*,*}..{*, *}.

* To show the first four cells of column one, enter {1,1}..{1,4}.

* To show all cells in column one, enter {1,1}..{1,*}.

You can also enter negative numbers:

* To show the one but last column of the table, enter {-2, *}..{-2, *}.

* To show the one but last and the last column, enter {-2, *} .. {*, *}.
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Data |Display | Axes | Labels | Color | Font || User-defined Attributes

Data source: Table File w| E
Table: TableFile C] E
Range: & 5% ]
Mode: Sample | B
Interval: 1:00 H

* Select which mode the Chart uses to update the data it shows.

* Sample mode updates the Chart periodically and takes the next sample after the time span you enter into the
text box Interval.

* Watch mode updates the Chart, whenever the value of an observable Method, for example numMU, numMU-
Parts, statMaxNumMU, statNunin, statNumQOut, etc. ot of a observable attribute changes, for example Pause,
Speed, Unplanned, etc.

The column Watchable in the dialog Show Attributes and Methods of the individual objects shows all #ethods
and attributes Plant Simulation can obsetve.

* Plot mode updates the Char#, whenever a simulation event takes place.

Selecting How the Chart Shows the Data

After you have selected where the Chart takes the data from that it displays, you will select the settings for displaying
this data.

You can select to:
¢ Show a number of values or several sets of a number of values, see Show Values in a Chart.
* Show the frequency distribution for one or several input channels, see Show VValues in a Histogram.
* Show the progression of one or more values over time, see Show VValues as the Chart Plots Them.
Note: When you select another Category, the Chart automatically shows the icon of this category in the Frame

into which you inserted it.

* Show a number of x-y pairs of values or several sets of x-y pairs of values, see Show VValues as an XY Graph.

Show Values in a Chart [[j|

To show a number of values or several sets of a number of values as a chart, click the tab Display and select Chart
from the drop-down list Category.

352 Animating the Simulation Model and Viewing the Results



Showing Statistics in a Chart Viewing and Visualizing Statistics

"y -Models. MyPlantAnytown. Chart %)
Mavigate View Tools Help

Category: vl B
Chart type: =
3D effect: ™ B
Graph [ table: |Graph M
Data: [inRow [v] @
[ oisplay in frame O
Gap when null O
ok J[ concel J[ oy ]
W e B=Ix]
100 T — W working
F B Setting-up
L [0 waiting
201 =1 Blocked
W Faikd
B stopped
01 ] W Paysed
I Unplanned

70— _ —

04— — 1 —

Fercent of 100
m
3
N
T | o

s T
wl

204

SinglzFroct

Station

Show Values in a Histogram [l

To show the frequency distribution for one or several input channels as a histogram, click the tab Display and select
Histogram from the drop-down list Category. A histogram graphically summarizes the distribution of a data set.

To make the Chart collect data during the simulation run, select Collect data in the dialog. To deactivate data col-
lection, clear the check box.
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1, .Models.chart.Demo.HistoChart
Mavigate Wiew Tools Help
Mame: | HistoChart =
Label: O Collect data E
Data | Display [Axes | Labels | Color |Font | User-defined Attributes |
Category: Histogram [V B [JaAccumulated
Chart
Chart type: ','_g;f‘r P E
H e
30 effect: ‘ENDUTTEr,I = O
Graph [ table: !Graph [v] 4]
[oisplay in frame ]
ok | [ cancsl [ ppy |
[&] HistogramChart E]@]
Buffer Utilization

25
- [ = uffer

4

Number of MUs

4
Show Values as the Chart Plots Them &
To show the progression of one or more values over time, click the tab Display and select Plotter from the drop-
down list Category.
To make the Chart collect data during the simulation run, select Collect data in the dialog. To deactivate data col-

lection, clear the check box.
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1, .Models.chart.Demo.Chart_As_Plotter
Mavigate Wiew Tools Help
Mame: | Chart_As_Plotter E
Label: O Collect data E
Data | Display |Axes Labels | Color | Font || User-defined Attributes
Category: M B [Jstep curve
Chart type: E
3D effect: g E
[oisplay in frame O
Gap when null -999999 O
oKk | [ Cancd [ ppy |
[&] Chart_as_Plotter g
10
: 1 7
=F N
-k MYi r
= [ J.f_
. - A
D F 1
= = = = = = = = = = = = =
o o o o o o o o o o o o o
= = = = = = 15 15 1= 1= 15 15 154
w w F o th ot = o - - [ [ o) w
=2 & =2 & =2 & =2 & =2 & =2 ol =2
= = = = = = = = = = = = =
=] =] =] =] =] =] =] =] =] =] =] =] =]
(= (= (= (= (= (= (= (= (= (= (= (= (=
(= (= (= (= (= (= (= (= (= (= (= (= (=
(= (= (= (= (= (= (= (= (= (= (= (= (=
o o o o o o o o o o o o o
Show Values as an XY Graph

To show a number of x-y pairs of values or several sets of x-y pairs of values, click the tab Display and select XY

Graph from the drop-down list Category.

Note: You can only show values as an XY graph, when you select Data > Data source > Table File.
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T, .Models.MyPlantAnytown.Chart Tk, .Models.MyPlantAnytown.Chart
Mavigate WView Tools Help Mavigate WView Tools Help
Name: | X¥Graph| = Mame: | XYGraph =]
Label: O Label: O Collect data =
| Data | Display | Axes | Labels | Color | Font | |Dats | Display [Axes |Labels | Color |Font | Userdefined Atibutes|
[ a o — Category: XY Graph >l B
Data source: Table File :v—J i o
""" Ch t :
Table: TableFile E] AR XY Graph B
3D effect: 3D >l =B
Range: o | : 1
S e N o [in Row vl =
[pisplay in frame O
Gap when null -999999 ]
[ ok ][ Cancel |[ epy |
b5 [®] setB
500 (& setc
551
5.0F )
454 . =
40 f\ T .
F [ R,
351 ——
30+ e L
il //
2.5
2.0-F
El
1.5-F
1.0F
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D.D:""""""""""""""'
25 3.0 34 4.0 4.5 a.0 a4 6.0
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Select the Chart Type

Select the type of Chart for displaying the recorded data. A record consists of the entries of a row or a column,
depending on the setting you selected under Display > Data.

[&] StateChart
1004

1L, -Models.chart.Demo. StateChart <

Mavigate View Tools Help

Name: | StateChart

80
= Show Chart

Label: O [¥] Collect data El 7O+
e = el
User-defined Attributes | =2 5
=
a
Category: |Chart M = = =d
2
Charttype: | 100% Stacked Columns [+ ® ]
40
Columns
30 effect: 5 L]
20
Graph | table: [gorq L]
Stacked Bars
Data: 100% Stacked Bars B 204
Area
Stacked Area O 10l
100% Stacked Area o
Line
Line with Markers L.
Spline . SinglePract Buffer
Spline with Markers Apphy Statian
Markers Working 44.41% 44.70%
Points and Best Fit Line Waiting 18,54% 55,07T%
Points and Best Fit Curve Blocked 17,72% 0,23%
Pie Failed 18,49% 0,00%
g \E}‘?'U“;"S Paused 0,55% 0,00%
ire Frame
30 Surface Unplanned 0,27% 0,00%

Depending on the Category you selected (Chart, Histogram or Plotter), the Chart provides some or all of the follow-

ing chart types:

Columns

shows each record as a column. When displaying several records, the Chart places the col-
umns next to each other. Use this to compare values across categories.

Stacked Columns

shows each record as a column. When displaying several records, the Chart places the col-
umns of the individual records on top of each other. It stacks positive values upwards, neg-
ative values downwards.

100% Stacked Col-
umns

shows each record as a column, stacked one on top of the other, showing the respective
percentage of the entire set of 100%.

Bars

shows each record as bars positioned horizontally on top of each other. When displaying
several records, the Char? places the bars of the individual records next to each other. Use
this to compare values across categories.

Stacked Bars

shows each record as a set of bars stacked horizontally next to each other. Positive values
are stacked to the right, negative values are stacked to the left.
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100% Stacked Bars

shows each record as a set of bars, one stacked horizontally next to each other, showing
its respective percentage of the entire set of 100%.

Area

shows each record as areas. When displaying several records, the Chart stacks the areas
from the individual records one behind the other. Use this to show the trend of the con-
tribution of each value over time or categories.

Stacked Area

shows each record as areas. When displaying several records, the Chart stacks the areas
from the individual records one on top of the other.

100% Stacked Area

shows each record as a set of areas, one stacked on top of the other, showing the respective
percentage of the entire set of 100%. Displays the trend of the percentage each value con-
tributes over time or categories.

Line

shows each record as a line.

Line with Markers

shows each record as a line with markers.

Spline

shows each record as a curve.

Spline with Markers

shows each record as a curve with markers.

Markers

shows each record as a set of different markers.

Points and Best Fit
Line

shows each record as a set of data points, and fits the best straight line to them. The line
is calculated from least-squares-approximations of the data set.

Points and Best Fit
Curve

shows each record as a set of data points, and fits the best curved line to them. The curve
is calculated from least-squares-approximations of the data set.

Pie

shows each record as a slice of a pie, depicting its percentage of the whole. Enter a negative
prefix, so that the Chart offsets this slice from the rest of the pie. Use the scrollbar to scroll
from record to record. Use this to show the contribution of each value to a total.

XY Points

shows the x-y pairs as data points. The first record contains the x-coordinates. The Chart
interprets all additional records as the associated y-coordinates. Use this to compare pairs
of values.

Line

shows the x-y pairs as data points and connects them with a line. The first record contains
the x-coordinates. The Chart interprets all additional records as the associated y-coordi-
nates.

Sticks

shows a vertical bar for each x-y pair, starting from the zero line. The first record contains
the x-coordinates. The Chart interprets all additional records as the associated y-coordi-
nates.

Area

connects the points belonging to the x-y pairs and fills the areas thus created. The first
record contains the x-coordinates. The Chart interprets all additional records as the asso-
ciated y-coordinates.
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3D Columns shows each record as columns stacked in three-dimensional space. To turn the chart left
or right you can enter an angle of Rotation or you can also drag the horizontal slider in the
display window. To turn the chart up or down, you can enter the Height or you can drag
the vertical slider.

3D Wire Frame shows each record as wireframes stacked in three-dimensional space. To turn the chart left
or right you can enter an angle of Rotation or you can also drag the horizontal slider in the
display window. To turn the chart up or down, you can enter and the Height or you can
drag the vertical slider.

3D Surface shows each record as solid areas stacked in three-dimensional space. To turn the chart left
or right you can enter an angle of Rotation or you can also drag the horizontal slider in the
display window. To turn the chart up or down, you can enter the Height or you can drag
the vertical slider.

Select Additional Display Options
¢ Select how the Chart shows the records i.e., the entries of a row or of a column.
* Graph shows the records as a graph only in the display window.

* Table shows the records as a table, i.e., as text only in the display window. Select a font and a relative font size

Table: T Sy
on the tab Font | [#@ el (3 (v Wiz,

* Graph and Table shows the records as a graph and as a table in the display window.

* Select how the Chart shows the data. This way you can present different views of the same record.
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Data: in Column M =] Data: in Row M O

Percent of 100

Percent of 100
z
e

Station Single Proc1 Buffer
Watking 4. 26% G467 %
Wiaiting 12.230% S5.25%
Wiarking Blocked Paused Elloc.ked 17.58% 0.07%
Stati ‘Niaiting Failed Unplanned Failed 17.94% 0.00%
ation Paused 127% 0.00%
ingleProct| 40.77%  24.88%  90.52%  100.00% 100.00% 100.00% Unplanned 0ES% 0.00%
Buffer| 80.22%  7512%  D42% 0.00% 0.00% 0.00% s —
e k O orking [ Waiting [ Blocked [ Failed
2 singleProct [T Buffer I Fauzed [ Unplanned

* If you want to, you can also select a 3D effect for some of the Chart Types:
* None adds no 3D effect to the Chart Type you selected.
* Shadow adds a black shadow to the chart type you selected.
* 3D adds three-dimensional depth to the chart type you selected.
* Gradient bars adds an effect between a gradient and a 3D look to the chart type you selected.
* Contoured for the chart types 3D Columns and 3D Surface.

You can also enter the Rotation angle and the Height of the columns/sutface. To tutn the chart left or right,
drag the horizontal slider in the display window. To turn it up or down, drag the vertical slider.

360 Animating the Simulation Model and Viewing the Results



Showing Statistics in a Chart

Viewing and Visualizing Statistics

Data xes || Labels | Color || Font
Category: Chart
Chart type: 30 Columns
30 effect: Contoured
Views: Rotation: | 180 Height:
Data: in Row

[pisplay in frame
Gap when null

15

-999999

v

v

v

User-defined Attributes

Chart

185.0

<

Note: Some chart types do not provide 3D effects.

* To change the background color of the Chart proper in the display window, click the tab Color. Double-click the
cell labeled Background and select another color. Click Apply to change the color.
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Data | Display | Axes || Labels | Color |Font || User-defined Attributes

Color | Line Style Line Weight Marker Type | -~
Background - - -

pesk : : :

:

O

Thin Solid Circle

Thin Solid Square

Thin Solid Diamond

Thin Solid Triangle Up
Thin Solid Triangle Down || s

* To change the color around the Chart proper in display window, click the tab Color. Double-click the color field
next to Desk and select another color. Click Apply to change the color.

* To display the Chart in the Frame, instead of the icon of the object, select Display in frame on the tab Display.

We advise to inctease the size of the icon of the Chart in the Frame: Hold down Shift+Ctrl, grab one of the four
corners of the icon with the mouse and drag the icon to a convenient size.

* To interrupt the line the Chart draws for values that are not defined, select Gap when null on the tab Display. To
continue drawing the line, clear the check box.

AN D4

P
]
A

* To print the Chart, select Tools > Print.

* To copy the contents of the display window to the Cljpboard as a bitmap, select Tools > Copy to Clipboard. You
can then paste it into another application with Ctrl+V or Edit > Paste.

* To show Grid lines on the x-axis in the display window, select X-axis on the tab Axes. Enter the maximum number
of grid lines on the x-axis. This feature is especially handy, when the Char# displays a large number of points with-
in a limited space and you want to regulate how many grid lines the display window shows.

To hide them, clear the check box.

Data | Display | A%2s | Labels | Color | Font || User-defined Attributes

Grid lines: ¥-axis O

X-axis O Mumber: 25

Compare these screenshots:
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10 grid lines on the x-axis

20 grid lines on the x-axis

/\ . /N g

ook

Wy

very bad x

sy
Ia=P =T =]

poof Al
P A

* To show grid lines on the y-axis in the display window, select Y-axis Gridlnes: [4¥-2xs | To hide the gtid lines, clear

the check box.

* To set the range the Chart is to display scaled on the y-axis, enter the first value of into the left text box. The
default setting 0 ... 0 means that Plant Simulation scales automatically.

Enter the last value of the range the Chartis to display scaled on the y-axis into the right text box.

Note: When you enter neither Title nor Subtitle, the Chars might, under certain circumstances, cut off the upper
part of the y Range. To prevent this, you can enter a blank space into the text box Subtitle.

Compare these screenshots:

Range: Y: 0 .. (102 =

Scaling on the y-axis, 10 units

Scaling on the y-axis, 20 units

J
L my

good
wery bad

good
wery bad
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Add Labels, Format Them and Add a Legend

Naturally, you will also want to add a title and a subtitle to your chart, and format them, add text to the x-axis and
to the y-axis and add a legend that tells what the values mean.

| Data || Display || Axes | Labels |Co|or || Font || Custom Ath'ibutes|

[&] StateChart =[]

Title:
Subtitle:
X-axis:
f-axis:
Z-axis

Legend:

Utilization of Stations

. Engine Plant Anytown

| tation

, Percent of 100

|Rightr two lines

M E [ Annotations ]

B
| B
=]
=]
| =
B

Percent of 100

100F — =

E Waorking
90 — /|

g Waiting
a0 E Ellﬁed
70 ] ] Failed

E |
60— | ] Paused

E =
50— B — Unplanned

Utilization of Stations
Engine Plant Anytown

SingleProc

Station

* Enter any text that Plant Simulation shows as the title of the Chart in the display window into the text box Title. In
our example we entered Utilization of Stations.

Select a font, if you want to bold face or izalicize the text and a relative font size on the tab Font.

Title

Subtitle

[ Bold

[ Bold

[ talic u E

[ talic L]

Select a color for all text in the display window on the tab Color. Double-click the color field next to Font and

select another color. Click Apply to change the color.

Color Line Style Line Weight Marker Type
Background - -
Desk - -
Medium Solid Circle

Utilization of Stations
Engine Plant Anytown
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Enter any text that Plant Simunlation shows as the subtitle of the Chart in the display window into the text box Sub-
title. In our example we entered Engine Plant Anytown.

Enter any text that Plant Simulation shows in the display window on the x-axis. In our example we entered Sta-

tion.

Select a font, if you want to bold face or izalicize the text and a relative font size on the tab Font.

Note: This font applies to all labels, except for the Title, the Subtitle and data displayed in Table format in the

display window

Enter any text that Plant Simulation shows in the display window on the y-axis. In our example we entered Percent

of 100.

Select if and on which side of the display window Plant Simulation shows the legend for the values the Chart dis-

plays.

As you remember, you enter the text you want to show as the legend into the row index of the table when you
select Data source > Input Channels > Table File.

2 . Models.MyPlantAnytown. StateChart.InputChannels OEd
File Edit Format Mavigate View Tools Help
= (Z e A & Ga i [ E i 8
NSRS A T R
SingleProc. skat WorkingPortion
atring ?tring gtring
skring SingleProc Buffer
1 PWarking ingleProc.skabWarkingPortion |Buffer.stabWorkingPortion
2 Jsetting-up SingleProc, stakSetupPortion EBuffer.statSetupPortion
3 Jwaiting SingleProc. statWaitingPortion  |Buffer,stabWwaitingPortion
4 JBlocked SingleProc. statBlockingPortion  |Buffer.statBlockingPortion
5  JFailed SingleRroc. statFailPortion Buffer.statFailFortion
6 |Stopped SingleProc. statStoppedPortion  |Buffer.statStoppedP ortion
7 JPaused SingleProc. stabPausingPortion  |Buffer,statPausingPortion
8  JUnplanned SingleProc, stabUnplannedPortio Buffer,statUnplannedPortion {ll

| (2]

* Ifneed be, you can also add additional lines and/or text to the display window. Click Annotations and fill in the

table that opens.

.Models.Chart.Demo. StateChart. Annotations

O=vertical/1=horizonta

Value

From |To | Color | Style

Text

1 3

15

15 150 (5

11

This is additional text we entered

Ok

][ Cancel ][ Apply ]

SingleProc Buffer

* Type: Enter 0 for displaying a vertical line or enter 1 for displaying a horizontal line. Enter 2 or 3 for labeling

the x-axis or the y-axis. Enter 4 for any text.
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* Value: Enter the value where the Chart displays the line in the display window. For a vertical line this is the x-
value, for a horizontal line this is the Y-value.

* From: Enter the starting point of the line here. If you do not enter a value, the Chart extends an existing line.

* To: Enter the end point of the line here. If you do not enter a value in the cells From and To, the Chart draws
the line from the left to right, or from the top to the bottom of the display window.

* Color: Enter the number of the color of the line here. This is the number of one of the lines you defined on
the tab Color.

* Style: Enter the style of the line here, such as dotted, dashed, etc.

0 is a thin solid line

5 is a medium thin solid line

10 is 2 medium thick solid line

6 is a thick solid line

11 is an extra thick solid line

1 is a dashed line

2 is a dotted line

3 is a dash-dot line

4 is a dash-dot-dot line

* Text: Enter any text that describes the line.

Showing Statistics in a Report

When you want to present all of the results of a simulation run, which Plant Simulation outputs to tables and dia-
grams, on a number of HTML pages on screen, you will use the object Repor. You can also print, and save, this set
of HTML pages for sharing it with your colleagues or for displaying it on a web site.

You can insert the Report 3% into your simulation model from the folder UserInterface in the Class Library ot from
the toolbar User Interface in the Too/box.

Toolbox

Material Flow | Resources || Information Flow | User Inteface | Mobile Units || Tools
HTHML

A .EE%%E @ I

One Report object per simulation model defines the general layout of the HTML pages. Define the data the object
displays in the dialog of the report, and view the data in the display window, which Show Report opens.
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m[s.nyFactory.nyReport

(/]

Mavigate View Tools Help

MName:

Label: | | O

Structure |General | User-defined Attributes |

MyReport Headline First column

Second column | Third | =]

E‘ Coupled Material Flow States of the machines BarChart

HistogramChart | Plotter

- Machines

- Simulation
- Finances

Dialog window of

~¢——— the Report

Show Report -

Click this to open the
display window

Display window of
the Report

uncoupedvateralFon [ Hodels. MyFactory MyReport

- Ol

-- Introducing My Project
TECNOMATIX
8 &

= Coupled Material Flow
[=] Chart
= Maschines
Bar chart
= Comments
= Simulation
= Finances

Tree pane

Uncoupled Material Flow

[+ Introducing My Project
Structure pane

Tecnomatix Plant Simulation
Siemens

Simulation: My name - Version: My version
Person in charge: Frank Jones, Simulation expert, ext. 131,

- States of the machines  Display pane

.

ey
B g
[Epe——
-
-
v

You will:

o Enter General Information which the Report Shows
* Define How the Report Shows the Data

o Work with the Display Window
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Enter General Information which the Report Shows
Enter some or all of the following information, which the Repor# shows, in the display window into the text boxes:

Structure | General | User-defined Attributes

Mame of simulation run: My simulation run E
Version of simulation run: My simulation version =
Person in charge: Frank Jones, Simulation expert, ext. 131, frank.jones@abcd.| &
Save to folder: chiTemph, E
Save under file name: MyFileName E
Save as type: Web Page, complete {.htm;.html) | O
Window height: 540 E [Pixel] Window width: 350 =
Refresh interval: 0 O [s]

* Enter a name for the simulation run. The disp/ay window shows the text you enter along the top border of the
report next to Simulation. In our example we entered My simulation run.

Simulation: My simulation run - Version: My simulation version
Person in charge: Frank Jones, Simulation expert, ext. 131, frank.jones@abcd.com

* Enter the version number of the simulation run within the simulation experiment. This can be any combination
of letters and numbers. The display window shows the text you enter along the top border of the report. In our
example we entered New My simulation version.

* Enter the name of the person who is in charge of this simulation experiment. You can append this with the
phone number, the e-Mail address, the department. etc. The display window shows the text you enter along the
top border of the report. In our example we entered Frank Jones, Simulation expert, ext. 131,
frank.jones@abcd.com.

* Enter the name of the folder you would like to save the report to as an HTML file.

* Enter the file name you want to save the report with as an HTML file. This creates a folder with the name you
enter and places the HTML files and the graphics that the HTML files show into it.

* Select the file type you want to save the report with as an HTML file.
Note: At present you can only select Web Page, complete. This saves all of the files needed to display this page,
including graphics, frames, and style sheets. Web Page, complete saves each file in its original format.
* Enter the width of the display window in pixels in which Plant Simulation shows the report.
* Enter the height of the display window in pixels in which Plant Simunlation shows the report.
* Enter the interval, in seconds, after which the Repors dynamically updates the results of the simulation run in the

display window. To manually update the display window, click Refresh [¢] in the display pane.
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Define How the Report Shows the Data

When you define which data the Repors shows and how it shows it, you will:

o Create a Structure for Displaying Data
o Apply Formatting to the Structure Pane
o _Add the Objects Whose Data Y on Want to Show

Y

Structure |Genera] | User-defined Attributes |

Navigate View Tools Help
Nome: [ Repor C
Label: | | O

M_yReport
= C_oupled Material Flow

= Chart
- Machines
Comments

- Simulation

" Finances
= Unmupled Material Flow

=)~ Comments
- Simulation
Financing
1= Introducing My Project
. Layout
- Orders

Create a Structure for Displaying Data

To add clarity to your report, you will first create a structure that shows the results of the simulation runs.

* To create a new page in the structure below a branch, right-click that branch and select New. Type in another
name instead of New Page. Repeat this until the structure has the form that meets your needs.

Instead, you can also right-click the new page and select Rename or enter a different name in the dialog Format.

In our example we entered Coupled Material Flow.

Structure |General | User-defined Attributes |

First column

Second column

Third column

; rootframe
[#- Uncoupled

M_yReport
Format !

Open

[#- Introducin
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* To enter the title of the page that the display pane shows, select the page, click into the cell below Headline and
enter the text. In our example we entered States of the Machines.

%* .Models.MyFactory. MyReport

TECNOMATIX

Simulation: My simulation run - Version: My simulation
Person in charge: Frank Jones, Simulation expert, ext. 1

2% =] = States of the machines
= Coupled Material Flow h
=l Chart =
Structure |General | User-defined Attributes | = Simulation
MyReport Headline * Finances
=) Coupled Material Flow States of the machines led Material Flow H
ing My Project
2] o] |
Uncoupled Material Flow ] ]
[#- Introducing My Project e e —
—

Apply Formatting to the Structure Pane
If you want to, you can apply formatting that the branches in the structure pane in the display window show.

* Right-click the branch that you would like to apply formatting to and select Format on the context menu.

Structure |General | User-defined Attributes |

HTML Page Format

MyReport Headline

States of the machines

MName:

Maschines

Il

Additional HTML code: | Bar chart
Tooltip: Mo State Times
O
Pen Execute before:
Cut
Copy
Paste Expand
Delete
Rename [ OK ] [ Cancel ] [ Apply ]

* Enter the text that the f0/tip shows, when you roll the mouse over the name of the branch in the structure pane

of the display window. In our example we entered No State Times.

* For the topmost node of a branch, such Coupled Material Flow or Uncoupled Material Flow in our example, you
can enter color for the vertical bars to the left of the branches in the structure pane. You can enter the HTML
code of a color, for example, DARKBLUE or #00008B, etc. In our example above we entered green.

* To show the branch and its sub-branches, i.e., with all of its subpages, in the structure pane, when you open the

Report, select Expand.
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* If you want to execute certain actions before Plant Simulation creates the HTML page, enter the name of the Mezh-
od M in which you programmed these actions into the text box Execute before.

Add the Objects Whose Data You Want to Show

After you have created the structute, you will add the objects whose data you want to show.

Note: You can only show data, and thus enter a title and add objects for it, on the individual pages that do not
have a B on their left on the tab Structure in the dialog of the Repor.

Below we demonstrate how to:
o Show the Contents of a Chart in the Display Pane
o Show the Contents of a Table in the Display Pane

Show the Contents of a Chart in the Display Pane

To show the contents of a Chart in the display pane of the Report:

* To enter the title of the page that the disp/ay pane shows, select the page, click into the cell below Headline and
enter the text. In our example we entered States of the machines.
Note that headlines are preceded by a bullet in the st7ucture and the display windows = Chart nes . Bnter a hyphen
(-) in the first cell below the header to show a horizontal rule below the headline in the disp/ay window.

* Click the page in the structure and double-click the cell below First column to show the data in column one of
the display pane of the display window.

* Enter the name of the object you want to show in the display pane. In our example we entered the name of the
Chart object Chart that we inserted into our simulation model.

Or drag the object from the Frame or the Class Library to the cell and drop it there.
» A TableFile.
* A Chart object.

* A Comment object you saved as Text Only, i.e., for which you cleared the check box Save the contents in rich-
text format.

* A Frame that contains icons of the objects you inserted.
*  An Attribute.

* An AttributeExplorer object.

* A Method object that returns a value of type string.

* One of the basic functions, such as 7o_s#r.

* Select how you want to show the data:

Setting Sample object Sample table
As Text, i.e., as Plain text. « Press Statistics Results « Table of Orders
PressUtilizationChart Shows the orders For the current press simulation
DeliveryList
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Setting Sample object Sample table
As an Icon of the Obiect. = Press Statistics Results = Table of Orders
Enter the name Of an icon Of the ObiCCt. Shows the orders For the current press simulation
Enter the Width and the Height of the M EE
icon in pixels that the Repors shows in
the display window.
As an Object, depending on the type of | - press statistics Results - Table of Orders
object. : Shows the orders For the current press simulation
. . MU Amount Name Attribute
Enter the Width and the Height of the MUs Entity 4 Part, Table : instantiated
ObiCCt in pixels in the dl!])/ﬂy Wil’ldOW. MUs EntityE 2 |PartE |Table : instantiated
= MUs, EntityC 3|PartC |Table : instantiated
Structure | General || User-defined Attributes
MyReport Headline | First column | Second column | Third column |
=) Coupled Material Flow States of the mac... |BarChart HistogramChart | PlotterChart
= Chart
Machines HTML Object Format
=I- Comments
Simulation Show object: BarChart
Finances .
+- Uncoupled Material Flow As: Object e
+- Introducing My Project
Width: 150 Height: 150
[ OK. 1 [ Cancel ] [ Apply

* To apply the settings you entered, click Apply.

Show the Contents of a Table in the Display Pane
To show the contents of a TubleFile in the display pane of the Report:

* To enter the title of the page that the display pane shows, select the page, click into the cell below Headline and
enter the text. In our example we entered Table of Orders.

* Click the page in the structure and double-click the cell below First column to show the data in column one of
the display pane of the display window.

Enter the name of the object you want to show. In our example we entered the name of the TableFile object De-
liveryList that we inserted into our simulation model. You can also drag the object from the Frame or the
Class Library to the cell and drop it there.

* Select to show the data as Object.
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Structure |Genera] || User-defined Attributes

MyReport Headline First column | Second column | Third column
(=) Coupled Material Flow Order mix Orders |

Chart
. Machines "HTML Object Format m
= Comments

| rcnied e Object [v]
(& Uncoupled Material Flow e = |

(= Introducing My Project

T (WIS f———

* To apply the settings you entered, click Apply.

<= .Models.MyFactory.MyReport =]

Simulation: My simulation run - Version: My simulation version

TEC No MAT I x Person in charge: Frank Jones, Simulation expert, ext. 131, frank.jones@abcd. com
$ % & = Order mix

The table shows the order mix.

Coupled Material Flow

Object | Amount Name Attributes
Uncoupled Material Flow MUs. Entity 1 | Transmission | $ 650
E Introducing My Project MUs.Entity 2 |Engine 3950
= Layout
® Orders

his tzble shows th

= View

Tecnomatix Plant Simulation
Siemens

Looking at the screen shot above, you are probably wondering where the sentence The table shows the
order mix. above the table comes from. For this we opened the Orders table, selected View > Comment and
entered The table shows the order mix into the comment field.

.Models.MyFactory.Orders SOE

File Edit Format Mavigate View Tools Help

The table shows the order mix.

MUs, Enkity
?b]ect ?teger gtrlng aable i
string [Object Armount | Marne Attributes £
1 L MUs Enkity |1 Transmission $ 650 1
2 | ,MUs.Entity |2 Engine $ 950 E |
5 v

Animating the Simulation Model and Viewing the Results 373



Viewing and Visualizing Statistics Showing Statistics in a Report

Work with the Display Window
Once you have entered data about the simulation run and defined what you want to show, you can view that data

in the display window. To do this, click [__shewRepart .

* To display the contents of a single branch in the display pane of the display window, click it * " -
* To show the next level of a branch in the structure pane, click the # sign in front of it.
* To open all branches of the tree, click Expand All §.

* To hide the next level of a branch, click the B sign in front of it.
* To close all branches of the tree, click Collapse All £.
* To print the currently displayed page to your default printer, click Print <.

* To save the report as a web page, click Save & Selecta folder, a file name and the format of the file in the dialog
Save As. This creates a folder with the name you enter and places the HTML files and the graphics that the
HTML files show into it.

Note: At present you can only select Web Page, complete. This saves all of the files needed to display this page,
including graphics, frames, and style sheets. Web Page, complete saves each file in its original format.

* To manually update the display pane, click Refresh [4].

* To replace the icon SIEMEN S, which the HTML page displays in the upper right corner of the tree win-
dow with the logo of your company, right-click the icon of the object Report and modify the icon called Logo in
the Icon Editor.

* To replace the icon TECN OMATIX , which the HTML page displays in the upper left corner of the dis-

play window with the logo of your company, right-click the icon of the object Repor? and modify the icon called

Header in the Icon Editor.
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Showing Values During the Simulation Run with the Display

When you want to show a value of an attribute, of a method, or of a Variable at all times throughout the entire simu-

lation run, we will use the Display B. The Display is, for example, ideally suited to dynamically show the fill level of
a Buffer.

You can insert it into yout simulation model from the folder UserInterface in the Class Library or from the toolbar
User Interface in the Too/box.

Toolbox

Material Flow | Resources || Information Flow | User Inteface | Mobile Units || Tools

N E‘!\?WEB

* When you deactivate the Display, it shows its icon ! in the Frame, into which you inserted it.

* When you activate it by selecting Mactve B the Digplay shows a value in the Frame window, such as Fillevel guffer 3.
You can:

o Select which Data the Display Shows

o Select How the Display Shows the Data

Select which Data the Display Shows

Before you start your simulation run, you have to tell the Disp/ay which value it displays and in which mode it col-
lects the data.

-Models. MyPlant.Display .Models. MyPlant. Display
Mavigate View Tools Help Mavigate View Tools Help
Name: | Display| B Active Name: | Display Bl Active
Label: O Label: (]
Data | pisplay | User-defined Attributes Data | Display | User-defined Attributes
Path: Buffer.NumMU [ E Path: Buffer NumMU e ] |
Comment: | Fill Level Buffer = Comment: | Fill Level Buffer =
Mode: | 5ample | O Mode: | Sample | ]
Interval: 1:00 L] Interval: 100 o
Value: 1 Minimum: 1 Value: 15 Minimum: 2
Maximum: 1 Maximum: 15
ok | cancel ][ ooty | oKk | Cance ][ ool |
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* Click | | to enter the path to and the name of the object whose data you want to view. Then, enter the value
of a global variable (Iariable), of an attribute or of a method of an object into the text box after the path. You might,
for example, entet buffer.numMU, .Models.Frame.parallelProc.statNumOut, store.XDim, etc.

The Display supports the data types boolean, integer, real, string, object, time, money, length, weight, speed, date and datetime.
When the path you enter is invalid, the background of the text box changes to red.

* If you want to, you can also enter a brief description (Comment) of the displayed value. You might, for example
enter a description of the attribute that the Display displays, such as F111 level Buffer. The Display shows
this text below the value in the Frame window.

Note: When you select to display the value as Text, we recommend to enter one or two spaces after the last
word, so that the value does not appear too close to the comment.
¢ Select which mode the Disp/ay uses to update the displayed data.

* Sample mode updates the Display periodically and takes the next sample after the time span you enter into the
text box Interval.

* Watch mode updates the Display, whenever the value of an observable Me#hod changes, for example numMU,
numMUParts, statMaxINumMU, statNumln, statNumQOut, etc. or of an observable attribute, for example Pause,
Speed, Unplanned, etc.

The column Watchable in the dialog Show Attributes and Methods of the individual objects shows all #zethods
and attributes which Plant Simulation can observe.

Select How the Display Shows the Data

Before you start your simulation run, you have to tell the Display how to show the value it collects. In Sample mode
it updates the value periodically, in Watch mode, whenever the displayed value changes.

Data | Display | User-defined Attributes

Type: v E  Maximum: 10 H
Minimum: | O O
Color: =] |:| Transparent ]|

* Select how you want the Display to show the value: As Text, as a Bar or as a slice of a Pie. The Display can only
show numerical values as a bar and as a slice of a pie. These are easy to comprehend, but not very well suited if
accuracy is important.

Text Bar Pie
Fill Level Buffer 2 ‘
Fill level Buffer Fill lewvel Buffer
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* When you select Bar or Pie, the Display shows the value in relation to the Minimum and the Maximum value of
the range you entet. An empty bar/pie indicates values smaller than or equal to the lower bound of the range.
A full bar/pie represents values greater than or equal to the upper bound of the range. You can also change
the height and the width of the bat/pie graphic by dragging its outline with the left mouse button while holding
both the Shift and the Ctrl keys down.

The Display shows the actual minimal and maximal values as dashed lines in the Frame window, which is not
as accurate as you might need it to be. To view the current values, click the tab Data and look at the boxes
Minimum and Maximum.
To reset the values on the tab to 0, click Reset Values.

* When you select Text, the Disp/ay shows the value as a number or as text in the Frame window. Then, you can
select a Font size for displaying the value itself and for displaying the Comment you entered. Enter a blank after
the text you enter as so that the Comment value is not shown attached to the text.

Data | Display |User-defined Attributes
Type: Text V E
Fontsize: |Small V O

B []Transparent O

Color:

* To make the background of the Display you inserted into a Frame transparent, select Transparent.

Then, the Display shows the space around the text in the color you selected as the Color for the background of
the Frame, i.e., the background color of the Frame shines through the hollow parts of the text.

Not transparent | Transparent

Fill Level Buffer 3 Fill Level Buffer 3

* To select a color for the text the Display displays and for the outline of its display graphic, click in the field next
to Color and select a color in the dialog Colors.

Showing Statistics During the Simulation Run in Excel

You can dynamically show statistics values, which Plant Simulation records in a global variable, at all times through-
out the entire simulation run on an Microsoft Excel data sheet. You can thus use the spreadsheet functions and the
graphic display options that Excel provides to visualize values. Plant Simulation and Excel exchange data via DDE.

You can insert the Variable &= into your simulation model from the folder InformationFlow in the Class Library or
from the toolbar Information Flow in the Too/box.
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Toolbox x
User Interface Mobile Units Tools
Material Flow Resources Information Flow

n=1

=] +t

F S - E
Ll KL Eﬂ i
T ofAnn ; -"‘S++ S+ »

N

You will:

o Set the Variable Up

o Set Excel Up

* Embed the Excel File into the Model with the Filel infk

Set the Variable Up

For visualizing the value, which the global variable records, you will first insert an object of type Variable into the
simulation model. Then, select settings for displaying the value in the Frame and for sending it to Excel:

* Enter a meaningful Name. In our example we entered AverageThroughputTime as we want to record the av-
erage throughput time.

* Select the Data type of the value to be recorded. As we want to measure the throughput, we use the default setting
integer.

r=i _Models.Model1.AverageThroughputTime
Mavigate WView Tools Help

Mame: | AverageThroughputTime =

Value | Display || Statistics | Communication | Comment

Data type: w ] =

Value:

[ Ok H Cancel ][ Apply ]

* Select how to display the value, which the Variable records, in the Frame. We selected to show the VVariable trans-

parent, in blue with a large font size on the background of the Frame AverageThrouchputTime=62.56
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=i _Models.Model1.AverageThroughputTime
Mavigate View Tools Help

Mame: | AverageThroughputTime| =

value | Display | Statistics Communication | Comment |

Font size: B [Jshow data type O
=]

Font color: | A =1 [ show units
Transparent

[ QK ][ Cancel ][ Apply ]

* As we want to send the value of the Plant Simulation 1 ariable to Excel, we select Support DDE hotlinks.

=i _Models.Model1.AverageThroughputTime
Mavigate View Tools Help

Mame: | AverageThroughputTime] =

| Value | Display | Statistics | Communication | Comment

I%Support DDE hotlinks E

QK ][ Cancel ][ Apply ]

Set Excel Up

After you have inserted and set up the I ariable whose value you want to show in Excel in Plant Simulation, you have
to set up Excel.

* Start Excel.
* Enter explanatory text into the cells of the first column.

* Enter='eM-Plant'|data!'.<absoute path to the Variable>'into the cell thatis to show the value of
the Variable.

To show the Average throughput time for model 1 (cell A5) per minute, we entered ='eM-Plant'|da-
ta!'.Models.Modell.AverageThroughputTime"'/60 into the cell B5.
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* Then, add additional display options of the values, such as

|38] Microsoft Excel - PlantSimulation.xls
@I_] File Edit View Insert Format Tools Data Window Help T
RGN~ NENFENT: - RN RN — i T 30 0 PSS N1 M Wt B
SUM > X &/ /& ='eM-Plant|datal.Models.Model1.AverageThroughputTime’
A | B [E]
| 1 [Model 1 Model 2
| 2 |Number of empty carriers 0
| 3 |Number of loaded carriers 0
4
| 5 |Average throughput time per minute |=eM-Plant|datal Models Model1.AverageThroughputTime' |
% 28] Microsoft Excel - PlantSimulation.xls
(7 | @] File Edit WView Insert Format Tools Data Window Help
W 4« » W] Sheetl  Sheet? / Sheet3 / : : i _ S
e NG HR S B9 ; aral
BA - f ='eM-Plant’|datal Models Model1_Avera
A | B |
Modeal 1
MNumber of empty carriers 1

MNumber of loaded carriers

Average throughput time per minute

M 4 » M| Sheetl / Sheet2 f Sheet3 /

Ready

charts, etc. to the cells below. Consult the Microsoft

Excel Help for details of how to accomplish this. Save the file.
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|8] Microsoft Excel - PlantSimulation.xls

@_] File Edit View Insert Format Tools Data Window
AR NN Y= -0

v|):.|.;_§,'-.

Help

é i Arial
A33 i 13

A | B

Model 1
MNumber of empty carriers
MNumber of loaded carriers

Awerage throughput time per minute 62.56

Carriers in Model 1

L
| 2 |
| 3 |
e ]
| 5 |
| 6 |
Lzl
| 8 |
| 9 |

0

-

| 11
12
| 13|
| 14|
| 15|
| 16|
| 17|
18
19
20
21
22
23
2

el oy
e

ol ey

=
Lra =S

=

5

R
4 4 v My Chartl f Chart2 % Sheetl / Sheet2 { Sheet3 /
Ready

Embed the Excel File into the Model with the FileLink

To be able to open the Excel file from within your Plant Simulation model, drag it from the Windows Explorer to

the Frame and drop it there.
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=

! Edit Mavigate Objects Icons View Tools Help

E s GME» 0L R FEJ a N PHE e

o) by

Bottleneckanalyzer

GQualityCheck

Auto_Assyd Auto_hAssy2

[s1 [s1 [s1

Auto_Assyl

Rework_Stat

;|

L W

CQutput_Chart Station_Utilization

AS1

I

Station_Output

o

a
\_2 D:\My Simulation Data

Bl < |

File Edit View Favorites Tools Help
@Bad( i J l@ ‘/:j Search |

-~ Folders |'$

Address EE} D:\My Simulation Data

MName Size | Type * [
= 18KB Microsoft Excel Worksheet
WorkerWorkingaAndCarryingParts_GP_2.spp 34KB eM-Plant Model

4 = test.spp 1.084KB  eM-Plant Madel =
MyWorkerCarryingParts.spp 1.042KB  eM-Plant Model
Label MyPlantaAnytown.spp S50KB eM-Plant Model

My Model.spp 226KB eM-PlantModel 00000
My Facility 1.spp S50KB eM-Plant Model
EI MeinTragenderWerker.spp 1.032KB  eM-Plant Model
MeinTragenderWerker 1.spp 34KB eM-Plant Model
adfsad.spp S50KB eM-Plant Model

k [l 4t e e 1 nocvo  oavcis [VJ
<] M (2]

Type: Microsoft Excel Worksheet Author: hochkla Date Modil 18,0 KB

j My Computer

Axles_Shipment
(J 1il

T

oo

2]

To embed the Excel file into the simulation model, click Yes. Then, you can double-click the icon of the Excel file

@J to open it.

This connection between the Excel and the Plant Simulation Frame is established with a Filelink object. To open it,

click @J with the right mouse button and select Open.
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.Models.Model1.FileLink
Mavigate View Tools Help

Mame: | FileLink O

Label: | Is\My Data'PlantSimulation.xds | F

Attributes
File Mame: s\My Data'PlantSimulation.xds | F
[¥]Embed file
[ OK ] [ Cancel ] [ Apply ]

Accessing Statistics with Methods and Attributes

Naturally you can access most of the statistics values with methods and attributes:

For the material flow objects the names of the Methods are listed next to the name of the value in the description of
the Statistics Report.

For the Drain the names of the Mezhods are listed next to the name of the value in the description of the Szazistics
Report.

For the Exporter and the Worker the names of the Methods are listed next to the name of the value in the descrip-
tion of the Statistics Report.

In addition, you might want to check the topics Methods for Accessing Statistics of the Material Flow Objects and Az
tributes for the Statistics of the Material Flow Objects.

For the MUs the names of the Methods are listed next to the name of the value in the description of the Product
Statistics of the MUs and of the Resource Statistics of the MUs.

For the object Transporter the names of the Methods are listed next to the name of the value in the description of
the Driving Statistics of the Transporter.

In addition, you might want to check the topics Methods for Accessing the Statistics of the Mobile Objects and Attributes
of All Mobile Objects.
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Toggling States and Executing Actions

At times you may want to toggle between the states oz and gff, or between different operating modes, etc. in your
simulation model. Or you may want to execute an action by clicking a button in the model.

You can:
* Toggle States with the Checkbox
»  Execute an Action by Clicking a Button

Toggle States with the Checkbox

You can insert the Checkbox ¥ into your simulation model from the folder UserInterface in the Class Library or from
the toolbar User Interface in the Too/box.

Toolbox

Material Flow | Resources || Information Flow | User Inteface | Mobile Units || Tools

A .E'E%@LEI%B

To open the dialog of the object Checkbox, double-click the name Checkbox to the right of the icon in the Frame

—

R
You can use the check box to:
* Toggle the State by Clicking the Checkbox

o Switch Modes Using a Control

Toggle the State by Clicking the Checkbox

To switch between the o7 and the gff state of the Checkbox, click its icon in the Frame. To show an expression of your
choice next to the checkbox, enter it into the text box Label. We entered Motor in our example.

-Models. MyEnginePlant.Checkbox
Mavigate View Tools Help

Mame: | Checkbox O

Label: | Motor =

(3 Makar 9 Makar
Then, create two new icons for the checkbox.
* Right-click the checkbox and select Edit Icons on the context menu.

* Select Icon > New and draw a new icon for the state/value true. Name it true3 for example. Make true3 the
current icon.
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[#] -Models.MyEnginePlant.Checkbox =JOEy
File Edit Iton Object Tools Help

o 7z e\ Ao BeB o i 8a

B Number: 5/7 Name: |true3 [] Current B

¢ Draw a new icon for the state/value false. Name it false3.

[#] -Models.MyEnginePlant.Checkbox =JOEs
File Edit Iton Object Tools Help

o [Fl2/@\AoDDel o 8 Q. v

E Number: 6/7 Name: false3 [ Current B

When you now click the checkbox in the Frame, it changes its icon from green O motar meaning oz, to red O motar |
meaning off.

Switch Modes Using a Control

If you want the checkbox to switch modes when a certain action takes place in your simulation model, you have to
program this in a control.

Double-click the name of the checkbox and select the control in which you programmed when the icon of the
checkbox is to change from one state to the other. We wrote the method myS7ateChangeControl to do that.
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[v] .Models.MyEnginePlant.Checkbox 1
Mavigate View Tools Help

Mame: | Checkbox1 =l
Label: | StateChangeByControl =

Data | User-defined Attributes

Value: true v O

Control: myStateChangeControl E] =

Execute an Action by Clicking a Button

You can insert the Button @ into your simulation model from the folder UserInterface in the Class Library or from
the toolbar User Interface in the Too/box.

Toolbox

Material Flow | Resources || Information Flow | User Inteface | Mobile Units || Tools

» PRGBS

The button executes the action, which you programmed in the control, when you click it. The button shows that
label you type in as text on the button in the Frame.

By default Plant Simulation does not show a tooltip for the button in the Frame when you roll the mouse over it. To
display a your own tooltip, create a user-defined attribute and name it Tooltip.

MName: | Buttonl =
Label: | My Button Long Label =

Attributes | User-defined Attributes

New | [ Edit | [ Delete

Mame Value | Type I
OnClicked method =
Tooltip Click this to execute your action.  string *

User-defined Attributes

Mame: | Tooltip|

Value |statistics | Communication|

IMy Button Long Label Data type: string ‘ |
ke Value: Click this to execute your action. | E

[ Click this to execute your action. |
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Plant Simulation can show the button in the Frame in a number of ways

With the built-in icon and the label you type in . You might have to adjust the width and the height

so that the label fits the button without being cut off. You can do this by holding down Ctrl+Shift and dragging

a corner of the icon. Or you can enter exact values into the text boxes. Or you can combine both methods by
first dragging to roughly resize the button and then by fine-tuning the values in the text boxes

.Models. MyEnginePlant.Button1
Mavigate View Tools Help

Mame: | Buttonl

Label: | My Button Long Label =

Attributes | User-defined Attributes |

|:| Use icon |
Width: 110 B

Height: 30 E

Contral: self.OnClicked E]

* With a user-defined icon ] you draw in the écon editor.

[=] .Models.MyEnginePlant.Button

59]=0X]
File Edift kon Object Tools

Help

.gzj—l\/qc:an@ﬁb@ - ANCHCWRY
@ Number: 3/3 Name: |con

(26.1)

[+] Cument =

Then, you can show the text you enter as the label on this user-defined icon of the button (Ianien | f,,, example

-Models.MyEnginePlant.Button ZE3
Mavigate View Tools Help

Name: | Button

Label: | Continue|

Attributes | User-defined Attributes |

Use icon =]
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Execute an Action by Clicking a Button

To be able to tell that you clicked the button, we recommend to draw two pictures for the button, one for the

unclicked state  Contine ,and one for the clicked state E] In our example above the name of the unclicked
icon is icon3, the name of the clicked icon consequently has to be icon3_down. Note that the button does not

stay pressed, but returns to its unclicked state when you release the mouse button.

—~ =

. . . o () "
* With a picture you paste into a new icon in the son editor, ~—' and “— for example.

Then, program the action in the button control that the button executes when it is clicked.

To execute this action, click the button in the Frame.

To open the dialog of the button, click it with the right mouse button and select Open on the context menu.

.Models.MyEnginePlant.Button

Mavigate View Tools Help

Name: | Button =l
Label: | Continue =
Attributes | User-defined Attributes
[¥] Use icon =
Width:
Height:
Control: myButtonControl

.Models.MyEnginePlant.Button1

MName: | Buttonl

|:| Use icon
Width:

Height:

E] ] Contral:

Mavigate View Tools Help

Label: | My Button Long Label =

Attributes | User-defined Attributes

O
1w | B/
30 B

self, OnClicked —

Built-in Icon,
Not Clicked

Built-in Icon,
Clicked

User-defined Icon,
Not Clicked

User-defined
Icon, Clicked

l MyButtonLonglLabel

lMy Button Long Label

L3

e

s

Open
Delete

Rename...

You can also select the button by dragging a marquee around it.
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Working with Evaluation Tools

Plant Simulation provides the objects Bottleneck Analyzer and SankeyDiagram for analyzing and displaying the flow of
materials through a plant. You find them on the toolbar Tools in the Too/box.

il
BottleneckAnalyzer v&

The Bottleneck Analyzer visualizes the standard statistics of the material flow objects and sorts the data into a table.

It displays the statistics of the material flow objects that are located in the same Frame as the Bottleneck Analyzer or in
sub-frames. The bottleneck analyzer works statically, i.e., it does not collect data during the simulation run. For this
reason that you can insert it even after the simulation run is finished.

You can Analyze the model, Remove the statistics charts, and Open the ranking table. You can also configure the

Bottleneck Analyzer: you can select the type of Resources and select Display options.

You can insert the Bo#tleneck Analyzer into your simulation model from the folder Tools in the Class Library or from
the toolbar Tools in the Toolbox.

Toolbox

Material Flow | Resources || Information Flow | User Interface | Mobile Units | Tools

i 28O

Bottleneck Analyzer Bottleneck Analyzer
Mavigate Help Mavigate Help
Analyze lConﬁgure] Analyze Configure l
Model: Which resource types are viewed?

All charts: Production Transport || Storage
Ranking table: Display: Plus Background v

[ oK ][ Cancel ][ Apply ] [ OK. |[ Cancel H Apply ]

Configuring the BottleneckAnalyzer Through Other Objects

When an object has the user-defined attribute _BNanalysed, of data type boolean, and when you set this attribute to
false, this object will not be part of the Bo#tleneck Analyzer’s analysis. You can create this attribute for an object by
dragging the object over the BotfleneckAnalyzer and by dropping it there.

Analyze

To visualize the statistics, click the Analyze button. For a Frame, the Bottleneck Analyzer shows the statistics of the
eritical resource, which is the material flow object processing the highest number of parts.
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Note: The BottleneckAnalyzer only shows the statistics of a material flow object when the statistics is activated and
for the type of resource you selected in the dialog Configure.

This color designates this state
green Working

brown Setting-Up

gray Waiting

yellow Blocked

red Failed

blue Paused or Unplanned

Remove

To delete the displayed values, click the Remove button.

Open

To select the sorting criteria of the statistical values, which the BoffleneckAnalyzer shows and which it then writes to
a table file, click the Open button.

When you click OK, the Bo#tleneck Analyzer opens a table file that lists all material flow objects, showing the statistical
values for the states you selected.

Resources

Select if the BottleneckAnalyzer displays statistical data for a resource of type Production, Transport and Storage on
the tab Configure.

Display

Select how the BottleneckAnalyzer displays the statistics values from the drop-down list:

As Only Bars, as Plus Scale, or Plus Background.

Navigate Menu

The menu command Open Location opens the Frame window in which the object is located.

Help Menu

The Help menu provides these menu commands:

Contents

The menu command Contents opens the table of contents of the Tecnomatix Plant Simulation help.
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Index

The menu command Index opens the index of the Tecnomatix Plant Simulation help.

Help on BottleneckAnalyzer
The menu command Help on BottleneckAnalyzer opens the help topic pertaining to the BotfleneckAnalyzer.

SankeyDiagram <=

The SankeyDiagram watches and displays instantiated MUs of MU classes.

You can insert the SankeyDiagram into your simulation model from the folder Tools in the Class Library or from the
toolbar Tools in the Too/box.

< Sankey in ‘SankeyDiagram’
Mavigate Help

SankeyDiagram

Display
MUs to be watched:

Graphics
Color: Blue v
Maximum width of the flows: | 12

Toolbox Graphics in layer: -555
Material Flow | Resources || Information Flow | User Interface | Mobile Units | Tools

Tulte, . i -.; G5A (y
h H@‘%’; N;@\! @ ok | [ cancel ][ apply

You can:

* Select if the SankeyDiagram is Active or not and Display the Sankey flows.

* Select the MUs to be watched by clicking Open.

* Select the Color of the Sankey flows.

* Enter the Maximum width of the flows.

* Enter the number with which to Display the flows on layer/Graphics in layer.

The context menu of the SankeyDiagram also provides commands for some of the above actions.

Display Sankey Diagram
Delete Sankey Diagram
Open Table of Watched MUs
Activate/Deactivate
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Active

To activate the SankeyDiagram, select this. The icon in the Frame looks different for an activated or a deactivated
SantkeyDiagram. To deactivate it, clear the check box.

SankeyDiagram %

&

Display
To display the Sankey flows, click Display.

Note: Plant Simulation only displays Sankey flows, when you activate the menu command View > Options > Show
Connections in the Frames.

The SankeyDiagram uses the Constructor and the Destructor interaction controls of the mobile objects. You
cannot use it in models in which you programmed your own Constructor and the Destructor controls for
mobile objects.

MUs to be watched "= === =

To designate the classes of MUs, which the SankeyDiagram watches, click Open and enter the MU classes, whose
instances Plant Simulation watches, into the table that opens.
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You might, for example, enter .MUs.part, .MUs.entity, .MUs. transporter, etc.

Color

Select one of the predefined colors for the Connectors in the Sankey diagram: Red, Cyan, Blue, Magenta, Green, Yellow,
Black or White. Clicking Select opens the dialog Colors in which you can select another color of your liking.

Color: Blue v

CULR G

Graphics in layer:

White

K Cancel |Select.. |

Maximum width of the flows

Enter the maximum width of an element for displaying the flows.

Display the flows on layer/Graphics in layer

Enter a sufficiently great negative number to ensure that the Sankey flows are always displayed in front of all objects
and vector graphics in the Frame that contains your model.

Navigate Menu

The menu command Open Location opens the Frame window in which the object is located.

Help Menu

The Help menu provides these menu commands:

Contents

The menu command Contents opens the table of contents of the Tecnomatix Plant Sinulation help.

Index

The menu command Index opens the index of the Tecnomatix Plant Simulation help.

Help on SankeyDiagram

The menu command Help on SankeyDiagram opens the help topic pertaining to the SankeyDiagram.
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Importing Data for the Simulation

When you create your simulation model, you will work with data provided by the departments of the installation
you are modeling, such as production lists, data, which machines output, etc. As a rule you will import this data
from a spreadsheet program, such as Microsoft Excel, or from a database, into an Tecnomatix Plant Simulation list or
table. From the data bulk you will have to filter out the data you actually do need to use for your simulation project.
The material flow objects can then access these lists and use the data for the simulation.

Naturally you may also want to export some or all of the data, which the simulation runs created, so that you can
use and manipulate it in other programs.

Importing and Exporting Data

Plant Simulation provides a number of ways to import data from other applications into Plant Simulation. In some
cases you will import data into an Plant Simulation list or a table, process it there and then pass it on to the material
flow objects. In other cases you will directly provide imported data to the material flow objects, for example by
employing the Filelnterface.

You can:

* Import a Text File or an Object File into a List

* Tmport Data from a Microsoft Exccel Worfsheet

 Import a Services List, a List of Shifts, ete. into an Object

 Import Data in XML Format

* Import Data from a Database

 Import or Export Data in ASCII Format

* Import or Export the Contents of a List

Importing Data for the Simulation 395



Importing and Exporting Data Import a Text File or an Object File into a List

Import a Text File or an Object File into a List

The Plant Simulation lists TableFile B | CardFile @, QueueFile and StackFile (2 and +i») and TimeSequence ¥8 can open
text files, Plant Simulation object files and Microsoft Excel files, which contain the data you want to use in your sim-
ulation project.

* Before you open a text file, we advise to select the correct data type that fits the data you are going to import into
the individual columns of the TableFile. If the text file has a column header, which you want to also use in your
Plant Simulation list, activate and show the column index in the Plant Simulation list.

-
_Models. Frame. TableFile =JOEs
File Edit | Format | Mavigate View Tools Help
= = Format... i £ ||ﬁl #  E
L

Column Index Active

skring | skring | string M
1 Row Index 2| Show 3 4 i

skring
1

E:! Inherit Format

f85 Inherit Contents

“
3 Inherit Comment
4

* To open a text file or an Plant Simulation object file in a list, select File > .

.Models.Frame. TableFile
File | Edit Format MNavigate
|,__}” Open... B Cirl+0 |

i Save As Text... N

[l | Save As Obiect...

Save As Excel File. ..
Save As XML File...

Format...

| <] print.. Ctrl+p

Print Format...

H Close

* Navigate to the folder where you stored the file. Select the type of file you would like to open and click Open.

396 Importing Data for the Simulation



Import a Text File or an Object File into a List

Importing and Exporting Data

Open

Ek

Look in: | £ My Data

¥ @2 e @

customIndex.spp
customIndex.spp.bak

6

My Recent @EMPlant.xls
Documents | B excelTest.xls
= formula.spp
[ formula.spp.bak
Desktop [£] MeineAlternativenDienste., tet

MeineImportiertenDienste. obj

E] MeineImportiertenDienste. bt
MeineProduktionsanlage. spp
MeineProduktionsanlage. spp.bak
[ MeineSchicht1.doc

B MeineSchict1.dac

&

My Documents

[Z] MyDataAsText. tet

B MyDatainExcel. xls

E] MyImportedServices., txt

B myshift1.doc

[Z] MyShift1 bt

[Z] MyShifts. bt

B MyTestData. xls

B MyTestDatas. xls

=] Planner . xml

B publicHalidaysUs 2004, doc

[£] PublicHolidaysUs2004. et

E] PublicHolidaysls 2004Compl. txt
@Sicherungskﬂpie wvon MeineImpaorti

z%! E] MyAlternativeServices, txt SteeringTypes2.bak
" EI MyCardFile.obj [ SteeringTypes2.xls
My Computer . _]
(& 10l | [>J
‘§ File name: [V] [ Qpen ]
My Network | Files of type: Al Files ) [v [ cancel |
Object Files {~.obj)
Text Files {"bd)
Excel Files {"xs)

Text file opened in Word, sample Opened Plant Simulation object file, sample
4] MylmportedServices.txt - Microsoft Word E]@] .Models.MyPlantAnytown.SteeringTypes E]@]
I Fle Edit View Insert Format Tools Table Window Help File Edit Format Mavigate View Tools Help
NEEHSE) B9 B[ < f =R W= R S W a
Service —+ Rmount —+ Alternative{ 'fl 1
drill8mm -+ 2 -+ Blternativelq =) integer integer |table |string A
drilll0mm - 1 -+ Llternative2q 0 1 2 3
drillilZmm - 4 . Zlternative3q string |ID AmountPerSet Jacks ALTvpe
drilllé4mm -+ 2 -+ Llternative4q ™ 1 9145 i 4 Craft
drilllBmm —» 8 - ZlternativeSq e 2 |at4g > 4 Craft
milling —=+ 5 -+ Zlternative&q @ 3
. . 9150 2 4 Craft
arc-welding —+ 4 -+ Alternatlve?fﬂ T =
g E“ (<] > 4 9151 1 4 Craft
= =l I il 5 laisz 4 3 M4 A
Page 1 Sec 1 1f1 At 53cm In 8 Col 27 3
6 |9153 4 g MF4
7 9154 2 3 MF4

Note that Plant Simnlation opened the object file with the formatting, which the original file had. For the text file

we had to manually select the correct data types.

* To export the contents of an Plant Simulation list or table, select File > Save As Text or File > Save As Object.
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Import Data from a Microsoft Excel Worksheet

When Plant Simulation reads an MS Excel table, it attempts to convert the values in the individual column to the data
types of the columns in your Plant Simulation table. This only works, when you created the columns on the Excel
worksheets so that they only contain a single data type, meaning that, when you, for example, assign the data type
String to a cell of a column, the entire column may only be of data type S#ing. After importing the data into Plant
Simulation, you have to check the data types of the individual columns, you might have to correct the type of some,
and you will have to filter out data you do not need. You can cither do this manually in the open Plant Simulation
table, or you can program a Method to manipulate the data while importing it.

If the Excel file has a column label, which you want to also use in your Plant Simulation list, activate and show the
column index in the Plant Simulation list.

_Models.Frame.TableFile A=)

File Edit | Format | Mavigate View Tools Help
SRl | Format.. 0 & uip 84 S
L

Active

@
&
i

Column Index

skring = | skring | string M
1 Row Index 2| Show 3 4 i

skring
1

E:! Inherit Format

f85 Inherit Contents

“
3 Inherit Comment
4

* For our example we used the file MyTestData.xls, which looks like this in Excel.
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Importing and Exporting Data

Microsoft Excel - MyTestData.xls
E File Edit WView Insert Format Tools Data  Window Help
=A™ | %inrial 0 z|B I U|E=
} & snaglt |2 | window o |

K19 - A 06.02.2004 06:25:46.000

D BT H | I | J | K T

| 1 |ns. conveyors, and shipping, area 1, starting 07.02.2004 06:00:00, produced, tested. shipped, partially, in toto =
| 2 ]4:43:55
L3
| 4 |ID Status Type Codes Actions planned Assembly Drawing-Mo. |Arrival Date
| 5 | 6750461331 MM 467500 L FCL \HA 1265 M00Z 01.02.2004 3/06.02.2004 06:07:42.000
| 6 | 6610462552 MM 466100 L FW 423 498 949 02.02.2004 3/06.02.2004 06:08:28.000
| 7 | 6610462553 MM 466100 L FW 423 498 949 02.02.2004 3/06.02.2004 06:09:15.000
| 8 | 6700837672 MM 467000 L FC HA 1247 MO02 02.02.2004 206.02.2004 06:10:02.000
| 9 | 6700837670 MM 467000 L FC HA 1247 MO02 02.02.2004 206.02.2004 06:11:02.000
| 10| 5492016531 MM 454800 L FC HA 1327.M112 02.02.2004 206.02.2004 06:11:46.000
11| 5492016530 MM 454800 L FC HA 1327 M112 02.02.2004 2/06.02.2004 06:12:35.000
12 |ID Status Type Codes Actions planned Assembly Drawing-Mo. |Arrival Date
| 13| 5492016534 MM 454800 L FC HA 1327.M112 02.02.2004 2/06.02.2004 06:13:23.000
| 14| 5492016532 MM 454300 L FC HA 1327.M112 02.02.2004 206.02.2004 06:14:10.000
| 15| 5492016535 MM 454300 L FC HA 1327.M112 02.02.2004 2/06.02.2004 06:14:59.000
| 16| 5492016536 MM 454300 L FC HA 1327.M112 02.02.2004 206.02.2004 06:15:52.000
17| 5492016538 MM 454800 L FC HA 1327.M112 02.02.2004 206.02.2004 06:16:42.000
| 18| 5492016537 MM 454800 L FC HA 1327 M112 02.02.2004 2 06.02.2004 06:17:46.000
| 19| 6610462551 MM 466100 L FW 423 498 949 02.02.2004 3]06.02.2004 06:25:46.000 |
| 20| 6610462554 MM 466100 L FW 423 498 949 02.02.2004 3/06.02.2004 06:26:38.000
| 21| 6610462555 MM 466100 L FW 423 498 949 02.02.2004 3/06.02.2004 06:28:15.000
| 22 |ID Status Type Codes Actions planned Assembly Drawing-Mo. |Arrival Date [
W 4« » W[y Chartl  StationA / StationB 1< [ m
Ready UM

* To open the Excel file in an Plant Sinulation table, select File > Open.

Navigate to the folder where you stored the file. Select the file you would like to open and click Open. Select the
Excel worksheet you want to import and click OK.

Open
Look in: | 5 My Data
.Models.Frame.TableFile p: - B eMplant. xls
| 23 =
File | Edit Format Navigate ZexcelTest.xis
My Recent I--i—l_]I'~"I3-'DatainExceI.)(Is
|[.3 Open... Py Cirl+0 Documents | (B

.l 3 ..

Save As Text... = I--i—l_]I'~"I3-'Tesﬂi)ata.-'-\.)(Is
B . |_ I--i—l_]SteeringTw:ues2.>(Is

[l | Save As Obiect... = )

| | Desktop _]SteerlngTypes3.xIs

Save As Excel File. .. E_]St&&ringTypes‘Lxls

Save As XML File... - ] steeringTypess.xls
[ S v, ) steeringTypes. xls
| | Format... __J —] atyp

My Documents

| &) Print.. Cirl+P i
| | PrintFormat... ‘Q File name: My TestData.xds
H s . ]
| Close My Netwark Files of type: Excel Files (*xds)

Worksheets @
StationA
StationB

FETa— [ Cancel
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Import a Services List, a List of Shifts, etc. into an Object

* The imported Excel worksheet looks like this in our Plant Simulation table.

.Models. MyPlantAnytown. MyProductionData

File Edit Format Mavigate WView Tools Help

= Sl A % a0k s
Data skarting 07.02,2004 14:43:55

?tring |§tring |§tring |§tring |gtring |gtring |§tring |_A_

string [SkationShip

1 ata skarkin |

2 |Sorted by:

3 [Station Seckion  |Line jis} Status  [Type Codes

S 70 70 6750461331 MM 467500 L ,FCL HA I265,M002,M0

5 |33 70 99 6610462552 MM 466100 L FW 423,495,949 HA

6 |33 70 99 6610462553 MM 466100 L FW 423,495,949 HA

73 70 70 6700837672 MM 467000 L ,FC ,HA ,I247,M002,M2

i |31 70 70 6700837670 MM 467000 L ,FC ,HA ,I247,M002,M2

9 51 70 99 5492016531 MM 454900 L ,FC ,HA I327,M112,M3

10 |31 70 99 5492016530 MM 454900 L ,FC ,HA I327,M112,M3

11 |Station Seckion  |Line jis} Status  [Type Codes

12 31 70 99 5492016534 MM 454900 L ,FC ,HA I327,M112,M3

13 [31 70 99 5492016532 MM 454900 L ,FC HA I327,M11Z,M3 [
£ >

Check the file for correct data types, data you do not need, etc. You can also pre-process or post-process the data

by programming a Method.

* To export the contents of an Plant Simulation list or table as an Excel file, select File > Save as Excel File.

Import a Services List, a List of Shifts, etc. into an Object

To import a services list, a list of shifts or a worker creation table into one of the lists, which are embedded in an

object:

Note: In most cases importing one of the above lists involves two lists.

The first list contains any expression of your choice, which serves as a placeholder for the subtables. You
might, for example, enter different names for the different services to group them by name.

The second list, i.e., the sublist, contains the names of the actual services and the number to be provided.

* Open the files, which you received in a text editor. Make sure that the text, which appears in the column header,
is the first line in the file. Separate the columns with tabs. Save the files as text files (.txt).
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Importing and Exporting Data

4] MylmportedServices.txt - Microsoft Word =JOEs
! Fle Edit Wiew Insert Format Tools Table Window Help
NG ] B9[] - BiA
Service —+ Rmount —+ Alternative{
drill8mm —» 2 -+ Llternativelq
drilll0mm - 1 -+ Llternative2q
drilllZmm -+ £ -+ Llternative3q
drilllémm -+ 2 -+ Llternative4q M
drilllBmm - 8 -+ ZlternativeSq a
milling —=+ 5 -+ Zlternative&q @
arc-welding + 4 -+ AlternativeTld o
=Em® E:— [ 1l | [l]
Page 1 Sec 1 1f1 At 53cm In 8 Col 27 REC

% .Models. MyPlantAnytown. SingleProc
Mavigate View Tools Help
Name: | SingleProd] O [Jraied [CJEentrance locked [
Label: O |Planned . [CJExit locked (]
Times Setlp | Failures | Controls | ExitStrategy Statistics
Importer | Failure Importer User-defined Attributes
Active E
Comman resources E

[ Services for Setting-Up arﬁProcessing ] E

Can be interrupted and drawn off: [Cinterruptible O
Release when services are failed: All ]|
Priority: |0 4] Broker: .Models.MyPlantanytown.MyBrok E] =

Request contral: E] ]
Receive contral: E] (]
Release contral: E] ]

[ ok ][ cancel |[ ey

]

* Right-click in the list and click Import. Navigate to the folder where you saved the text file and click OK.

* Click the inheritance button to the right of Services for Setting-up and Processing so that it looks like this &. Click
Services for Setting-up and Processing.
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Alternativel Alternativel
Service Amount | Albernative Service Amount | Albernative
1 Alterng - drillamm 2
Open Object F2 il I -
Select Object 3 rill 1 Orrn 1 Alternatives
drill1 Zmm 4 Alcernatives
Cut Ctrl+ drill1 4rmm 2 Alcernatived
Copy crl+C drill1 Smm g Alcernatives
Paste Ctrl+v i < albermatives
Delete cirl+D milling ernative
arc-welding 4 Alternative?
Select Al Ctrl+A
Delete Row
Insert Row
Append Row
Sort Ascending

Sort Descending

Shows comment

Export...
Ok ¥

If need be, you can then manipulate the contents of the list with the commands on the Context Menu of Em-
bedded Lists. You might, for example, add rows or sort the list in ascending or descending order.

* To export the contents of an embedded list as a tab-delimited text file, right-click in the list and select Export.

Import Data in XML Format

You can import data stored in XML format into Plant Simulation and extract data from the XML file. You may, for
example, use the XMI Interface to read data, which you exported from Process Designer, the Siemens program for
planning, analyzing and managing manufacturing processes, or from an XML database.

You can then use the data, which the XMI Interface imported, and which you manipulated with a Mezhod, to run a
simulation in Plant Simulation. You might afterwards use the methods write and writeElement to write the simulation
results back to an XML file and continue working with these simulation results in Process Designer or another pro-
gram.

To get the most out of the XMI Interface, you have to be familiar with XPath (XML Path Langunage) instructions. You
might, for example, check the web site http://www.w3.0rg/TR/xpath for more information. In addition, you have
to be familiar with programming in SiwTalk.

You can insert the XM Interface ™ into your simulation model from the folder InformationFlow in the Class Library
or from the toolbar Information Flow in the Too/box.
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Import Data in XML Format Importing and Exporting Data

Toolbox x
User Interface Mobile Units Tools
Material Flow Resources Information Flow

M B 55 8
i 4 BN R

You can:

o Select the File Name, the Context and the Import Method
* Read and Write Data Sequentially

* Read and Access Data Randomly

o Access and Traverse Data Randomly

Select the File Name, the Context and the Import Method

When you work with the XML Interface, you will make extensive use of XPath (XML Path Language) instructions
and of the Plant Sinmulation methods and attributes of the XML Interface itself.

Into the dialog of the XM Interface you:

* Enter the File Name of the XML file, which the XMI Interface opens, when you want to import data. When you
export data, it specifies the name of the file, which it saves.

* Enter the context of the data you want to import. The context designates the node of the structure of the XML
document at which the XM Interface starts reading data. You might, for example, enter the names of certain data,
or of certain objects that you are interested in, for example Data/Objects. This way you can restrict the data
to be read, i.e., if you do not need to work with all of the data contained in the XML file, you will enter a context.

If you do not enter a context, the XML Interface imports the entire file, which may contain a large amount of data,
some of which you do not need. This might take some time to import and use up a large amount of your com-

puter’s RAM.

« Click [.] to enter the path to and the name of the Method M into the text box in which you programmed how
to extract and to sequentially process the imported data.
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"™ _Models.MyPlantAnytown.XMLInterface

Mavigate View Tools Help

Mame: | XMLInterface O

Label: O

Attributes | User-defined Attributes
Models\books, xml
Context: Data/objects

Import Method: callback]

Delete File

Read and Write Data Sequentially

You can sequentially read the data line-by-line, write it to an Import Method, and then immediately process that

data line-by-line. To restrict the amount of data to be imported, enter a Context.

This Method demonstrates how to sequentially write an XML file.

is
do
XMLInterface.filename := "D:\MSXML 4.0\writeSequentially.xml";
-- opens the XML document for sequential writing
XMLInterface.openWrite;
XMLInterface.startElement ("catalog");
XMLInterface.startElement ("book") ;
-- adds attributes to the element 'book'
XMLInterface.addAttribute ("id", "bk01");
XMLInterface.addAttribute ("xmlns", "myBooks") ;
XMLInterface.addAttribute ("xmlns:aa", "specAth");
-— the children of the element
XMLInterface.writeElement ("aa:author", "Gambardella, Matthew");
adds an attribute to the element 'author'
XMLInterface.addAttribute ("age","16");
XMLInterface.writeElement ("title", "XML Developer's Guide");
XMLInterface.writeElement ("genre", "Computer") ;
XMLInterface.writeElement ("price","44.95");
XMLInterface.writeElement ("publish date","2000-10-01");
XMLInterface.writeElement ("description”,"An in-depth ...");
-- terminates the element 'book'
XMLInterface.endElement;
-- terminates the element 'catalog'
XMLInterface.endElement;
XMLInterface.close;
end;
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Read and Access Data Randomly

You can read the data in its entirety, and then randomly process it as a whole. Here Plant Simulation impotts the

entire document first and then processes and analyzes all data in the Mezhod, which you program. Randomly access-
ing data requires that all data you want to use is in RAM. The larger the amount of data, the more RAM the XM-

Llnterface uses!

You might, for example:
¢ Select data from the XML document.

-- randomly accesses data via XPath instructions
is
tbl:table;
do
XMLInterface.filename := "D:\MSXML 4.0\books.xml";
-- load the XML document for random access into RAM
XMLInterface.openDocument;
-- select nodes via XPath instruction
-- selection starts at the Context node which you entered in the XMLInterface
-- the second parameter is the selection depth for each node
-- 0 means that no children will be selected
-- the result is passed to a table
tbl := XMLInterface.getNodes ("book[title='Midnight Rain']", 1);
XMLInterface.close;
end;

* Delete existing data from the XML document.

—-— deletes all nodes specified by XPath instructions

is

do
XMLInterface.filename := "D:\MSXML 4.0\books.xml";
-- load the XML document for random access into the RAM
XMLInterface.openDocument;
-- delete all book nodes of genre 'Fantasy'
XMLInterface.deleteNodes ("book[genre = 'Fantasy'l");
XMLInterface.filename := "D:\MSXML 4.0\tmp.xml";
-- write the document to a file
XMLInterface.write;
-- remove the document from RAM
XMLInterface.close;

end;

¢ Insert new data into the XML document.
-- inserts new data into the XML document
is
tbl:table;
do
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XMLInterface.filename
-- load the XML document

XMLInterface.openDocument;

-- get an empty table for writing the data to
-- depth=1 means that we want to write nodes with children
tbl := XMLInterface.getContainer(1l);
-—- set the parent node for the new data
XMLInterface.setContext ("/catalog");

—-—- designate the node to append to the

tbl[1,1] := "book";

-- are the attributes of the 'book' node
tbl.createNestedList (4,1);

-- explicit namespace

tbl[4,1][1,1] := "xmlns:aa";

tbl[4,1]1[2,1]

:= "specAth";

-- additional attributes

tbhl[4,1]1[1,2] := "id";

tbl(4,1][2,2]
-— child nodes

= "bk113";

tbl. createNestedLlst(S 1)

tbl[5,1]([1,1]
tbl[5,1]([2,1]
tbl[5,1]1[3,1]
tbl[5,1]([1,2]
tbl1[5,11[3,2]
tbl[5,1][1,3]
tbl[5,1][3,3]
tbl[5,1]([1,4]
tbl[5,1]1[3,4]
tbl[5,1]1[1,5]
tbl1[5,11[3,5]
tbl[5,1]1[1,6]
tbl[5,1]1[3,6]

"aa:author";
"specAth";
"XYZ";
"title";
"UNKNOWN" ;
"genre";
"also";
"price";
"12,45";
"publish date";
"12.1.02";
"description";
"xx0011";

XMLInterface 1nsertNodes(tbl);
-— save the changed document

XMLInterface.filename

XMLInterface.write;
-- close the document
XMLInterface.close;

end;

* Update the XML document.

—-— updates the selected nodes of the document

is
tbl:table;
do

:= "D:\MSXML 4.0\tmp.xml";

:= "D:\MSXML 4.0\books.xml";

'catalog' nodes
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XMLInterface.filename := "D:\MSXML 4.0\books.xml";

XMLInterface.openDocument;

—-- select the nodes to be changed

tbl := XMLInterface.getNodes ("/catalog/book[title="Midnight Rain']", 1);

-- update the values
thl[5,1]1[3,3] := "TEST";

-- write the changed wvalues
XMLInterface.updateNodes (tbl) ;

XMLInterface.filename := "D:\MSXML 4.0\tmp.xml";

XMLInterface.write;
XMLInterface.close;

end;

Create a new XML document.

—-— creates a new document by calling the method newDocument

is

do

tbl:table;

XMLInterface.newDocument ("catalog") ;
tbl := XMLInterface.getContainer(1l);
XMLInterface.setContext ("/catalog") ;

—-— parent node

tbl[1,1] := "book";

-- default namespace
tbl[2,1] := "MyBooks";

-- attributes
tbl.createNestedList (4,1);
-- explicit namespace
tb1[4,11[1,1] := "xmlns:aa";
tbl(4,1][2,1] : "specAth";
-- additional attributes
tbl(4,1][1,2] := "id";
tbl([4,1][2,2] := "bkl13";
-- child nodes
tbl.createNestedList (5,1);

tbl1[5,1]([1,1] := "aa:author";
thl[5,1]1[2,1] := "specAth";
tbl1[5,1]1([3,1] := "XYz2";
thl[5,1]1[1,2] := "title";
tbl1[5,1]1[3,2] := "UNKNOWN";
tbl[5,1]1[1,3] := "genre";
tbl1[5,1]1([3,3] := "also";
tbl[5,1]1([1,4] := "price";
tbl[5,1]1([3,4] := "12,45";
tbl([5,1][1,5] := "publish date";
tbl[5,1]1([3,5] := "12.1.02";
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tbl[5,1]1([1,6] := "description";

thl[5,1]1[3,6] := "xx0011";
XMLInterface.insertNodes (tbl) ;
XMLInterface.filename := "D:\MSXML 4.0\tmp.xml";
XMLInterface.write;

end;

Access and Traverse Data Randomly

You can extract data in its entitety from an XML document and then randomly traverse the data. You might, for

example, define the starting point for traversing the structure with the method seleczNodes. Then, you could get the
next node with the method ge#NNodeNanmse, check for attributes of this node with the method ge/NumberAttributes, out-
put the names of the attributes and recursively check all children of the selected node, to detect those that meet the

condition.

is

do

selects the starting nodes and calls the method visitChildren
recusively for each node

numberAttributes, i:integer;

XMLInterface.filename := "D:\Public\XML\books.xml";
-- load the XML document to be randomly accessed into RAM
XMLInterface.openDocument;
-- select some nodes using XPath instructions
XMLInterface.selectNodes ("book[genre = 'Computer']");
-- define the loop for the selected nodes
while XMLInterface.getNextNode = true loop
print XMLInterface.getNodeName;
—-—- check for attributes of the nodes
numberAttributes := XMLInterface.getNumberAttributes;
for i := 0 to numberAttributes-1 loop
-- print the data of the attributes
print XMLInterface.getAttributeName (i)+":"

+XMLInterface.getAttributeValue (i) ;

next;
—-— check the children of the current node
VisitChildren;
end;
-- remove the XML document from RAM
XMLInterface.close;

end;

Import Data from a Database

You can import data from a database into Plant Simulation and run your simulation in Plant Simulation with this data.

You can then write the data resulting from the simulation runs back into the database.
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To get the most out of importing data from a database, you have to be familiar with SQOL (Structured Query Ianguage)
instructions. You might, for example, check the web site http://sqglzoo.net for more information and consult the
documentation that comes with the database you are using. In addition, you have to be familiar with programming

in SimTalk.
You can:

* Import Data from an ODBC Database
* Import Data from an Oracle Database

Import Data from an ODBC Database

To import data from an ODBC database into your Plant Simulation simulation model, you will use the Plant Simulation
object ODBC &. To access several databases at the same time, you can insert several objects of type ODBC into

your simulation model, each of which communicates with another database.

You can also access the same database with several ODBC objects. We advise against doing so, as this may result
in inconsistent data caused by conflicting commands. It might, for example, happen that one Me#hod deletes a data
set, while another Method attempts to access just this data set. Using a single ODBC object ensures that the sequence
of instructions conforms to your intentions.

This holds especially true for real databases for which you have to apply any data manipulations, such as read, write
delete, etc. with the SQL instruction commit, before they take effect.

To import data from an ODBC database into your Plant Simulation simulation model you have to:
e Set the Data Source Up
e Import Data into Your Simulation Model

After the simulation runs are finished, you can also export the simulation results back into the database, compare
Export Data to the Database.

Set the Data Source Up

Before you can import data from an ODBC database into your Plant Simulation model, you have to set up the ODBC
data source on your computer:

¢ (lick Start > Control Panel > Administrative Tools > Data Sources (ODBC).

* Add a new data source in the dialog ODBC Data Source Administrator. Depending on who will use the database

you can accomplish this on the tab User DSN or on the tab System DSN. As a rule, you will add it on the tab
System-DSN.

* (Click Add on the tab System DSN.

* In the dialog Create New Data Source select the ODBC driver for the data source you would like to use. In
our example we selected the Microsoft Access Driver. Click Finish.

¢ Click Select in the dialog ODBC Microsoft Access Setup and select the database in the dialog Select Database.
Type in the Data Source Name. If you want to, you can also add a Description of the database. As Plant Simu-
lation addresses the database with this name, mind the Plant Simulation conventions for the Name!
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ODBC Microsoft Access Setup
Data Source MName: ITestDB oK |
Description: IErrter‘,'our description here
Cancel |
- Database
Database: E:..'eM-Plant Models'orders mdb Help |
Select... I Create... | Repair... Compact... |
Advanced... |
— System Database
" None
" Database:
Spstem [atabaze.., |
Optiong=x |

After successfully concluding this action, the dialog ODBC Data Source Administrator shows the System data

source, which we added.

i ODEC Data Source Administrator

System Data Sources:

User DSN System DSN | File DSMN I Drrivers I Tracing I Connection Pooling I About I

Mame | Driver | Add... |
DETAIL Microsoft Access-Treiber (".mdb)
TestDB | Microsoft Access Driver {".mdb} | Remove |

Corfigure... |

on this machine, including NT services.

An ODBC System data source stores information about how to connect to
the indicated data provider. A System data source is visible to all users

(e

Cancel |

Apply

Help

Import Data into Your Simulation Model
After setting-up the ODBC data source, you have to insert the object ODBC into your Plant Simulation simulation
model. This object establishes the connection with the database and enables you to import data from it. You can
write this data into Plant Simulation tables, change them there and use them in your simulation runs and re-export
the changed data back into the database.

* To add the object ODBC & to the Toolbar Information Flow of your simulation model, select File > Manage Class
Library > Basic Objects > InformationFlow.
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.41 Manage Class Library
Basic Objects | Libraries |
Object
Trigger b]

Generator
Atribute Explorer
XMLinterface
Filelnterface
FileLink
ODBC
[] saLite
[ OracleSi
[] Oracle10g
[] Oracle11g
[ ActiveX
[] OPClrterdface
[ Socket
= Userinterface
Comment
Display
Chart M
ODBC

Reads from or writes to a database using the Open Database Connectivity AP
Requires a license of the interface package.

[] Always show this dialog when you open a new model

[ Apply to New Models ] [ QK H Cancel H Apply ]

Click the object on the Toolbar Information Flow and insert it into your simulation model.
In our example we inserted into our simulation model:

* An ODBC object, which controls the communication with the database.

* A Method for reading data from the database.

* A Method for writing data to the database.

* An Plant Simulation Table into which we import the data, and from which we export it back to the database.

£ .Models.MyDatabaseConnections E]@]
! Edit Mavigate Objects Icons View Tools Help

REO OMe» 0L 2R KA
M =
% ReadDE COrders Dialog
CDEC
M

‘writeDE
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* Double-click the object ODBC and type the name of the database into the text box Database. In our example we
entered TestDB. Note that this is the same name that we entered into the dialog ODBC Microsoft Access Setup
above.

When you use a database with user management, such as SQL-Server, Oracle, etc., you also have to enter a User
name and a Password. To apply your changes, click Apply.

To log on to the database, click Login.

£ .Models.MyDatabaseConnections.ODBC
MName: ODBC =
Label: (]
Database: TestDB
User name:
Password: [save

Stop on Errors
Format Table

Message:

Login ][ Logout ]

[ Ok ][ Cancel ][ Apply ]

When all your settings worked out, Plant Simulation grays out the box with the name of the database and shows
Ok in the box Message. When Plant Simulation encountered problems, it shows an error message describing the
problem.

* Then, insert a Method into your simulation model. Within this Method you program, which data will be imported
and what happens to this data.

Reading and writing data only works, when Plant Simulation is connected to the database. For this reason the
methods /gin and logout frame the database operation proper.
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M .Models. MyDatabaseConnections.readDB *
! File Edit MNavigate Run Template View Tools Help

4 B2 O h A A
is
do
odbc. login{ "TestDB","".""):
—— database operation
odbe . logout ;
end;

* Then you can read data from the database and write the results of the database query into an Plant Simulation table.
Instead, you could also write the data into a local variable.

You’ll always start the query with the command .sgl. Then, define the target, in our example this is the Plant
Simulation table Orders. Next, you’ll enter SQL standard queries within quotes. The syntax you have to use de-
pends on your database system, consult the documentation that came with your database. The ODBC driver of
the database determines the range of commands you can enter.

In our example we’ll read the entire contents of the table Orders2 from our Access database and write it into
the Plant Simulation table Orders.

E orders : Database {Access 2000 file format) [[m] |4

[H0open 82 pesign  TTnew | X | 2a % M .Models. MyDatabaseConnections.readDB * E]@]
Objects IEI_=J Create table n Design view ! File Edit MNavigate Run Template View Tools Help
| =] Tables E‘_J Create table by using wizard g‘% ifis | 4 EOTY T T 3 o
IZ . n
'_3? s _.J Create table by entering data iz
& Orderst do .
==l Forms m | odbc. login( "TestDB", "".""):
odbc . =gl {Orders., "select * from Orders2);
i3 Reports S Orders3 odbe . logout ;
T end;
Groups

When you want to format the columns of the target table in Plant Simulation according to the formatting in the
database while reading the data, make sure that Format Table ¥ FematTable in the dialog of the object ODBC is

checked. This only applies, when Plant Simulation provides its own formats, which correspond to the formats in
the database. Plant Simulation does, for example, not provide a counterpart for the typical date format in Oracle.
The documentation of your database provides information about filters for changing formats during the query.
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.Models.MyDatabaseConnections.Orders
File Edit

Format Mavigate

= S A % GaR T 84

View Tools Help

?trlng | gtrlng | gtrlng | ‘s‘trlng
string Delivery Time MU Arnounk Marme
1 |o.000 MUs,panel 200 panel
2 |0.000 .MUs. rod 400 rod
3 [0.000 JMUs. wheel 200 wheel
4 [12:00:00,0000 MUs,panel 200 panel
5 [12:00:00,0000 .MUs. rod 400 rod
6 [12:00:00,0000 JMUs. wheel Q00 wheel

* You can then use and manipulate this data in Plant Simulation in a number of ways. When working with large
amounts of data, we recommend to use SQL queries with filters, as these are oftentimes considerably faster than

searching large Plant Simulation tables.

In our example the query for DeliveryTime and Amount of all parts of type panel yields this result in our Plant

Simulation table:

M .Models. MyDatabaseConnections.readDB *

(]=1¥ ]

! File Edit Mavigate Run Template View Tools Help
Y B 4 B B A 4 ELEY
is
do
odbc. login{ "TestDB","".""):

odbo . =gl (Orders.
odbe . logout ;
end;

"zelect DeliveryTime,

Amount from Orders? where MU =

‘MU= . panel'"):

:z .Models. MyDatabaseConnections.Orders E]@]
File Edit

Format Mavigate View Tools Help

0,0000
skring | skring | i
1 2
string [DeliveryTime  |Amount =
1 L0000 |200
2 |12:00:00,0000 200 [v]

= S BA % s 0w i

Export Data to the Database

You can also export selected results of your simulation runs back to the ODBC database. For this, you use the

method .s¢/and a number of SQL instructions.

In our example we add a new row to our Access table Orders2 using the SQL instruction insert into.
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M .Models. MyDatabaseConnections.writeDB * E]@]
! File Edit MNavigate Run Template View Tools Help
LAY B 4 B B B 42 ELEY
is
do
odbc. login{ "TestDB","".""):
odbc.=ql("in=zert into Orders2 walues ('15:00:00.0000' ' HUs HewPart'. '159', 'abc')"):
odbe . logout ;|
end;

DOrders?2 : Table M= E3

DeliveryTime ML Arnount MName | Attribute
0.0000 MUs panel 200 panel
MUs.rod 400 rod
0.0000 MUs wheel 900 wheel
2:00:00.0000  .MUs. panel 200 panel
MUs.rod 400 rod

MU wheel

abc

7o v rk| of 7

I Record: 14 4 ||

Note: As SQL does not provide a single statement for adding the contents of a row or of the entire table to the

database, you have to type the contents of each cell into the Method.

To add data to an existing data set, thus updating the database, we use the SQL instruction update:

M .Models. MyDatabaseConnections.writeDB * E]@]
! File Edit Mavigate Run Template View Tools Help
R ) I L . B SN E N e
is
do
odbc. login{ "TestDB","".""):
odbc.=ql("update Orders2 =set Attribute = 'myz') where Hame = 'rod'"):
odbe . logout ;|
end;

DeliveryTime ML Arnount MName | Attribute
| |0.00a0 MUs panel 200 panel
| |0.00a0 MUz rod 400 rad HYZ
| |0.00a0 MUz wheel 300 wiheel
| |12:00:00.0000  MUs panel 200 panel
| |12:00:00.0000  MUs rod 400 rad HYZ
| |12:00:00.0000 MUs wheel 300 wiheel
| |15:00:00.0000  .MUs NewPart 150 MewPart  abc
*
record: 14] 4[] 7o |rilr#|of 7
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Import Data from an Oracle Database

In principle you will use the object Oracle?0g in pretty much the same was as you do the object ODBC. First, estab-
lish a connection with a database instance, which exists on the Oracle Server. This database instance determines the
name of the database, which you enter into the object Oracle?0g. Microsoft Windows does not provide Oracle set-
tings.

If the Oracle Server is not installed on the same computer on which you execute Plant Simulation, you have to install
an Oracle Client on that computer, which establishes the connection to the server. If the Oracle Client is not in-
cluded in your Oracle Installation, contact your Oracle dealer to obtain it.

If you have to handle large amounts of data, the object Oracle10g performs better and provides more commands
than the object ODBC.

After you established the connection to an external Oracle database server within the computer network that your
local computer can access, insert the object Oracle0g into your Plant Simulation simulation model. It connects to the
database and imports data from it. You can write this data into Plant Simulation tables, change them there and use
them in your simulation runs and re-export the changed data back into the database.

_4r Manage Class Library
Basic Objects | Libraries
Object
CardFile [
StackFile

GueueFile

TimeSequence

Trigger

Generator

Atribute Explorer

XMLUinterface

Filelnterface

FileLink

[] oDBC

[] saLte

[ OracleSi

Oracle10g

[] Oracle11g

[ ActiveX

[] OPClrterdface

[] Socket v
Oracle10g

Reads from or writes to an Oracle database.
Requires a license of the interface package.

[] Always show this dialog when you open a new model

[ Apply to New Models ] [ QK H Cancel H Apply ]

To add Oracle10g & to the Toolbar Information Flow of your simulation model, select File > Manage Class Library >
Basic Objects > InformationFlow.

Click the object on the Toolbar Information Flow and insert it into your simulation model.
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Note: You can also use ODBC together with Oracle! Then, you do not have to install an Oracle Client. Be aware
that the SQL instructions, which you use, are not necessarily compatible with the ODBC version. This may
cause problems if, for example, you want to switch between an Oracle database and an Access-database for
test purposes. In this case, we recommend to use ODBC for all databases.

Import or Export Data in ASCII Format

You can import data for a simulation run from a text file with the Fifelnterface. You can also export data directly into
a text file with the Filelnterface: You can write log files of your simulation runs or record statistics data, etc. The
FileInterface only processes ASCII characters, i.e., letters, numbers and special characters. It provides a number of
methods to move within the file.

You can insert the Filelnterface 7 into your simulation model from the folder InformationFlow in the Class Library
or from the toolbar Information Flow in the Too/box.

Toolbox

Material Flow | Resources | Information Flow | User Interface | Mobile Units | Tools

*MEE@&@E&%%@%E

Enter the File Name of the text file, which the Filelnzerface opens, when you want to import data. When you export
data, it specifies the name of the file, which it saves.

1" . Models.MyPlantAnytown.Filelnterface
Mavigate View Tools Help
Mame: | MyFileInterface E
Label: O
Attributes
myFile, txt] =

Delete File

The method readln opens the file and reads a single line from it. It then increases the internal line counter by one
and closes the file again.

The FileInterface transforms the contents of the line it read into a s#ing. You can manipulate these s#7ings with the
Functions for Manipulating Strings, such as copy, omit, strlen and with the Functions for Converting Data Types, such as
str_to_num, str_to_time etc.

Calling the method readln again and again moves to the respective next line in the text file. The method gool ine
moves to the line within the text file, which you pass as an infeger. You can then import that line with the method
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readLn. 1f you would like to access the same file several times in a row, we advise to open the file beforehand, as
that will increase access speed. If you do not need a file any longer, close it.

Note: The Filelnterface can keep ten text files open at any one time.
When writing data, for example with the method write, the FileInterface opens the file and sets its internal line counter

to the end of the file by calling the method goBo#tom. Then, the Filelnterface saves the data to the file and closes it.
The Filelnterface always adds new data to the end of the file, it does not overwrite any existing data.

If you would like to access the same file several times in a row, we advise to open it beforehand, as it buffers the
data before saving it. The Filelnterface saves data before the next reading access of the file or when closing it.

Working with Lists and Tables

Plant Simulation provides several types of lists. They differ in the way they access data they contain. This way you
can insert just the right list object to meet your specific modeling needs. You can use lists to provide the material
flow objects with data with which they work during the simulation run. You can also write data, such as the results
of your simulation runs into lists, export the data and further process them in other applications.

You can insert a TableFile B, a CardFile &+, a StackFile 2, a Quenelile I» and a TimeSequence 1€ into your simulation
model from the folder InformationFlow in the Class Library or from the toolbar Information Flow in the Too/box.

Toolbox

Material Flow | Resources | Information Flow | User Interface | Mobile Units || Tools

*Mﬁﬁ@émﬁﬁ%%@%@

* The CardFile & has one column. It accesses the cells randomly by their position. You can add new cells at any
position within the CardFile. When you remove a cell, all cells with a higher number move up one position.

* The StackFile £, compare QueueFile and StackFile, has one column. It accesses the cell you added last. The
contents of the last cell you added is the first to be processed. When you add a cell to the top of the stack, all
existing cells move one position down. When you remove a cell, the remaining cells each move up one cell.

* The Quenelile *i*, compare QueueFile and StackFile, has one column. It accesses the cell you added first: The
contents of the first cell you added is the first one to be processed. It adds new cells after the last existing cell.

* The TableFile & has several columns. It accesses the cells by their column number and their row number. New
data you type in overwrites and replaces the existing contents of the cell.

* The TimeSequence ¥ has two columns. It accesses all pairs of cells randomly by their column number and their
row number. It adds new entries in ascending order according to the time. Entries with a higher position move
up by one position when you remove a previous entry.

The procedures described below are the same for all types of Plant Simulation lists, which you insert into your sim-

ulation model. Before you can select your own settings, you have to deactivate inheritance: Click B on the toolbar
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or select Format > Inherit Format, so that it does not show a check mark to the left . You can now
change settings.

You can:

 Set the Data Type of a Column

o Set the Dimension of a List

o Set Alignment and Colors of Cells

o Insert, Cut and Delete Rows and Columns

* Work with Data in a List

o Work with Data in the TableFile

o Accessing Data in Lists

o Search Lists with Methods

* Search Manually within Lists

* Create Lists within Lists and Tables

o Sort CardFile, TableFile and TimeSequence
* Make Calculations with a Formula

o Import or Export the Contents of a List

» Open a List as a Dialog Window in the Foregronnd

Set the Data Type of a Column

For the CardFile &, the StackFile £, and the QueneFile "I, which only have one column, you set the data type for

the entire list. For the TubleFile ¥ you can select the data type for each individual column or for a range of columns.

To set the data type of a list or table:

¢ Deactivate inheritance: Click @ on the toolbar or select Format > Inherit Format, so that it does not show a
check mark [ Phertromat |

¢ Select Format > Format.

¢ To show the tabs Dimension and Data Type, click in the column header of a column.

Importing Data for the Simulation 419



Working with Lists and Tables

Set the Data Type of a Column

* Sclect one of the data types from the drop-down list.

© File Edit Format Navigate View Tools Help

e

=

List Format

skring
il

=T = IS - O T, - VO T O

il

Settings | Permissions

Alignment:
Font size:

Font color:

Background color:

Range:

Left »
Small i
I

e

=

: File Edit Format Navigate View Tools Help

List Format

skrir
il

=T = IE - (O T, I S PO T T

il

Settings | Permissions || Dimension | Data Type

Data type: String e

Format string:

Range:

Acceleration | applies for the objects Line, Track, Twol aneTrack, and Transporter; the value depends on
the unit you selected for the Acceleration

Boolean true or false

Date date statement (dd.MM.yyyy). Plant Simulation enters it in the date format of the language
of the model when you apply it, yyyy/MM/dd for English

DateTime date statement, including the time (dd.MM.yyyy HH:mm:ss)

Integer integer value, such as 1, 20, 300, etc.

Length floating point number, the value depends on the unit you selected for the Length

List list with one column, shates propetties of the CardFile

Money floating point number, such as 3.1415

Object reference to an object or to a simulation model

Queue list with one column, shares properties of the Quenelile (QueueFile and StackFile)

Real floating point number, such as 3.1415

Speed floating point number, the value depends on the unit you selected for the Speed

Stack list with one column, shares properties of the StackFile

String characters, numbers and special characters

Table table with one or more columns, shares properties of the TableIile

Time time statement (hh:mm:ss.ss)
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Weight floating point number, the value depends on the unit you selected for the Mass

Note: Double-clicking a cell of data type string or boolan with the value #rue ot false in a list or table toggles the
value from #rue to false and vice versa.
* For the data types Integer, Real and String you can also enter a Format string.

e If you want to hide the data type of the cells in the column, select View > Data Type, so that it does not show a
check mark to the left.

.Models. MyPlantAnytown. MyTableFile .Models. MyPlantAnytown. My TableFile
File Edit Format Mavigate | View | Tools Help File Edit Format Mavigate | View | Tools Help
= _’:; L'J = | g(c * Recompute Formulas = l_j H = | g(c # Recompute Formulas
Comment Comment
skrirm ]
1 2 + | Toolbar 1 Toolbar
! » | Data Type ! Data Type
Z z
3 Highlight Void Cells 3 Highlight Void Cells
4 Go To.. i Go To..
5 5

Set the Dimension of a List

To set the dimension, i.e., the borders of a list or a table:

* Deactivate inheritance: Click IE‘ on the toolbar or select Format > Inherit Format, so that it does not show a
check mark _hertFomat |

¢ Select Format > Format.

* To set the standard width of a single column, click in the column header. This shows the tabs Dimension and
Data Type. Enter the column width in character widths of a non-proportional font that fit in a cell into the text
box Column width.

To simultaneously change the width of several columns, mark the range of columns before you enter the width.
To do so, click in the first column, hold down the mouse button and drag the mouse to the last column. The box
Range shows which columns you have selected.
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.Models. MyPlantAnytown.MyTableFile
i Flle Edit Format Navigate View Tools Help ! File Edit Format Mavigate View Tools Help
B o v = + : o : =
i= BHE A $BE 0 EwmdA i= BHE A %BE 05w
2008/11/13 2008/11/13
date | datetime | datetime | datetime | skring | skr date datetime datetime datetime string 5
il Z 3 4 5 6 1 & 3 4 5 &

il 008/ P13 List Format il 005/11/13 |

2 |2008111/13 R 2 |2008f11/13

3 Dimension EData Typef 3 =z 9

A 7 Settings | Permissions | Dimension | Data Type

3 Mumber of rows: 3

& & MNumber of rows:

Mumber of columns:
7 7 Mumber of columns:
8 Column width: 3 g
Column width: 3

9 9

10 10

11 11

12 12

i) i3

14 14

Range:

[HEL2ES) 5 Range:

* To limit the size of a table, click Select All EE in the top left corner of the table area. For all lists you can
enter the Number of rows.

For the TableFile you can, in addition, enter the Number of columns. If you do not enter a Number of columns
and/or a Number of rows, the size of the list is not limited, which might be memory consuming.

! File Edit Format Mavigate View Tools Help

i= SH&G A BB 0CEmA
20051113
date |datetime |datetime |datetime |string |stri\
Ml z 3 4 5 &
1" poog1113 | List Format
2 |zo0811/13
3
4
3 Mumber of rows: 15
: Mumber of columns: 10
g Column width: 3
9
10
11
12
i)
= ?4 Range:
<]
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* Toinsertablank column to the left of the selected column, right-click it and select Insert Column. Plant Sinulation
assigns the data type string to this new column. You can change it afterwards as described above.

* To insert a blank row above the selected row, right-click it and select Insert Row.

* To delete the selected column or row, right-click it and select Cut.

Set Alignment and Colors of Cells

To set the alighment, the font size, the font color of cells and the background color of a list or of a table:

¢ Deactivate inheritance: Click @ on the toolbar or select Format > Inherit Format, so that it does not show a

Inherit F t
check mark ,

* Select Format > Format.
* Click in the column header and select the columns to which you want to apply the settings. Or

Click in the row header and select the rows to which you want to apply the settings. The box Range shows which
columns or rows you have selected.

! File Edit Format Mavigate View Tools Help

EHES A 4 BE0E g M

skring | string | skring | string | skring | i
il Z 3 4 5 &
il o
List Format
2
3 Settings | Permissions | Dimension | Data Type
4
5
Alignment:
&
7 Font size:
g Font color: ]
9
Background color:
10
11
12
i)
14
15 Range:

* Select the Alignment, the Font size, the Font color and the Background color of the selected columns and rows.
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i . Models.MyPlantAnytown.TableFile

! File Edit Format Mavigate View Tools Help

i= BHE = :
.Models.MyPlantAnytown. TableFile
- - - - - ! File Edit Format Mavigate View Tools Help
?trlng | gtrlng | gtrlng | ‘s‘trlng | gtrlng
H—— = +
: 1 I I I iz 2HE 7 *E p
3 List Format Four-door
- skring skring skring skring skring
g Settings |Permissions || Dimension || Data Type | 1 2 3 Gy 5
4 1 |limo Four-door
5 : 2 |sedan
Alignment: Left v
] o < . 3 |convertible
g
Font color: I ;
9 &
10 Background color: | 7
.Models. MyPlantAnytown.TableFile
! File Edit Format Mavigate View Tools Help
R = A ¥ A
——
List Format
?tring
j—
1 imo Settings | permissions | 2 .Models.MyPlantAnytown. TableFile
2 |sedan ! File Edit Format Mavigate View Tools Help
3 " - ¥ 1 e o L =
i Aignment; e v = 3 H S B 5 £ uip ¢
4 :
z Font size: Small oo
: R _ ?trlng gtrlng gtrlng ‘s‘trlng gtrlng gtrlnt_
7 1 |lima four-door
Background color: |
3 2 |sedan
& 3 |convertible
10 4 aad
11 5 bbb ddd
12 6 FFFF coedl
Range:
L] 7

Insert, Cut and Delete Rows and Columns

To insert a row of blank cells:
* Right-click into any cell in the row above which you would like to insert a row of blank cells. In our example, we
clicked a cell in row 1 to insert a new row above row 1.

¢ Select Insert Row.
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Working with Lists and Tables

‘Models. MyPlantAnytown. SteeringTyes (= | C1/E3 | [ (2 .Models. MyPlantAnytown. SteeringTyes [ J[CI/Ed |
! File Edit Format Mavigate View Tools Help ! File Edit Format MNavigate View Tools Help
E—al = i $ By @ T Emp = = = i & 3 0 E o
9148
skring i{ﬂteger tzable gtring 2ue: atring i{ﬂteger tzable gtring 2ue:
string |ID AmourtPerSet  Jacks “LType string |ID AmountPerSet | Jacks ALType
g - 4 Craft: 1
[ i 4 Craft 2 lotas |t 4 Craft
_3 Cut 4 Craft 3 9149 2 4 Craft
4| Copy 4 Craft 4 latso 2 4 Craft
g | Beste a MF4 5 la1s1 1 4 Craft
— Delete = =
_6 ] MF4 6 |9152 4 g MF4
7 | InsertRow T | MF4 7 lasz 4 & MF4
_8 Insert Column g . R - MF4
9 Format... 9
E Find... i
i 11
[ | 12 B
13 [v] 13
1< I ] [ al 1l ]

To insert a column of empty cells:

* Right-click into any cell in a column to the left of which you would like to insert a column. In our example, we
clicked a cell in column 1 to insert a new column to the left of column 1.

¢ Select Insert Column.

i = Py mv— . - o pass - . \
£5 .Models. MyPlantAnytown. SteeringTyes = |[CJEd .Models. MyPlantAnytown.SteeringTves (= |[0/E9
! File Edit Format Mavigate View Tools Help ! File Edit Format MNavigate View Tools Help
E= = ;O B @ mEwm = & = Y b B0 cEm S

AmountPerSet
shrirn integer table shrirn L[ # skrir shrir integer table SErir
e % = b | g s [ 3 R
string (ID mounkp - - Ll skring (ID AmountPerSet  |Jacks ALTyr
1 Cut il
2 |sas |t Copy Ll 2 |o148 1 4 Craft
3 lotas P Baste 3 |oreg 2 4 Craft
Delete T
4 jotsn [z L] 4 |oisn 2 4 Craft
5 [pist i i ] 5 |a151 1 4 Craft| _
6 o5z |4 L] & |oisz 4 8 MF4
7 loisz |4 Format. .. Ll 7 |9153 4 i MF4
8 |ots4 |2 Find... Ll 8 |oise 2 3 MF4
9 9
Sort Ascending T
10 " 10
Sort Descending ——
11 11
12 B 12 B
i3] M i3]
al il 1 B
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To delete the contents of an entire row or of an entire column of cells but to leave the empty row or column in
the list, right-click it and select Delete.

To clear the contents of the selected cell, double-click, right-click it and select Delete.

- -
.Models. MyPlantAnytown. SteeringTyes E]@] .Models. MyPlantAnytown.SteeringTyes E]@]
! File Edit Format MNavigate View Tools Help ! File Edit Format Mavigate View Tools Help
; = + o |l: = i = 4+
= BEHE A & B @*Enlp! = mHES A ¥ By ﬁ*:lllll-|
integer |strinn Tintener [tahle skrimg # inkeger | skring | inkeger | table | skring
a i) Ela] 1] 1 2 3 4
sting | |—————— LTy string |ID |AmountPerSet Tacks LTy
1 ks fmwt Eul Craft 1 f4s 1 4 Craft
. Lopy [
| Z
2 |9149 my(! Paste E Craft 9149 2 4 Craft
3 [9150 vl Delete | Craft 3 [9150 2 4 Craft
a T Craft 4 laisi 1 4 Craft
| InsertRow =
5 |9152 myli Insert Column MF4 = 9152 4 g MF4 3
6 |9153 MF4 6 |9153 4 ] MF4
7 |94 Eormat.. 1MF4 7|31+ 2 3 1MF4
g Find g
9 | Sort Ascending £l
10 | Sort Descending | 10
n . e — o

To delete an entire row or an entire column of cells from the table, right-click in the row headet/column header
and select Cut.

-
.Models. MyPlantAnytown. SteeringTyes E]@ .Models. MyPlantAnytown. SteeringTyes E]@]
! File Edit Format Mavigate View Tools Help ! File Edit Format Mavigate View Tools Help
i i - | (- o = o+
i= EH&E LA fE e [ i= SH& A &6 0 Ew
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a i | | i a e il 2 Z 3 i 2 I
skring (ID ks ALTyr skring (ID mountPerSet |Jacks ALType
1 pi4s Cut Craft 1 prag |1 4 Craft
Copy
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s Paste F
9150 Delete Craft 3 |9150 2 4 Craft
4 9151 Craft 4 [9151 1 4 Craft
5 |ais2 InsertRow MF4 | 5 lasz |4 Gl MF4
Insert Column =
6 |9153 MF4 6 (9153 4 g MF4
7 |ois4 Format... MF4 7oaisd 2 3 MF4
8 Find... 8
9 9
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i Sort Descending 10
11 11
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Work with Data in a List

You can work with a list or table, which you inserted into a Frasme, like this:

Click the cell into which you would like to enter data and type in your data. Or type in data into the text box
| above the columns and rows.

When you click in a cell that contains data and start typing, Plant Simulation deletes the current content of the cell
and enters the characters you type in.

To apply the data you entered, press the Enter key or move the cursor into another cell (Shift+arrow keys).
To restore the previous contents of the cell while the cursor is still located in that cell, press Esc.
To move the cursor within the edit field, press one of the arrow keys.

To move the edit field, i.e., the active cell, in any direction within the table, hold down the Shift key and press
one of the arrow keys.

To delete the contents of a cell, double-click it, right-click it and select Delete.
To move or to copy the contents of a cell to another location, you can use drag-and-drop within the list or table:

* Click the cell once and drag the mouse over a border of the cell until the cursor changes into crosshairs

| Models.Freme. SingleProc |
o '

* Press the mouse button, and drag the contents of the cell to move it to another location. The move cursor

looks like this I,
* Hold down the Ctrl key, press the mouse button, and drag the contents of the cell to copy it to another cell.
The copy cursor looks like this .

To paste data, which you copied to the clipboard with Edit > Copy into other applications, select Edit > Paste.
To scroll up or down in a column, roll the mouse wheel or use the scrollbars.
To select an entire column or row, their visible and invisible areas, click the column header or the row header.

To select several contiguous columns of a TableFile, click in the column header of the first column, hold down
the mouse button and drag the mouse in the column header until you have selected the range you want.

To select all columns and rows of the list, click Select All EE, i.e., the button in the top left corner of the
list file, where column and row headers meet. Or press Ctrl+A.

To show blank cells in a different color in a list, select View > Void.

To create a sublist in a cell of type Table, List, Stack or Quene, you can either type in its name and path or employ
drag-and-drop to enter it.

To open the sublist or an object, which is contained in a cell of type Table, List, Stack, Quene or Object hold down
Shift and double-click the cell. Instead, you can also right-click the cell and select Open Object or press F2.

To set the standard column width, select Format > Format > Dimension > Column width and enter a value. Or
you can change it by dragging the cursor:
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* Place the cursor into the topmost row of the column. The cursor changes into a double-headed arrow .

* Drag the mouse to the left or to the right until the width of the column meets your needs.

Work with Data in the TableFile

You can work with a TableFile, which you inserted into a Frame, like this:

* Cutting or Copying a Range

To cut or to copy a range within a TableFile, select the range: Click into the cell that is to be the first corner of
the range, hold the mouse button down, and drag the mouse to the opposite corner of the range. Plant Simulation
highlights the selected range.

When you cut a range (Edit > Cut), Plant Simulation just removes the contents of these cells, but leaves the blank
cells in the table. When you insert the range you cut at a new location, by clicking in the cell that is to be the upper
left corner of the range and then select Edit > Paste, Plant Simulation overwrites the contents of the cells in that
range. You can also select entire columns or rows: Click in the gray range outside the column or row where the
system index is located, i.e., the numbering of the columns and rows. When you select Edit > Cut, Plant Sinmlation
removes the entire column or row. It then shifts the remaining columns to the left, and the remaining rows up.
When you select an entire column or row by clicking in the column or row index, Plant Simulation pastes a column
you cut, to the right of the cutrrent column and pastes a row you cut below the cutrent row.

Working with Drag-and-Drop

Note that Accelerator designates the listed key on the keyboard.

To

Drag from

To

Accelerator

Move the selected text

table window

table window

Copy the selected text  table window table window Ctrl
Insert selected text any table window any
Copy the selected text  table window any Ctrl
Cut the selected text table window any

* Inserting a Range

You can paste a range, which you cut or copied from a table, into another range. This only works, when the target

range, which you selected, has the same number of columns and rows or is an integer multiple of the number of

columns and rows. If the data types of the copied range are not compatible with the data types of the target range,

Plant Simulation marks it in red.

Hiding and Showing Columns

You can hide and then show contiguous columns again:

* Drag the cursor to the left or right border of the topmost row of the column or the range of columns you
would like to hide. The cursor changes into a double arrow = .
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* Click the left mouse button and drag to the left until the columns you want to hide are not visible any more.

dat tr
In the example we hid columns 2 through 14 . You recognize hidden columns by the [jj symbol

that appears at the end of column 1.

To show hidden columns again, drag the cursor over the [j symbol. The cursor changes into an arrow pointing

. date dE string . L. . .
to the right |1—|1U—‘. To expand the columns to their original width, click the left mouse button once.

Accessing Data in Lists

To access a cell in a list or table with a Me#hod, you can either use the system index, i.e., the number, which Plant
Simulation assigns to columns and rows or you can define your own user-defined index, which can be any mean-
ingful expression.

System Index User-defined Index
?trlng | |nteger| gtrlng | Eﬂteger ?trlng | |nteger| gtrlng
Llimo 5] Bar, HE stereo string [#1 Vehicle Doors | Accessoties
5 |sedan 4 1t lima 5} Bar, HE stereo
3 |convertible 2 z |2 sedan 4
3 |3 convertible 2

The advantage of a user-defined index over the standard system index is that assigning names to columns and rows
is more meaningful than the numbers, which Plant Simulation assigns by default. The user-defined index vehi-
cles["Truck", #1] may tell you and your co-modelers more than the system index Vehicles[3, 1] when de-
bugging your model. Both expressions access the same cell. As a user-defined index you might, for example, enter:
Switch["Light","220 Volts"];
Vehicles ["Truck", #11];
Plant["Chicago", .buildingl.drill]
In addition, the user-defined index is not as error-prone as the system index: When you add an additional column
or a row to the table, Plant Simulation increases the system index of the succeeding columns or rows by one. This
naturally make any assignment in a Me#hod to the previous system index invalid. The identifier of the user-defined
index, on the other hand, remains the same and is still valid. Be aware that accessing a user-defined index is slightly
slower than accessing the system index.
You can:
o Set the Colummn Index.
o Set the Row Index.
o Create a Custom Column Index and a Custom Row Index.

* Set and Get the Upper Bound of a List.
o Address Columns and Rows with Methods.
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Accessing Data in Lists

Set the Column Index

To set the column index:

¢ Click the menu command Format > Column Index > Active.

¢ Select the row of the column index located above the first row of cells and select Format > Format.

* Select the data type of the column index from the drop-down list on the tab Data Type. For the data types Integer,
Real and String you can also enter a Format string to limit the number of digits the user can manually enter into

these cells.

= [Zld

File Edit Format Mavigate View Tools Help

T W TN W

wp 44 CE

skring
i

string
E

skring
3

stringll
1

List Format

Settings | Permissions | Data Type

Data type:

Format string:

Range:

[Fastindex access

[Junique index key

* To allow for quickly accessing the custom column index, select the check box Fast index access.

* To only allow unique entries in user-defined indexes, depending on the data type, select the check box Unique

index key.

Set the Row Index

To set the row index:

¢ (lick the menu command Format > Row Index > Active.

* Select the column of the row index and click the menu command Format > Format. Select the data type of the
row index from the drop-down list on the tab Data Type. For the data types Integer, Real and String you can also

enter a Format string.

* To allow for quickly accessing the custom row index, select the check box Fast index access.
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* To only allow unique entries in user-defined indexes, depending on the data type, select the check box Unique
index key.

File Edit Format Mavigate View Tools Help

= S BBy % Ga 0 E i 84

string integer | skring
a [N 1 2
skring 4

! List Format

Z

3 Settings | Permissions | Dimension | Data Type

4

6 Data type: Integer v |

£ Format string: -5

g

g Fast index access

10

11

12

13

14

i Range:

* To allow for quickly accessing the custom column index, select the check box Fast index access.

* To only allow unique entries in user-defined indexes, depending on the data type, select the check box Unique
index key.

Create a Custom Column Index and a Custom Row Index

To create a custom column index and a custom row index:

¢ Deactivate inheritance: Click IE‘ on the toolbar or select Format > Inherit Format, so that it does not show a
check mark

* To activate and to show the column index, select Format > Column Index > Active. Enter a meaningful term into
the first row of cells to the right of string.

This also activates the button ## | so that you can show or hide the column index in the table.

In most cases, you will select the data type String for the custom column index. When you select Integer, you
have to enter a number sign # in front of the term you enter as your user-defined index to distinguish it from the
system index.
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_Models.MyPlantAnytown.MyTableFile (= /2B | |55 .Models.MyPlantAnytown. MyTableFile
File Edit | Format | Mavigate View Tools Help File Edit Format Mavigate View Tools Help
iy ] = " - T =
= [5[4  Format. O °E e 44 il s % a0 15 E mp 64
! Column Index —
skrir string | i i i i
2 q S E g || tilate |gatetlme |gatetlme |gatetlme|gtnng
string [MyiCaolu MyColumnindex2 My Coly string [MyColumnindexl  |MyColumnIndex?  [MyColurmnlndesxs
E:! Inherit Format
1 |MyRow | 1
2 [MyRow ?ETE‘ Inherit Contents 2
3 [MyRow Inherit Comment 3

* To activate and to show the row index, select Format > Row Index > Active. Enter a meaningful expression into
the first column of cells below string 0.

This also activates the button [, so that you can show or hide the row index in the table.

In most cases, you will select the data type String for the custom row index. When you select Integer, you have
to enter a number sign # in front of the expression, which you enter as your user-defined index, to distinguish it
from the system index.

Note: When both column and row index are active, the cell [0,0], i.e., the cell at which column and row index in-
tersect, counts as part of the column index, not as part of the row index.

Set and Get the Upper Bound of a List

To set the upper bound of a list or table:

¢ Deactivate inheritance: Click @ on the toolbar or select Format > Inherit Format, so that it does not show a

Inherit F t
check mark [ FrertFomet ]

* To select the entire list or table, click Select All IIIE or press Ctrl+A.
* Select Format > Format.

* Click the Tab Dimension. Enter the Number of columns and the Number of rows. Plant Sinulation automatically
sets the lower bound to 1. When you use a user-defined index the lower bound is 0.
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List Format
Settings | Permissions | Dimension | Data Type
Mumber of rows: 150
Mumber of columns: 20
Column width: 15
Range:
[ O 1 [ Cancel ] [ Apply ]

For lists with one column, you can also set the upper bound with the attribute MaxDim. For lists with two columns
you can set it with the attributes MaxXDim and MaxYDim. For tables the methods xDin and yDim return the di-
mension of the current occupancy.

The method indexXDim returns the last cell of the column index, which contains an entry. The method zndexY Dim
returns the last cell of the row index, which contains an entry.

The dialog Go To also shows the number of occupied columns and rows.

To move to a certain cell within a list or table, select View > Go To and type in the location of the cell.

Go To
Column: 4 Row: 7
Occupied columns: 5
Occupied rows: &0
[ OK ] [ Cancel ]

Address Columns and Rows with Methods

Plant Simulation uses these conventions when addressing columns and rows in a TableFile in Methods. You can:
o Set the Format of Columns and Rows

* Get the Format of Columns or Rows
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Set the Format of Columns and Rows
* The syntax for setting the format of columns and rows is: setXX (<any>, . ..<any>, <integer>) ;
* The number of parameters always is greater than or equal to 2.
* The last parameter sets—depending on the action you wish to perform—the column or row:
* You can use the system index, i.e., the absolute number of the column or row. Or

* You can use a custom column or row index. To set a common format for a contiguous range of columns or
rows, first define a range. For column functions it only applies to the columns within the specified range. Enter
an asterisk (*) to designate all rows within the specified range. For row functions it only applies to the rows
within the specified range.

Compare this example:

TableFile.setDataType ({3, *}..{4,*},6,"columnl", "real");

{3,*}..{4,*} designates the range, all cells in columns 3 and 4 in this case
6 designates the system index of a column

"columnl" designates a column index

"real" designates a value

Get the Format of Columns or Rows

* The syntax for getting the format of columns and rows is: getXX (<any>) ;

* There is only one parameter.

* The parameter designates the row or column:
* You can use the system index, i.e., the absolute number of the column or row. Or
* You can use a custom row of a custom column index.

Compare this example:
TableFile.getDataType (1) ;
This Method returns the data type of column 1.

Search Lists with Methods

Lists and tables have an internal cursor pointing to a cell of the list. You can query the current position of the cursor
with the attribute Cursor and set it anew by assigning an integer value to it. A search, for example with the method
find, begins at the current cursor position. Before starting the search, make sure that the list cursor is placed at the
cell from which on you want to search.

After a successtul search, Plant Simulation places the cursor in the cell where it found the value. If the list contains
the value you searched for more than once, a new call of the method find finds the next value starting at that cell,
and so on.
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When you set a range for the find command, Plant Simulation determines the starting position of the cursor by com-
bining the cursor and the range. The search begins at the first entry of the list in the range you entered, starting at
the cursor position. The search ignores any range, which is located before the current cursor position. If the cursor
is located in the middle of the range you entered, Plant Simulation does not search for entries before of the cursor

position! The search goes on until Plant Simulation finds the value or reaches the end of the list. When Plant Simulation
finds the value you searched for, it places the cursor into the cell, which contains the value. A new search begins at
the next cell. If the search does not find the value, the internal cursor remains in the cell it had before the search.

The same principle applies to tables. As a table has rows and columns, it naturally has two cursors: CursorX desig-
nates the column and CursorY designates the row, which identifies the cell.

Note: Sct the cursor anew after inserting or deleting rows, to determine its position.

Search Manually within Lists

To search and optionally replace a string with another string, right-click in the list and select Find or press Ctrl+F.

.Models.MyPlantAnytown.MyProductionData E]@]
File Edit Format Mavigate WView Tools Help

CTR = (RN T WECG 0 s =T - TG

i

31
skrirm skrir string | strim skrirm skrirm skrirm fad
e A B B R =
string [Skation)Ship
21 |Station Seckion  |Line jis} Status  [Type Codes
22 | Models.MyPlantAnytown.MyProductionData [543 HA
23 257,M00

74 Find what: 6610462557 Find Mext a7, M0

26 327,M01

27 | [Matchcase 257,M00

28 Match entire cell contents a7, M0

29 Search direction: B49 ,HA

=0 Search criterion: P43, HA

31

32 (33 70 99 10462623 MM 466100 L FW 423,495,949 HA

33 [33 70 99 6610462624 MM 466100 L FW 423,495,949 HA .v'
£ Il >

* Enter the expression you would like to find into the text box Find what.

* Select Match entire cell contents to only find the characters in cells, which exactly and completely match the ex-
pression you entered into the text box Find what.

* Select Match case to only find text that has the same pattern of upper and lower case as the expression you en-
tered into the text box Find what.

* Select if you want to Search in Rows, i.e., to the right across rows, or down through Columns.

* Sclect the Search criterion from the drop-down list:
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Find: Finds the expression you entered into the text box Find what, compare the method find.

Find ceil(ing): Finds a value greater than or equal to the expression you entered into the text box Find what, com-
pare the method findCeil.

Find floor: Finds a value smaller than or equal to the expression you entered into the text box Find what, compare
the method findFloor.

* Click Find Next, so that Plant Simulation finds the next instance of the expression, which you enter into the text
box Find what.

* Click Replace, so that Plant Simulation shows the text box Replace with. Enter the expression into the text box
Replace with that is to replace the expression you entered into the text box Find what.

* Click Replace to replace the expression.

Create Lists within Lists and Tables

To create a sublist or a subtable in a cell of the Cardlile, the StackIile, the Quenelile, or the Tablelile:
* Open the list object to which you want to add a sublist/subtable.

¢ Click @ on the toolbar or select Format > Inherit Format, so that it does not show a check mark next to it

* Right-click the column header of the column to which you want to add a sublist and select Format.

.Models. MyPlantAnytown.TableFile1
File Edit Format Mavigate View Tools Help

TN 0 (N TR ) S WEE Y

?trlng | gtrlng
1
2 3
# cut cirl+x f
3
5 53| Copy Ctrl+C
5 [, paste cirl+v |
& {1 Delete cirl+D
7 c
*E Insert Row
£l +
a mp Insert Column
10
| Format... b
11 53
i &% Find... crl+F |
13 Sort Ascending
14
Sort Descending
15

* Select the data type of the sublist you want to insert: Table, List, Stack or Queue. You will choose the data type
depending on how you want to access the entries of the sublist.
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If you want all sublists in that column to have the same formatting, select Common format.

List Format

List Format

| Settings | Permissions | Dimension | Data Type |

Data type:

String [v]

Boolean
Integer
Real
String

Format string:

Stack
Queue
Time
Maoney

Data type:

Common format

Length
Weight
Speed
Acceleration

Range:

DateTime

Date m

Range:

OK ][ Cancel ][ Apply ]

* Apply formatting properties on the Tab Table Format. Click OK.

List Format

Settings | Permissions || Dimension | Data Type| Table Format |

EEdit Format View Tools Help

ra

[

.

w

B3

string |string |string |string |string |string |string | stric|#
> ™ [0 [0 [ge [ [oe [

[v]
(2]

Range:

l

O

H Cancel ] [

ADDIY]

* Enter a name of your choice, which identifies the sublist, into the cells of this column.

* Click OK.

To insert a list object from a Frame or the Class Library into a cell of the list objects CardFile, StackFile, QnencEile,

ot TableFile:

* Open the list object to which you want to add a sublist/subtable.

¢ Click @ on the toolbar or select Format > Inherit Format, so that it does not show a check mark next to it

Inherit Format

* Right-click the column header of the column to which you want to add a sublist and select Format.
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* Select the data type Object.
* Drag the table to a cell of the list and drop it there. This inserts the absolute path of the inserted list.

Type the name of the list you want to insert into the cell, when this list is located in the same Frame. This way
Plant Simulation uses the relative path.

-Models. MyPlantAnytown. MyTableFile11 =JOEY
File Edit Format Mavigate View Tools Help
= (Gl B Ay ¥ Cam @ cE g dh Ei P R
MyProductionData
tlable | gtring | gtring o

1 |.Models. MyPlantAnytown, MyProductionData
2 |MyProductionData |
3

To open the sublist or a list object, which is contained in a cell of type Table, List, Stack or Quene, hold down the
Shift key and double-click into the cell. Instead, you can also right-click the cell and select Open Object or press F2.

Sort CardFile, TableFile and TimeSequence

To sort the contents of a Cardlile, a TableFile, ot a TimeSequence:

* To sort the selected column in ascending (A to Z, or 0 to 9) order, select Edit > Sort Ascending.

* To sort the selected column in descending order (Z to A, or 9 to 0), select Edit > Sort Descending.

You can also only sort the CardFile, the TableFile and the TimeSequence with methods:

* The method sor# sorts the lists in ascending (A to Z, or 0 to 9) or in descending order (Z to A, or 9 to 0).

* The method #Order sorts a value into an existing sequence of values at the position where you want it to be.

Make Calculations with a Formula

A Formula is any expression, which accesses and links other cells within the list or which access any of the attributes
of the objects. With these values, the formula then performs the calculations you defined.

For linking the operands within a formula, you can use the same arithmetic operators and mathematical functions
as you use in methods, compare Operators and Expressions.

1. To activate Formula mode, click = on the toolbat, so that it is selected E
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[ .Models.MyPlantAnytown.FormulalnTable |~ |[0JE3

File Edit Format Mavigate WView Tools Help

= 3 i EEWF = i1 |f| 34
integer real
1 2

l 11 1001.00

Z |2z 2002,00

3|33 2003.50

4 |44 10,70

2. To enter a formula into a cell, click in it and type the expression in. Instead, you can also type it into the text box
above the list. In our example we add the value of cell 2 in column 1 to the value of cell 3 in column 2.

.Models.MyPlantAnytown.FormulalnTable [~ [OJE3
File Edit Format Mavigate View Tools Help
- ; e = 4+ 2= n
= = $ a2 @ 0 °E pp #4
[1,2]+{2,3]
integer real
1 2
1 11 1001.00
Z |2z 2002,00
3|33 2003.50
4 |44 10,70
SilsS [1,2]+2,3]

3. To show the result of the calculation of the formula, i.e., its value, in the cell, press Enter.

.Models. MyPlantAnytown.FormulalnTable

(89[=] X}

File Edit Format Mavigate View Tools Help

= ) % Ga [ CE g g S
|{1teger rzeal

1 11 1001.00

Z |2z 2002,00

3|33 2003.50

4 |44 10,70

5 |55 202550

&

4. To show the formula itself in the text box, double-click in the cell that contains the formula. Then, you can

change the formula.
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£z .Models.MyPlantAnytown.FormulalnTable E]@]

File Edit Format Mavigate View Tools Help
[Flodd B & and Ews 51
[1,2]4[2,3]

|{1teger |rzeal

1 11 1001.00

Z |2z 2002,00

3|33 2003.50

4 |44 10,70

5 |ss [lLzp+z,3] | |

The list shows cells containing a formula in color. Turquoise designates a formula with a correct syntax, red a for-
mula with syntax errors.

Within a formula you can access the value of another cell of the same list with the anonymous identifier @:

Formula Executes

@[1,11+@[1,2] adds the contents of the cell [1,1] to the contents of the cell [1,2].
@[1,1]*track.length multiplies the contents of cell [1,1] with the length of the object track.
@l1,@.ydim]+5 adds 5 to the value of the last cell in the first column.
@[xSelf+1l,ySelf]-7 subtracts 7 from the value of the neighboring cell to the right
@.sum({3,*}) calculates the sum of the third column.

@.min({1,2}..{1,*}) determines the smallest value of the first column, starting from cell 2.

Note: The data type of the result of a formula has to have the same data type as the cell or the column in which
the cell containing the formula is located.

In sublists, you can access the list, into which you inserted the sublist, with the anonymous identifier . Note that
for user-defined attributes of lists, the anonymous identifier ? accesses the object for which you defined the user-
defined attribute.

xSelf and ySelf contain the number of the column or the number of the row respectively, which contains the
formula. This way you can easily access neighboring cells.

Import or Export the Contents of a List

You can save an Plant Simulation list in several formats:

* To save the list with all of its Plant Simunlation formatting as an Plant Simmulation list, select File > Save As Object.
You can then open the saved list object within a list in other Frames or in other simulation models.

To import a TableFile, which you saved as an .obj file into another TableFile, select File > Open. To import a list
with one column into a TableFile, select the same data type for the left column that the list with one column has.
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.Models.Frame.TableFile | Open
File | Edit Format Navigate s | =9 My Data iv]
5 Open... Cirl+0
._.| k‘ Y MeineImportiertenDienste. obj
Save As Text... i 9 = dFile.obi
I [l | Save As Obiect... My Recent
H : Documents
Save As Excel File. ..
| Save As XML File... e
H Format... My Computer
| <] print.. cirl+p .
m Print Format... v, File name: | Steering Types.obj
WOl iles e ject Files (*.obj)
My Network Files of typ Object Files (*.obj)
H Close

* To only save the contents of the list, without any of its formatting, select File > Save As Text. To change the

settings with which Plant Simulation exports

ASCII data, select File > Format. Then, you can select which sign you

want to use for separating columns, etc., depending on the program into which you want to import the data.

-Models.Frame.TableFile
Text File
File | Edit Format Mavigate View
ﬁ Coan cil+0 * Bay Format
'| Save As Text... % |_ Column separator: Tab _
Q Save As Object... " r Line separator:
Save As Excel File... tPerset Decimal separator:
| Save As XML File... Time format: D:H:M:5 .
| | Format...

The sample table shown below, which we exported with the default settings, looks like this, when we open it in
a word processing program. We chose Microsoft Word to show the tabs, which Plant Simulation exported.

-Models.MyPlantAnytown. SteeringTyes (- J[0JEd ] SteeringTypes.txt - Microsoft Word
File Edit Format Mavigate View Tools Help i Fle Edit View Insert Format Tools Table Window Help
RuEd I BA R DRl 0 EE RO R B 9B 0%
1
integer |integer |table |string | | D AmountPerSet Jacks XLType
— 0 ! z 3 9148 1 4 craft
string [ID AmountPerset  Jacks ALType 3149 2 4 Craft
1 |p4s | [+ Craft 5150 2 4 craft
2 jm4n 2 4 Craft 5151 1 4 Ccraft -
3 jasn |z 4 Craft 3152 4 8 M4 7y
5153 4 8 MF4
4
E 4 Craft 3ioa 5 3 1rd )
5 jmsz 4 a MF4 )
& |otsz | ] MF4 = o= OSS——— | — | (2]
7 |ais4 > 3 M4 Page 1 Sec 1 11 At 53cm Ln8 Col 13 (B TRIG | B
* To save the contents of the Plant Simulation list as an Excel worksheet, select File > Save As Excel File.
Enter the name of the worksheet, on which Excel opens the data, into the dialog Worksheets.
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Save As
|8] Microsoft Excel - SteeringTypesé.xls
Savein: | | My Data @_] File Edit View Insert Format Tools Data
Y B eMPlant.«ds H=a| 2 i Arial - 10 - |
IR :3 & excelTest.xls 3 ? .
My Recent &\ MyDatainExcel. xls § @ Snaglt |51 | window M
Documents | B MyTestData, xls A2 - A 9148
B MyTestDatah. xls A | B | c | D |
&) steeringTypes2.xls 1 |ID AmountPe¢Jacks XLType
Deskiop &) steeringTypes3.xls 2 9145_3! 1 4| Craft
&) steeringTypes4.xls EN 9149 2 4| Craft
&) steeringTypess. xls | 4 | 9150 2 4| Craft
) steeringTypes. xis | 5 | 9151 1 4| Craft
6 9152 4 8 MF4
D it =
e 7| 9153 4 8 MF4
- [DET 9154 2 3 MF4
'f,jg | 9 |
. 10
My Computer ET
DESTRHOCHO1 ——
: 2]
‘;,’] File name: Steering Typeshlxds i
- 4 4 » M} MySheet4 /
My Netwark Save as type: Excel Files {"xls) o
eady

When Plant Simulation exports data to Excel, it applies these conventions:

Plant Simulation data type Excel data type Excel format
String String

Boolean Boolean

Integer Number

Real Number

Object String

Table String

List String

Stack String

QOunene String

Money Number

Length Number

Weight Number

Speed Number

Acceleration Number

DateTime Number dd/mm/yyyy hh:mm:ss.000
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Plant Simulation data type

Excel data type

Excel format

Date

Number

dd/mm/yyyy

Time

Number

dd:hh:mm:ss.000

Note: Plant Simunlation only exports integers in the range between -536.870.912 and 536.870.911 in the required
format. Plant Simunlation saves values outside of this range as 0.

When you open the .xls file in Excel, it looks like this. You might still have to adapt settings of the imported file
in Excel.

|8] Microsoft Excel - SteeringTypesé.xls

@_] File Edit WVew Insert Format Tools Data
=0 - -0 -|B]
} S snaglt &' | Window -

A2 - A 9148
= R ke

1 |ID AmountPe¢Jacks XLType

2 914!_3! 1 4 Craft
EN 9149 2 4 Craft
| 4 | 9150 2 4 Craft
| 5 | 915 1 4 Craft
| 6 | 9152 4 5 MF4
| 7 | 9153 4 5 MF4
| 8 | 9154 2 3 MF4
KN
10
|11
12|
| 13 |

4 4 » nyMySheet4 /

Ready

When Plant Simulation reads an Excel table, it attempts to adapt the data types of the individual columns to the
available Plant Simulation data types. This only works, when you created the columns on the Excel worksheets, so
that they only contain a single data type, meaning that, when you, for example, assign the data type String to a

cell of a column, the entire column may only be of data type String.

Row 0 (zero) is an exception to this rule: When the table, which Plant Simulation reads, has a column index, it inter-
prets row 0 as the column index and it will not be part of the data type designation of the columns.

Open a List as a Dialog Window in the Foreground

By default the windows of the objects Cardlile, Quenelile, StackFile, and TableFile always open in the background
behind any open dialog windows. This can make working with lists and tables cumbersome at times as it involves
a lot of moving around of dialog windows.
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+".Models.MyPlantAnytown. Shipping e
Mavigate WView Tools Help
w— - Name: | Shipping] | B [Failed | [JEntrance locked O
-Models. MyPlantA i 2
Label: | | @ |Planned M

File Edit Format

I, __ Times |Set—Up || Failures || Controls | Statistics | Type Statistics | User-defined Attributes |
1
igteger i{ﬂteger Processing time: |Const M | 1:00 | m
string |ID AmountP Set-up time: |Const M o ]
: LI . Recovery time: |Const M ] ]
t'—) 2 |o4s |2 : )
Cydle time: |Const M |0 | @
Receiving 3 |980 2
4 9151 1
1< I
= | pr—— ——
==

To prevent this, you can also open the CardFile, the Quenelile, the StackFile, and the TableFile in the foreground as
a dialog window with the method gpenDialogBox.

l -+|".Models. MyPlantAnytown. Shipping X
resek =
5 .Models.MyPlantAnytown.SteeringTyes 4 |Oentancelocked O
! v
EE () AmountPerSet | Jacks HLType — -
1 9148 |1 4 Craft tatistics | User-defined Attributes |
SteeringTyes 2 9149 2 4 Craft
3 9150 z 4 Craft ]
5 9151 1 4 Craft O
5 alsz |4 & T | ——
3 9153 |4 g MF4 O
[ | n7 9154 |2 3 MF4 O
'
Pz
Receiving Sing oK ] [ Cancel ] [ Apply
0k (oo ) (o]

===l

Be aware that the dialog window of a list does not provide all of the functions which the normal list windows offers
on the toolbar and on the menu bar.
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— —— ——
i .Models. MyPlantAnytown.SteeringTypes
File Edit Format Mavigate View Tools Help
= i 2y 78 fy +E f. e —
i .Models. MyPlantAnytown. SteeringTyes X
1
1
integer integer table skring gueue Ll
0 1 2 3 [ D AmountPerSet
string (ID AmountPerSet Jacks  |[#LTvpe 1 9148 4
1 |9148 1 4 Craft 2 9140 |2 4 Craft
2 |9149 2 4 Craft = 3 9150 |2 4 Craft
3 9150 2 4 Craft s 9151 1 4 Craft
4 9151 1 4 Craft 5 9152 4 g MF4
5 |9152 4 g MF4 [ 9153 4 g MF4
6 |9153 4 8 MF4 Sz 9154 |2 3 MF4
7 |ois4 2 3 MF4 [s] ]
A I | B g [ Cancel ][ Apply ]
Tt offers a reduced set of functions on the context menu.
cut Cirl+%
Copy Ctrl+C
Paste Ctrl+v
Delete Ctrl+D
Select Al Ctrl+A
Delete Row
Insert Row
Append Row
Sort Ascending
Sort Descending

Show comment

Import...
Export...

Another important difference is that the list window applies entries as you type them in, while the list opened as a
dialog window only applies them when you click Apply or OK.

To open our table SteeringTypes as a dialog window in the foreground, we typed in the instructions below.

M'.Models.MyPlantAnytown. TableOpenAsDialog =]}
File Edit Mavigate Run Template View Tools Help

is
do

SteeringTyes . openDialogBox;
end;
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Setting Parameters in Your Model

Tecnomatix Plant Simulation provides a number of ways to enter parameters into your simulation model and to exe-
cute simulation runs with these parameters.

You can:
o Set Parameters for Objects in Y our Own Dialog
o Set Parameters with the AttributeExplorer

Set Parameters for Objects in Your Own Dialog

When you want to get information from the user of your simulation model, be it you yourself, a colleague in another
department or one of your suppliers, you can create dialog windows, which look like the built-in Plant Simulation
dialog windows and which work in the same way, too.

With the object Dialog = you can:

* Provide the user of your simulation model with a simple user interface for complex simulation models. This way
you can ask the user to select or to enter information, which Plant Simulation needs to carry out a task.

* Prevent the user from manipulating a Frame in which you modeled a complex machine, etc. To accomplish this,
enter a Method object as an open control for the Frame and insert a user-defined dialog with simulation settings
into the Frame. When the user double-clicks the Frame, Plant Simulation will not open the Frame as such, but call
the Method whose name you entered. The Method in turn executes the open control, i.c., it opens a user-defined
dialog, where the user can then select the settings for the simulation run.

You can insert the Dialog into your simulation model from the folder UserInterface in the Class Library or from the

toolbar User Interface in the Too/box.

Toolbox

Material Flow | Resources || Information Flow | User Inteface | Mobile Units || Tools

» B HE OB R @

Each Dialog object manages a single dialog window. If you need more than one user-defined dialog window in your
simulation model, insert as many Dialog objects as you need Dialogs.

You will:

*  Plan the Layont and the Structure of Your Dialog
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* Design a Simple Dialog

* Design a Tabbed Dialog

*  Program Actions which the Dialog Items Execute
*  Program Actions for Interacting with the Dialog

In which order you go about creating the user-defined dialog is up to you and depends on your personal work hab-
its. You can first design the layout and then do your programming. You have to program the actions, which the
individual dialog items execute, and the actions, which Plant Simulation executes, when the user opens the user-de-
fined dialog, when he clicks Apply, and when he closes it. Or you can start programming and then design the layout.
Or you can mix both techniques to achieve the best result.

Plan the Layout and the Structure of Your Dialog

Before you start designing your dialog, take a few moments to think about its layout. Orient the dialog items in the
direction the user reads, in Western countries this is from left-to-right and from top-to-bottom. Place the primary
dialog item with which the user interacts as close to the upper corner of the dialog as possible. Do the same when
orienting dialog items within groups in your dialog. Place the major command buttons stacked along the right bor-
der of the dialog or lined up across the bottom of the dialog. Place the most important button as the first button
in a set of buttons.

Also, take a few moments to decide about the structure of your dialog. Ask yourself which dialog items you do need,
and if you can show them all in a flat hierarchy in the dialog or if you need to present the information on tabs.

The structure you decide upon determines how and in which order you create the dialog items. Let us say, you want
to show the dialog items on tabs. Then, you first have to create the Tab Control, which is the container that accom-
modates the individual tabs. After this you have to create the individual tabs, and finally you can insert the dialog

items onto each one of these tabs.

The same applies to groups of dialog items. First, create the group and then insert and position the items you want
to add to that group. The y-coordinate you enter for items in a group relate to the y-coordinate within that group,
not within the overall dialog.

For both dialog types you can create menus and you can create these types of dialog items.

Dialog item icon looks like this
Static Text Box A

Mumber of doors:

TEXt BOX ahl Enter your text

Button E
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Dialog item icon looks like this
Drop-Down List Box & Compact [v]

Group Box [x"'j Drive system
(%) Front-wheel drive
() Rear-wheel drive

O All-wheel drive

Check Box X [¥] 5un roof
Radio Button ® @ Front-wheel drive
() Rear-wheel drive
List Box EE
Famil fra]
van ()
Image @] T,
‘0 o
List View Model | Variant | Color | Accessories
Racer Coupe silver mag wheels
curb feelers
surround soun
< ¥
Tab Control | ="My Tabbed Dialog
Tab Page [l ="My Tabbed Dialog

‘ Variant | Accessories ] Custom Add-ons

Show Help

Chart
Report

Menu/menu command E

Depending on your modeling needs, you will:
* Design a Simple Dialog
* Design a Tabbed Dialog
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Design a Simple Dialog

For both types you have to program the actions, which the dialog items execute, when the user selects them.

= My Tabbed Dialog

== My Simple Dialog

Show Help

Variant:

Mumber of doors: 4 ||
Drive system
(%) Front-wheel drive
() Rear-wheel drive

O All-wheel drive

Sun roof

Vanity text: | Enter your text

[P |[——— | ——

]

\u'ariant] Accessories ] Custom Add-one  Your Configuration l

You have selected these features:

Model
Racer

Variant | C...
Coupe  sil...

Submit Crder

Accessories
mag wheels
curb feelers
surround sound

| —

H Cancel ][ Apply ]

Note: Plant Simulation shows the dialog with the settings you select under Display Properties > Appearance > Font
size as well as with the Font and the Size you can select, when you click Advanced. When you change these
settings, the dialog scales text, while the images always retain their size in pixels. For this reason it can hap-

pen that text overlaps the image. We recommend to test your dialogs with different display settings to make

sure that everything works as you expect it.

Design a Simple Dialog

When you only need the user to select or to enter a small number of items, you can present them directly in the

dialog in a flat structure. When you want the user to select or to enter several different types of information, you

will Design a Tabbed Dialog.

To start designing your own dialog:

* Insert the Dialog = into the Frame in which your are creating your simulation model. You can do this from the
folder UserInterface in the Class Library or from the toolbar User Interface in the Too/box.

* Enter a name and a label into the respective text boxes. As opposed to the name, you can enter any term of your

choice as the label. This includes special characters and blank spaces.

* If you enter a label, Plant Simulation shows that label in the title bar of your dialog.

* If you do not enter text for the label, Plant Simulation shows the Name of the Dialog object in the title bar.
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Label

No label

il

il

Mame: | MySimpleDialog

Car Configurator

Label: Variant:

Car Configurator
Show  Help

il

_=| My Simple Dialog

4| Car Configurator =

v
MName: | MySimpleDialog T R Mame: | MySimpleDialog Show Help
Label: | Car Configurator Variant: Label: Variant:

* To insert a dialog item, right-click in the tab Elements and select the respective dialog item on the context menu.

== .Models. MyPlantAnytown.MySimpleDialog

Mame: | MySimpleDialog

Label: | My Simple Dialog

Mavigate Wiew Tools Help

El Show Dialog
El Edit Dialog

Elements | position | Method || User-defined Attributes

=]

=
Aet Type (Static Te
VariantType (D1
A Doors (Static Tg
MoDoors {Drop-
m Drive (Group Bg
X sunRoof (Ched
Aet Vanity (Static T|
ahl Vanity tevt (Ta]

Show default buttol

®HL.,

S++

HMLInkerface

* To show the dialog you are creating with the dialog elements you already created, click Show Dialog.

Open
Delete

Mew Static Text Box
Mew Edit Text Box
Mew Image

MNew Button

MNew Radio Button

[v]

Mew Check Box
Mew Drop-Down List Box modal
Mew List Box

B

MNew List View

j[ Cancel ][ Apply

]

Mew Tab Control

Mew Group Box
Mew Menu f Menu Item
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T .Models. MyPlantAnytown. MySimpleDialog
Mavigate Wiew Tools Help

Label: | My Simple Dialog = = My Simple Dialog -.

Show Help

Elements | Position | Method | Custom Attributes
¥ E Show (Menu, C) [ | Variant:
+ E Help (Menu, C) 7]

Aet Type (Static Text Box, C)

VariantType (Drop-Down List Box, C) Drive system

Ae Doors (Static Text Box, C) =

MoDoors {Drop-Down List Box, C)

m Drive {Group Box, C) () Rear-wheel drive

X sunRoof (Check Box, C)

Aet Vanity (Static Text Box, C)

Mumber of doors:

(%) Front-wheel drive

m

O All-wheel drive

ahl Vanity tevt (Tevt Bav ©) v
Sun roof
Show default buttons 0O | [Jopen modal E
Vanity text: | Enter your text
[ OK ] [ Cancel ] [ Apply ] [ OK ] [ Cancel ] [ Apply ]

* To modify an existing dialog item, right-click it and select Open on the context menu. This opens the dialog of
the Dialog Item where you can change it.

* To delete a dialog item, right-click it and select Delete on the context menu.

* To change the position of a dialog item in the dialog you are creating, first click Show Dialog and then click Edit
"///-’///’ ) .
Dialog. Select the dialog item you want to move /e and drag the mouse to a new location. This way you can,

for example, roughly re-position an existing dialog item and then enter the exact coordinates to place it exactly
where you want it to be.

Note: The Dialogapplies the changed coordinates immediately. Once you have moved an item, you cannot undo
the move action. To restore the previous settings, you have to re-enter them into the respective dialog.

* To show the standard buttons [ ok | [ cencel |[ appy | in the dialog you are creating, select the check box.
To hide these buttons, clear the check box.

If you do not show this button combination, you have to define your own buttons to provide the user with a
way to apply or to discard settings he chose!

* To open the dialog window you are creating modal, select Open modal. Then the user cannot open any other
Plant Simulation windows until he has completed interacting with the user-defined dialog and closed it.
To allow the user to open other dialog windows, in addition to the user-defined dialog you are creating, clear the
check box.

* To set the position at which the Dialog opens on your computet’s screen, click the tab Position and enter the X-
position and the Y-position in pixels into the text boxes. The default setting -1 for both X-position and for Y-
position centers the Dialog on screen. The zero point is located in the left top corner of the screen.
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=
Mavigate View Tools Help

T .Models. MyPlantAnytown. MySimpleDialog

Mame: | MySimpleDialog =

Label: | My Simple Dialog =

¥-position: 800 =]

Add a Menu and Menu Commands

To add a menu to your dialog:

Elements | Position | Method | User-defined Attributes

‘f-position:

Show Dialog
Edit Dialog

200 El [pixels]

Right-click in the tab Elements and select New Menu/New Menu Command.
Enter the Name of the menu. A Mezhod object can call this dialog item using the Name you entered.

Enter the Caption, which the menu displays. A caption is especially handy if you develop application object li-

braries in several languages and want the user to be able to switch languages. In addition you can enter special
characters and blanks. In our example we entered Show.

Note: For the top menu itself, you do not have to enter a Callback argument.

Dialog Item Menu

MName: Show

Caption: Show

Callback argument:

Enable

Show Help

| —

] [ Cancel Chart

Report

To add a menu command to the menu you added above:

* Right-click the name of the menu on the tab Elements and select New Menu/Menu Command.

¢ Enter the Name of the menu command.

* Enter the Caption, which the menu command displays. In our examples we entered Chart and Report.

Dialog Item Menu

Dialog Item Menu
Mame: Chart
Caption: Chart

Callback argument: | CallbackChart

Enable

[ Ok ] [ Cancel

MName: ShowHTML

Caption: Report

Callback argument: | CallbackReport

Enable

[ oK ] [ Cancel
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* So that the dialog opens the Chart or the Report, when the user selects Show > Chart or Show > Report, you have
to program it to do so. For this you have to enter the Callback argument, which will be passed to the callback
method. In our examples we entered CallbackChart and CallbackReport.

* Then, enter the code for actually opening the Chart or the Report into the callback method. As the callback method is
a user-defined attribute of type method, click the tab User-defined Attributes.

= .Models. MyPlantAnytown. MySimpleDialog

=
Mavigate View Tools Help

Mame: | MySimpleDialog =

Label: | My Simple Dialog =

Show Dialog
Edit Dialog

s [ | ——

[ Delete ]

Mame Value

|| callback

Type
method

Double-click callback and click Open in the dialog User-defined Attributes. To be able to enter commands into

the Method, click the button Inherit Source Code, so that it is released 7.

7= .Models. MyPlantAnytown. MySimpleDialog. callback =JOEY
! File Edit MNavigate Run Template View Tools Help
e e = ‘B fa 4 T6 S 6 [ELE v
{action : string)
is
do
in=pect action
when "Open" then
—— TODD: add code for the "Open" action here
when "Apply" then
—— TODD: add code for the "Apply" action here
when "Close" then
— TODO: add code for the "Close" action here
end;
end;

Double-click callback and click Open in the dialog User-defined Attributes.

To open the object MyChart, we entered:
when "CallbackChart" then mychart.active

To open the object MyReport, we entered:

when "CallbackReport" then myreport.show;

true;
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== .Models.MyPlantAnytown.MySimpleDialog.callback E]@]
! File Edit MNavigate Run Template View Tools Help

PEE Ay e 4 B oA A
{action : string)
is
do
in=pect action
when "Open" then
—— TODD: add code for the "Open" action here
when "Apply" then
—— TODD: add code for the "Apply" action here
when "Close" then
— TODO: add code for the "Close" action here
when "CallbackChart" then mychart. active = true;
when "CallbackReport" then myreport . show:
end;
end;

i’
—
I’
+
4
N

* To change the order of the menu commands on a menu, select a menu command on the tab Elements, hold down
the Shift key and press the Up arrow to move this menu command up or press the Down arrow to move this menu
command down.

Add a Static Text Box

A static text box shows text that the user can view, but not edit. To add it to your dialog:
* Right-click in the tab Elements and select New Static Text Box.
* Enter the Name of the static text box. A Mezhod object can call this dialog item using the Name you entered.

* Enter the Caption, which the static text box displays. A caption is especially handy if you develop application ob-
ject libraries in several languages and want the user to be able to switch languages. In addition you can enter spe-
cial characters and blanks.

* Enter the X-coordinate and the Y-coordinate of the static text box in the Dialog.

The position corresponds to the average width of characters of your system font, not to pixels. Changing the
font size under Start > Settings > Control Panel > Display > Settings > Advanced > General > Font Size, affects
this setting.

Note: If you cannot see a dialog item after you inserted it, check the settings for the position first. If you entered
identical values for different dialog items, the Dialog places them on top of each other, so that you can
only see the first item(s) you inserted.

Vanity text:

* Select if you want to Enable the static text box or not

* To insert the dialog item into your dialog, click OK.
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Dialog Item Static Text Box
Mame: Vanity
Caption: Vanity text:
X 5 = 7
Enable
[ OK ] [ Cancel ]
| Vanity hextl

Add a Text Box

A text box is a field into, which the user can enter text or edit text it already contains. To add it to your dialog:
* Right-click in the tab Elements and select New Edit Text Box.

* Enter the Name of the text box. A Method object can call this dialog item using the Name you entered.

* Enter the Callback argument, which will be passed to the callback method.

* Select what kind of data the user can enter from the drop-down list Data type.

Selection The user can enter

Any Character any character, which includes special characters, lower and
upper case letters and numbers.

Alphanumeric Characters a blank space, lower and upper case letters, and numbers.

Letters lower and upper case letters.

Decimal Numbers 0123456789

Signed Decimal Numbers decimal numbers with a negative or a positive sign:
-0123456789 or +0123456789, for example.

Hexadecimal Numbers ADDb{09, for example.

Octal Numbers 01234567, but not 18 for example.

Binary Numbers Oor1

Floating Point Numbers 12.3E-43, for example.

* Enter the X-coordinate and the Y-coordinate of the text box in the Dialog.

* Enter the width of the text box in the average width of characters of your system font. The default value of 0 sets
the width to the values defined by us.

* Select if you want to Enable the text box or not. The user can only enter text, when the text box is enabled.
text mpassward | select Password.

* To insert the dialog item into your dialog, click OK.
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Dialog Item Edit Text Box

MName: Vanity text]
Callback argument: | CBVanity

Data type: Any Character V
X 15 e 7
Width: 13
Enable []Password
[ OK. ] [ Cancel

Add a Drop-down List

The user can select a single item from the drop-down list. When it is closed, it displays the current value. When the
user clicks the down arrow [/, it opens and displays more items for changing the value.

To add it to your dialog:

* Right-click in the tab Elements and select New Drop-Down List Box.

* Enter the Name of the drop-down list. A Method object can call this dialog item using the Name you entered.

* Enter the Callback argument, which will be passed to the callback method.

* Enter the X-coordinate and the Y-coordinate of the drop-down list box in the Dialog.

* Enter the Width of the drop-down list in the average width of characters of your system font. The default value
of 0 sets the width to the values defined by us.

* Click Items and enter the items, which the list box shows, into the dialog Items.
* To add an item to the list field, enter its name into the text box and click Insert or press the Enter key.
* Repeat this for all the items you want to add.
* To delete an item from the list, select it in the list field and click Delete.
* To move an item up one position in the list, select it in the list field and click Move Up.

* To change the name of an item in the list, select it in the list field, type another name into the text box, and
click Rename.

* To apply the items you entered and to close the dialog, click OK.

* To discard what you have done so far, click Cancel.
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* Select if you want to Enable the drop-down list box or not.

* To insert the dialog item into your dialog, click OK.

Items
Enter the items:
| Insert
Sedan
Compact
Convertible
Van
Compact v
Dialog Item Drop-Down List Box

MName:

Callback argument:
X

Width:

VariantType
CBVariantType
13 =
14

Enable

[—

] [ Cancel

Add a Group Box Around Dialog Items

A group box graphically groups a set of dialog items or controls by drawing a frame around it. When you want to
group dialog items, first create the group and then insert and position the individual items within that group. Note

that the y-coordinate you enter for items within a group relate to the y-coordinate within that group, not within the

overall dialog.

To add a group box to your dialog:

* Right-click in the tab Elements and select New Group Box.

* Enter the Name of the group box. A Method object can call this dialog item using the Name you entered.

* Enter the Caption, which the group box displays. A caption is especially handy if you develop application object
libraries in several languages and want the user to be able to switch languages. In addition you can enter special

characters and blanks.

* Enter the X-coordinate and the Y-coordinate of the group box in the Dialg.

* Enter the Width and the Height of the group box in the average width of characters of your system font. The
default value of 0 sets the width to the values defined by us.
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* Select if you want to Enable the group box or not.

* To insert the dialog item into your dialog, click OK.

Dialog Item Group Box
MName: Drive
Caption: Drive system
X 4 i 2
Width: 26 Height: 4
Enable
[ OK ] [ Cancel ]

Drive system Drive system
(%) Front-wheel drive
() Rear-wheel drive

O All-wheel drive

* To change the order of the items within a group, select an item within the group on the tab Elements, hold down

the Shift key and press the Up arrow to move this item up or press the Down arrow to move this item down.

Add a Set of Radio Buttons

A set of radio buttons allows the user to select a single setting from a fixed set of choices that exclude each other.
To add it to your dialog:

* Right-click in the tab Elements and select New Radio Button.
* Enter the Name of the radio button. A Method object can call this dialog item using the Name you entered.

* Enter the Caption that describes what the radio button does and that the Dialog shows. A caption is especially
handy if you develop application object libraries in several languages and want the user to be able to switch lan-
guages. In addition you can enter special characters and blanks.

* Enter the Callback argument, which will be passed to the callback method.
* Enter the X-coordinate and the Y-coordinate of the radio button in the Dialyg.

* Entera group id, i.e., a number, for grouping any number of radio buttons to denote which radio buttons belong
together. Group ID 1 might stand for one set of radio buttons, while Group ID 2 might stand for another set. The
user can only select one radio button of a group at a time.

Note: You have to create all elements of a group of radio buttons sequentially because Plant Simulation creates
the elements according to their line and column position.You cannot arrange two sets of radio buttons
as shown below, where the radio buttons Red and Blue on the left hand side and the radio buttons Round
and Square on the right hand side form a group each. Windows ignores the Group ID you enter and groups
the radio buttons line by line according to the Y-coordinate, i.e., it treats Red and Round are one group
and Blue and Square as the other group.

== Dialog
(*)Red
©#

() Round
O Sguare

H Cancel ][

Apply
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If you want to model like this, do not place the radio buttons loosely onto the dialog, but group them within
group boxes.

== Dialog1
Colors Shapes
QREd (¥ Round
) Blue (O square
[ ok J[ cancel ][ apoly

* Select if you want to Enable the radio button or not.

* To insert the dialog item into your dialog, click OK.

* Repeat these steps to add additional radio buttons.

Dialog Item Radio Button Dialog Item Radio Button

Mame: Frontwheel Mame: Rearwheel

Caption: Front-wheel drive Caption: Rear-wheel drive

Callback argument: | CBFrontwheel Callback argument: | CBRearwheel

X 3 ¥: o X 3 ¥ 1 Drive system

Group ID: 1 Group ID: 1 (%) Front-wheel drive
Enable Enable () Rear-wheel drive

[ OK ] [ Cancel [ OK. ] [ Cancel ] O All-wheel drive

Add a Check Box

A check box displays a setting or a set of settings that do not exclude each other. The user can select or clear one
or several check boxes at the same time. To add it to your dialog:

Right-click in the tab Elements and select New Check Box.
Enter the Name of the check box. A Mezhod object can call this dialog item using the Name you entered.

Enter the Caption that describes what the check box does. A caption is especially handy if you develop application
object libraries in several languages and want the user to be able to switch languages. In addition you can enter
special characters and blanks.

Enter the Callback argument, which will be passed to the callback method.
Enter the X-coordinate and the Y-coordinate of the check box in the Dialog.

The position corresponds to the average width of characters of your system font, not to pixels. Changing the
font size under Start > Settings > Control Panel > Display > Settings > Advanced > General > Font Size, affects
this setting.

Note: If you cannot see a dialog item after you inserted it, check the settings for the position first. If you entered
identical values for different dialog items, the Dialog places them on top of each other, so that you can
only see the first item(s) you inserted.
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* Select if you want to Enable the check box or not.

* To insert the dialog item into your dialog, click OK.

Dialog Item Check Box
Mame: Swﬂooﬂ
Caption: Sun roof

Callback argument: | CBSunRoof
X 9 ¥ [
[¥]Enable
[ 0K ] [ Cancel ]

Sun roof

Design a Tabbed Dialog

When you want the user to select or to enter several different types of information, you will create a tabbed dialog.

When you only need the user to select or to enter a small number of items, you can present them directly in the
dialog in a flat structure, compare Design a Simple Dialog.

To start designing your own dialog:

* Insert the Dialog = into the Frame in which your are creating your simulation model. You can do this from the
folder UserInterface in the Class Library ot from the toolbar User Interface in the Too/box.

* Enter a name and a label into the respective text boxes. As opposed to the name, you can enter any term of your
choice as the label. This includes special characters and blank spaces.

* If you enter a label, Plant Simulation shows that label in the title bar of your dialog.
* If you do not enter text for the label, Plant Simulation shows the Name of the Dialog object in the title bar.

* To insert a dialog item, right-click in the tab Elements and select a dialog item on the context menu.
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Design a Tabbed Dialog

T .Models.MyPlantAnytown.MyTabbedDialog

[[X]

Mavigate WView Tools Help
Mame: | MyTabbedDialog = Show Dialog
Label: | My Tabbed Dialog = Edit Dialog

Elements |Posih'on || Method || User-defined Attributes

trol. Y

Open

Delete

[#-[2] MyTab4 (Tab, C}  New Static Text Box
Mew Edit Text Box
Mew Image

Mew Button

Mew Radio Button
Mew Check Box

Show default buttons

Mew List Box
Mew List View

Mew Drop-Down List Box al =]

Apply

Mew Tab Control
Mew Tab Page
Mew Group Box

S++

HMLInkerface

Mew Menu f Menu Item

Cancel

T .Models.MyPlantAnytown.MyTabbedDialog

= My Tabbed Dialog

Mavigate View Tools Help
Name: | MyTabbedDialog| = Show Dialog
Label: | My Tabbed Dialog = Edit Dialog

Elements | position || Method || User-defined Attributes |

#-C™] MyTab4 (Tab, C)

Show default buttons O | Open modal =

[ ok

J [ concel ) [_remv |

Variant |Amessories I Custom Add-ons | Your Configuration

[ OK ] [ Cancel

J

ADDIY]

* To modify an existing dialog item, right-click it and select Open on the context menu. This opens the dialog of

the Dialog Item where you can change it.

* To delete a dialog item, right-click it and select Delete on the context menu.

* To show the dialog you are creating, click Show Dialog.
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* To change the position of a dialog item in the dialog you are creating, first click Show Dialog and then click Edit
) . "///..’///’ ) )
Dialog. Select the dialog item you want to move 5‘,"3“3% and drag the mouse to a new location. This way you can,
v A 7

for example, roughly re-position an existing dialog item and then enter the exact coordinates to place it exactly

where you want it to be.

Note: The Dialogapplies the changed coordinates immediately. Once you have moved an item, you cannot undo
the move action. To restore the previous settings, you have to re-enter them into the respective dialog.

« To show the standard buttons [L_o& | [ cancel [ aeay | in the dialog you are creating, select the check box.
To hide these buttons, clear the check box.

If you do not show this button combination, you have to define your own buttons to provide the user with a
way to apply or to discard settings he chose.

* To open the dialog window you are creating modal, select Open modal. Then the user cannot open any other
Plant Simulation windows until he has completed interacting with the user-defined dialog and closed it.

To allow the user to open other dialog windows, in addition to the user-defined dialog you are creating, clear the
check box.

* To set the position at which the Dialog opens on your computer’s screen, click the tab Position and enter the X-
position and the Y-position in pixels into the text boxes. The default setting -1 for both X-position and for Y-
position centers the Dialog on screen. The zero point is located in the left top corner of the screen.

Add a Tab Control

When you are going to create a tabbed dialog, you will first have to create the tab control. The tab control resembles
a notebook that contains any number of pages (tabs). The user can navigate between different tabs and/or sections
of information within the dialog window.

Note: Do not confuse the tab control with the tabs themselves. The tab control is the container that holds the
individual tabs (pages).

When the user selects another tab, the Dialog calls the Callback method, which in turn executes the actions you pro-

grammed with the first parameter you entered as Callback argument.

To add it to your dialog:

* Right-click in the tab Elements and select New Tab Control.

* Enter the Name of the tab control. A Mezhod object can call this dialog item using the Name you entered.

* Enter the Callback argument, which will be passed to the callback method.

* Enter the X-coordinate and the Y-coordinate of the tab control in the Dialog.

The position you enter corresponds to the average width of characters of your system font, not to pixels. Chang-
ing the font size under Start > Settings > Control Panel > Display > Settings > Advanced > General > Font Size,
affects this setting.

* Enter the width and the height of the tab control in the Dialyg. The default value of 0 sets the height and the width
to the values defined by us.
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* To insert the tab control into your dialog, click OK.

Dialog Item Tab Control

Mame: TabContral
Callback argument: | CBTabControl
X a =

Width: 45

Height:

[u]
gl

| —

H Cancel ]

.
= My Tabbed Dialog

- |[ Cancel ][ Apply ]

* To add one tab at the time to the tab control, click it with the right mouse button on the tab Elements and select

on the context menu.

¢ To change the order of the tabs in the dialog, select a tab [*] on the tab Elements, hold down the Shift key and
press the Up arrow to move this tab to the left or press the Down arrow to move this tab to the right. The dialog

shows the first tab in the structure as the leftmost tab.

Add Tabs to a Tab Control

To add one tab at the time to the tab control:

Right-click in the tab Elements and select New Tab Control

Enter the Name of the tab into the dialog Dialog Item Tab Page. A Mezhod object can call this dialog item using

the Name you entered.

Enter the Caption of the tab. A caption is especially handy if you develop application object libraries in several

languages and want the user to be able to switch languages. In addition you can enter special characters and
blanks. The tab on the tab control shows this caption as the title on the tab itself.

To insert the dialog item into your dialog, click OK.

Dialog Item Tab Page

Dialog Item Tab Page

Mame: MyTab1|

Caption: Variant

| —

H Cancel ]

Mame: MyTab2

Caption: Accessories

[ K H Cancel ]

To change the order of the tabs in the dialog, select a tab on the tab Elements, hold down the Shift key and press
the Up arrow or the Down arrow to move this tab to the left or to the right. The dialog shows the first tab in the

structure as the leftmost tab.
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= My Tabbed Dialog

Variant | Accessories ] Custom Add-ons | Your Configuration

J

] [ Cancel Apply ]

2= _Models. MyPlantAnytown.MyTabbedDialog
Mavigate WView Tools Help
Mame: | MyTabbedDialog =
Label: | My Tabbed Dialog =
Elements | position | Method | User-defined Attributes
1=l 23 TabControl (Tab Contral, C)
-7 MyTab1 (Tab, C)
[ MyTab3 (Tab, C)
(-7 MyTab4 (Tab, C)
[¥] show default buttons O | [#]open modal =
[ ok ][ cancsl |[ Appy |

Add a List Box

A list box displays a list of choices. The user can double-click one of the items in the list to select it. As opposed to
the drop-down list box, the list box has a fixed size and does not collapse.

To add it to your dialog:

* Right-click in the tab Elements and select New List Box.

* Enter the Name of the list box. A Method object can call this dialog item using the Name you entered.
* Enter the Callback argument, which will be passed to the callback method.

* Enter the X-coordinate and the Y-coordinate of the list box in the Dialog.

* Enter the width and the height of the list box in the Dialog. If you do not enter values, the Dialog sets the width
and height to the values defined by us. When you enter a value for the height, it adds a vertical scrollbar to the
list, when the list contains more items than the height.

Dialog Item List Box
Mame: ModelList]
Callback argument: | CBModelList
X 18 s 0
Width: 16 Height: 2
[ OK ] [ Cancel ]

* Click Items and enter the items the list box displays in the dialog Items.

* To add an item to the list field, enter its name into the text box and click Insert or press the Enter key.
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* Repeat this for all the items you want to add.
* To delete an item from the list, select it in the list field and click Delete.
* To move an item up one position in the list, select it in the list field and click Move Up.

* To change the name of an item in the list, select it in the list field, type another name into the text box, and
click Rename.

* To apply the items you entered and to close the dialog, click OK.
* To discard what you have done so far, click Cancel.

Items

Enter the items:

Hot rod| Insert

Cruiser
Racer Delete
Family
Van Move Up
Custom

Bigwheel

R
Hot rod Ename

o]

Cancel

Family

Wan

b

* Select if you want to Enable the list box or not.

* To insert the dialog item into your dialog, click OK.

Add a List View

A list view displays a set of objects in a table-like format. To add it to your dialog:

* Right-click in the tab Elements and select New List View.

* Enter the Name of the list view. A Mezhod object can call this dialog item using the Name you entered.
* Enter the Callback argument, which will be passed to the callback method.

* Enter the contents of the header row and the contents of the rows in the list view into a Table. When the user
double-clicks a row to select it, the Dialog calls the Callback method, which in turn executes the actions you pro-
grammed in the first parameter you specified as Callback argument.

Note: You can only select rows, but no columns or individual cells.

* Enter the name of a table or click the button and select a table in the dialog Select Object.

* Activate the column index in the TableFile and enter the column headings the list view shows into the header
cells.

¢ Enter the items the list view shows into the cells of the columns.

466 Setting Parameters in Your Model



Design a Tabbed Dialog Set Parameters for Objects in Your Own Dialog

.Models.MyPlantAnytown.ConfigurationTable E]@]
File Edit Format Mavigate View Tools Help

= 5l BBy % e @ E i dd b

2
?trlng |§trlng |§trlng |§trlng
string |Model ‘ariank Color  |Accessories
1 |Racer Coupe silver  |mag wheels
z | curb Feelers
3 surround sound

* Enter the X-coordinate and the Y-coordinate of the list view in the Dialog.
* Enter the width and the height of the list view in the Dialog.
¢ Select if you want to Enable the list view or not.

* To insert the dialog item into your dialog, click OK.

Variantl Accessories | Custom Add-ons  Your Configuration

Yfou have selected these features:

Dialog Item List View
Mo... | Variant | Color | Accessories
: e,
Mame: Configuration| Racer Coupe siver magwheels M
8 curb feelers
Callback argument: | CBConfiguration surround sound
Tahle ConfigurationTable E]
X o L 1
Width: 36 Height: 5 (& m | il
Enable

e

Variant | Accessories | Custom Add-ons  Your Configuration |

You have selected these features:

Mo... | Variant | Color | Accessories

Racer Cowpe  siver maguheek | ey

curb feelers
surround sound

(] Ll |
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Add a Button

When the user clicks a button, it calls the Callback method with the parameter you entered into the text box Callback
argument. It in turn executes the actions you programmed. To add it to your dialog:

* Right-click in the tab Elements and select New Edit Text Box.
* Enter the Name of the button. A Mezhod object can call this dialog item using the Name you entered.

* Enter the Caption, which the button displays. A caption is especially handy if you develop application object li-
braries in several languages and want the user to be able to switch languages. In addition you can enter special
characters and blanks.

* Enter the X-coordinate and the Y-coordinate of the button in the Dialog.

* Enter the width of the button in the Dialog. The default value of 0 automatically sets the width of the button to
the width of the OK button.

* Select if you want to Enable the button or not

* To insert the dialog item into your dialog, click OK.

\u'ariant] Accessories | Custom Add-ons  Your Configuration

You have selected these features:

Dialog Item Button
Mo... | Variant | Color | Accessories e
Mame: Order] Racer Coupe siver magwheels @,
curb feelers
Caption: Submit Crder surround sound

Callback argument: | CBOrder

X 7 Ui 7

Width: 13 <] B
Enable

o

Add an Image

An image is a picture, i.e., an icon you defined for the object Dialog. You can enter a number, or a name, such as
Iconl. To add it to your dialog:

* Right-click in the tab Elements and select New Image.
* Enter the Name of the image. A Method object can call this dialog item using the Name you entered.
* Enter the X-coordinate and the Y-coordinate of the image in the Dialog.

Note:

* Enter the width and the height of the image in the Dialog.
* Enter an Image ID, i.e., the number of the icon, or an image name. This image is an icon of the Dialog.

* To insert the dialog item into your dialog, click OK.
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Note: Plant Simulation shows the dialog with the settings you select under Display Properties > Appearance > Font
size as well as with the Font and the Size you can select, when you click Advanced. When you change these
settings, the dialog scales text, while the images always retain their size in pixels. For this reason it can hap-

pen that text overlaps the image. We recommend to test your dialogs with different display settings to make
sure that everything works as you expect it.

\u'ariant] Accessories ] Custom Add-ong  Your Configuration l

You have selected these features:
Mo... | Variant | Color | Accessories e
Racer Coupe  silver magwheels @
curb feelers
i surround sound
Dialog Item Image
MName: OrderedItem
%: a0 ¥: 1 <] B
Image ID: Icon3
[ oK ] [ Cancel ] Submit Crder

Program Actions which the Dialog Items Execute

During or after you inserted the dialog items you need, you will have to program the actions, which these dialog

items execute, when the user enters or selects a setting. For this you have to enter the respective source code into
a callback method.

* By default the callback method is a user-defined attribute of type method named self.callback. In most cases you
will use that.

To open the default callback method, do one of the following:

* On the tab Method, click into the text box Callback method and press F2 or by hold down Shift and double-
click callback.

* On the tab User-defined Attributes, double-click callback and then click Open in the dialog User-defined At-
tributes.

== .Models.MyPlantAnytown.MySimpleDialog Custom Attributes
Mavigate Wiew Tools Help

MName:
Mame: | MySimpleDialog =

Label: | My Simple Dialog =] Value | statistics | Communication

Elements | Position | Method | Custom Attributes |

...................................... Data type:

| New ] [ Edit Value: Open .
Name Value | Type

|| callback method
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If your modeling needs watrant it, you can also use a Mezhod, which you inserted into a Frame or into a folder in
the Class Library. This will be the case, when several of your dialogs, which do not inherit items, can use the same
callback method and, for this reason, have to store the method at a single location.

Enter the Callback argument for each of the dialog items into this method and type in the statements (source code)
you want it execute. This parameter is the same parameter that you entered into the dialogs of the individual dialog

items. Be aware that the parameters are case-sensitive! The methods and the attributes of the Dialog enable you to pro-
gram callback actions with as much complexity as you need.

The callback method executes the callback parameter when the user:

Closes a drop-down list box.
Selects and double-clicks an item in a list box.

Changes the contents of a text box and selects another dialog item afterwards, clicks in another text box, or clicks
OK, Apply or Cancel.

Clicks a button.

Selects or clears a check box.

Selects a radio button.

Selects a row in a list view and double-clicks it.
Selects a tab in a tab control.

Selects 2 menu or a menu command.

Compare this example:

Dialog Item Menu
Mame: ShowHTML
Caption: Report

Callback argument: | CallbackReport

[¥]Enable
[ OK ] [ Cancel ]
2= _Models.MyPlantAnytown.MySimpleDialog.callback =JOEY
. File Edit Navigate Run Template View Tools Help
PR A R & 4 . L E B v
when "Close" then [A]

— TODO: add code for the "Close" action here
when I "CallbackChart" | thenlmychart Lactive = true;l
when I "CallbackReport "I then| nyreport . show; |
end;

end: callback argument executes an attribute or a meth-
od of the object

(v
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== .Models.MyPlantAnytown.MySimpleDialog.callback E]@
. Fle Edit MNavigate Run Template Wiew Tools Help
iy [ ! [ ED v
when "Close" then rS
—— ToDD: add code for the "Close" action here |
when I"Callbackchart " I then | nychart active = true;l
when I" CallbackReport "I then' nyreport . show; |
end;
end; calback argument executes an attrbute or a meth- Show  Help
od of the object E Chart
- Report

To open the object MyChart, we entered: when "CallbackChart" then mychart.active := true;

To open the object MyReport, we entered: when "CallbackReport" then myreport.show;

Program Actions for Interacting with the Dialog

After you created your dialog, you will have to program what happens, when the user opens the dialog, when he
applies settings, and when he closes it. Enter these actions as callback parameters into the Callback method.

X|

== My Simple Dialog

Show Help

T .Models. MyPlantAnytown. MySimpleDialog

= Variant:
Mavigate View Tools Help

Mumber of doors:

Mame: | MySimpleDialog = Driwe system
Label: | My Simple Dialog = (%) Front-wheel drive

() Rear-wheel drive
Elements || Position | Method | User-defined Attributes

3 All-whes! drive

Callback method:

Argument for open:
Argument for apply:
Argument for close:

self. callback
Open
Apply

Close

Sun roof

Vanity text: | Enter your text

[ OK ] [ Cancel

J

Amlv]

* The Dialog executes the Open section of the callback method when the user opens the dialog. It initializes the con-
tents of the dialog window or sets the dialog items to values of your choice.

* The Dialog executes the Apply section of the callback method, when the user clicks OK or Apply in the Dialog. The
statements you enter may evaluate new or changed values.

Note: When the user clicks OK, the Dialog executes the callback method twice. The first time it calls the Apply sec-

tion. The second time it calls the Close section. When the user clicks Apply, the Dialgg only executes the
Apply section of the callback method.

* The Dialog executes the Close section of the callback method, when the user clicks Cancel in the Dialog or when he
closes it with Close 2l on the title bar.

For our sample dialog we started defining the settings shown below. When the user opens the dialog, Plant Simulation
sets the variant of the car to the number of the user-defined attribute I”ariantINo. It selects the check box for the
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sun roof and it prompts the user to enter vanity text he wants added to his paint job. Naturally, you can preallocate
as many values as you want.

7= .Models. MyPlantAnytown. MySimpleDialog. callback =JOEy
! File Edit Mavigate Run Template View Tools Help
PP Oy B | 4 Be B ‘B fa e T6 6 ELEE Fh
{action : string)
is
Hao
in=pect action
when "Open" then
@ zetIndex{"VariantType". @ VariantNo);
@ =etCheckbox("SunRoof ", trues):
@ zetValus{"Vanity text", "Enter vour text");
when "Apply" then
@ VariantHo = @ getlndex{"VariantType"):
when "Close" then ;
—— no action is reguired
when "CallbackChart" then mychart. active = true;
when "CallbackReport" then myreport . show:
end;
end;

Set Parameters with the AttributeExplorer

Instead of opening the dialog of each and every material flow object in your model and entering values for a single
attribute or for a number of attributes into the text boxes, you can define which attributes of which objects the
AttributeExplorer gets and shows in a list window, when you click Show Explorer.

This way you can manage the attributes defining the settings of the individual stations in your simulation model at
a single location. You can then enter different values for the capacities, the times, etc. Plant Simulation writes these
values back to the dialogs of the objects and uses them in your simulation model. You can also export this settings
table as a tab-delimited text file and import this file into the Az##ributeExplorer of another simulation model, thus us-
ing identical settings in several of your simulation models.

You can also use the A#tributeExplorer to find objects of the type you define, to find attributes, for example the po-
sition of a number of objects, to align them in the Framee, etc.

You can insert the AttributeExcplorer # into your simulation model from the folder InformationFlow in the Class Li-
brary ot from the toolbar Information Flow in the Too/box.

Toolbox

Material Flow | Resources | Information Flow | User Interface | Mobile Units | Tools

~mgﬁﬂémﬁﬁ%%@%@

Depending on what you would like to accomplish, you will:

* Enter the Objects Yon Want to Parameterize
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Set Parameters with the AttributeExplorer

o Enter the Attributes Yon Want to View or Change
o Select How to Show the Objects and the Names

*  Find Objects and Attributes

Enter the Objects You Want to Parameterize

Before you can enter data, click the toggle button Inheritance so that it looks like this B.

* To view or to edit the attributes of an object, drag that object from the Frame window over tab Objects in the
open dialog of the A#tributeExplorer and drop it there. Plant Simulation enters the absolute path to and the name
of the object into the selected cell of the list.

* To just enter the name of the object, drag that object from the Frame window over the icon of the Az#ributeEx-

Pplorer and drop it there.

Data

Objects | Attributes | Query | User-defined Attributes

Objects | 5

.Models, AttributeExplorerExample. AttributeExplorerExample. Source

Drain |

* To view ot to edit the attributes of all objects of one class, click the tab Query and enter internalclassname

as the Attribute and the actual internal class name of the object as the Value of the object there.

Note: For the built-in objects, the method znernalClassName returns the unique name that describes the type of

the object.

Data | Objects | Attrbutes | QUery |UserdefinedAttrbutes|

Ebene |Ath'ibut Bedingung |\'\u'ert |Ebene |Operamr |Kommer ]
j internalclassname | = j Flace j | j |
j internalclassname | = j Machine j | j

* To show what you have defined, click Show Explorer.

.Models. AttributeExplorerExample. AttributeExplorerExample. AttributeExplorer
0.0000

procTime ExitStrategy | *Dim wDim faillnteryval FailDur ation |
SingleProc 1:00,0000 Cyelic 10,0000 10,0000
SingleProcl  |1:00.0000 Percentage 1T 0,0000
SingleProc 1:00,0000 Cyelic 0,0000
SingleProc  |1:00.0000 Cyclic B 000000 5,0000
SingleProcd  |1:00.0000 Cyclic 1T 0,0000
SingleProcs  |1:00.0000 Cyclic 1T 1 0,0000
ParallelProc 1:00,0000 Cyelic 2 2 2:00,0000 20,0000
ParallelProcl | 1:00.0000 Cyelic z 5 0.0000

[ QK ] [ Cancel ] [ Apply ]
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Enter the Attributes You Want to View or Change

Before you can enter data, click the toggle button Inheritance so that it looks like this B.

To enter the names of the attributes whose values you want to edit or view into the cells in the column Name, click
Attribute Viewer.

Data | Objects | Attributes | Query | User-defined Attributes

Mame Alias | Read | B

procTime
ExitStrategy
*Dim

yDim
faillnterval
failDuration

RN
i,

Shows Attributes a

In the dialog Attribute Viewer:

* Click [ ] to enter the path to and the name of the Object whose attributes you want to show.
Select the Object, whose attributes you want to show, in the dialog Select Object.

* Select from the drop-down list if you want to view the Built-in Attributes of this object, or its User-defined At-
tributes, which you, or a co-worker defined. The A#ributeExplorer then displays these attributes in the left hand
list box.

* Select a single, or several contiguous attributes (Shift+click), and click this button to add these attributes to
the attributes to be shown in the right hand pane.

* Click OK to add these attributes to the list, which the A#ributeExplorer displays, on the tab Attributes.

Attribute Viewer
Built-in Attributes + | Object: | =ExplorerExample.Source E]
Object Attributes ’\ Explorer Attributes
StatusiithIcons procTime
Stop ExitStrategy
Stream | xDim
faillnterval
UnplannedCtrl * | failDuration
¥Pos generateAsBatch
‘fPos |
Zoom¥
ZoomY
ZPos e[
3 - 2| <] T B
OK ] [ Cancel
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If the predefined name of an attribute is not meaningful enough for your purposes, you can enter a descriptive term
for that attribute that suits your modeling situation into the corresponding cell in the column Alias.

Data | Objects | Attributes | Query | User-defined Attributes

MName | Alias | Read | B

procTime Processing time
ExitStrategy
*Dim

faillnterval
failDuration

mininininini

generateAsBatch As one lot

1
=
=
_4 yDim
5
i
=

If you want an attribute to be read only, click into the cell Read. Then, you can just view, but not edit that value in
the list that the button Show Explorer opens.

Plant Simulation displays the background of the cells in different colors to show if the attribute is observable or not.

blue | the attribute is not observable.

white | the attribute is observable.

gray | you entered a wrong name for a built-in attribute.

To manipulate the contents of the list, use the commands on the Context Menu of Embedded Lists.

Select How to Show the Objects and the Names

You can only change the settings, when the toggle button Inheritance is deselected B.

Data | Objects | Attributes | Query | User-defined Attributes

O Watch () Edit (O Read Only ]

Show objects with: Mame E

Show attributes with: | Alias E

[ show comment O

Comment: | Enter any exmplanatory text here, B

The Explorer window shows this text abobe the list, when you select &

Select what you want to do with the attributes you added to the A##ributeExplorer:

* To allow you to edit the values of the attributes of any one of the stations you entered, select Edit @Edt, Then,
click Show Explorer, click in any of the cells that are not grayed out, and enter another value. Plant Simulation writes
the values you changed back to the dialogs of the objects, when you click Apply/OK.
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.Models. AttributeExplorerExample. AttributeExplorerExample. AttributeExplorer

0.0000

procTime |ExitStrategy |xDim wDim | Faillnterval FaiIDuration|generateAsBatch |timeOFGeneration
Source 0.0000 | Cyelic 0,0000 0,0000 false Interval Adjustable
Drain 0,0000 B o.oco0 [o.o000

SingleProc | 1:00,0000 | Cyclic B 10.0000 [ 10,0000

SingleProc! | 1:00.0000 |Percentage  [RMIII 00000 0,0000

SingleProcz | 1:00,0000 | Cyclic B oo 0,0000

SingleProc3 | 1:00,0000 | Cyclic B oo soor

SingleProcd | 1:00,0000 | Cyclic B oo 0,0000
SingleProcs | 1:00,0000 | Cyclic B oo 0,0000
ParallelProc | 1:00.0000 | Cyclic 2 2 2:00,0000 | 20,0000
ParallelProct |1:00.0000 | Cyclic 2 5 0,0000 0,0000

[ OK H Cancel ][ Apply ]

* To display the values of the observable attributes of any of the stations you entered, select Watch @i Then,
click Show Explorer. You will notice that you can only view the values, but not edit them. Plant Simulation displays
the background of the cells in different colors to show if the attribute is observable or not.

blue the attribute is not observable.

white | the attribute is observable.

gray | you entered a wrong name for a built-in attribute.

.Models. AttributeExplorerExample. AttributeExplorerExample. AttributeExplorer E

procTime |ExitStrategy xDim | wDim | Faillnterval | FailDuration | generatedsBatch | timeOfGeneration
Source 0,0000 | Cyelic 0,0000 0,0000 false Interval Adjustable
Drain 0.0000 I

I .
I
I
I
I
SingleProct | 1:00.0000 | Cyclic | ]
SingleProcs | 1:00.0000 | Cyclic . . | ]
ParalelProc |1:00,0000 | Cyclic 2 1z zwmon oo D
ParallelProcl |1:00,0000 | Cyclic z |5 |0.0000 oo

SingleProc |1:00,0000 | Cyclic | ]
SingleProcl | 1:00.0000 | Percentage -
SingleProcz | 1:00,0000 | Cyclic
SingleProcd [ 1:00,0000 | Cyclic

* To just show the values of the attributes of the stations you entered, select Read only @ Then, click Show

Explorer. You will notice that you can only view the values, but not edit them.
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.Models.AttributeExplorerExample. AttributeExplorerExample. AttributeExplorer

pracTime |ExitStrategy |xDim wDim | Faillnterwval |Fa\IDurat\0n|generateAsBatch |timeOFGeneration |
Source 0.0000 | Crelic 0.0000 0.0000

Drain oooce [ o0 0.0000

SingleProc 1:00,0000 | Cyclic 10,0000 10,0000

False Interval Adjustable

SingleFroct | 1:00.0000 | Percentage [N 0-0000 | 0.0000
SingleProcz | 1:00.0000 | Cyelic 0.0000
SingleProc3 | 1:00.0000 | Cyclic 1:00,0000 | 5.0000
SingleProc4 | 1:00.0000 | Cyclic 0.0000
SingleFrocs | 1:00,0000 | Cyclic B oo o.0000
ParallelProc | 1:00.0000 | Cyclic 2 2 2:00,0000 20,0000
ParallelProcl |1:00.0000 | Cyclic 2 5 0.0000 0.0000

* Select how you want to show the objects in the Explorer window in the leftmost column:
* With their entire Path:

procTime |ExitStrategy |

Models, AttributeExplorerExample. AttributeExplorerExample, Source 0,0000 | Cyelic

Drain ooooo [

* Models, AttributeExplorerExample, AttributeE xplorerExample, SingleProc 1:00,0000 | Cyclic

Note: We dragged the Source from the Frame window over tab Data in the open dialog of the As#ributeExplorer
and dropped it there. This entered its absolute path. We dragged the Drain from the Frame window over
the icon of the A#tributeExplorer and dropped it there. This entered its name only.

* With their Name only:

procTime |ExitStrategy |
Source 0,0000 | Cyelic |

singleProc  |1:00.0000 | Cyclic |

* With their Label only:

procTime |ExitStrategy |
Receiving  [0.0000 | Cyelic

shipping ooooo [

Lathe 1:00,0000 | Cyclic
1:00,0000 | Percentage
Drillam 1:00,0000 | Cyclic

* Select how you want to show the attributes in the Explorer window:
* With their Name.

procTime |ExitStrategy |
Source 0,0000 | Cyelic |

singleProc  |1:00.0000 | Cyclic |

* With their Alias. Note that you enter the alias on the tab Attributes.
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| timeOfGeneration |

Processing time |ExitStrategy |xDim wDim | Faillnterval FaiIDurati0n|As one lok

Source 0.0000

false Interval Adjustable

Drain 0.0000

* If you want to, you can enter

| cveic 0.0000 0.0000
S om0

an explanation for the objects and values you defined into the text box. To create

a line break, press Shift+Enter.

Comment: | Enter any explanatory text here,

The Explorer window shows this comment above the list, when you
select Show comment,

To display the text you entered above the list field in the Explorer window, select Show comment.

.Models. AttributeExplorerExample. AttributeExplorerExample. AttributeExplorer

0.0000
Processing time |ExitStrategy |xDim wDim | Faillnterval | failDuration | As one lok Limed
Source 0,0000 | Cyelic 0,0000 0,0000 false Inter

Find Objects and Attributes

You can also use the A#tributeExplorer to find objects in your simulation model. First, enter the criteria into the cells
of the list on the tab Query. Then, click Show Explorer. The Explorer window shows only the objects, which meet

the search criteria you entered.

Mame: | AttributeExplorer1 = Show Explarer
Label: O
Data | Objects | Attributes | QUEry | Custom Attributes
Operator |Comment =]

Parentheses |Ath'ibute |Condiﬁon |\n'alue |Parenﬁ1&ses

( v|Exitstrategy |== | cydic ) ~[and -]

.Models. AttributeExplorerExample. AttributeExplorer...
-~
Models, AttributeExplorerExample. AttributeExplorerExample, Source 1
A Models, AttributeExplorerExample, AttributeExplorerExample, SingleProc
Models, AttributeExplorerExample. AttributeExplorerExample. ParallelProc [+
Frame: x
[ OK ] [ Cancel ] [ Apply ]
[ OK ] [ Cancel ] [ Apply ]
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If you also want to change the attributes, enter their names on the tab Attributes. Then, click Show Explorer. Next
to the objects the Explorer window now also shows the attribute, which you can also change, when you selected Edit
on the tab Data.

2 ? S
MName: | AttributeExplorer1 =] | Shaw Explarer
Label: O I

Data || Objects Attributes | Query | Custom Attributes

Name |Alias |Read |E|
1 [Exitstrateay | r

.Models. AttributeExplorerExample. AttributeExplorerExample. Attri...
Cydlic

Exitstrategy [[#]
Models, AttributeExplorerExample. AttributeExplorerExample, Source Cyelic | 1

Models, AttributeExplorerExample. AttributeExplorerExample, SingleProc Cyelic

Models, AttributeExplorerExample. AttributeExplorerExample. ParallelProc Cyclic v
[ OK ] [ Cancel ] [ Apply ]
[ OK ] [ Cancel ] [ Apply ] |

You can:
* Select the number of opening Parentheses of the query.
* Enter the name of any of the attributes of the object, which the dialog Show Attributes and Methods displays.

* Click in the cell once with the left mouse button and select a Condition from the drop-down list. The value of the
attribute can be:

* < (less than)

* <= (less than or equal to)

* > (greater than)

e >= (greater than or equal to)

* = (equal to), compares attributes of data type real, length, weight, speed, and time for the exact value

* == (equal to, case-insensitive) compares if strings are equal not considering lower and upper casing, or com-
pares if the values of attributes are about equal

* /= (not equal to)

* Expression, which is a regular expression, compare Show Structure. You might, for example, enter ~Inf, which
finds any word beginning with Inf.

* Exists, checks if the object has the designated attribute or not.

Then enter the value into the corresponding cell in the column Value.
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* Enter the Value of the attribute which the A#ributeExplorer is to find.
* Select the number of closing Parentheses of the query.

* Click in the cell once with the left mouse button and select a boolean Operator from the drop-down list. This
operator connects the boolean values of the active row with the next row. The boolean values result from eval-
uating the logical expression you defined in a row of the query table.

* and
* or
* Enter a Comment.
* Select the Frame in the dialog Select Object where you want to start finding the attributes of the objects.
To also include any Frames that are located within the Frame you selected, select the check box Include subframes.
Note: Sclect to show the objects with their path on the tab Data for this setting,.
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Modeling in the 3D Viewer

The Tecnomatix Plant Simulation 3D 1 iewer is an object-oriented modeling and visualization tool for displaying and
animating an existing Plant Simulation 2D simulation model in three-dimensional space. Naturally, you can also start
creating a model from scratch in the 3D Viewer.

Note: The 3D Vieweris not part of the Plant Simnlation Standard License. You can upgrade the Standard License with
a 3D Viewer License.

The Plant Simulation 3D Vieweris not a program of its own, but fully integrated into Plant Simulation. Once you start

the 3D Viewer, saving the Plant Simulation 2D model also saves the 3D part of the model to the same *.spp file. As

you then cannot tell which Plant Simulation 2D model also contains a 3D part, we recommend to select the check

box Save Preview in the dialog Save As, to save a snapshot of the active 3D viewer window. Plant Sinulation also

shows this graphic, when you open the model again, enabling you to see, which model has a corresponding 3D part.

Note: In our description 2D model refers to the Plant Simulation 2D part of your simulation model, 3D model
refers to the 3D 1iewer part.

Create a Model in 3D

Tecnomatix Plant Simulation 2D and the 3D Viewer are fully integrated. Both store data pertinent to their part of the
model in the spp model file saved on disk, employing Microsoft’s structured storage technology.
Note: We created our sample model with the built-in menus, menu commands, toolbars and viewers.

To show or hide additional 3D toolbars, right-click the gray area along the top of a 3D window and select
the name of the toolbar you want to show or hide on the menu that opens.

13D Edit View Modes 2D Tools Help

XII_,'Z.,@\ ﬂ‘ e vﬁv 53'«"‘»@/-'21 3DStandard
3D Camera

3D Modeling

3D Primitives

3D Video

To create 2 model in the 3D iewer, you will basically proceed as follows:

* To open a new Plant Simulation 2D model, click 1 on the Standard toolbar, or select File > New.
e To start the 3D iewer, click 22 on the 3D toolbar, or select 3D > Start 3D Viewer.
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This shows the 3D Library and a new, empty Frame in the 3D scene window.
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To show the built-in 3D material flow objects and their graphics, you can, for example, right-click the folder Ma-
terialFlow in the 3D Library and select Open > Active 3D Window or Open > New 3D Window.

Using this technique, you can also show the contents of the other folders.

: )

. . fop v
* To rotate, pan, or zoom the scene, click the respective button m b

on the 3D Camera toolbar. Then,
click into the scene window and drag the mouse.
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Rotate scene Pan scene Zoom scene

To rotate the scene, click ] on the Rotate Scene button and select how the 3D Zewer rotates the scene:
Around the Scene, the Selection or Zoomed. You can also Hold down the left mouse button and the right mouse
button and drag the mouse.

* Rotate Scene > Scene rotates the scene around the center of the grid. Dragging the mouse up or down rotates
the scene vertical. Dragging it left or right rotates the scene horizontal.

* Rotate Scene > Selection rotates the scene around the center of the selected object.

You can also rotate, pan, and zoom the scene with the mouse buttons and the mouse wheel, when you click Se-
lect [x].

To rotate the scene, hold down the right and left mouse button and drag the mouse.

To pan the scene left and right or up and down, hold down the right mouse button and drag the mouse. This
moves the scene orthogonal to the view direction.

To zoom the scene, turn the mouse wheel or hold down the mouse wheel and drag the mouse.
Note: If you have a three-button mouse, click the middle mouse where the description calls for clicking the

mouse wheel.

Note: If manipulating the scene with the mouse does not work, check the Mouse Properties for the Wheel in the
Mouse Control Panel.

* To open anew 3D scene window, change to the 3D structure in the 3D Library. Then, right-click the correspond-
ing folder and select Open > Active 3D Window.

* To insert an object into the 3D scene window:

* Click Select [k].
* Click Grid [, so that it is pressed [, compare Show and Hide the Grid,
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We recommend to show the grid before you insert an object into the scene window. This way you can place
the object at the exact location, where you want it to be.

When you insert an object without displaying the grid, you have little control over where the 3D Zewer places
the object. By default it uses the same coordinates that the source object had, an effect you might not want.

* Select the object you want to insert in the Too/box or in its folder in the 3D Library. Hold the mouse button
down, drag the object to the location of your choice on the grid and drop it there.

* Inserta Source, a Line, a SingleProc and a Drain.
* To connect two objects:

Note: The 3D I Zewer only inserts Connectors at the correct position, when the grid is active.

e Click the Connector o in the Toolbox on the tab MaterialFlow.

* Click the source object, where the connection will start, once with the left mouse button. Plant Simulation at-
taches a yellow line symbolizing the Connector to the mouse pointer.

* Drag the mouse to the destination object at which the connection will end, and click once with the left mouse
button to establish the connection.

The 3D Viewer shows the Connector it inserted as a line between the connected Inzerfaces of the source and des-
tination objects.

* To terminate connect mode before you click the destination object, click the right mouse button or press Esc.
To connect several objects one after the other, without interrupting the connecting process, hold down Ctrl.

* Attach the outgoing connection to the first object.

* Drag the mouse to the succeeding object.

* Click the left mouse button to attach the incoming Connector to the successor.

* You can also connect the objects in the 2D part of your model, which will simultaneously insert the connec-
tions into the 3D part, when you opened the 3D 1ewer.

* To update the connections between objects, which you established with the object Connectorin Plant Simulation
2D without the 3D Zewer having been started, select 2D > Update 3D according to 2D > Connectors.

* To show or hide connections in the scene window, click 5 on the 3D Standard toolbar.

* By default the 3D 1iewer does not show Connectors, when you create a model in 2D and then update it in 3D.
To display them, click [{¥] on the 3D Standard toolbar.
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Connect the Source, the Line, the SingleProc and the Drain you inserted above.

o Next, insert an EventController, either from the Toolbox & or from the 3D Library.
* Finally, run the simulation:
* Control the simulation by clicking the buttons on the 3D Standard toolbar
Xy z %o A e o B S e

or

* Double-click the icon of the EventController © and click its buttons.

Introducing 3D Objects

The 3D VViewer uses 3D graphics of objects. You can exchange these graphics for each object or you can load a
complete, user-defined library with objects for your specific task before you start modeling. Although the 3D T Zewer
provides elementary geometric shapes and basic modeling functions for creating primitive 3D graphics for an ob-
ject, you will create 3D graphics for objects in dedicated programs, such as 3D Studio MAX, Factory CAD, etc.
The 3D VViewer differentiates between a viewer object and a plain graphic object.
* A plain graphic object is just that, namely a graphic.
* A viewer object has a number of attributes that describe its state. The graphic of the viewer object is one of these
attributes.
A viewer object is, as rule, connected to its corresponding object in Plant Simulation 2D via its name, provided it
has a counterpart.
Note: To show the plain graphics, right-click anywhere in the background in the 3D Library and select Display
Plain Graphics on the context menu.

The 3D Library shows the complete structure of the 3D Iiewer objects. Here you see that they consist of a plain
graphic and of a viewer object that ensures the communication with the 2D model.
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Simulation model

MyModel.spp
Preview image
Plant Simulation 2D model 3D Viewer model
Frame Viewer object
Object Viewer object

[ Name: StationA } Name: StationA
[ ChannelID-3d ] Graphic ohject

Frame Graphic object

Name: StationB

Plant Simulation 2D and the 3D 1 Gewer establish if an object in 2D corresponds to an object in 3D by checking its
name and its path in the model. The online connection between objects exists as long as:

* They are located at the same position in the structure in the 2D Class Library and in the 3D Library. An example
for the position might look like this: .UserObjects.Stations.

* They have the same name.

* You selected the check box Create in 3D in Plant Simulation 2D.

As soon as you start the 3D Viewer, Plant Simulation 2D establishes an online connection between the 2D part of the
model and the corresponding 3D part in the 3D library. When you insert an object into your 2D model that has a
counterpart in 3D, Plant Simulation 2D also inserts the corresponding 3D object into the 3D part of the model, and
vice versa. The same applies when you delete an object, it will be deleted in the 3D part and in the 2D part. The

online connection is active as long as the button on the Standard toolbar is selected.

When you click |8 to deactivate the online connection and you then rename an object in either part of the model,
Plant Simulation 2D does not consider the objects to be identical any more. You will typically deactivate the online
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connection, when you want to insert a graphic object into the 3D part of the model, which you do not want to
appear in the 2D part of the model.

Note that not all elements of a 2D model are relevant for the 3D IZewer model, such as the objects in the folders

InformationFlow (Methods, tables,) and Userlnterface. The 3D 1Viewer part of the model, on the other hand may also con-
tain elements that are irrelevant for the simulation in Plant Simulation 2D, such as room dividers, safety fences, etc.
For this reason the 3D 1Zewer shows the structure of the 3D objects in a tree of its own in the 3D Library. For most
objects of the 2D model you will also want a graphic representation in the 3D model and vice versa.

You can create a 3D model from an existing 2D model with the menu command 2D > Update 3D according to 2D
ot you can create a 2D model from an existing 3D model with 2D > Update 2D according to 3D. This only works
when the online connection is active.

Modeling in 3D or in 2D?

Before you start creating a new Plant Simulation model, you may ask yourself, if you should model in Plant Simulation
2D orin the 3D VViewer. A 3D model basically serves for illustrating production sequences. The 3D visualization of
an Plant Simulation 2D model does not create any additional analytical information, such as about blockages or ac-
cumulations caused by geometry collisions. Be aware that you cannot use the 3D model for an exact analysis of
geometry collisions. The same is true for the definition of robot movements or for the animation of complex insert
or processing operations!

Modeling in the 3D Iiewer especially makes sense, when you want to present the 3D model to customers, to the
buyer of a simulation study or to management. In addition 3D show models can impress visitors at trade fairs or at
in-house exhibitions.

Simulation experts can discuss the simulation results, such as the effects of storing or control strategies onto the
material flow, based on the more schematic 2D display in Plant Simulation and draw their conclusions. For employ-
ees, who have no simulation expertise and who are not familiar with the abstract display of data, find it easier to
follow the a 3D visualization. This way a suitable 3D visualization supports the integration of employees from the
operative field into the discussion and evaluation of the simulation results.

The following criteria facilitate creating a 3D model and should be met if possible:
* The essential material flow and/or the 3D animations occur on a single hierarchy level.
* The connecting materials handling equipment can be modeled on a single hierarchy level.

* The activities within a station can be encapsulated hierarchically/object-oriented. You then have to set the visi-
bility correctly across the hierarchy levels of the modeled station.

* You are provided with suitable graphics for showing the machines and the materials handling equipment in your
3D model.

Note: The level of detail of CAD data, which you can use, often is too detailed. Naturally you cannot use these
detailed graphics for an efficient visualization of entire production facilities. Just reduce the level of detail
of the geometry in the 3D zewer or in other programs.
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You are provided with enough time for editing the object geometries. You will, for example, have to add anima-
tion paths to imported graphics on which the parts will be animated or you will have to add graphics for visual-
izing the states of the material flow objects.

You are provided with enough time for creating the 3D model. Modeling and designing appealing models in 3D
requires to work accurately, for example when exactly positioning objects, when adjusting animation paths, etc.,
and to use 3D geometries, which fit the model and the other graphics used within.

Be aware that effective presentation models, as a rule, also require graphics, which are not relevant for the sim-
ulation but are very important for the optical impact on the viewer.

Creating a 3D Model from a 2D Model

You can quickly and easily create a 3D 1Zewer simulation model from an existing Plant Simulation simulation model

in which you invested a considerable amount of time and effort.

Although this is a largely automated process, you still have to:

Define three-dimensional shapes (graphics) for the 3D counterparts of the corresponding Plant Simulation ob-
jects.

Define the paths on which the 3D T ewer animates the mobile objects, compare the dialog Path.
Define which of the objects located inside of a Frame you want to visualize in the 3D iewer.

Place the objects in the 3D scene, compare the dialog Transformation.

Note: Plant Simulation 2D and the 3D Viewer establish if an object in 2D corresponds to an object in 3D by check-

ing its name and its path in the model.

Be aware that a considerable amount of work might await you, when you created the simulation model in a previous

version of Plant Simmulation:

When you modeled the flow of materials and parts across several hierarchy levels, you have to mark each and
every object, which you want to show in the 3D animation, i.e., for which you selected the check box Create in
3D!

When you employed Tracks and Lines without curves, the 3D 1Zewer creates straight segments for these objects
with the respective lengths. You will have to replace these objects with curved Tracks and Lines. Make sure to not
changed the lengths defined in the original objects, otherwise your simulation model might produce other results
than before!

When you did not assign any 3D geometries yet to the object classes in the 3D 1ewer, the 3D 1iewer inserts gray
cubes as placeholders for these objects, when you update the model from 2D to 3D. You than have to replace
these geometries in the 3D class.
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Synchronizing the 2D View and the 3D View

To create the three-dimensional view of an existing Plant Simulation simulation model:

* Start Plant Simulation and open the simulation model for which you would like the 3D Zewer to automatically
create a three-dimensional view.
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* Then, you have to tell Plant Simulation for which objects you want it to transmit data to the 3D [ Zewer:

* If you just modeled with the built-in objects from the Class Library, you do not have to do anything, as we
already selected the check box Create in 3D for these objects.

* If you modeled your own objects, especially in Frames, open the dialog/window of each object, select Tools >
3D, and select the check box.

* You can clear the check box for objects, which you do not want to show in the 3D view.

30

Create in 3D O

[ OK H Cancel ]
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e Start the 3D 1Zewer: Either click a2 on the 3D toolbar, or select the menu command 3D > Start 3D Viewer in the
Plant Simulation main window.

—The 3D 1Viewer automatically creates the three-dimensional part of the model. You will notice that the struc-
ture of the 3D view matches the structutre of the simulation model in Plant Simulation 2D. As the 3D VViewer just
visualizes the simulation, it does not show objects, which are irrelevant for the animation, such as the objects
from the folders InformationFlow and UserInterface, such as Methods, tables, user-defined Dialogs, etc. After updating
our sample file, the 3D Library shows the Frame TS1, which contains our 3D model.

Structure of the 2D model | Structure of the 3D model

Class Library v o X 3D Library v o X
Eclass Library =0 Library Eclass Library | 31 3D Library
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+1-[_] MaterialFlow 3D Heap
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+-[_] InformationFlow +-[_] MaterialFlow
#-[_] UserInterface =1-[_] Models
#-[_] Tools 3D Frame
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= a!® Connector
+ D Conveyors3D ._I" Connector1
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=— o!® Connector3
__| Structure -4 Drain
- £ 751 3D EventController
—+| Drain +-3D Line
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* Then select the Window menu and the name of the window starting with 3D to change to the Frame, which con-
tains the newly created 3D view of our model.
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Note: By default the 3D iewer does not show Connectors, when you create a model in 2D and then update it in 3D.

To display them, click 7 on the 3D Standard toolbar.

Working with the 3D Model

After you have synchronized the Plant Simulation 2D part and the 3D VViewer part of the simulation model, you can
work with the 3D model.

* You can continue modeling in 3D with the online connection open. This way the 3D part and the 2D part of the
model will always be synchronized.

* You can continue modeling in 3D or in 2D with the online connection closed. Be aware that then you have to
update the model again to bring both parts up-to-date.

You can run the simulation to visualize the flow of materials that Plant Simulation 2D simulates in the 3D 1Zewer. To

do so, either click the buttons on the 3D Standard toolbar RELUR P4 in the Frame in 3D or in the Framein 2D
S o> O

Within the scene you can navigate:
*  Navigate in the Scene with the Mouse in the scene.

* Select if you want to look at the scene from the Right, the Left, the Back, the Front, the Top, or from the Bottom,
compare Align the 1iew to the Main Directions.

* Open and step into the objects, which you inserted into the scene, compare Navigate Through the Hierarchy of the
Scene.

* Select how you look on the 3D scene, compare Controlling Your 1View.
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You can manipulate the existing objects in the scene and continue modeling in the 3D part:

Show the grid [(F], when you want to insert or manipulate objects, compare Working with the Grid.

Replace the default cubes that the 3D iewer inserts as placeholders for the objects, when you did not use a 3D
library, compare Using a Different Graphic for an Object.

Edit the animation paths to ensure a good-looking animation by:
* Changing the length of a path, compare Working with Paths.

* Rotating the edges of a path, thus also turning the mobile object moving on that path, compare Create an An-
imation Path that Rotates Objects.

Model with the Built-in Object Classes to expand your model. You will:
o Insert an Object.

* Connect Obyjects.

* Pick and Select an Object.

Set when and at which hierarchy level in the model an object, and the objects located on that object, are visible,
compare Serting the Representation of an Object.

Creating a 3D Library from an Existing 2D Library

To create an application object library in the 3D iewer from an existing Plant Simulation 2D application object li-

brary, execute the steps described below, first Execute these Steps in 2D and then Execute these Steps in 3D.

Execute these Steps in 2D
1. Open the application object library.

2. Decide which objects from the Plant Simulation Library you want to be available in its 3D jewer counterpart. As

a rule this will be the material flow objects, objects whose dialogs in Plant Simulation control ustAttr.frame. Create-
AndWrite.

Note: We already selected the check box Create in 3D for all folders in the 3D zewer.
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3. When an Plant Simulation 2D object contains instances of other Plant Simulation 2D objects, for which you selected
the check box Create in 3D, but you are not interested in its contents in the 3D 1 Zewer, we advise to clear the
check box Create in 3D for those instances. This results in a lean object in the 3D Zewer, containing no unnec-
essary information.

Let us illustrate this in an example: Many objects in the application object library Plant Simulation Assembly are
constructed from instances of the built-in Plant Simulation Assembly objects. To be able to instantiate the built-
in objects directly in your simulation models you have to select the check box Create in 3D of the built-in objects,
but not of the instances.

Execute these Steps in 3D
1. Open a new 3D iewer basic library:
* Select File > New.

o Start the 3D ewer. Either click 32 on the 3D toolbar, or click the menu command 3D > Start 3D Viewer in
the Plant Simnlation main window.

2. Navigate to the highest level of the hierarchy, by clicking # until the 3D zewer deactivates it. Then, update the
3D Viewer library recursively with the menu command 2D > Update 3D according to 2D > All Objects.

The 3D VViewer now creates all folders and 2D objects for which you selected the check box Create in 3D, and
shows them as cubes, yellow for folders, gray for objects.
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3. Delete folders in the 3D Zewer that do not have a corresponding folder in Plant Simulation in the object library,
such as .InformationFlow and .UserInterface. Do not delete the folders .Heap and .Tools.

4. Next we have to edit the graphics of the newly created objects to be able to distinguish them. You can use either
one of these techniques or you can combine them at will.
* To use any of the 3D graphics that are part of your program package, select Edit > Exchange Graphics. Note

that we saved these files in s34 format that we already defined animation paths for most of them, and that they
are scaled correctly so that they fit in size with the other objects.
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* To open any other 3D graphic, select 3D > Import 3D Geometry and Edit > Graphic > Create Primitive.

* If you are still missing suitable graphics for the objects, you can use the icons of the Plant Simulation 2D objects
and map them to the 3D cube.

* To tell one foldet from the othet, you can also assign them different colots and/ot 3D text. Ot you can copy
the default graphic for folders, the rack, from the object .Tools.Primitives.folder.

5. Note that the objects in the 3D [Zewer do not have to contain the same number of objects as their counterpart
in Plant Simulation 2D. Quite the opposite is true, for performance reasons we advise to make sure that you only
recreate those Plant Simulation 2D objects in the 3D 1iewer that are really required. If you do omit material flow
objects though, you have to define their animation paths in the respective parent object.

Let us illustrate this in an example: You modeled an object in Plant Simulation 2D as a Frame, which contains a
Track on which the MUs move. You now want the Frame in the 3D 1iewer to display a graphic showing the three-
dimensional MUs. In this case you do not have to model the T7ack as a three-dimensional object in the 3D Tzewer.
It suffices when the Frame in the 3D 1iewer has an animation path named Track. This way the 3D Zewer ani-
mates MUs on the path of the Frame named Track, which Plant Simulation 2D animates on the 2D object Track.
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6. You can also display states of the simulation in the 3D Viewer, which Plant Simulation shows with different state
icons or as colored dots in the LED.

You do not have to take any action for visualizing the default states failed, pause and waiting, as the temporary
change in color to red, blue and yellow of the graphic of the object should suffice.

Instead of, or in addition to, you can display each Plant Simulation 2D icon with a 3D state object with the same
name and with a graphic of your choice, see Displaying State Objects in the 3D 1 Gewer. Create this graphic as a child
of the 3D Viewer object that is going to change its state, and designate it as a state object in the dialog Create State
Object. If you would like a state object to replace, instead of to amend, the graphic of the object in its normal
state, define its standard graphic in a state object for its normal state, normally this is operational.

7. If necessary, delete CameraMarks that do not apply any more after you deleted folders or objects, and define new
CameraMarks afterwards.

8. Finally test your new application object library.
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Modeling Hierarchically

Using hierarchical modeling techniques you can add any level of detail to the areas and machines you insert into
your simulation model. Hierarchical modeling means that you create a machine, a production area, etc. in a Frame
using the built-in object classes or classes you yourself designed. You can then insert this Frame, Machine for exam-
ple, into another Frame in which you modeled a production area, and then insert the production area Frame into the
Frame that contains your entire factory.

Move within the Hierarchy

To freely move within the different levels of the hierarchy, i.e., step into and out of objects at will, you can use the
B3 @22 buttons and the lists some provide on the 3D Standard toolbar. Note that camera marks also
keep track of the hierarchy levels of your model!
* To change to the parent object of the object displayed in the scene window, click .
* To change to the next lower level in the hierarchy of objects and to view the children, i.e., the objects contained
in the object, select the object, and click & .
* To change to the previous settings of the camera view point as defined in the Previous list, click €.

To go back more than one view, click the small down arrow next to the button and then on a view in the list.

* To change to the next setting of the camera view points defined in the Next list, click = ~.
To go forward more than one view point, click the down arrow ~ next to the button and then on a view in the list.

Note: The 3D 1jewerdeletes the Next list when you select another hierarchy level without selecting a view point
of cither the previous or next view point list, or when you load a different model or exit the 3D iewer.

Map Complex 2D Objects to a 3D Graphic

Oftentimes you will want to map a complex Plant Simulation 2D object, i.e., a Frame into which you inserted material
flow objects and programmed SizTalk methods, to a single 3D object. Plant Simulation enables you to do this.

Compare this example, where we modeled a machine in a Frame. Here a Line transports the part to be processed to
the processing station, and another Line transports it from the processing station to the next station.
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To map this object to a simple 3D graphic that correctly animates the parts, you just have to define animation paths
on the graphic of the Frame. These animation paths have to have the same names as the objects you inserted into
the 2D Frame.

To create animation paths:

* Before you built a demonstration model in Plant Simulation 2D, make sure that there is no active online connec-

tion between Plant Simulation 2D and the 3D 1ewer, i.e., that Connect 3D Viewer B is released. Then, build the

model in Plant Simulation 2D, so that it matches the screenshot above. Name the Frame Machine.

Note: We do not want the connection between the 3D iewer and Plant Simulation 2D because we do not want
the 3D VViewerto create these objects. If they would be created, the 3D 1Zewer would animate the MUs on
the objects within the Frame Machine and not on the graphic of the Frame itself]

* Clear the check box Create in 3D for all material flow objects you used in the Frame Machine; do not delete it
for the Interface objects: Select Tools > 3D in the dialog of each object, and clear the check box.

Note: We selected the check box Create in 3D for all material flow objects. This ensures that the corresponding
objects share the same data in the 2D part of the model and in the 3D part.

* After you did this for all objects, you inserted into the Frame Machine, reactivate the online connection with the

3D Viewer again, click Connect 3D Viewer , so that it is pressed.

* Click the Class Library. Right-click Basis on top of the structure and select New > Folder. Notice that the 3D Li-
brary also shows this NewFolder.

3D Library - 0 X

Jk Basis
Class Library v 0 X +-3D Heap
+-[_] Hullobject_3D
+-[_] MaterialFlow

#-[_] Models
’” Folder | + [:|
B -]
#-[_] Tools

Toolbar

* Click the object Machine in the Class Library, hold down Shift, and drag it into the NewFolder.
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Click 3D Library. Right-click Machine, select Open > Active 3D Window or Open > New 3D Window, and click .
You will notice that the 3D part only shows the default graphic of the Frame, and that Plant Simulation created the
two objects of type Interface IFT and IF2 as children of the graphic, while it did not create any of the other 2D
objects.

Note: We need the Interface objects, so that we can connect the object Machine with Connectors to other material
flow objects.

* Exchange the graphic of the Frame, with the graphic of a machine: You might, for example, use the object Hor-
izontalDrillingMachine.s3d located in the folder where you installed Plant Simulation. This is by default C:\Program
Files\Tecnomatix\Plant Simulation\3D\graphics\Machines\Style2.

* Now create an animation path for each of the two conveyors (compare , i.e., for the Lines named Iz and Out, and
for the processing station named Place. Place the animation paths for the lines and for the processing station
where you want the MUs to be animated. Make sure that the animation paths have the same names as the
2D obijects they will animate.

The 3D VViewer then shows and animates the MUs located on one of the conveyors or on the processing station,
on the animation paths that have the same name as the object you inserted into the Frane named Machine in Plant
Simulation 2D.

Note: The 3D animation paths of the Conveyors, i.e., of the length-oriented objects, are not directly coupled to
the lengths of the corresponding Lines in Plant Simulation 2D.
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Working with the Scene

The 3D VViewer provides a number of ways for working with the active scene, as opposed to working with the ob-
jects you insert into that scene.

Navigate in the Scene with the Mouse

You can manipulate the scene, and the objects with mouse and keyboard, you can move within the scene, and
change your view of the scene.

Instead of using a normal mouse, you can also navigate in the scene with a Space Navigator mouse.
By default the Select ® button on the 3D Camera toolbar is selected. Here you can use the Alt, the Shift or the Ctrl
keys, together with the left mouse button to rotate, to zoom, and to pan the scene.

Note: If you have a three-button mouse, click the middle mouse where the description calls for clicking the mouse
wheel.

If manipulating the scene with the mouse does not work, check the Mouse Properties for the Wheel in the
Mouse Control Panel.

* To rotate the scene, hold down the left and the right mouse buttons and drag the mouse. The rotate mouse

pointer looks like this [E.

Lk ol .
Click il next to the button and select how the 3D TZewer rotates the scene.
* To rotate the scene around the center of the grid, select Scene and drag the mouse in the scene window

* To rotate the scene around the center of the selected object, select Selection and drag the mouse in the scene
window

* To rotate the scene as the previous versions of the 3D Zewer did, select Zoomed and drag the mouse in the
scene window

Or
Click ##, hold down the left mouse button, and drag the mouse in the scene window.
* To pan the scene, hold down the right mouse button and drag the mouse. The pan mouse pointer looks like this
%
Or
Click #+, hold down the left mouse button, and drag the mouse in the scene window.
¢ To zoom the scene, turn the mouse wheel.

Or

Click ¥, hold down the left mouse button, and drag the mouse in the scene window.
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Align the View to the Main Directions

You can select from which predefined direction you look at the scene using View > Orientation: From the Right,
from the Left, from the Back, from the Front, from the Top, or from the Bottom.

* To view the entire scene from top looking down, you can also click [Z. on the 3D Standard toolbar.

* To view the entire scene from the front, you can also click 1¥.

* To view the entire scene from the left side, you can also click XI.

* To fit the entire scene into the scene window and to show all objects in the scene if you moved part of the scene

. . - . [@
out of view, select View > View All or click .
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Save a View with a Model and Return to a View

To save the current position and orientation of the camera with the model file, click the eye in the folder icon Cam-
era Marks # on the 3D Standard toolbar.

* Enter a Name for the current camera setting into the dialog Mark Current Camera Settings.

Mark Current Camera Settings
MName: My Camera Setting 1]
Scene path:
[ —T— | ———

* The 3D VViewer shows the path of the scene in the field Scene path.

* Click Save to set the name. This saves this setting together with the active root object of the scene in the model
file. Then, you can easily return to this saved view after you changed the scene or reopened the model.

To return to a view you saved later on, or to navigate to the different predefined folders:
* Click the down arrow on the Camera Marks button.

Select the camera mark, i.e., the view for which you defined it, on the list.

[ -] & B B

My Camera Setting 1

Camera Marks...
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Or
* Select the command Camera Marks.
* To switch to one of the saved scenes, select it in the list, and click Activate.

To rename or delete a camera mark, select it in the list, and click Rename or Delete.

Camera Marks

MName Scene
My Camera Setting 1 .Models. T51

[ Activate ][ Rename... H Delete H Close ]

Navigate Through the Hierarchy of the Scene

You can navigate through the hierarchy of the objects you inserted into the scene in a number of ways. You can
step into and step out of a viewer object and move to the next and previous scene you viewed.

To return to the parent object of the object displayed in the scene window, do one of the following:
¢ (Click # on the 3D Standard toolbar.

Select View > Scene > Up.

Double-click anywhere in the background of the scene window with the left mouse button.

Press Shift+Enter.

Note: The parent object is the object located one level above the selected object in the hierarchy of objects.

To change to the next lower level in the hierarchy of objects, do one of the following:
* Select the object and click & .
Select View > Scene > Open.
Press the Enter key when an object is selected.
Then, you can view and edit the objects contained within the selected object.
To return to the level in the hierarchy of objects that was active before the current one, do one of the following:
* Click Previous 4= ~.
Select View > Scene > Previous.

This changes to the previous setting of the camera view point, as defined in the Previous list. To go back more
than one view, click the down arrow next to the button and then on a view in the list. Compate Save a VView with
a Model and Return to a View.
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To move to the next level in the hierarchy of objects, do one of the following:
* Click Next = -.
Select View > Scene > Next provided you selected the menu command Previous before.

This changes to the next setting of the camera view point, as defined in the Next list. To go forward more than
one view point, click the down arrow next to the button and then on a view in the list.

Note: The 3D 1iewerdeletes the Next list when you select another hierarchy level without selecting a view point
of either the previous or next view point list or when you load a different model or exit the 3D T ewer.

Automatically Saving a View Point

Whenever you change the view, the 3D Iiewer saves the active view point, i.e., the setting of the main camera and
a link to the root object of the scene, in the Previous = - list with the name of the active root object of the scene.

This list stores 12 view points at the most. It adds the most recent view point to the top of the list, and deletes the
oldest view point from the bottom of the list, when the number exceeds 12.

The 3D VViewer saves the view point when you:

* Change the hierarchy level of the scene, i.e., when you click the buttons # or & on the 3D Standard toolbar, or

when you select View > Scene > Up or View > Scene > Open.
* Click the buttons X R 1 4 S 2, R ® or X on the 3D Standard toolbar, ot when you select View > Orientation >
Right, View > Orientation > Back, or View > Orientation > Top.

¢ Select one of the Camera Marks (& /-.

Selecting an Automatically Saved View Point

As soon as the 3D iewer saved a view to the Previous 4= - list, you can return to a view point saved there. To do
so, do one of the following:
* Click 4=/- on the 3D Standard toolbar to return to the most recent setting.

* Click the down arrow on the button 4=/~ on the 3D Standard toolbar and select any of the view points saved in
the list to return to this view point.

The 3D VViewer moves all view points that are more recent than the selected view point to the Next = /- list, from

which you can then select them.

The 3D VViewer deletes the Next = |- list, as soon as it automatically saves another view point, a view point that you

do not select from the Previous or Next list.

The 3D VViewer also deletes the Previous and Next lists, when you load another model, or when you exit the
3D Viewer.
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Set the Background Color of the Scene

To set the Background Color of the scene:
* Select Tools > Background Color.

* 'To apply a Diffuse color, here the background color, click the down arrow of the drop-down list L 1lv
and select a color in the color selector.

Instead, you can also enter a number between 0 and 255 for each of the RGB components into the text boxes
Red, Green and Blue.

You can select one of the predefined colors or you can click More Colors and click the Select button to select a color
in the color matrix. Then click OK. Plant Simulation shows this color next to More Colors and uses it as the active
color. Ot you can click Custom and select a color in the color matrix. Move the mouse in the color matrix over the
area that is similat to the color you want. You can set the attributes of the color with the scrollbar on the right hand
side. Click OK to make this color the active color in the program.

Mame: [ Browse... ] [ Save As...
Red: Green: Blue:
Diffuse color: I 255 255
EEERER
E B set ] [ QK ] [ Cancel ] [ Apply
EEN|
L §
More Colars...

Back to Working with the Scene

Move Through the Scene on a Predefined Path

You can move through the scene on one of the predefined animation paths of an object in the folder.

* Click an object with the left mouse button to select it.

* Click ® on the 3D Camera toolbar to open the dialog Fly on Path. If you did not select an object before, the
dialog refers to the current root object of the scene.

* Select one of the predefined animation paths to move your view point along that path.

You can also define animation paths of your own or edit any existing path in the dialog Path to suit your needs.

Map Coordinates in Plant Simulation 2D and in the 3D Viewer

When you insert objects into your 3D scene, you will notice that Plant Simulation 2D places them at roughly equal
positions in the corresponding Plant Simulation 2D Frame, and vice versa.
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Working with the Scene

To accomplish this, Plant Simulation 2D converts the pixel-based coordinates of the 2D Frame into 3D coordinates,

where the unit 1 corresponds to 1 meter. In addition, it flips the y-axis, so that it points up.

2D coordinates

3D coordinates

VY @B

> [ @o )

+,

origin

Z-axis Y -axis

You can Edit how Plant Simulation 2D maps 3D Viewer Coordinates

Edit how Plant Simulation 2D maps 3D Viewer Coordinates

To edit how Plant Sinmulation 2D maps 3D iewer coordinates:

* Navigate to the Plant Simulation 2D Frame that contains your model.

¢ Select Tools > Scaling Factor:

Enter the scaling factor.

Enter the scaling factor to compute the length of polygon lines to
be created in this Frame.

Scaling Factor

The factor you enter is the length of one pixel in length units,
See length units and grid settings under Tools > Model Settings =
Units and Tools = Model Settings > Modeling.

Scaling factor: 0.050000 =
Horizontal grid spacing:  1.000000 m
Vertical grid spacing: 1.000000 m
oK ] [ Cancel
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Controlling Your View

The 3D VViewer provides several ways of setting how you look at the 3D scene, i.e., of controlling the camera that
represents the eyes of the viewer looking at the scene.

Set the Main Directions

Independent of the active camera setting, you can adapt the view to any main direction of the view or of an object
at any time. When you selected an object, the 3D 1Zewer zooms out this object and adapts the direction of the cam-
era to the selected main direction of the coordinate system of the object.

Set View Points

You can save any view of the scene, i.e., the position and orientation of the main camera within the scene, at any
time, and return to this view later on.

* The 3D VViewer automatically saves the active camera view, together with the active root object of the scene, be-
fore you change the view. You can then return to these views using the Previous 4= /- and Next = - lists.

* You can also save the active camera setting, together with the active root object of the scene, with a meaningful
name as one of the Camera Marks J&-.

As opposed to the view points that the 3D 1ewer saves automatically, you can save any number of Camera Marks,
which it saves in the model file. You can then rename and delete them at will.

Attach a Camera to an Object and Detach it

You can attach a camera to any viewer object, so that you can view the scene through the lens of this object, and
detach a camera from it again, when you do not need it any more. When the object moves through scene, for ex-
ample because you started the simulation, the camera will move along with the object you attached it to.

In addition, the 3D 1ewer.
* Visualizes the camera you attached, i.c., inserts a viewer object that represents the camera.
* Allows you to change between object view and normal view.

* Allows you to manually transform the camera you attached: By changing the view while in object view, or by
manipulating the object, while in normal view.

Animate the Camera

You can make the camera move on any animation path of the selected viewer object or of the root object of the
scene. Here, you fly on this path and view the scene from it.

In addition, the 3D Viewer:

* Visualizes the animated camera, i.e., inserts a viewer object that represents the camera.
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* Allows you to change between animation view and normal view during the animation.

* Allows you to manually transform the animated camera: By changing the view while in animation view, or by
manipulating the object, while in normal view.

* Allows you to define the speed of the animation and the direction of the animation.

* Allows you to pause, continue and stop the camera animation, independent of other animations and simulations.

Working with the Grid

Before you can insert a viewer object, position, and rotate it in the 3D scene, show the grid.

Note: We recommend to show the grid before you insert an object into the scene window. This way you can place
the object at the exact location, where you want it to be.

When you insert an object without showing the grid, you have little control over where the 3D zewer places
the object. By default it uses the same coordinates that the source object had in the Frame in 2D, an effect
you might not want.

The 3D Viewer employs the grid as the surface onto which it inserts objects.

Be aware that showing or hiding the grid affects how objects behave:
* When you show the grid, manipulating objects always refers to the grid plane.

* When you hide FH the grid, manipulating objects refers to your view plane, i.e., the plane perpendicular to the
direction in which you look at the scene.

To change and define grid settings and to open the dialog Grid Settings:
¢ (lick # on the 3D Modeling toolbar.
¢ Select Tools > Grid > Settings.

Show and Hide the Grid

To show or hide the grid, do one of the following:

* Right-click in the background of the scene and select Display Grid.

¢ Click ¥ on the 3D Standard toolbar or on the 3D Modeling toolbat.
* Press the Ins key on your keyboard.

* Select Tools > Grid > Display.

Set Grid Properties

To set the properties of the grid to fit your modeling needs, click the tab Appearance. Compare the examples below.

* To automatically apply any changed values without having to click Apply each and every time you change a value,
click Advanced and select Auto-apply.
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Edit Grid Lines

Auto-apply

To just display gridlines without a plate underneath it, select Lines, no Plate. This way you can see the object un-
derneath the grid that the grid plate would otherwise obscure.

To display the grid lines you defined and a base plate underneath the grid lines, select Lines and Plate.

To display the base plate without the grid lines, select Plate, no Lines.

To change the color of the base plate, click the down arrow of the drop-down list Color I ] 4 select
a different color in the color selector.

To darken the colors of the plate and of the grid lines, drag the slider to the right. Normally, the grid and the
plate will appear more unobtrusive as compared to the objects in the scene.

Grid Settings
Appearance | Gridines | Orientation || Size

Base plate Darken

Display darken all colors by
Factor [%:]
a 50 100

|
[Advanced >>] [ Reset ] [ Get ] [ OK ] [ Cancel ] [ Apply ]

Edit Grid Lines

To edit existing grid lines or to add new grid lines, click the tab Gridlines.

To add another grid line, click New.

Enter the distance between two grid lines, which you want to add; we entered 2 meters.
Select a color for the grid line, we selected Dark Gray.

To show this grid line in the grid in the scene, select Visible.

Then, Set the Snap Points. Making objects snap to grid points allows you to precisely place objects with the
mouse.

To edit an existing grid line, select it in the list field and edit the settings below Selected entry.
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)/ Grid Settings ZE3

Selected entry

Unit Color Snap to | Visible ; :

0.000000 =F0000 X Unit: one line every

0.500000  =ffffff 2 [m]

1.000000 =ffffoo Space X

2,000000 000000 X Color
I
Snap to
R
Visible

Mew Delete

[Advanced >>] [ Reset ] [ Get ] [ OK ] [ Cancel ] [ Apply ]

* To edit an existing grid line, select it in the list and edit the distance of the gridlines from each other, their color,
what objects, which you insert, snap to, and if this grid line is visible or not.
We predefined three grid lines:

The red grid lines define the zero points of the axes of the coordinate system, i.e., the origin of the scene. Note
that you cannot change the distance 0 of these grid lines.

* Tor the yellow grid lines we defined a distance of 1 meter.

For the white grid lines we defined a distance of 0.5 meters. By default the 3D 17Zewer does not show these grid
lines.

Crid St

| Appearance | Gridines | Orientation | Size |

Selected entry
Unit Color Snap to Visible

0.000000  =ffoooo % Unit: one line every
0.500000 P

1000000  #ffff00  Space X
2000000 000000 %

Snap to
hotng—[¥]

Visible

[Advanced >>] [ Reset ] [

Modeling in the 3D Viewer 509



Working with the Grid

Set the Grid Size

Set the Grid Size

To set the size of the grid, click the tab Size:

* Select settings that define the size of the entire grid, i.e., the length of the grid lines:

The grid lines can take a fixed length, which you enter into the text box.

Or

You can make the 3D Iiewer fit the size of the grid to the size of the scene (automatic).

Line length Line length
Size [m] Size [m]
25 5.73181
() Fixed O Fied
O Automatic @ Automatic
(grid fits scene) (grid fits scene)

If you need to, you can also scale the grid in the scene. Enter a smaller number, for example 0.5 or 1, to scale
it down; enter a larger number, for example 2 or 3, to scale it up.

Scale
Factor
3

uniform scaling on
grid plane

Default Setting 1

Scaling 1.5

Scaling 0.5

Set the Snap Points

Note: Snapping only works when you click Snap to Grid & on the 3D Modeling toolbar or when you select Tools

> Grid > Snap To.
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Select the dimension of the grid the object you insert or move snaps to:

Appearance | Gridines | Orientation || Size

Selected entry
Unit Color Snapto | Visible ; :
0.000000 =FR0000 X Unit: one line every
0.500000  #fFF X 2 [m]
1.000000 #ffffoo Space ®
2000000  #000000 % Color A
I
Snap to

Mothing v

* Select the grid line you want to snap the object to.

Note: When you select AXxis, Plane or Space for the red grid line with the unit 0.0, the 3D 1ewer deactivates Snap
to Grid ', and places the object onto the center of the grid. You cannot move it from there, as it is the
only point of the selected grid line to which objects snap.

* To insert the object anywhere in the scene and to move it around without any constraints, select Nothing for all
grid lines.
Objects always snap to snapping points whose distance from the origin of the grid is a multiple of the unit of the
selected grid line.

* To make the object snap to the snapping points on the horizontal axis of the grid, i.e., the red line running from
left to right, select Axis. This shows 1D in the list field.
Move the object left and right with the Pan #* tool.

* To make the object snap to the snapping points on the grid plane, i.e., the cross-over points of the selected grid
line, select Plane. This shows 2D in the list field.
Move the object left or right, and to the back or the front with .

* To make the object snap to the snapping points in three-dimensional space, select Space. This shows 3D in the
list field.
Move the object left or tight, and to the back or the front with < ; move it up or down with &

* When you insert an object, Snap to places the object at the snapping point closest to the point where you position

the mouse and click the left mouse button.

* When you move an object with #*, Snap to places the object closest to the snapping point to which you dragged
the object and where you released the mouse button.
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Position the Grid on Different Planes

You can display the grid on the different planes in three-dimensional space. As you remember the 3D 1 Zewer uses
a left-handed coordinate system:

The x-axis runs from left-to-right, the z-axis runs from bottom-to-top, and the y-axis runs from front-to-back.

@® ) @

+,

* To position the grid on the planes defined by the axes, click # on the 3D Modeling toolbar.
Then, click the tab Orientation and the button with the name of the plane below Normal.

To position the grid on the plane defined by the x-axis
and the y-axis, select Tools > Grid > Position > XY Plane.

To position the grid on the plane defined by the y-axis
and the z-axis, select Tools > Grid > Position > YZ Plane.
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Working with the Grid

To position the grid on the plane defined by the x-axis
and the z-axis, select Tools > Grid > Position > XZ Plane.

To freely change the orientation of the grid in the scene,
enter different values for the x-y-z-components of the
normal vector of the grid. The normal vector defines the
grid plane by dropping a perpendicular onto it.

Mormal
Direction [m]
X: |0
Y: |4

Z: |3

The latter tilts the grid more precisely than Manually Tilt the Grid does.

Grid placed onto
the xy plane

Grid placed onto a
user-defined plane

Mormal
Direction [m]

X: |0

%Z Plane
¥Z Plane

Mormal
Direction [m]
X: |0
Y: |4

5

XY Plane
%Z Plane
¥Z Plane

()

* To move the grid up or down, edit its Origin.

Manually Tilt the Grid

Instead of editing the Normal Direction of the grid, you can also manually accomplish this.

To manually tilt the grid to create an inclined plane on which to insert objects:

Modeling in the 3D Viewer
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* Hold down the Shift and Ctrl keys simultaneously, and click any face of any object in the scene window with the
left mouse button.

* 'This aligns the grid in the direction of the face you selected.
It also designates the point where you clicked the left mouse button as the origin of the grid.

Note: The 3D [ewer renders all shapes of three-dimensional objects as polygons. When you zoom the graphic of
an object far enough, you will recognize them as colored triangles or rectangles. This also applies to objects
with rounded corners, which are subdivided into faces. When you select a face on a rounded object, the
3D Viewer aligns the grid to that face.

We used this technique to position the grid onto the rounded corner of the object Sorzer.

Move the Grid in the Scene

To move the origin of the grid, click the tab Orientation and use the spin boxes & and the buttons below Origin.

Grid Settings

Appearance Gridlines} Orientation ESize

Crigin Mormal Distance
Translation [m] Direction [m] Offset |
x: |2 el x: |0 0
|2 E:% ¥: |0 from gri
grid nor
z:|2 E:ﬂ Z: (1
[ Scene Origin ] [ XY Plane ]
[ objectorign | [ xzpane |
¥Z Plane

[Advanced > [ Reset ] [ Get ] [ OK. ] E

Auto-apply
apply the "Apply” button every time you change a value.

* To move the position of the Origin of the grid on the x-axis to the right, click the up ' arrow of the spin box.
To move the Origin of the grid on the x-axis to the left, click the down = arrow.

* To move the position of the Origin of the grid on the y-axis to the back, click the up = arrow.
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To move the Origin of the grid on the y-axis to the front, click the down & arrow.
* To move the position of the Origin of the grid on the z-axis up, click the up = arrow.
To move the Origin of the grid on the z-axis down, click the down & arrow.

* To reset the values for the x-axis, the y-axis and the z-axis to their predefined default values of 0, 0, 0, click Scene
Origin.

Qrigin

Translation [m]

e | ]
x: |0 >
=] I [a]
v |0 >
z: |0 L]

Object Origin

* To set the values for the x-axis, the y-axis and the z-axis to the values of the position of a single object you se-
lected, click Object Origin.

Grid Settings

Appearanoe Gridlines | Orier
Qrigin

Translation [m]

Object Origin

In addition, you can define settings for rotating objects on the tab Rotation, compare Manually Rotate an Object.
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Working with Objects

The 3D VViewer provides a number of ways for working with the objects you insert into the scene.

Model with the Built-in Object Classes

The 3D VViewer provides The Folder MaterialFlow, The Folder MUs, The Folder Resources, The Folder Tools, and The
Folder Models. They contain the major built-in objects the Plant Simulation Class Library provides. Insert these classes
(prototypes) of objects into your 3D Zewer scene to model the corresponding objects.

After you have inserted the objects, the 3D Zewer will use the online connection it established at start-up to place
these objects into the Plant Simulation 2D patt of the simulation model.

Note: The 3D Ijewer uses the names of objects to establish whether they are identical with the objects in Plant
Simulation 2D or not. The 3D Viewer and Plant Simulation 2D only exchange data between objects with the
same name, and for which you selected the check box Create in 3D into the respective objects in Plant Sim-
ulation 2D

You are probably wondering how to create a new object in the 3D Zewer. Nothing is easier than that:

+ Click * on the 3D Standard toolbar to activate Insert mode.
* Copy an existing viewer object with Copy on the context menu in a 3D [ Zewer window or in the 3D Library.

* Paste the object you copied with Ctrl+V or with Paste on the context menu or hold down Ctrl and click the left
mouse button.

Note: If you would like the new object to be a class, paste it into any folder. If you paste it into a Frame, it will

be an instance.

Press Del on the keyboard to delete the object from the scene.

Insert an Object

You can insert a material flow object and a mobile object into the 3D scene from the:
* 3D Library

This is the easiest way, as here the 3D Zewer only shows the material flow objects and the mobile objects you
can insert into your 3D model.

* Class Library

This is a little more complicated, as the Class Library is the repository for all objects you can insert into your Plant
Sinmmulation 2D model, which contains a number of objects the 3D model does not use.

e Toolbox

This is handy, when you hid the Class Library from view, by clicking [ on the Standard toolbar, to preserve
space.

The Toolbox also contains a number of objects the 3D model does not use.
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* You can also paste an object you copied to the clipboard.

To insert an object from the Too/box:

e Click # on the 3D Standard toolbar to activate Izsers mode. You can also select Tools > Grid > Display.

* If you want the object to snap to the closest intersection of two grid lines of where you click the mouse button,
click #+ on the 3D Modeling toolbar or select Tools > Grid > Snap To.

* If you want place the object freely, do not click # on the 3D Modeling toolbar.

* Click the object you want to insert with the left mouse button to select it. Then, drag the mouse to the location
where you want to place it and release and click the mouse button.

* Ifneed be, you can fine-tune the location of the object in the dialog Transform that clicking & on the 3D Modeling
toolbar, Ctrl+T or Edit > Positioning > Transformation opens.

* To open the dialog of the Plant Simmnlation 2D object, double-click the object in the 3D scene or right-click it and
select Open > 2D Counterpart. Modify settings here.

* To open the 3D object, click & on the 3D Standard toolbar or right-click the object and select Open > Active 3D
Window or Open > New 3D Window.

Note: Inserting an object into the 3D scene also inserts the corresponding object into the corresponding Plant Sinm-
ulation 2D Frame!

Simultaneously Paste/Insert Multiple Copies

At times you may want to paste more than one copy of the object you copied. You might, for example, want to
create a S7ore with a number of shelves.

To paste multiple copies of an object:

* Insert an object, for example a S7ore, into the scene.

* Select the S7ore and copy it by pressing Ctrl+C.

* Select Edit > Multiple Paste.

* Enter the number of storage racks you would like to paste into the combo box Count. We entered 4.

* Enter the offset from the object you originally placed on the axes. Note that our S7reis 1.5 meters wide:
An offset of 1.5 meters on the x-axis pastes 4 copies of the Store next to the original towards the right.
Click Paste.
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Multiple Paste

Count Offsat

4 %AJ] Translation [m]
Mumber of copies 3|15
to be pasted.

When the dialog is
closed, only a single
copy will be pasted.

A count of 1 and an offset of 1.5 meters on the z-axis pastes 1 copies of all selected Szores on top of the original
racks you pasted.

Click Paste.

Multiple Paste

Mumber of copies

to be pasted.

When the dialog is
closed, only a single
copy will be pasted.

You can also use the dialog Multiple Paste to insert more than one objects of the same class:

Select Edit > Multiple Paste.
Enter the number of objects you would like to insert into the combo box Count.
Enter the distance of the objects from each other.

Select the object class you want to insert in the 3D Library or the Too/box, drag it into the 3D scene, and drop it
there. This inserts the number of instances you entered next to each other, provided the dialog is open.

Connect Objects

To connect material flow objects, which you inserted into your model, with the object Connector +*:

Click ¥ to display the grid. Click E to show connectors in the window of the 3D scene.

Note: The 3D Viewer only inserts Connectors at the correct position, when the grid is active.

Click the Connector ™= in the Toolbox on the tab MaterialFlow.

Click the source object, where the connection will start, once with the left mouse button. Plant Simulation attaches
a white line symbolizing the Connector to the mouse pointer.
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Toolbox
User Interface | Mobile Units |i Tools | Cranes

| |
PP M1 L= L Ii

Material Flow | Resources I Information Flow

D Z > b o] =T
@icﬁmmwgﬁ
- &

* Drag the mouse to the destination object at which the connection will end, and click once with the left mouse
button to establish the connection.

* To terminate connect mode before you click the destination object, click the right mouse button or press Esc.
To connect several objects one after the other, without interrupting the connecting process, hold down Ctrl.

* Attach the outgoing connection to the first object.

* Drag the mouse to the succeeding object.

* Click the left mouse button to attach the incoming Connector to the successor.

* You can also connect the objects in the 2D part of your model, which will simultaneously insert the connections
into the 3D part, when you opened the 3D zewer.

* To update the connections between objects, which you established with the object Connector in Plant Simulation
2D without the 3D Viewer having been started, select 2D > Update 3D according to 2D > Connectors.

To show or hide connections in the scene window, click §¥ on the 3D Standard toolbatr.

Note: By default the 3D [Zewer does not show Connectors, when you create a model in 2D and then update it in 3D.

Pick and Select an Object

At times it may be difficult to select an object in the scene window, especially when objects are located very close

to each other. When you click any of the buttons for manipulating an object || & & , the 3D Zewer shows the
object in a different color, when you drag the mouse over it.

* It shows the object yellow indicating that you picked it.
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To select that object and to edit it, click the left mouse button. The 3D 1Zewer then shows the object green in-
dicating that you selected.

* When the object is already selected and you drag the mouse away from and back over it, it shows the object
white, indicating that you picked and selected the object.

R HE A E]e @ B

To only select part of the object graphic, point the mouse at the part you would like to select. Provided the
graphic of the object has been modeled hierarchically, you can also select subordinate parts of the graphic. Press
the + key until the part you want to manipulate is picked. The white bounding box designates the part of the
graphic you pre-selected. Click the left mouse button once to select that part and manipulate it.

Press the - key to step out of the object again.

Note: You can only select parts of the graphic, when the graphic is modeled hierarchically.

520 Modeling in the 3D Viewer



Manipulate an Object with the Mouse Working with Objects

Manipulate an Object with the Mouse

To manipulate an object, click Rotate Object ¥# or one of the other object manipulators on the 3D Modeling toolbat.
When you show the grid, manipulating the object relates to the grid plane. When you hide the grid manipulating
relates to the view plane.
* To rotate an object, click “r  select the object, hold down the left mouse button, and drag the mouse.
The object rotates around the normal vector of the grid or around your view plane respectively.
* To pan, i.e., move an object, click b select the object, hold down the left mouse button, and drag the mouse.
The object moves on the grid plane or vertical to your line of sight respectively.
If you also want to move the corresponding object in the 2D Frame to the position, which corresponds to the

object in 3D, select the menu command 2D > Connect Data > 3D Position to 2D Position.

* To move an object vertically, click % select the object, hold down the left mouse button, and drag the mouse.

The 3D VViewer zooms the object along the normal vector of the grid or along your view axis respectively.

* To scale an object, click ® , select the object, hold down the left mouse button, and drag the mouse.

The 3D VViewer scales the object uniformly in its coordinate system.

Move an Object Vertically

You can move an object in the scene window vertically like this:

* To move the object closer to you, or farther away from you, click & on the 3D Modeling toolbar. Then, click the
object(s) of your choice, hold down the left mouse button, and drag the mouse in the scene window up to zoom in
or down to zoom out.

Zooming an object works differently when you show or hide the Grid:

* When you show the Grid # | you zoom the object perpendicular to the grid, i.e., you can only move the mouse
up or down.

* When you hide the Grid m, you zoom the object perpendicular to your plane of view, i.e., you can move the
mouse to the back and the front, in the direction you look at at the scene.

* To center and zoom the selected object in the scene window, click 4 on the 3D Standard toolbar. This way you
can closely inspect and then manipulate it.

To show all objects you inserted into the scene again, click # on the 3D Standard toolbar.

Precisely Manipulate an Object

You can modify the objects in the scene of your simulation model manually with the mouse, i.e., by clicking the
Rotate Object +#+, Move Object <+, Move Object Vertically &, and Scale Object & buttons.
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Note: When the object is selected, you can press Esc to undo any modifications. Press Esc repeatedly until you
return to the object in its unselected state.

For some purposes this will not be precise enough. Then, you can enter exact values into the text boxes in the dialog
Transformation to fine tune the position, the rotation and the scale of the selected object:

* Select the object you would like to edit.

* Click & on the 3D Modeling toolbar, press Ctrl+T or select Edit > Positioning > Transformation.
The 3D VViewer shows the current values for the object in the dialog Transform.

 Edit the values for the position, the rotation and the scale and click Apply to apply your changes.
Or

Click Advanced and select Auto-apply to immediately apply and show your changes without having to click Apply.

Transform SingleProc
Position Rotation Scale
Translation [m]: Axis [m]: Center [m]: Factor:
x: 01788139 = 0 (. O X:| 1
v: | 13.00000C/% 0 vy |0 v 1
Z:| 0 * 1 . O Z:| 1
Angle [degrees] Uniform
+ |0
a 180 380
Advanced >>] [ Reset ] [ Get ] [ QK ] [ Cancel ] [ Apply
Auto-apply
[] apply the “Apply™ button every time you change a value.
Increment
value to be added/subtracted to/from a floating point value,
0.1000000 :
when you press the corresponding up/down arrow button.

Note: You can also open the Transform dialog two times for the object, temporarily edit the settings of the object
in one dialog and then return to the previous settings by clicking Apply in the unchanged Transform dialog.
This workaround provides a function similar to Undo!

Note: Transformations of an object, such as moving, rotating or scaling it, in one 3D window are not immedi-
ately updated in all other 3D windows, but only after you deselect the changed object in its 3D window.

This is because you can undo all transformations, which you applied to the 3D object after selecting it, with
the Esc key. Only after you deselect the changed object, for example by clicking in the background, the trans-
formations are applied. This means that the respective attributes are applied and the transformations thus
become visible in other 3D windows containing the respective object.
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Precisely Move an Object

At times manually moving an object with the Move Object <+ tool will not be accurate enough for your purposes.

Note: If you also want to move the corresponding object in the 2D Frame to the position, which corresponds to
the object in 3D, select the menu command 2D > Connect Data > 3D Position to 2D Position.

To precisely move an object:
¢ Click it with the right mouse button to select it, and
Select Edit > Transformation.
Or
Click & on the 3D Modeling toolbat.
* Click Advanced and select Auto-apply to immediately detect your changes without having to click Apply.
* Enter the value in meters by which you want to move the object into the text box Increment, when you click the
spin box &.

Position

Translation

X: | -15.7
y: | 10.30000c02)
e Increment
7. 0.7 : 0.1000000| Value to be added/subtracted to/from a floating point value,

when you press the corresponding up/down arrow button,

* To move the object to the right on the x-axis, click the up = arrow of the spin box.
To move the object to the left on the x-axis, click the down = arrow.

* To move the object to the back on the y-axis, click the up = arrow.
To move the object to the front on the y-axis, click the down = arrow.

* To move the object up on the z-axis, click the up = arrow.

To move the object down on the z-axis, click the down = arrow.

Manipulate a Group of Objects

To move, rotate or scale several plain graphics objects at the same time while retaining their positions to each other
s plain grap ] g p >
you can group them and manipulate the group as a whole.

To group several plain graphic objects:

* Shift+click the objects to select them.

* Click 7 on the 3D Modeling toolbar, select Edit > Group, or press Ctrl+G. The 3D 1 Zewer creates a single new
plain graphic object.

* Then, move, rotate or scale the group, either with Move Object «+, with Rotate Object ## or with Scale Object
& on the 3D Modeling toolbar.
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* Naturally you can also move, rotate or scale the group in the dialog Transform.
To restore the structure of the 3D part, so that it matches the structure of the 2D part again:

* Select the group.

* Click " on the 3D Modeling toolbar, select Edit > Ungroup, or press Ctrl+U.

Rotate an Object

The 3D VViewer provides several ways of rotating an object in the scene window.
You can:

* Mannally Rotate an Object

* Precisely Rotate an Object

*  Accept Rotating the Object

Manually Rotate an Object

When you manually rotate an object around an axis with the rotate tool ##, the 3D [Zewer uses the settings on the
tab Rotation in the dialog Snap Settings. You can either use the default settings or define the settings that meet your
modeling needs.

To manually rotate an object with the settings you define:

* Click # to show the grid.
* Click ## on the 3D Modeling toolbat.
* Click the object you want to rotate.

* Hold down the left mouse button and drag the mouse in the direction you want to rotate it. This rotates the
object on the grid plane.

Naturally, you can also Precisely Rotate an Object.
To define settings for manually rotating an object:
* Select Tools > Snap Settings.

* Select if you want the object to Snap to an angle (On/Off) and enter the angle into the text box.
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Snap Settings
Rotation
[Jonjoff  Angle [degrees]: Direction [m]:
o
2
Grid
[Conjfoff
[ OK | [ Cancel ] [ Apply

]

* Define the settings how the 3D [Zewer rotates the object in the text boxes below Direction.

You can either click one of the buttons to rotate the object around that axis or you can define the rotation axis

yourself.

Note: This only applies when the Grid is active.

To rotate the object around the x-axis, when you click #+ and drag the mouse in the direction you want to rotate

it, click X-Axis.

To rotate the object around the y-axis, when you click ##, click Y-Axis.

To rotate the object around the z-axis, when you click @, click Z-Axis.

* To rotate the object around an arbitrary axis, defined by the x-component, y-component and z-component of

this axis:

Enter a value for the x-component of the rotation axis.

Enter a value for the y-component of the rotation axis.

Enter a value for the z-component of the rotation axis.

* Then, click Apply to apply these settings, so that they are active when you rotate the object.

Note: Transformations of an object, such as moving, rotating or scaling it, in one 3D window are not immedi-
ately updated in all other 3D windows, but only after you deselect the changed object in its 3D window.

This is because you can undo all transformations, which you applied to the 3D object after selecting it, with
the Esc key. Only after you deselect the changed object, for example by clicking in the background, the trans-
formations are applied. This means that the respective attributes are applied and the transformations thus

become visible in other 3D windows containing the respective object.

Precisely Rotate an

Object

At times manually rotating an object with the Rotate Object #: tool will not be accurate enough.

To precisely rotate an object:
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e Select it.

¢ Click & on the 3D Modeling toolbar, press Ctrl+T or select Edit > Positioning > Transformation.

* Click Advanced and select Auto-apply to immediately apply and check your changes without having to click Apply.
To rotate the object around an arbitrary axis, defined by its x-component, y-component and z-component:
Enter a value for the x-component of the rotation axis.

Enter a value for the y-component of the rotation axis.

Enter a value for the z-component of the rotation axis.

-
Transform Machine1
Position Rotation Scale
Translation Axis [m]: Center [m]: Factor:
X: | 05364418 (=) 1 x |0 x| 1
¥ 9.9500001::3 2 y |1 v |1
z 0 = 1 z |0 z 1
Angle [degrees] [+] Uniifarm
129 J
a 130 380
[Advanced >>] [ Reset ] [ Get ] [ QK ] [ Cancel ] | Apply |

* Enter an offset off the center of the object for the rotation around the x-axis, the y-axis and the z-axis. Normally
you will not enter a different value, but accept the predefined settings of 0, 0, 0. This rotates the object around
its origin.

* Enter the angle of rotation in degrees into the text box, or drag the slider to rotate the object by that angle.

Note: Transformations of an object, such as moving, rotating or scaling it, in one 3D window are not immedi-
ately updated in all other 3D windows, but only after you deselect the changed object in its 3D window.

This is because you can undo all transformations, which you applied to the 3D object after selecting it, with
the Esc key. Only after you deselect the changed object, for example by clicking in the background, the trans-
formations are applied. This means that the respective attributes are applied and the transformations thus
become visible in other 3D windows containing the respective object.

Observer Value
Object: Models.Frame.Model.Robot
Action: Execute [v]
Update type: Done [v]
Priority: 50

Ok ] [ Cancel ]
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Accept Rotating the Object

When you rotate a viewer object, the 3D 1Zewer rotates the graphic of the object itself, and of all other objects lo-
cated on or contained in it. This preserves the orientation of the objects to each other.

When Plant Simulation 2D moves an MU onto the object, the 3D 1Zewer shows this MU rotated also. At times you
might not want that kind of behavior. You might, for example, only want to rotate the graphic, the animation paths,
etc. but not the MU.

To not rotate the objects that the simulation moves onto the viewer object, right-click that viewer object and select
Edit > Positioning > Accept Rotation.

Then the 3D Viewer resets the attribute Rozation of the viewer object to “0, 0, 07, i.e., it undoes the rotation of the
viewer object and instead rotates the plain graphic object.

Precisely Scale an Object

At times manually scaling an object with the Scale Object & tool will not be accurate enough.
To precisely scale an object:
* Click it with the right mouse button to select it, and

Select Edit > Transformation.

Or

Click @& on the 3D Modeling toolbar.
* Click Advanced and select Auto-apply to immediately detect your changes without having to click Apply.

Scale Scale
Factor: Factor:
X: |4 X: |4
- Y: |3
z 4 Z|1
Uniform [ unifarm

* Select Uniform, so that the 3D Zewer scales the object with the same factor for all three dimensions and does not
distort it while scaling it. This automatically enters the value you enter into one text box into the remaining two
text boxes. This way you do not have to manually enter the same value into each text box again and again.

Click into another text box after entering the value, so that the 3D Izewer enters that value into the remaining
text boxes.

* Enter a value into the text boxes for the x-axis, the y-axis and the z-axis to scale the object on the respective axis
with that factor. Entering 0. 5, for example, halves the size of the object on the axis for which you entered it,
entering 2 doubles its size on that axis.

Note: You can only enter positive values.
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* When you clear Uniform, the 3D T ewer scales the object with the factors you enter for the different dimensions.
When you enter different values, it does distort the object, for example prolongates or compresses it.

* Enter a value into the text boxes for the x-axis, the y-axis and the z-axis to scale the object with that factor on
the respective axis.

Note: Transformations of an object, such as moving, rotating or scaling it, in one 3D window are not immedi-
ately updated in all other 3D windows, but only after you deselect the changed object in its 3D window.

This is because you can undo all transformations, which you applied to the 3D object after selecting it, with
the Esc key. Only after you deselect the changed object, for example by clicking in the background, the trans-
formations are applied. This means that the respective attributes are applied and the transformations thus
become visible in other 3D windows containing the respective object.

Accept Scaling the Object

When you scale a viewer object, the 3D Zewer scales the graphic of the viewer object, and of all other objects lo-
cated on or contained in it. This preserves the relative size and position of the objects to each other.

When Plant Simunlation 2D moves an MU onto the object, the 3D Viewer shows this MU scaled also. At times you
might not want that kind of behavior. You might, for example, only want to scale the graphic, animation paths, etc.,
of the object, but not the MU located on it.

To not scale the objects that the simulation moves onto the viewer object, right-click that viewer object and select
Edit > Positioning > Accept Scale.

Then the 3D VViewerresets the attribute Scale of the viewer object to “1,1,1”, i.e., it undoes the scaling of the viewer
object and instead scales the plain graphic object.

Select the Color of the Object

To set the color of the material flow object:

* Select Edit > Appearance > Material and edit the color of the object, i.e., the color of the viewer object of the material
flow object.

||
* To apply a Diffuse color, i.e., the base color, click the down arrow of the drop-down list @ and select
a color in the color selector.

Instead, you can also enter the values of the RGB components into the text boxes.
* To apply the color you selected to the object, click Apply.
* To delete the color you applied to the object, click Remove.

Note: By default, the 3D 1ewer shows the MUs with the color of the material flow objects on which they are lo-
cated. If you assign different colors to the material flow objects, the parts naturally change their color, when
they move from object to object.

To prevent this, you have to assign a material/a color to the graphic object of the matetial flow object.
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To do so, right-click in the background of the tab 3D Library and select Display Plain Graphics. Then, right-
click the graphic object, select Edit > Material and select the Diffuse color in the dialog.

Using a Different Graphic for an Object

In some cases it will suffice to model the machines of your plant with the default graphics we defined for the ma-
terial flow objects and the mobile objects. In other cases you will want to replace these default graphics with pictures
that resemble the actual machines used in your plant.

We saved the graphics that are part of your program package in s34 format, we already defined animation paths and
for most of them, and we scaled them correctly, so they fit in size with the other objects.

To assign a different graphic to an object:

* Select the object, and click &1 on the 3D Modeling toolbar.
Or
Right-click the object and select Edit > Graphic > Exchange.

The 3D Viewer opens the dialog Exchange Graphic. By default it opens to the folder where you installed Plant
Simulation, by default this is C:\Program Files\Tecnomatix\Plant Simulation. Change to Plant Simulation\3D\graph-
ics, select one of the folders contained within.

* Select the graphic you want to use.

Note: Make sure that Preview is selected, so that you can see what the graphic looks like.

Exchange Graphic

Look in: | {77 s3d-graphics

Y @ BlackBox.s3d
€3 [E e
My Recent | | CNC_3Ax_Big.s3d a
Documerts | [ cNC_3Ax_Mill.s3d &= PressingMachine.s3d

= CNC:SAx_DuaITabIe.ﬂd Repair.s3d
@

@ CMNC_5Ax_RoomSize.s3d @ Slotter.s3d

Desktop @CNC_Lathe.skl @Soldering.skl
@CNC_MiII.skI @TurningMaﬁine.skl
@ CNC_MillTurn.s3d @ VerticalDrilingMachine 1.s3d
@ Controlpanel1.s3d @ VerticalDrilingMachine.s3d
My Dot @ Controlpanel2.s3d @ VideoTest.s3d

@ HoopCasingMachine, s3d @ WashingMachine.s3d
@ HorizontalCrilingMachine.s3d

_':5])_! @ Inspection.s3d
- @ Lathe.s3d

My Computer

-

File name: |MillingMachine.33d [VE [ Cpen ]

My Network | Fles of pe: |30 Files ("s3d) ™| [——

Instead, you can also:
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* Create a graphic in the 3D Iiewer. Show the 3D Primitives toolbar @8 Q. & 8B 6. and select the shape you want
to create. Instead, you can also select Edit > Graphic > Create Primitive.
You can also create complex shapes by manipulating and transforming primitive geometric shapes and by then
grouping them to a graphic.

* Use the icons of the Plant Simulation 2D objects and map them to a 3D cube.
Note: You will have to scale the objects you yourself created, define animation paths for them.

* You can also exchange the graphic of an object with the methods sendMessage(" ExchangeGraphic”, "..."), and send-
Message(" IndexedFaceSet", "...").

Place Objects onto Other Objects Using Animation Paths

When the 3D iewer places objects, such as MUs, pallets, etc. onto other objects, you naturally want to control
where on that object it places them.

In the dialog Edit Locations you can define how the two-dimensional capacities, which the Plant Simulation 2D ob-
jects use, are mapped to the three-dimensional locations of the corresponding 3D iewer viewer objects.

The 3D Viewer computes the locations of a viewer object, as soon as you click Apply in the dialog Locations. It then
also shows the locations it computed on screen.

We already defined locations for the viewer objects Paralle/Proc, Sorter, Store, Transporter and Container. These should
meet your most basic modeling needs. If you change the predefined capacities or graphics though, you may want
to change these settings to correctly display the MUs on the objects.

A location is an animation path that usually contains a single anchor point.
Note: If these paths are not defined, the 3D IZewer uses the Default child animation path.
When you increase the capacity of the Paralle/Proc, you can:

* Add an additional Path for each new location by, for example, entering #2#0, #2#1, etc. This is practicable, when
you just add a few locations, but will become cumbersome, when adding a large number. The main advantage is
that you have full control over where you place the path.

* Define the positions in the dialog Locations. This is handy, when you add a large number of positions. Be aware
that here you are restricted to a grid.

Define the Capacity of a Material Flow Object in Plant Simulation 2D

You can enter the capacity—the number of parts the objects Paralle/Proc, Store, Transporter and Container can hold—
into the text boxes X-dimension and Y-dimension on the tab Attributes.
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X .Models.MyPlantAnytown.ParallelProc
Mavigate WView Tools Help
MName: | ParallelProc O [IFaied [CJEntrance locked O
Label: O [Plamned || |[JExitlocked O
Statistics Importer Failure Importer User-defined Attributes
Attributes Times Set-Up Failures Controls Exit Strategy
¥-dimension: | 2 O  Y-dmension: | 2 O

Plant Simulation 2D places the MUs onto the animation points you defined in the icon of the class of the object.

To view and to set animation points in the icon of a built-in object, click Awimation mode Z on the toolbar of the
Icon Editor, compare Set and Link Animation Points and Animation Lines.

Define Locations on a 3D Viewer Object

Whereas you define the capacity of the objects in Plant Simulation 2D in two dimensions, the 3D Zewer shows the
location of another object on the 3D Iewer viewer object in three dimensions.

Capacity in Plant Simulation 2D Location in the 3D Viewer
Z-axis
X-axis
Y-axis

To set the locations of a viewer object:
* Right-click the object to select it.
* Select Edit > Positioning > Locations.
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Edit Locations of ParallelProc
Mapping
2D xy capacity 3D XYZ locations
Position offset Mo of locations Loading space
X: |0 DRl 2 -1 x= |1
¥: |0 y: |2 0.5 y: | 0.5
z: |0 z 0.75 z |2
Fixed value added Mumber of Lower corner Upper corner
wieDision || bolowbalee || . ofthe D vkmeshorn e
AFTER thei Yih load locations are evenly distributed; by
bt L default the bounding box of the selected
distribution over space. 2
: 3D object.
the loading space.
[ Bounding Box ]
[ Reset ] [ Get ] [ QK ] [ Cancel ] [ Apply ]

Select How Coordinates are Mapped

Select how the two-dimensional position of the MU on the material flow object on the x-axis and the y-axis in Plant
Simulation is mapped to a three-dimensional location on the x-axis, the y-axis and the z-axis in the 3D Zewer. This
defines how and in which order on the axes the 3D [ewer stacks the MUs on the object.

Mapping

2D xy capadity | x-—>¥ and y > s| 3D%YZ locations

Position offset Loading space
X: |0 -1 X |1

Depending on the setting you select, one of the text boxes for the x-axis, the y-axis or the z-axis below No. of loca-
tions will be grayed out, as Plant Simulation does not provide a third dimension yet.
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Edit Locations of Machine1

Mapping
2D xy capacity

Position offset

Fixed value added
to the 3D positions
of all locations
AFTER their
distribution over
the loading space.

Mo of locations

X: |3
v: |3l
i
Mumber of

locations that are
evenly distributed
over the loading

3D XYZ locations

Loading space

-1.27218 X | 217232
-1.53711 v | 108282
0.03416 7 | 3.38116

Lower corner Upper corner

... of the 3D volume wherein the
locations are evenly distributed; by
default the bounding box of the selected

g 3D object.
[ Bounding Box ]
[ Reset ] [ Get ] [ Ok ] [ Cancel ] [

Apply

]

Enter the Number of Locations

Note: Depending on the setting you select below Mapping, one of the text boxes for the x-axis, the y-axis or the
z-axis will be grayed out, as Plant Simulation does not provide a third dimension yet.

Enter the number of locations, i.e., storage places, per axis into the text boxes that are not grayed out. The
3D Viewer evenly distributes these storage places in each dimension over the loading space.

Mo of locations

X: |3

y: |3

z:
Mumber of

locations that are

evenly distributed

over the loading
space.

Note: The number of locations may not be identical with the Capacity of the corresponding object you enter under
Attributes > X-dimension and Y-dimension in Plant Simulation. The number of locations defines the maximum
capacity of your three-dimensional object. Every time you edit the capacity in Plant Simulation to values less
than or equal to the corresponding number of locations in the 3D IZewer, the 3D 1Viewer computes these
locations on the object. A Store, for example, with its locations set to 3 x 3, places every incoming Ensity it
receives onto one of its nine (3x3) locations, even though you can have set its capacity in Plant Simulation to
2x2,0r3x 1, or some other number. When the capacity you set in Plant Simulation is larger than the number
of locations in the 3D zewer, the 3D iewer distributes all mobile objects evenly in the loading space or the

bounding box.
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Enter a Position Offset

The Position offset allows you to move the storage places that are evenly distributed over the loading space to adapt
those to carrying elements of the 3D graphic. For the Store, for example, the offset of -0.25 meters on the z-axis
prevents mobile objects from being placed into “thin air” instead of flush onto the shelf boards.

Note: Changing the size of the loading space also effects the size of the offset you have to enter!

The Position offset is the value the 3D 1Zewer adds to, or deducts from, the three-dimensional positions of all loca-
tions where it places mobile objects. The settings below apply when the bounding box is active, symbolized by the
pressed button.

Position offset Position offset
X: |0 ¥ |0
¥: |0 ¥: |0
Z: | 0.5 Z 1

Fixed value added
to the 3D positions
of all locations
AFTER. their
distribution over
the loading space.

Fixed value added
to the 3D positions
of all locations
AFTER. their
distribution over
the loading space.

* To move all storage places up, enter a positive value into the text box Z. The 3D iewer adds this value to the
three-dimensional positions of all locations after it distributed them evenly across the loading space.

* To move all storage places to the back in the scene, enter a positive value into the text box Y.

* To move all storage places to the right in the scene, enter a positive value into the text box X.

* To move all storage places down, enter a negative value into the text box Z.

* To move all storage places to the front in the scene, enter a negative value into the text box Y.

* To move all storage places to the left in the scene, enter a negative value into the text box X.

* To move all storage places in several directions at the same time, enter values into the respective text boxes.
* To check if the number you entered produces the result you want, click Apply.

Note: The 3D Ijewer changes the position only after it distributed the MUs over the loading space.

Define the Loading Space

The Loading space defines the size of the 3D volume onto which the 3D T ewer places and distributes the storage
places.

* By default, the loading space is the bounding box of the selected 3D Izewer object, symbolized by the pressed
button.

The bounding box is the smallest possible cuboid that encloses the entire 3D object graphic.

* Ifyou do not want to distribute the storage places within the Bounding Box, but within another 3D volume, enter
an appropriate value into the text boxes, and click Apply. This way, you might, for example, limit the loading space
of the station.
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Loading space
-1 ¥ 1

-0.853558 ¥: |0.853558

-8.47924e-00| 7. | 0.75
Lower corner Upper corner

... of the 3D volume wherein the
locations are evenly distributed; by
default the bounding box of the selected
3D object.

Loading space

0.5 X; |0.5

-0.50007 y; |0.719

-1.11461e-00| 7. | 0.75
Lower corner Upper corner

... of the 3D volume wherein the
locations are evenly distributed; by
default the bounding box of the selected
3D object.

[ Bounding Box ]

| Bounding Box |

Position offset
X: |0

¥: |0

z: | 0.39

Fixed value added
to the 3D positions
of all locations
AFTER. their
distribution over
the loading space.

* Enter the values that define the Lower corner on the x-axis, the y-axis and the z-axis of the three-dimensional
cuboid within which the 3D Zewer evenly distributes the locations onto which it places mobile objects.

* Enter the values that define the Upper corner on the x-axis, the y-axis and the z-axis of the three-dimensional

cuboid.

Use Identical Lengths and Positions

In most cases you want the corresponding objects in the 3D Viewer and in Plant Simulation 2D to have the same

lengths to represent your installation as true-to-life as possible. In addition, a smooth animation of an Plant Sinula-

tion simulation model in the 3D ewer requires animation paths that match the length of the corresponding objects

in Plant Simulation.

* To use the same values for the length of all objects, or a single object you selected, in the 3D iewer and Plant
Stmulation, select 2D > Connect Data > 3D Length to/from 2D Length.

* To make Plant Simulation match the position of an object in the 2D part of the simulation model with the position
of a single selected object in the 3D part, select 2D > Connect Data > 3D Position to 2D Position.

Note: This only transmits the position of the 3D I Zewer viewer object to the corresponding object in the Plant

Simutation 2D Frame!

Update the Model

Normally, you want to ensure that the 3D part of your simulation model and the 2D part use the same data, i.c.,

are in a consistent state. When you work on one part of the model, while the other part is closed, the model will be
in an inconsistent state. Updating the model only works, when both parts are open at the same time.

When you changed values in the Plant Simulation 2D part of the model, select 2D > Update 3D according to 2D >
All Objects to update the 3D part with the 2D data.

This updates the values of attributes that Plant Simulation and the 3D 1iewer share. It also creates 3D objects that
are present in the 2D part of your simulation model in the 3D part, when they do not exist there yet. Note that
this only works for objects for which you selected the check box Create in 3D in the dialog of the object in Plant
Simulation.
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* When you changed values in the 3D part of the model, select 2D > Update 2D according to 3D > All Objects to
update the 2D part with the 3D data or click on the 3D Modeling toolbat.

This transmits—among others—the values of the 3D Zewer viewer attributes Length and Velocity to Plant Simu-
lation and writes them to the corresponding Plant Simulation attributes.

Setting the Representation of an Object

The representation sets at which hierarchy level in the model a viewer object, and the objects located on that object
(its children), are visible. This prevents your model from appearing cluttered when you present it to somebody else.
It also improves performance, as it reduces render time.

To set the representation of a viewer object:

* Select the viewer object.

» Select Edit > Appearance > Representation

Or

* Click the viewer object with the right mouse button.

¢ Select Edit > Representation.

Then select in the dialog how the 3D TZewer is to represent the viewer object in the scene window. With its:

* Own graphic: Select this if you want the graphic of the viewer object to be visible outward, i.e., on the next higher
level in the hierarchy of objects.

With this setting a station is visible in the Frame into which you inserted it.

Specify

which graphics are going to represent the selected objects
outward, i.e. what will be visible when you open the parent
object of the selected object:

Own graphic |

[ visible content |

[ oK ] [ Cancel ] [ Apply ]

Clear this if you want the graphic of the viewer object to be invisible outward.

Note: The 3D I7ewer shows the graphic of the Frame and of the folder by default. The 3D iewer shows the
graphic and the contents of all other objects by default.

* Visible content: Select this if the graphics of those viewer objects are visible outward, which would also be visible
inward, i.e., as if you would look inside the selected viewer object. This means that the graphics of all visible ob-
jects which are located one ore more levels lower in the hierarchy than the selected object are visible.
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With this setting parts on a station are also visible in the Frame into which you inserted the station, provided the
parts are also visible on the station.

Edit Representation of Station (|
Specify

which graphics are going to represent the selected objects
outward, i.e. what will be visible when you open the parent
object of the selected object:

[]own graphic |

Visible content |

[ OK ] [ Cancel ] [ Apply ]

Clear the check box if you want the parts on the station to be invisible outward.

Illustrating the Representation of Objects

Our sample model in Plant Simulation 2D looks like shown below. We modeled our station, Station1, in a Frame.
Stationl consists of two Buffers, two Lines, two Interfaces, two Charts and of one SingleProc.

=

£ Models.MyPlant

Edit Mavigate Objects Icons View Toaols Help

B @ Q% B = |

£ .Models.MyPlant.Station1 ==

Edit Mavigate Objects Icons

View Toaols Help
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The viewer object Szation] looks like shown below in the 3D iewer. For the Frame Stationl, which represents the
station as a whole, we inserted a box. The individual components of the station, meaning its content, are represent-
ed by the 3D viewer objects that correspond to their counterparts in 2D.

* To show the graphic of the station and its content, we selected both check boxes, own graphic and visible content.

Edit Rej

esentation of Station1

Specify

which graphics are going to represent the selected objects
outward, i.e. what will be visible when you open the parent
object of the selected object:

[+] Own graphic | sible outward

[+] visible content | sible outward

* To only show the graphic of the station without its content, we selected the check box own graphic.

Edit Representation of Station1

Specify

which graphics are going to represent the selected objects
outward, i.e. what will be visible when you open the parent
object of the selected object:

[] Own graphic | sible outward

[ visible content | sible outward

[ Ok ] [ Cancel ] [ Apply ]

* To only show the content of the station without the graphic of the station, we selected the check box visible con-
tent.

538 Modeling in the 3D Viewer



Creating Your Own 3D Objects Working with Objects

Edit Representation of Station ::::
Specify

which graphics are going to represent the selected objects

outward, i.e. what will be visible when you open the parent

object of the selected object:

[]own graphic |

Visible content |

[ OK ] [ Cancel ] [ Apply ]

Creating Your Own 3D Objects

To create your own 3D viewer object:

* You can copy any of the predefined standard objects that we provide in The Folder MaterialFlow and The Folder
MUs that have similar properties as the one you would like to create.

You can then edit the behavior of this object, so that it fits your needs, i.e., exchange the graphic, update the
animation paths, etc. Compare A#tach a 3D Shape to an Object.

You can import a three-dimensional graphic from the 3D Zewer graphics library, from your own graphics library
or from a graphics program that can save files in IV’RML (IWRL) format, into your simulation model.

You can then transform this graphic into a viewer object, compare Import a 3D Geometry.

* Click the graphic with the right mouse button and select Make Viewer Object on the context menu.

Make Viewer Object ....0-Transfor...

Mame: | myObject

Class: | Tools.Primitives.object M

[ create corresponding object in 2D

[Joon't derive from a dass

[ OK ] [ Cancel

* Enter a Name for the object to be created.
¢ Select a Class from the list.

Check Don't derive from a class to not derive the object from any of the existing classes and to deactivate the
drop-down list Class.

Check Create corresponding object in 2D to also create a corresponding object in Plant Sinmulation.
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Note: When you only want to create a 3D object, and not a corresponding 2D object also, you do not have to

select a class.

* You can create simple three-dimensional graphics in the 3D 1Zewer, compare Create Primitive. Then, click the
object with the right mouse button and select Make Viewer Object on the context menu.

You can also use it as a plain graphic object, for example as the background of your three-dimensional model to

model your installation as close to its actual look as possible.

Import a 3D Geometry

To create your own 3D objects, you can import geometries into your 3D simulation model:

* You can import a s34 graphics file:

* You can import a graphic that contains animation structures you, or a colleague, defined:

Select 3D > Import 3D Geometry. Select

Files oftype: | Model/3D Files ("spp;“s3d) [v|

the graphic, select it and click Open.

, navigate to the folder that contains

These s34 files can either be files that are part of your program package or files you yourself created with the

command Export 3D Scene.

Import Model
Look in: | |23 Miscellaneous [v] (€] S A
L‘é [= rack3.s3d
My Recent
Documents
(L
Desktop
My Documents
My Clomputer
-_ File name: |Rack2.53d [V] [ Qpen ]
My Network | Flesoftype: | Model/3D Files (spp:*s3d) [»] [ cancel |

* You can replace the graphic of an object with another graphic that contains animation structures:

Select an object and then select Edit > Graphic > Exchange. Select
the folder that contains the graphic, select it and click Open.

* You can import a V'RML (WRL) file.

Files of type:

Model/3D Fies "spp:"s3d) [v|

, havigate to
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Files of type: | VAML Files (“wr) |+

Select 3D > Import 3D Geometry. Select , navigate to the folder that contains the graphic,

select it and click Open.

Employing Graphic Inheritance

Employing graphic inheritance allows you to re-use graphics, so that your model file does not get too large. In gen-
eral all graphic information is inherited, except when you duplicate an object in Plant Simulation 2D.

Graphics inheritance works in both directions in 3D: from class to instance and from instance to class! When you
delete the graphic of a derived object, the 3D Zewer also deletes the graphic of the associated class.

The plain graphic object holding the three-dimensional geometry data of the object is not stored in an attribute.
You can select the menu command Edit > Graphic > Inheritance on the context menu to activate or deactivate in-
heritance of geometry data. Activating Graphic Inheritance restores the graphic to the graphic of the origin of the
object, while deactivating Inheritance retains the graphic you modified in the instance.

Create a 3D Shape

To create a three-dimensional shape, a Cube, a Cylinder, a Sphere, a Cone, a Facet, a Box, or a Textured Plate:
« Show the 3D Primitives toolbar &8 0 6. E & 0

Or select Edit > Graphic > Create Primitive > <Name of the shape>.

* Click the shape you want to create. In our example we create a cube .
* Enter the Width, the Depth, and the Height of the cube into the dialog Create Cube.

Create Cube
Width: L5 X dimension
Depth: 1.5 ¥ dimension
Height: 3 Z dimension

[ Create ] [ Cancel ]

* To create and insert the cube at the center of the scene, click Create. The 3D 1Zewer then shows the graphic of
the Frame in the 3D scene window and inserts the cube we just created underneath it. This is because the

3D Viewer automatically activates Plain Graphics @ to show the plain graphics in the scene window. If this wer-
en’t the case, we would not see the shape we inserted either.

To show the cube, just delete the image of the Frame.
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* To move the cube to the location of your choice, click Move Object #», and drag the mouse.

* To assign a color and a material, select the cube and select Edit > Appearance > Material or click @ on the 3D
Modeling toolbat.

Edit Material of #

MName: |

Diffuse color:
Ambient color:
Specular color:

Emissive color:

Transparency:

Shininess: |

' ' ' i ' ' ' ' i ' f
LS s S R e T 2 S IS 8 S B L R

[ Remove ][ Reset ][ Get ][ OK ][ Cancel ][ Apply ]

— — —S§S§—S— e

Note: Press F5 or select View > Refresh if the 3D 17ewer does not immediately show the object.

Create a Textured Plate

To create a Textured Plate:

+ Show the 3D Primitives toolbar @8 Q.6 8 6 404 click [E.
Or select Edit > Graphic > Create Primitive > Textured Plate.
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For our example we use the rectangular image with the SI E M E N S logo to better demonstrate how the
3D Viewer tiles the image on the plate.

Obur plate has a size of 1 by 1 meters. As we want to keep the aspect ratio of width to height of the original graph-
ic, we activate the check box keep aspect ratio. The 3D [Zewer then automatically calculates how many tiles of
the image it has to paste onto the dimensions of our plate.

Create Textured Plate

X ]

Image: | C:\WINDOWS\SiemensLogo. gif

Plate
[CIFitimage size

Size [m]

i 1

=1

Texture
[CIFit plate size
Keep aspect ratio

Tiling

y; | 5.92857

Browse...

| Create

|[ Cancel ]

* Clicking Create inserts the graphic of the Frame into the 3D scene window and inserts the textured plate we just

defined underneath it. This is because the 3D Izewer automatically activates Plain Graphics & to show the plain
graphics in the scene window. If this weren’t the case, we would not see the textured plate we inserted either.

To show the textured plate, just delete the image of the Frame.

You’ll notice that the 3D TZewer inserted 1 tile of the image in the x-dimension and 5.9 tiles of the image in the
y-dimension because we selected keep aspect ratio of the original image.

* When you clear keep aspect ratio and select fit plate size, the 3D 1Gewer distorts, i.e., stretches the image to fit the
size of our plate, namely 1 by 1 meters.
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Create Textured Plate ZJE3
Image: | C:\WINDOWS\SiemensLogo. gif | [ Browse... ]
Plate Texture
[CIFitimage size Fit plate size
Keep aspect ratio
Size [m] Tiling

[ Create |[ Cancel

* When you select fit image size, and enter 1 tile for the x-dimension and the y-dimension, the 3D TZewer inserts
the image at its size as one tile.

Create Textured Plate

(X}

Image: | C:\WINDOWS\SiemensLogo. gif

|[ Browse... ]

Plate
Fit image size

Size [m]

Texture
[CIFit plate size
|:| Keep aspect ratio

Tiling

* When you select fit image size, and enter 2 tiles for the x-dimension and the y-dimension, the 3D 1 ewer inserts
two tiles of the image in each dimension.

Create Textured Plate

¥}

Image: | C:\WINDOWS \SiemensLogo.gif

|[ Browse... ]

Plate
Fit image size

Size [m]

Texture
[CIFit plate size
|:| Keep aspect ratio

Tiling

[ Create J[ Cancel
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* To move the textured plate from the center of the scene to the location of your choice, click Move Object -,
and drag the mouse.

Attach a 3D Shape to an Object

The main task of the 3D ewer is to establish a connection between a three-dimensional shape, for our purposes
a three-dimensional graphic, and parameters transmitted by the simulation in Plant Simulation.

To attach any three-dimensional shape to an object:
* Select a viewer object.
* Click & to open the viewer object. The 3D Zewer shows an empty background.
* Click & on the 3D Modeling toolbar to display plain graphics and select the graphic of the object.
* Cut, copy, paste, group, ungroup, or move the existing graphic.
Or
* Import or create a new graphic, using the tools on the 3D Modeling toolbar.
When you import plain graphic objects you downloaded from the internet or created in a 3D modeling pro-
gram, you will most likely have to scale these graphics.
You can roughly scale them using Scale Object &.

You can accurately scale the entire object, i.c., the viewer object and the plain graphic object, in the dialog
Transformation.

When you scale the viewer object, this also scales mobile objects that transfer to the object during the simu-
lation. To prevent this, select Edit > Positioning > Accept Scale. Then, mobile objects that move onto the object
are not scaled, while the graphic of the object remains scaled.

Note: When you scale the plain graphic object, this does not apply.

* Click @ on the 3D Modeling toolbar to hide plain graphics.
* To step out of the object and return to the next higher hierarchy level, click # on the 3D Standard toolbar.
* Activate or deactivate Graphic Inheritance by selecting object and selecting Edit > Graphic > Inheritance.

In addition to static shapes, you can also use extrusion objects. Extrusion objects contain graphics that are defined
by a path and a specific profile. This way any change of the length of a simulation object is directly mapped to a
change of the graphic.

Animating the Simulation Model

The 3D VViewer animates the simulation you run in Plant Simulation. What the 3D 1jewer displays in its part of the
model corresponds to the actual state of the simulation model in Plant Simulation. When running the simulation and
the animation concurrently, there will be a slight delay in time between the event times in the simulation and the
animation.
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This is always true when you run Plant Simnlation in the default event triggered mode: When a mobile object, for
example a Transporter, moves along a Track, the simulation needs to know that it takes 20 seconds to move from
point A to point B. Knowing this, the simulation is able to proceed immediately. If you would like to watch the
animation, you will have to wait for these 20 seconds to pass. Thus, the animation slows down the simulation. The
3D Viewer transmits a message to Plant Simulation if the simulation is running ahead of the animation. You can also
click Stop in the dialog of the EventController of the Plant Simulation simulation model to receive the exact state the
simulation is in.

Control the Animation from 2D

When you start modeling with the three-dimensional part of the simulation model, you do not have to proceed any
different from the way you are used to when you work with two-dimensional simulation models. Plant Simulation
2D automatically transmits all messages required for a three-dimensional animation to the 3D [ ewer.

Once you want to fine-tune performance, to add special effects or to attach a three-dimensional animation model
to an existing Plant Simulation simulation model that you did not create starting from a new three-dimensional mod-
el, you might have to do one of the following:

Marking Objects for Transmitting Messages
To tell the object in Plant Simulation 2D to transmit messages to its counterpart in the 3D zewer, select Tools > 3D,
in the Frame, into which you inserted the object, select the check box and click OK.

Messages that result from changes to the object in Plant Simulation are sent to the 3D iewer only after you select
the check box Create in 3D! You can also set the channel id in Si#Talk using the attribute Createln3D:
.<Path>.CreateIn3D := true;

We mark objects for transmitting messages because a simulation model in Plant Simulation usually contains a large

number of objects, only a small number of which the animation in the 3D 1Zewer uses. If you did not select which

objects transmit messages, program performance would suffer tremendously as data transmission is time-consum-
ing and a large part of the data transmitted would not even be used by the 3D [ Zewer

You can also employ this mechanism to selectively activate or deactivate the animation of parts you would like to
view or not view.

Automatically Generated Messages

Plant Simulation automatically transmits all messages used for the two-dimensional animation in your two-dimen-
sional Plant Simulation simulation model to the 3D iewer. create, delete, rename, change of icon, change of speed,
change of length, and change of movement.

Manually Generated Messages

In Plant Simulation you can generate and send messages manually to the 3D Iiewer by using the SimTalk method:

<Path>.sendMessage (<stringl>,<string2>);
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This Method makes the Plant Simulation object designated by <Path> send the value of the parameter s#ring2 with the
attribute identifier of the parameter s#ingl to the object in the 3D TZewer that has the same name as <Path>.

Note: The first parameter of data type s#ring is case-sensitive!

You can use the method sendMessage and the Attributes of the 3D Viewer as Such or the A##ributes of the 3D Olbjects
to generate special effects.

Opening and Closing 3D Windows with the Method sendMessage

Usage: <Path>.sendMessage (<stringl>,<string2>) ;

You can use the method sendMessage to open an object in a 3D window.
Note: The first parameter of data type s#ing is case-sensitive!

Example: SingleProc.sendMessage ("NewFrame","");

You can also use the method sendMessage to close all 3D windows. As you cannot address an individual 3D window
after opening it, you can only close all windows at once and thus send the message to any of the open 3D windows.

Example: SingleProc.sendMessage ("CloseAllWindows","");

Setting a Simple Attribute with the Method sendMessage

Usage: <Path>.sendMessage (<stringl>,<string2>);

This method sets the attribute designated by the parameter s#7ing? to any text you enter as the parameter s#7ing2.
Note: The first parameter of data type s#ng is case-sensitive!

Example: SingleProc.sendMessage ("Info", "Master SingleProc for the project.");

In our example the dialog Info, which you open by right-clicking an object and selecting Info, shows the text Master
SingleProc for the project.

If you would enter this information into the dialog Edit > Data > Any Attribute, it would look like this:

_| Attribute Value - info
MName:
Type:
[inherited
Value: Master SingleProc for the project.
[ OK ] [ Cancel ]

Setting an Array Attribute with the Method sendMessage

Usage: <Path>.sendMessage (<stringl>,<string2>);

This method sets the attribute designated by the parameter s#7ing? to the values you enter as the parameter s#ring2.
The parameter s#ring2 contains a set of numbers of data type real.

Note: The first parameter of data type s#7ng is case-sensitive!
Example: SingleProc.sendMessage ("Rotation™, "7 1.570796 0 0 1 0 0 0");
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In our example we set the attribute Rofation of the SingleProc to the values we pass as rea/ numbers.
First, we enter the name of the attribute as a string, "Rotation" in our example.

For data types of type array we then enter the number of entries of the outermost array. In our example 7 designates
that for the attribute Rosation, we enter 7 real numbers.

The second number designates the angle of rotation in radians; in our example the number 1.570796, which is
Pi/2, defines an angle of 90 degrees.

The next set of three numbers designates the axis around which the object is rotated; in our example 0 0 1 defines
the z-axis.

The last set of three numbers designates the origin as the center of rotation.

If you would enter this information into the dialog Show Attributes > Attribute Value, it would look like this:

_| Attribute Value - rotation
Name:
Type:
[inherited Mumber of indexes:
Index Value.1
a 1,570796
1 0,000000
2 0,000000
3 1.000000
4 0,000000
5 0,000000
-] 0,000000
[ Ok ] [ Cancel ]

Setting an Indexed Array Attribute with the Method sendMessage

Usage: <Path>.sendMessage (<stringl>,<string2>) ;

This Method sets the attribute designated by the parameter s#7ing? to the values you enter as the parameter s#ring2.
The parameter s#ring2 contains a set of numbers of data type real.

Note: The first parameter of data type s#ng is case-sensitive!

Example: SingleProc.sendMessage ("AniPathChild", "™ 2 \"Default\" {{0 0 0}{2 0 0}}
\"Camera\" {{0 0 0.2}}");

In our example we set the attribute AniPathChild of the SingleProc to the values we pass as real numbers within an
indexed set, i.e., each one of the sets has a2 name of its own.

First, we enter the name of the attribute as a string, "AniPathChild" in our example.

Then, we enter an opening quotation mark, to denote the beginning of the string and the number of paths for which
we enter data, "2" in our example.

Then, we enter the name of the path, i.e., the /ndex of the indexed<array<array<real>>> attribute, enclosed by pro-
tected quotation marks, \"Default\" in our example.
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Note: We have to protect the quotation marks with the backslash, so that SiTa/k does not mistake the closing
quotation mark as the end of the command string.

Next, we enter the positions of the individual anchor points of that path in curly brackets, { {0 0 0}{2 0 0}} in
our example. The first set of numbers defines the first anchor point, the second set the second anchor point we
defined.

We then repeat this for the second path we define, \"Camera\" {{0 0 0.2}} in our example.
Finally, we enter a closing quotation mark, to designate the end of the command string.
Note: The 3D 1jewer does not append the paths you define to any existing paths, but replaces those existing paths!

To also rotate the anchor points, we have to set the attribute .An/RotationChild in addition.

Controlling the Camera in 2D

You can control the camera not only using the commands Attach Camera |'¥|, Detach Camera and Animate Cam-

era H in the 3D iewer, but also by setting 3D attributes in Plant Simulation in a sendMessage method.

Attaching the Camera in 2D

Usage: <Path>.sendMessage ("action", "AttachCamera") ;

This Method causes the Plant Simulation object designated by <Path> to attach an object camera to its counterpart
in the 3D Viewer.

Note: The first parameter of data type s#ng is case-sensitive!

Example: track.sendMessage ("action","AttachCamera") ;

Detaching the Camera in 2D

Usage: <Path>.sendMessage ("action", "DetachCamera") ;

This Method causes the Plant Simulation object designated by <Path> to detach the object camera from its counter-
part in the 3D Viewer.

Note: The first parameter of data type s#7ng is case-sensitive!

Example: track.sendMessage ("action", "DetachCamera") ;

Animating the Camera in 2D

Usage: <Path>.sendMessage ("animation",<string2>);

This Method causes the Plant Simulation object designated by <Path> to send a message to its counterpart in the
3D Viewer and to start the camera animation on the animation path designated by the parameter s#ring?.

For a path of type ChildAnimation, you have to enter a tilde followed by a dot (~.) in front of the path name. For a
path of type MyAnimation, enter just the name of the path. For both path types, ChildAnimation and MyAnimation,
the number sign (#) designates the string for the path as a camera animation, as opposed to an animation of an MU.

If you would like to animate the camera on a ChildAnimation path named Default of the object Line, you would enter:

Note: The first parameter of data type s#ring is case-sensitive!
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Example: Line.sendMessage ("animation", "#~.Default");
If you would like to animate the camera on a MyAnimation path named Default of the object Line, you would enter:

Example: Line.sendMessage ("animation","#Default");

Displaying State Objects in the 3D Viewer

For performance reasons the 3D 1ewer does not use state objects for the states failed, paused, waiting, etc. Instead,
the color of the object in the 3D zewer itself changes to red, blue, yellow, etc. when the object enters into one of
these states, just like the color of the dot in the LED display of the corresponding object in Plant Sinulation does.
If you would like to use a state object for a specific state, you have to create one for the respective viewer object.

During the simulation run Plant Simulation 2D displays the state of an object, either as one or motre colored dots in
the LED display of the icon or by showing a different icon. In addition to the built-in icons, you can define different
states and draw corresponding icons that suit your modeling needs.

The 3D VViewer proceeds in much the same way. According to the state the object is in, the 3D IZewer shows, i.e.,
makes visible, a viewer object with the corresponding name. Note that these state objects have to be child objects
of the object whose state changes and that they have to be named according to the state.

To define a new state object:
* Select Edit > Appearance > Create State Object. Type the name of the state object into the dialog.
* Edit its attributes, by assigning a different color, by changing its graphic, etc.

* Create a new icon with the same name in Plant Simulation. Then the 3D Viewer shows the new state object, every
time the state of the object changes to the new icon in Plant Simulation.

Start the Animation When an MU Moves Onto the Object

You can also use the fact that the attribute Eventis set to the value MUENter, whenever an MU enters the object,
and to the value MULeave, whenever it leaves the object.

If you only want to start animations, when an MU enters the object or when it exits the object, you can name the
corresponding animations MUEnter and MULeave.

Create User-defined Attributes

You can create user-defined attributes in Plant Simulation and in the 3D 1Zewer. Note that the attribute has to have
the data type s#ring. You usually establish a connection between an attribute in 2D and an attribute that already exists
in the 3D Viewer.

After you select the check box Connect to 3D attribute on the tab Communication in the dialog User-defined At-
tributes of a user-defined attribute in Plant Sinulation for sending messages, Plant Simulation automatically transmits
changes of that attribute to the 3D Zewer.
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User-defined Attributes

User-defined Attributes

MName: | Color

MName: | Color
Value | Statistics | Communication

Data type:  |string Tsel Value | Statistics | Communication

Value: good|

Work with an Imported VRML Graphic

You can import graphics in I"RML (wri) format into the 3D Viewer.

* Create a graphic in graphics design program, such as 3D Studio MAX, etc., and save it as a I’RML (wrl) file. Note
that we do not support java or java script nodes in the I"RML (wr) files.

* Exchange an existing graphic of an object in the 3D Viewer with the IVRML (wr/) model.
* Open the viewer object, for example navigate to the folder Mareria/Flow, select the SingleProc and then click .

Make sure that Plain Graphics are displayed.

* Select the graphic of the object. When in doubt, check the status bar to see if you have selected the viewer
object or the plain graphics object. In case the viewer object is selected, click & to open the plain graphic of
the viewer object.

* Delete the graphic, if you want to exchange the graphic.
e Import the IVRML (wrl) file: Select 3D > Import 3D Geometry and select VRML Files as the data type.

Note: To convert 3D file formats, install the Crossroads software from your program DVD.
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Working with Paths

The 3D VViewer uses a set of points in space as paths for animating objects and extruding shapes.

* Animation paths describe the route an animated mobile object takes when it moves on objects or through the
scene. The cameras, through which you view the scene in a fly-through, also use animation paths.

» Extrusion objects are objects with a shape built from a profile expanded along a path. The length-oriented ob-
jects Track, Line and FootPath in the standard library do use extrusion paths.

You can create and edit a path in the dialog Edit Path.

Animation Paths

Animation paths are a set of points in space that describe the route an animated mobile object takes when it moves
on objects or through the scene. The cameras, through which you view the scene in a fly-through, also use anima-
tion paths.
The viewer objects provide these animation paths:
¢ ChildAnimation
The ChildAnimation anchor points are the vertices of the polygonal line on which incoming MUjs are animated.
This animation path can be a single straight line or a sequence of straight lines. When an MU transfers onto a
material flow object, it usually moves on the Default ChildAnimation path. For numbered 2D animation points
you can define corresponding 3D ChildAnimation paths that use the same name. In addition, 2D capacities (x,y)
are mapped to 3D locations as ChildAnimation paths named #Xx#y.
* ChildSplineAnimation
The ChildSplineAnimation anchor points are the vertices of a spline curve.
Editing the ChildSplineAnimation path updates the ChildAnimation path, which approximates the spline curve by
a polygonal line on which incoming MUs are animated. The value you enter as the Curve distance is the maximum
distance of the individual anchor points on the computed polygonal line.
 ChildPolycurveAnimation
Note: As opposed to 2D, you can define polycurve paths for all 3D viewer objects.
The ChildPolycurveAnimation anchor points are the vertices of a curved object, i.e., a sequence of curved and
straight lines, on which MUs are animated, when they are transferred onto a material flow object.

Editing the ChildPolycurveAnimation path updates the ChildAnimation path, which approximates the curved object
by a polygonal line on which incoming MUs are animated. The value you enter as the Curve distance is the max-
imum distance of the individual anchor points on the computed polygonal line.

¢ MyAnimation
The MyAnimation anchor points are the vertices of the polygonal line on which the selected object itself moves.
You can, for example, use it to simulate the movement of a robot.
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¢ MyPolycurveAnimation

The MyPolycurveAnimation anchor points are the vertices of a curved object, i.e., a sequence of curved and
straight lines.

Editing the MyPolycurveAnimation path updates the MyAnimation path, which approximates the curved object by
a polygonal line on which the selected object itself moves. The value you enter as the Curve distance is the max-
imum distance of the individual anchor points on the computed polygonal line.

* MySplineAnimation
The MySplineAnimation anchor points are the vertices of a spline curve.

Editing the MySplineAnimation path updates the MyAnimation path, which approximates the spline curve by a po-
lygonal line on which the selected object itself moves. The value you enter as the Curve distance is the maximum
distance of the individual anchor points on the computed polygonal line.

Extrusion Objects and Extrusion Paths

Extrusion objects are objects with a shape built from a profile expanded along a path. Note that the length-ori-
ented objects Track, Line and FootPath do use extrusion paths.

Note: Asopposed to 2D, you can define any 3D viewer object as an extrusion object, compare Creating an Extrusion

Objects
The viewer objects provide these extrusion paths:
» ExtrusionPolycurve

The ExtrusionPolycurve anchor points are the vertices of a cutved object, i.e., a sequence of curved and straight
lines.

Editing the ExtrusionPolycurve path updates the ExtrusionPath, which approximates the curved object by a po-
lygonal line which expands the ExtrusionProfile to a three-dimensional shape. The value you enter as the Curve
distance is the maximum distance of the individual anchor points on the computed polygonal line.

* ExtrusionPath
The ExtrusionPath anchor points are the vertices of the polygonal line, which expand the ExtrusionProfile to a
three-dimensional shape. We call objects, which are built from this kind of variable geometry, extrusion objects.
When you define a length-oriented object of type Track, Line and FootPath as an extrusion object, their attribute
Length can automatically correspond to the length of its graphic.

Editing the ExtrusionPath path updates the Default ChildAnimation path, so that the animation will follow the
shape of the graphic.

¢ ExtrusionProfile

The ExtrusionProfile anchor points are the vertices of the polygonal face, which will be expanded along the Ex-
trusionPath to a three-dimensional shape, such as a groove, a half-pipe, etc.

When you insert an ExtrusionProfile path, the 3D 1 ewer positions the grid on the YZ plane and places the path
tools that visualize that path perpendicular to the grid.
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¢ ExtrusionSpline
The ExtrusionSpline anchor points are the vertices of a spline curve.

Editing the ExtrusionSpline path updates the ExtrusionPath, which approximates the spline curve by a polygonal
line, which expands the ExtrusionProfile to a three-dimensional shape. The value you enter as the Curve distance
is the maximum distance of the individual anchor points on the computed polygonal line.

Creating an Extrusion Object
To create an extrusion object, do one of the following:
* Select any object and select Edit > Data > Properties.

Select Length-oriented (graphic extruded). The 3D ewer then replaces the default graphic of the object with an
extrusion graphic. To remove extrusion properties from the selected extrusion object, clear the check box. The
3D Viewer then deletes all extrusion properties, but retains the extrusion graphic of the object.

* Copy a Line, a Track, a TwolaneTrack, or a FootPath, rename it, and modify its settings.

Editing a Path

To work with paths of an object, do one of the following:

* Select the object, and click r'r on the 3D Modeling toolbar.
* Select the object and select Edit > Positioning > Path.

To work with paths of the scene, do one of the following:
* Do not select any object, and click t'r on the 3D Modeling toolbar.
¢ Select Edit > Positioning > Path.

* Right-click anywhere in the scene and select Edit Path.
This opens the dialog Edit Path, desctibed on page 2727.

In the dialog you can:

* Create a Path.

* Edit a Path with the Mouse.

* Edit a Path by Entering Values into the Dialog Anchor Points.

* Create an Animation Path that Rotates Objects.

o Test an Animation Path.

* Rename an animation path.

* Delete an animation path.
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Create a Path

When you create a new, initial path, you will follow these basic procedures.

* Open the dialog Edit Path either for an object you inserted into the scene or for the scene object, the Franme, itself.

Edit Path of ParallelProc

Specify
Path type:

Path name:

| chidanimation

[#020

Edit In Scene | Edit Data || Test

Mode graphic:
Mode color:
Grid distance:

Anipath offset:

| PathTool

¢ (lick the button New.

* Select the type of path (Path type) you would like to create. The different types of objects provide different types

of paths.

Point-oriented objects

Length-oriented objects

ChildPolycurveAnimation
ChildSpline Animation
MyAnimation

Optional paramete)MyPolycurveAnimation

MySplineAnimation

Optional parametey

Rotation mode:

Create Path for SingleProc Create Path for Track
Specify Specify
Path type: Childanimation [v Path type: ChildAnimation h
Path name: Path name: ChildPolycurveAnimation

ChildSpline Animation
MyAnimation
MyPolycurveAnimation
MySplineAnimation

ExtrusionSpline

* Enter a unique name for the path, if you are creating an animation path. Most of the time you will use the unique

Default path for the animation.
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Create Path for ParallelProc
Specify
Path type: ChildAnimation v
Path name: MyChildAnimation 1

Optional parameters depending on the path type

Rotation mode: |Relative v

Curve distance: m

[ OK ][ Cancel ]

Note: As you can define only one extrusion path for a viewer object, such as an ExtrusionPolycurve or an Extru-
sionSpline, you cannot enter a name for it.

When objects, such as the Sre, have several defined locations for receiving incoming mobile objects, you will
define additional animation paths for each location. In Plant Simulation you can move an MU to the position de-
fined by the x-coordinate and the y-coordinate of the object. In the 3D Zewer this corresponds to a child anima-
tion path named #x#y. For the Szore, we already defined paths from the locations #0#0 to #2#2. If you do not
define such child animation paths, the 3D jeweruses the Default animation path to place an MU that transfers
to the object.

Select a Rotation mode:

Relative: Uses the difference of the rotation angle between the selected object and the preceding object. When
moving from object to object, a relative rotation angle makes the rotated MU continue its way on the path with
the rotation angle of the preceding object. If you do not want this, select Absolute.

Note: When the simulation runs too fast, the setting Relative may cause the object to not use the correct orien-
tation. It does not matter if you set the Real time factor too high or if you deactivated Real time.

Absolute: Uses the absolute rotation angle in relation to the 0 value, which is the x-axis of the local coordinate
system. When moving from object to object, an absolute rotation angle makes the MU continue its way on the
path not rotated on to the next object.

Note: The setting Absolute prevents the summing-up of rotation errors that may occur with the setting Relative,
where the 3D Zewer not only takes the rotation angle of the path into consideration, but also the rotation
angle of the material flow object itself.

When you create one of the spline or polycurve paths, you can also enter the Curve distance, i.c., the distance in
meters between two points of the curve.

Note: Each object provides only one curve distance. Changing it also changes each path that uses the curve dis-
tance!

A spline path creates the impression of a path with rounded corners; the curved segments of a polycurve path
consist of rounded corners also. The smaller the distance between the points of the curve, the better the approx-
imation will be. Be aware that this creates a greater amount of data, and might thus decrease performance.
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* Then, click OK to create the path you just defined. Initially this path consists of a single anchor point located at
the origin of the selected object.

* Extend and/or edit the new initial path in the dialog Edit Path.

Edit a Path with the Mouse

When you edit a path in the scene window with the mouse, you will follow these basic procedures.
* Open the dialog Edit Path, see Editing a Path.
* Select the type of path (Path type) you would like to edit.

Edit Path of Line
Spedify ew
Path type: ExtrusionPolycurve v
ExtrusionPolycurve
Path name: ExtrusionPath
ExtrusionProfie
ChildAnimation

Edit In Scene | Edit Data || Test

Mode graphic:
Node color: I | Hide

Grid distance: 0 m Extend

Anipath offset:  ¥%:|0 Y:| 0 Z:|0

* When you are editing an animation path, select the name of this path (Path name).

* To show the selected path in the scene window, click Visualize. Then, the 3D [zewer shows one or several graph-
ics for the anchor points (node graphics), connected by a line that symbolizes the path positions, in the scene.
Note that you can display several paths at once, but that only one path is active at any one time. Select any one
of the anchor points of the path to activate it.

The 3D Viewer also shows the grid whenever you display a path in the scene window. When you hide the grid
II\, it also hides all paths displayed at the moment.
* To hide the selected path in the scene window, click Hide.

* To add new anchor points to the end of the path, click Extend and click the left mouse button at the location
where you would like to insert a new anchor point. Repeat this as often as you need, until the path has the shape
you want.

To navigate in Extend Path mode with the middle and the right mouse button, hold down the Ctrl+Alt buttons.

* To change the shape of the path, select an anchor point and manipulate it with the 4 tool ot the & tool, and/ot
use the dialog Transformation.

* To rotate a anchor point, click it, click %7, hold down the left mouse button, and drag the mouse, and/or use the
dialog Transformation.
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Note: When you rotate a anchor point describing an animation path, this also rotates any MU moving along that

path.

* To delete a part of the path, select an anchor point and press Del. This removes the selected anchor point from
the path, thus modifying its shape.

* To hide all paths, click # on the 3D Modeling toolbar. This deletes all anchor points and lines representing paths

in the scene.

Edit a Polycurve Path with the Mouse

In addition to editing any of the path types with the mouse, you can edit polycurve paths as follows:

* Enter the Curve distance, i.e., the maximum distance in meters between two points of the curved parts of the

polygonal line, which approximates the curved object.

The smaller the distance between these points, the better the approximation will be. The curved segments of a

polycurve path approximate curves, i.c., they create the impression of a path with rounded corners. Be aware that

this creates a greater amount of data, and might thus decrease performance.

Note: Each object provides only one curve distance. Changing it also changes each and every path that uses the

curve distance!

* When you edit an extrusion path, you can enter the Extrusion distance, i.e., the maximum distance in meters be-

tween two points of the polygonal line, which approximates the extrusion path. This is the length of the segments

of the extrusion path.

Note: Each object provides only one extrusion distance. Changing it also changes each and every path that uses

the extrusion distance!

Edit Path of Line

Specify

Path type: ExtrusionPath

Path name:

Edit In Scene | Edit Data || Test

Mode graphic:
Mode color:

Grid distance: 1

Anipath offset:  %:|0 ¥

I

Visualize

g

* To add new anchor points to the end of the animation path, click Extend.

* To add a straight segment, click the left mouse button at the location where you would like to insert a new

anchor point.
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* To add a curved segment, hold down Ctrl, and click the left mouse button at the location where you would

like to insert a new anchor point.
* Repeat this as often as you need, until the path has the shape you want.
* To change the shape of a straight segment, select an anchor point and manipulate it with the ¢+ tool or the &
tool.

Note: When you insert a Track, Twol_aneTrack, Line or FootPath with active Curve mode in Plant Simulation 2D, you
have to select the corresponding 3D object in the 3D 1ewer and create an ExtrusionPolycurve path for it.
Then, edit the path as described above.

Edit a Path with an Offset to the Grid

Whenever you extend the path of an extrusion object that is visible in the scene window, or move one of its anchor

points, while the feature Tools > Grid > Snap to is active, the new or changed path tool also snaps to the grid. To

prevent the path from snapping to the grid, deactivate Grid > Snap to.

At other times you might want Snap to to be active, but modify the positions to which the path tool snaps. This is

especially helpful, when you manipulate anchor points that are positioned on top of the graphic.

To modify the default positions of the Snap to feature:

* Open the dialog Path, select the path you would like to edit, then click Manipulate > Grid distance. Enter the dis-
tance between the grid plane and the points in space to which the 3D IZewer snaps the anchor points you ma-

nipulate.

Edit Path of Line

Spedify Mew...
Path type: ExtrusionPath V

Path name:

Edit In Scene | Edit Data || Test

Mode graphic:
Node coor: N |
Grid distance: 1 m

Anipath offset:  %:|0 Y:|0 Z:|0

The path then uses this value to temporarily switch the offset of the grid, provided you activated the path of the
extrusion object and visualized it in the scene window.

¢ Edit the value for the offset under Tools > Grid > Settings > Orientation > Distance > Offset.
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)

l

Grid Settings
Appearance | Gridines | Orientation [size
Crigin Mormal
Translation [m] Direction [m]
X: |0 E:% X: |0
. |0 L] . |o
¥ = v
z: |0 = 7|1
[ Scene Origin ] [ XY Plane
[ objectorign | [ xzPlane
¥Z Plane

Distance
Offset [m]
0 [l

from grid origin along
grid normal

[Advanced >>] [ Reset ] [ Get ] [

O

][ Cancel ][ Apply

* Manually change the position or the orientation of the grid.

Edit a Path by Entering Values into the Dialog Anchor Points

* At times it may not be precise enough to In the dialog Edit Path, select the Path type you would like to edit.
* When you edit an animation path, select the Path name you assigned to that Path type.

¢ Click the tab Modify and then click the button Anchor Points.

Edit Path of Line

Specify
Path type: |[}1ﬂdk\imaﬁm [v]
Path name: |Defau|t [v]

Edit In Scene | Edit Data |Test

Rotation mode: |Absoluhe

Curve distance:

Extrusion distance: |0

[»] [ancher gt
:

m
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Edit Path Nodes of Line
N..| Xpos Y pos Z pos Angle|# | Position | Rotation || Orientation || Time
1 0.000 -0.000 0.000  0.00(
2 3.000 0.000 0.000 @ 2.81Y= Translation [m]
3 3186 0.010 0000 8.43 . =
E) 3330 0.038  0.000 1408 X: |0 )
5 3.581 0.086 0.000 19.68 =
6 3.765  0.152  0.000 25.31 Y| -0 )
7 3.943  0.23 0.000 30.93 z
8 4111 0,337 0.000 3656 z: |0 )
9 4269 0,454 0.000 4218
10 4414 058 0.000 47.81 (® Replace
11 454 0731 0000 53.43
12 4663 0539 0000 59.06 O Add offset
13 4764 1057 0.000 6468
14 4848 1235 0000 70.31w
< | 11l >'. ]
[ Add ] [ Insert ] [ Delete ]
[Advanced >>] [ Reset ] [ Get ] [ OK ] [ Cancel ] [ Apply ]

Note: To sec how your changes manipulate the anchor point without having to click Apply each and every time
you change a value, click Advanced and select Auto-apply!

Note: Which tabs the 3D Zewer displays at the right hand side depends on the type of the path you are editing.
You can, for example, only edit the Rotation, Orientation and Time for animation anchor points.

* To add new anchor points to the end of the selected path, click Add. The list adds the settings of the new anchor
point you added to its bottom. Once you have added an anchor point, you can manipulate its settings on the tabs
to the right.

* To insert new anchor points between or before existing anchor points, select the anchor point in front of which
you would like to insert the new anchor point, and click Insert.

* To delete a anchor point, select it in the list, and click Delete.

To delete contiguous anchor points, hold down Shift and click the first anchor point in the range and then the
last anchor point.

To delete non-contiguous anchor points, hold down Ctrl and click the anchor points you want to delete one after
the other.

* Move anchor points on the Tab Position:
To move a single anchor point you selected, click Replace.

* To move the selected anchor point on the x-axis to the right, click the up = arrow of the spin box. To move
it to the left, click the down = arrow.

* To move the selected anchor point on the y-axis to the back, click the up =’ arrow. To move it to the front,
click the down = arrow.

* To move the selected anchor point on the z-axis up, click the up ® arrow. To move it down, click the down
& arrow.
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To move several anchor points you selected all at once, click Add offset. Then, either enter a value into the text
boxes or click the arrows of the spin box to move the anchor points.

Note: When you select several anchor points, the 3D Zewer automatically selects Add offset.

Note: At presentyou have to click the radio button Add offset after you made changes to show these in the scene
window.

* Rotate anchor points on the Tab Rotation.

Position | Rotation | Orientation || Time

Angle [degrees]:

0 = (®) Replace
= O add offeet
Axis [m]:
2 [

To rotate a single anchor point you selected, click Replace, and do one of the following:

* Enter the rotation angle and click one of the buttons (X-AXxis, Y-Axis, Z-Axis) to rotate the anchor point around
this axis.

* Enter the rotation angle and then enter a value of your choice into one or more of the text boxes to rotate it
around the axis you thus define.

To rotate several anchor points you selected, click Add offset, then proceed as described above.
Note: At present you have click the radio button Add offset after you made changes to show these in the scene

window.

Align the selected anchor point(s) of the animation path to the points you select on the Tab Orientation.

Position | Rotation | Orientation | Time Paosition || Rotation | Orientation | Time
Point type: Point type:
Point at next anchor point ™ Paint at specified object v
Object of interest: Object of interest:
Line A
Point of interest [m] Direction Point of interest [m] Direction
X X
¥: ¥
z: z:
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Position | Rotation | Orientation | Time Position | Rotation | Orientation | Time
Point type: Point type:
Point to specified direction w Point at specified object w
Object of interest: Object of
Tradd w
it 3 FH ParallelProc
Point of interest [m] Direction SingleProc
X: = 1 Tr_ald(
F e o -
i = o 7

The x-axis of the animated mobile object then points in the direction you select, when it moves on the path. You

can select to make the x-axis of the animated mobile object:

Point at next path point of the selected path. This is the default setting.
Point at previous path point of the selected path.

Point at rotation center, provided a common rotation center exists for all selected anchor points. This is, for
example, the case when you defined a rotation movement.

Point away from rotation center, provided a common rotation center exists for all selected anchor points. This
is, for example, the case when you defined a rotation movement.

Point at specified object. Then, select an object of the active scene from the list Object of interest.
Point away from specified object. Then, select an object of the active scene from the list Object of interest.
Point to specified position. Then, select the position of the Point of interest in the three-dimensional space.

Point away from specified position. Then, select the position of the Point of interest in the three-dimensional
space.

Point to specified direction. Then, enter the Direction in three-dimensional space.

* Define the cycle time on the Tab Time:

Position | Rotation | Orientation | Time
Cyde time
(® undefined
(O defined: sec
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In general you will enter a time, when you model point-oriented movements, such as rotating the object around

the selected anchor point or it remaining on the selected point.

You can:
* Use an undefined time. Ot you can

* Use a defined Cycle time.

Enter a value in seconds into the text box, or use the spin box & to set the time the 3D ewer uses for ani-

mating the object, scaled with the reciprocal value of the speed of the animated object, provided the speed is

not 0.

When you only defined a Cycle time for one or several anchor points of an animation path, the 3D 1eweruses

the cycle time of the last anchor point, for which you defined a cycle time, for all anchor points for which you

did not define one.

Create an Animation Path that Rotates Objects

To create an animation path, which causes a circular rotation of an object, for example the movement of the arm

of a crane, by setting parameters for the rotation instead of by editing anchor points:

¢ Select the material flow object or the scene object and select Edit > Positioning > Path.

* Select the path you would like to edit. The path type depends on the object(s) you would like to rotate:

* To rotate the selected object itself, select MyAnimation.

* To rotate the MUs that the selected object processes, select ChildAnimation.

You cannot define a rotation path for any of the other path types.

* Click the tab Modify and then click Rotation. Edit the settings in the dialog Create Rotation Path that opens.

p— . - - - 2 157
Edit Path of SingleProc Create Rotation Path for SingleProc
Fre Start position Rotation
Path type: Childanimation v._ Translation Axis [m]: Center [m]: Angle [degrees]:
Path name: Default bl | L - i sl
Edit In Scene | EditData | Test 7,075 z: |1 z: |0
Steps [#]:
Rotation mode: Absolute |¥| | Ancher points... [ ] [ 7 Axis ] [ Origin ] 10
Curve distance: m [ Center of Top ] [ Y Axis ] [ Start Position ] Duration [sec]:
Extrusion distance: m 1
[ OK ] [ Cancel ] [ Apply ]

* Enter the Start position where the rotation starts in the coordinate system of the selected object. You can select

two predefine positions by clicking one of these buttons:
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* Origin of the selected object, i.e., (0,0,0). This is useful for the MyAnimation paths, where you want the selected
object to rotate around its center axis. In that case the start, end and center positions have to be identical.

* Center of Top of the graphic of the selected object. This is useful for the ChildAnimation paths where, for ex-
ample, you want the incoming MUs to rotate on a table top.

* Enter the values for the AXxis around which you want to rotate the object or the MUs.
* Normally, you will use the Z-Axis (0,0,1) to rotate the object on the XY plane.
* You also can define the Y-Axis (0,1,0) to rotate the object on the XZ plane or the
* X-Axis (1,0,0) to rotate the object on the YZ plane.
Naturally you can also define any other axis to rotate the object diagonally in 3D space.
To tilt the rotation axis, and thus the way the MU rotates, you would enter a value into at least two text boxes.
You can change one, two or three settings to tilt the axis the MU rotates around on the surface of the object.

* Enter the Center point of the rotation in the coordinate system of the selected object. If the center is not the
same as the start position, the rotated object moves on a circular arc and stops at a different position than its
starting point, except after a 360 degree rotation.

To rotate an object around its own center, you can click one of the following:
* Origin, which rotates the selected object itself. This applies to MyAnimation paths.
* Start position, which rotates MUs that are transferred to the object. This applies to ChildAnimation paths.

* Enter the Angle in degrees where the rotation starts and ends. The values may not be identical, otherwise the
3D Viewer does not execute any rotation at all. They can be greater than 360 degrees and smaller than -360 de-
grees to cause more than one total revolution.

The Start and the End angle define the direction of the rotation, depending on which value is the greater one:
* An end angle greater than the start angle results in a clockwise rotation.
* An end angle smaller than the start angle results in a counterclockwise rotation.

* Enter the number of rotation Steps. Every step the rotation proceeds is defined by End angle minus Start angle
divided by the number of Steps. The more steps you define, the smoother the rotation will be, but also the more
RAM-intensive.

* Enter the Duration in seconds you want the entire rotation to last and enter the Realtime scaling factor into the
dialog 3D Preferences. A small number slows down the animation, a large number speeds it up.

* Click Apply to calculate the animation path. This path is the trace on which the animated object moves. The
movement on this path is the rotation.

Note: The result of the calculation overwrites the previous anchor points of the selected MyAnimation or Child-
Animation path.

* To test the rotation path you defined, click the tab Test in the dialog Path, select an Animated graphic and start
the test animation.
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* If the rotation movement does not meet your expectations, open the dialog Create Rotation Path again, and edit
the parameters there. Then, click Apply and test the settings again until the rotation meets your needs.

* To change the duration of one or more individual rotation steps, click the tab Modify in the dialog Path, and click
Anchor Points to open the dialog Edit Anchor Points.

On the tab Time you can edit the Cycle time of every anchor point, which corresponds to the rotation steps.

Test an Animation Path

After defining the animation path, you can test the settings you chose on the tab Test, and modify them, if the re-
sults do not meet your expectations. This way, you do not have to run a simulation to test your settings.

* Select the Animated graphic, i.e., an MU whose graphic the 3D Zewer copies and uses as the test object.
* Enter the Velocity with which the test object moves on the path.
* Select if the test object moves in a forward direction or if it moves Backwards.
The 3D Viewer automatically enters a negative Velocity, when you select Backwards.
* Click Play to play the animation with the settings you selected.
* Click Pause to pause the test animation.

* Click Stop to stop the test animation.

566 Modeling in the 3D Viewer



Attach a Camera to an Object Modeling a Fly Through

Modeling a Fly Through

To view the scene “through the lens” of an object you can attach a camera to it. This camera then moves along with
the object through the scene during a simulation run. By turning or tilting the camera, you can control the direction
and the angle at which you look at the scene.

The 3D VViewer visualizes the camera with a viewer tool object as the icon of the camera. At present the 3D zewer
provides three different cameras:

* The main camera through which you view the scene in normal view.
* The object camera, which you attach to a specific object and which moves with this object through the model.
* The animation camera, which moves along an animation path you defined.

Once you have attached a camera or started a camera operation, you can toggle the object camera or the animation
camera and the main camera:

* By clicking # on the 3D Standard toolbar.
* By pressing the F4 key.
* By selecting View > Camera > Toggle.

Attach a Camera to an Object

To attach a camera, through the lens of which you look at the scene, to an object:

* Select a single viewer object.

* Click € on the 3D Camera toolbar or select View > Camera > Attach.
* Depending on the settings described below, the 3D 17Zewer attaches the camera at a defined location:

* If you defined a path of type ChildAnimation for the selected object, and named that path Camera, the
3D Viewer attaches the camera at the location defined by the first point of the vector array named Camera of
the attribute AniPathChild. It also uses the corresponding rotation, i.e., the value of the attribute .4n/Rotation-
Child to set the animation of the attached camera.

To set or to change the point where the 3D Izewer inserts the camera, edit this camera path of the selected
object in the dialog Edit Path:

* If you did not define a ChildAnimation path named Camera, the 3D 1 Zewer uses the first position of the Child-
Animation path named Default. If this position is not defined either, the 3D 1Zewer uses the center of the top
of the bounding box of the selected object as the location where it inserts the camera. Note that the 3D 1 Zewer
adds an offset of 0, 0, 0.1 to these makeshift points, so that your eyes will be located above the top plane.

By default the object camera faces on the positive x-axis using the positive z-axis as Up direction.

As soon as the object, with a camera attached to it, moves, the camera moves along with it automatically.
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Manipulate the Icon of the Camera

To control the direction and the angle at which you look at the scene, as well as the position and orientation of the
corresponding camera view, you can turn of tilt the icon of the camera. You can compare this to turning your head
left or right, and up or down to watch your surroundings while riding a roller coaster.

To transform the icon of the object camera ot of the animation camera .

* To rotate the camera icon, select it, click 4+ on the 3D Modeling toolbar and drag the mouse, and/or use the
dialog Transformation.

* To move the camera left or right, and to the back or the front, select it, click #, hold down the left mouse button,
and drag the mouse.

* To move the camera up or down, select it, click &, hold down the left mouse button, and drag the mouse.
* To scale the camera icon, select it, click @, hold down the left mouse button, and drag the mouse.

* To test your new settings with the lens of the camera, select View > Camera > Toggle or click « on the 3D Cam-
era toolbar.

* To reset the camera, click & on the 3D Camera toolbat.

This removes any of the transformations you defined and returns the object camera or animation camera to the
initial settings the cameras had before you attached a camera or started the animation.

* To animate the camera, select an object for which you defined an animation path and click &.

This creates the impression of you flying on the animation path of the selected viewer object or of the root object
of the scene.

Detach the Camera from an Object

To detach the camera, which you attached to an object, from it:

* Click ® or select View > Camera > Detach. The 3D 17ewer then returns to normal view.
The 3D Viewer also detaches an object camera:
* When you delete the object the camera is attached to.

* When you change the scene.

Animate the Camera

You can animate the camera on any animation path of the selected viewer object or of the root object of the scene,
thus creating the impression of flying through the scene.

To move the animation camera:

* Select a single viewer object or no object at all to select the root object of the scene.

* Click & on the 3D Camera toolbar or select View > Camera > Animate.
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* In the dialog Fly on Path of select one of the types of animation paths you defined for the selected viewer object
or the root object of the scene from the list Path type.

Fly on Path of Track Fly on Path of Track
Path type: Path type: Childanimation Nl
Path name: Default v Path name: Default A
Velodity: 1 [IBackwards Velocity: 1 [JBackwards
Animation: B | | | Animation: il

* Select the name of the path for the selected viewer object or the root object of the scene from the list Path name.

* Enter a positive number for the forward Velocity in meters per second, which the 3D IZewer uses for the anima-
tion.

Enter a negative number for the Velocity in meters per second to move the camera backwards.
* Select Backwards if you want the camera to move backwards towards the starting point of the animation path.

Note that the 3D iewer automatically enters a negative velocity into the text box when you select the check box.

* To start the animation, click Play B . The 3D jewer now shows the scene through the lens of the animation cam-
era, which moves on the path you designated with a lens offset of (0, 0, 0.1).

* To pause the animation of the camera, independent of the simulation, click Pause I,

* To stop the animation of the camera, independent of the simulation, click Stop ®.

At the end of the animation the viewer sets the main camera to the last point where the animation camera was lo-
cated and deletes the animation camera. To return to the last view of the main camera, click 4= -.

To test the camera animation path you defined, you can click the tab Test in the dialog Edit Path, select an Animated
graphic and start the test animation.

Switch Between the Cameras

Toggling the cameras allows you to view the scene from different angles and from different points of view.
To switch between the object camera or the animation camera and the main camera:
¢ Click # on the 3D Camera toolbar or select View > Camera > Toggle.

In our sample model we attached a camera to the hanger marked with a bounding box in the screenshot below.

When you click = on the 3D Camera toolbar in normal view, the 3D Iewer shows the three-dimensional tool
object, which the visual camera represents.
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When you view the scene through the lens of the camera, the three-dimensional tool object disappears behind
the eye of the viewer.
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Recording a Video

You can record a video of the crucial parts of your simulation model. This way, you can pass the video on to any-
body or publish it on the intranet or the internet, without the person viewing the video having to install Plant Sim-
ulation on his computer. The recorder creates an AVI file that any multimedia player can play.

The 3D Video toolbar & Quo. b provides all tools for recording and playing the video.

Set Up the Scene for Recording

There are a number of items to keep in mind before you start recording the scene:

* Drag the scene window to a size that shows all you want to show to the viewer, but not more, unnecessary in-
formation.

The size of the scene determines the size of the video, a large scene uses more processor time and might take a
long time to animate and creates a larger video files.

* Select the check box Record client area only in the dialog Video Settings to only record the contents of the actual
scene window, without the title bar, the menu bar and the toolbars. This not only reduces the physical size of the
play back window but also the size of the recorded file.

* Decide from which position and which angle you want to view and record the scene. Then, rotate and zoom the
scene accordingly before starting the simulation. Be awate that when you manipulate the scene, the 3D 1Zewer
might react sluggishly while recording,.

Selecting Video Settings

After you prepared the scene, select settings for recording it. Click & on the 3D Video toolbar.

* Depending on what you want to show, you can enter a different number of frames per second as the Playback
rate.
When the Playback rate is twice the Recording rate the playback will be half as long.

* Select the check box Record client area only to only record the contents of the actual scene window, without the

title bar, the menu bar and the toolbars. This not only reduces the physical size of the play back window but also
the size of the recorded file.

¢ Enter the location and the name of the recorded AVI file into the text box

Output file Inst 1 . ; . ) . ) ) . |
] - Instead you can also ick Browse, select a location and enter a file nam
Name: | it Simulation 10.0\default.av] Browse... stead, c soc , selec cation and enter a 11le name

into the dialog Save As.

Note: To prevent the 3D iewer from overwriting the last AVI it recorded, rename it before recording another
video.
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Video Settings

Frame rate

Desired: Actual:
Recordingrate: | 5.000000 | | 0.000000 | frames/sec.

Playback rate: 25 frames/sec.

Duration

Stop at simulation time: | 0.000000 seconds

Record area
Record dient area only

Qutput file

MName: | C:\Plant Simulation 9.0\defau

Video Compression

Cinepak Codec by Radius v
During the recording session
. the captured window must not be resized .
* and it has to be the active window.
[ QK ] [ Cancel ] [ Apply ]

Selecting a Video Compressor

Selecting the correct codec for your purpose can be a difficult task. As with any kind of compression you have to
find the right trade-off level between file size and quality of the AVI. As a rule, you will select MPEG-4 or DiyX.

When selecting a video codec you have to take into consideration: the time it takes to encode the video, how widely
known and available the video codec is, and which compression ratios can be achieved for an acceptable quality
level.

Cingpak is a widely used AVI codec. It still provides really fast playback. Indeo 3.2 provides similar or slightly superior
image quality for same compression, while Indeo decompression is much more CPU-intensive than Cinepak.
Cinepak is the best codec to use to insure ease of playback. Cinepak is based on Vector Quantization and Frame
Differencing to compress the video.

Other technologies, such as the Block Discrete Cosine Transform and Motion Compensation, achieve superior

compression, with smaller files for the same subjective visual quality. Codecs that are better than Cingpak in that
respect are Microsoft H.263, MPEG-4, and Indeo Video 5.x.

In October 2002 we found information on these web sites:
http:/ /www.synthetic-ap.com/qt/codec2.html (Bob Currier)
http:/ /www.jmcgowan.com/avicodecs.html (John McGowan)

http:/ /www.slashcam.de/katalog/Wissen_Codecs.html
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Note: Some codecs provide more or less refined configuration settings. Click the Help button in their dialogs and
consult the Help file for details about the settings you can choose.

Video Compression

Intel Indeo® Videa 4.5 v

C
Microsoft Video 1
DivX Codec 4.01
TechSmith Screen Capture Codec

Microsoft Video 1

To save your AVI file with 8 bit color or 16 bit color, select this.

Cinepak

Cinepak provides the fastest playback of compressed video files. While Inzel Indeo 1ideo 4.5 provides similar or
slightly superior image quality for same compression, Indeo decompression is much more CPU intensive than

Cinepak.
Cinepak is asymmetric, i.e., it takes much longer to compress the video than it does to decompress and display it.

Unlike other codecs, Cingpak handles video containing a lot of motion quite well. In more static video, such as tak-
ing head shots, there is noticeable temporal aliasing, or pixel crawl.

Intel Indeo Video 4.5

Just like Cinepak Intel Indeo 4.5 is an asymmetric codec, but it compresses the AVI faster.

Indeo produces a sharper, more color correct, image with low motion video, while Cinepak produces better results
for video with a lot of motion.

DivX
The DivX Codec is based on MPEG-4 and provides just as high compression rates.

Note: In the present version the 3D [Zewer and the DivX codecs do not work together very well. We recommend
to not use it until further notice.

Record the Video

After you set up the scene and selected the video settings, you can record the video by using the features on the 3D

Video toolbar & eug »

* If you do not want to record the scene from the beginning of the simulation, start the simulation and let the
animation proceed to about the time you want to start recording. Then, click ® to start recording.

* If necessary, reset the simulation model by clicking K.

* To start the simulation, click Start B

* To start recording the animation, click @ on the 3D Video toolbar.
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Note: Be aware that the recorder records the contents of the currently active window. If you click into another
window during the recording session, or roll the mouse over a button to display a tooltip, these will show
up in your recorded video. This might ruin your recorded video.

* To cancel recording, click €.
* To pause recording, click W. This deactivates the Pause button M.

You might pause recording if you do not want to show a certain section of the animation, and start recording

the next section of interest by clicking ® again.

* To stop recording the video, click B.
The 3D UViewer shows a dialog telling you that it saved the A VI file to the location and with the name you entered.
Click OK to close the dialog and to continue working.

* To stop the simulation, click B on 3D Standard toolbar.

Note: If you want to view the video after you recorded it, we recommend to stop the simulation, as it uses a
considerable amount of your computet’s resources.

Play the Video

After you have recorded the video, you can play it the way you recorded it. Or you can edit it with a digital video
application, such as Adobe Premiere, etc.

* To play the video, click k.

* At present the 3D iewer plays the video back in the Windows Media Player, not in the player you select as the de-
fault player under MS Windows.
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Advanced Features

The more detail you add to your simulation model, the more time it takes the 3D Zewer to render and to show the
scene. From a certain point on the 3D ewer will react sluggishly to your interactions. For this reason we provide
a number of ways for optimizing performance by using the most efficient visualization.

Transformation
Position: Rotation  Scale:
angle:
a 0.1
0 0 0.1

Adding a Material to an Object

You can define the surface qualities, i.e., the material of the object: how well it reflects light, what color it reflects,
and what color it emits.

You can also view these settings in the dialog, which the command Show Attributes on the context menu opens,
under the attributes Color and Material. Note these two attributes interact, i.e., the first value, Maferial, matches the
value of the attribute Color, compare Select the Color of the Object.

Define a Material

To define properties of the material of an object:

* Select the object and click @ on the 3D Modeling toolbat.
Or
Right-click the object and select Edit > Material.
Or

* Select Edit > Appearance > Material to edit the material of the object.
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Edit Material of SingleProc
MName: [ Browse... ] [ Save As...
Red: Green: Blue:
Diffuse color: T v |4 204 204
ambientcolor: | N |~ | 41 41 21
speculer color: | AR |~ © 0 0
Emissive color: ] 0 0
Transparency: [u]
Shininess: 0.2
{1 JESE S I S S A o L S S L R B
[ Reset ] [ Get ] [ O ] [ Cancel ] [ Apply ]

* To select one of the materials, which are part of your program package, click Browse, navigate to the folder in
which the materials are located, by default C:\Program Files\Tecnomatix\Plant Simulation\3D\materials\..., and
pick one of the I"RML (wr) files.

For these materials we already defined all color properties, as well as the Transparency and the Shininess.

You can use one of these materials to create your own material with different settings. Modify any of the settings,
and click Apply to check your changes. Then, click Save As and enter a name into the dialog that opens to save
this new material.

Instead, you can also enter the values of the RGB components into the text boxes.
* To apply a Diffuse color, click the down arrow and select a color in the color selector.

The diffuse color is the reflection of light from an uneven surface so that an incident ray is seemingly reflected at
a number of angles. It is the complement to specular reflection. If a surface is completely nonspecular, the re-
flected light will be evenly spread over the hemisphere surrounding the surface.

* To apply an Ambient color, click the down arrow and select a color in the color selector.

The ambient color is the color of the light reflected from the object when it is lit by another ambient object in
the scene. Enter a value between 0, for a weak reflection, and 255, for a strong reflection.

* To apply a Specular color, click the down arrow and select a color in the color selector.
The specular color is the reflected color of the object’s highlights.
* To apply an Emissive color, click the down arrow and select a color in the color selector.

The emissive color is the color emitted by the object. A lamp shade might have a base color of yellow. When you
turn the lamp on, though, the emissive color might be white.

* To apply a Transparency, drag the slider or enter a value between 0. 0, for opaque, and 1. 0, for completely trans-
parent, into the text box.

The transparency sets how opaque or clear the object is. Water, for example, might be more clear than opaque.
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* To apply a Shininess, drag the slider or enter a value between 0. 0, for a very dull surface, and 1.0, for a highly
polished surface, into the text box.

The shininess sets how sharp light is reflected by the object. A billiard ball, for example, has a large shininess,
making for small and sharp highlights.

* To apply the material you selected to the object, click Apply.

* To delete the material you applied to the object, click Remove.

Edit the Attributes for Color or Material
Instead of using the dialog Material you can also edit the attributes Color or Material.
Select Edit > Data > Any Attribute.

The dialog Attribute shows the path and the name of the object in the text box Attribute. Enter a period (.) and Color
after what is displayed in the field.

Set Attribute SingleProc
Attribute: .Models.Frame.SingleProc. color

Value: =ffoooo Fl
[ Get ] [ QK ] [ Cancel ] [ Apply ]

* Enter the name of one of the eight primary colors, black,blue, cyan, green, magenta, red, white or yellow
into the text box or of any other color that is located as an I"RML (wr/) file in the folder Materials in the folder
whete the Plant Simulation is installed.

Note: When the 3D 1Zewer does not find the name of color you entered, the object keeps its current color. The
main advantage of this approach is that you can also access the attributes from Plant Simulation.

* Click Get, to show the current color of the object as a packed RGB value, for example #000000 for the color
black, #££0000 for the color red, etc.

Flattening the Hierarchy of a 3D Graphic

Flattening the hierarchy of a 3D graphic deletes unnecessary information from the object, allowing for faster ren-
dering and a quicker display of the object.

Note: As you cannot restore discarded data, only flatten the graphic after you are done modeling the object! You
will not detect any difference in the appearance of the object, as the 3D 1Zewer only adjusts its structure for
better performance.

To flatten a 3D graphic:
* Change to the tab 3D Library in the Explorer. Right-click anywhere in the background of the tab and make sure

that Display Plain Graphics X Display Plain Graphics | is selected.
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* Click the object whose graph you would like to flatten in the scene window and select Edit > Graphic > Flatten

Graph.

Watch the effects of flattening the hierarchy of the 3D graphic on the tab 3D Library:

Graph before flattening

Graph after flattening

=30 SingleProc
=-{) 0(2)-visMetaDataNode-

= ﬂ 0-JtInstance-SingleProc2_2716.part; 24;0:

=-{5) 0-visPartiode-
=-{) 0-JtRangeLOD-
= ﬂ 0-JtGroup-
() 0-)tTristripset-
= ﬂ 1-JtGroup-
() 0-)tTristripset-
= ﬂ 2-JtGroup-
() 0-)tTristripset-

+ ﬂ 1-JtInstance-SingleProc2_3578.part; 24;0:

=-{) 0(2)-VisPartode-
=-{) 0-JtRangeLOD-

= ﬂ 0-JtGroup-

= ﬂ 1-JtGroup-

= ﬂ 2-JtGroup-

+-[F 1-JtRangelOD-

() 0-)tTristripset-
() 0-)tTristripset-

() 0-)tTristripset-
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#, number sign

customized index, column example 431

.dwg file, scale 69
.obj
load object into folder 60
.s3d
file with animation path 540
wil
file with animation path 540
for materials 577
<, less than
AttributeExplorer 479
ExperimentManager 312
<=, less than or equal to 479
=, equal to
AttributeExplorer 479
ExperimentManager 312
==, about equal
ExperimentManager 312
==, equal to, case insensitive 479
>, greater than
AttributeExplorer 479
ExperimentManager 312
>=, greater than or equal to 479
_BNanalysed 389
_PathGridDistance 559
/=, unequal to
AttributeExplorer 479
ExperimentManager 312

Numerics

100% Stacked Areas 358
100% Stacked Bats 358
100% Stacked Columns 357

Index

2D
model 481
3D
model, 3D Viewer 481
3D Columns 359
3D geometry, import 540
3D Length to/from 2D Length
while modeling 535
3D model, create from 2D model 488
3D Position to 2D Position
while modeling 535
3D shape
attach 545
create 541
3D Surface 359
3D Wireframe 359

A

A.O.L, application object library 492
Abortt, curve mode 236
About equal
AttributeExplorer 479
ExperimentManager 312
Accept Rotation
using 527
Accept Scale
using 528
Access column in table in formula 440
Access row in table in formula 440
Accumulating
illustrated 248
Active
ExperimentManager 310
objects 92
SankeyDiagram 392
Active objects 92
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Align objects in Frame 36
Alt+double-click 163
Alt, press to deactivate snap to grid 238
Analyze, BottleneckAnalyzer 389
AND operator

AttributeExplorer 480

ExperimentManager 312
Anderson-Darling 296
Animate

objects 545

simulation 545

simulation model 317
Animating Your Simulation Model 317
Animation

activate and deactivate 318

trigger in 3D viewer 546
Animation camera 567
Animation lines

defining 322
Animation path

of an object 554

of the scene 554

working with 552
Animation points

colors 323

defining 322

link, unlink 323

move 323
AniPathChild

example 548

example for attaching camera 567
Application object library, A.O.L. 492
Application objects

create with Dialog 447
Apply argument

example 471
Areas chart 358
Array

example of an attribute 547

indexed, example 548
Attach 3D shape 545

Attribute table
Source, using 95
Attribute Viewer, button 474
AttributeExplorer
find objects with 478
parameterize your model with 472
use 472
Auto Hide
button 11
Autodesk 69

Automatically create 3D simulation model 488

AV
DateFit 291

Background
image of Frame 69
Background color
set in 2D Frame 69
setting in 3D viewer 504
Background image, add to frame 69
Backward scheduling 206
Bar chart
Chart 357
Batch-Mean method 314
Boolean Operation 312
BottleneckAnalyzer 389
Bounds for distributions 297
Breaks, modeling 201
Broker
model with 190
Button
how to add to Dialog 468
resize icon 387

C

CAD file as background for frame 69
Calculations, with formula 438
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Camera
animate from within 2D 549
animation 567
attach from within 2D 549
control from 2D 549
detach from within 2D 549
main 567
object 567
toggle 569
Camera marks
save, return to 501
Camera settings 501
Capacity
define in 3D viewer 531
Carry Part Away
select strategy 119
Case-sensitive
first argument for method sendMessage 547
Cells
changing width of 427
set alignment and color 423
Center angle, in 2D 237
Change order of tabs in Dialog 464
Change size of icon, with Shift+Ctrl 362
ChannellD
User-defined Attributes in 3D viewer 550
Channels, exchange messages 546
Chart
Chart type, selecting 352
select settings for showing data 348
show statistics with 347
Check Box
how to add to Dialog 460
ChildAnimation 552
ChildPolycurve Animation 552
ChildSplineAnimation 552
Chi-Square 296
Cinepak 573
Class
create your own 51
create your own that inherits values 51

described 40
Class Library
modeling with objects in 2D 67
update 60
Classes
creating your own 51
described 39
working with in class library 42
Close argument
example 471
Closing parenthesis 312
Codec 572
Collapse All
Report 374
Collapse the hierarchy 374
Collect data
check box 354
Collecting and preparing data 292
Color
attribute for 3D object 577
define for 3D object 528
grid line, Chart, using 366
of MU in 3D Viewer 528
Sankey diagram 393
Column
cut 424
delete 424
hide in TableFile 428
Column header
enter in dialog 431
Column index
enter in dialog 431
work with 429
Column width
changing 427
Columns
data displayed in chart in 357
commit 409
Communication channels 546
Confidence intervals
in ExperimentManager 306
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Confidence level
defined for data fit 293
Configure
BottleneckAnalyzer 390
Connect
Frames with the Interface 81
objects with the Connector 78
two curved objects 243
Connect mode, terminate 518
Connecting objects
in 2D 36
in 3D viewer 518
in the Frame 36
Connections
establishing 518
update 519
updating in 3D viewer 519
Connector
connect objects with 78
create non-straight connection 79
create right-angled connection 79
work with 78
Control
the simulation 37
Control view, in 3D Viewer 506
Controlling the Simulation with the EventController 83
Controls
define for different types of stations 156
for length-oriented objects 158
for point-oriented objects 157
unplanned, example 209
Convert 3D file formats 551
Conveyor
accumulating, non-accumulating 247
modeling a simple 246
Coordinates
map in 2D /3D 504
Copy
object in Class Library 52
pointer 52
Copy pointer 52

Copy/Paste to Windows Clipboard 427
Create
3D model 481
3D model from 2D model 488
3D shape 541
a new object in 3D viewer 516
first, simple simulation model 34
icon 319
model in 2D 31
Creating Parts with the Source 93
Crosshairs 36
Cross-sliding car
library 252
working with library 252
CSC
cross sliding car, model with 252
Current time plus simulation time 83
Curve
change shape of 242
create with SimTalk commands 243
draw without fixed values 242
insert pointing to the left 240
insert with 90° angle 239
insert with fixed values 239
keyboard shortcuts for inserting 245
work with 235
Curve mode, terminate 236
Curved objects
work with in 2D 234
work with in 3D 234
Curved segment
insert in 2D 235
insert in 3D 558
Custom attribute, how to define 170
Custom Attributes
how to define 170
in 3D Viewer 550
Custom column index
how to define 431
Custom context menu 72
Custom menu 72
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Custom row index

how to define 431
Cyclic

select strategy 119
Cyclic sequence

select strategy 120

D

Data source, set up 409
Data type
for column index 430
Database
import data from with ODBC 409
import data from with Oracle 416
DataFit
how to use 293
Daylight saving time
select options 22
use in BEurope 22
use in the US 22
DDE
link to Microsoft Excel, example 379
Defining Processing Times 139
Del key
in 3D Viewer 516
Delete MUs
different ways of 90
Delivery list 94
Delivery Table
using to create parts 94
Dialog
create user-defined 447
design a simple 450
design and layout considerations 448
design with tabs 461
Dialog windows
described 14
show or hide all 15
Display
BottleneckAnalyzer 390
Sankey diagram 392

show statistics with 375
Display flows on layer 393
Display options, for the chart 359
Display Panel

examples of how to use 339
Distribution

select the right one 293
Distributions with bounds, use 297
DivX 573
Docking window

described 11
Drag-and-drop

in table 428

show object in Report 371

show statistics in Chart 348

work with 91
Drain

remove parts from the model 114
Drop-Down List Box

how to add to Dialog 457
dwg file 69
dxf file 69
Dynamic parameters 310

E
Edit
lists and tables 427
Enter data into cell in lists 427
Enter times 141
Entrance control
how to create 154
Equal to
AttributeExplorer 479
case sensitive, AttributeExplorer 479
ExperimentManager 312
Esc
restore contents of cell 427
terminate connect mode 518
undo modifications 522
Evaluate, data in DataFit 296
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EventController

controlling simulation with 83

run simulation 37

select settings 85
EventDebugger

working with 86
Excel

export data to 441

import data from 398

show statistics with 377
Exchange Graphic

how to 529
Executing simulation experiments 298
Exists, attribute in AttributeExplorer 479
Exit control

how to create 154
Exit Strategy

setting the different 117
Expand All

Report 374
Expand the hierarchy 374
Experiment run 303
ExperimentManager

how to use 299
Exporter

model with 190
Expression 479
Extrusion object

add new segments to 557

creating 554
Extrusion path, defined 553
ExtrusionPolycurve 553
ExtrusionProfile 553
ExtrusionSpline 554

F

F1

open help for selected object in Frame 78
Fail

object manually 145

object with failure generator 146

Failures
defining 146
modeling 145
Familiarize yourself with the program 6
Feed machines with portal crane 280
FileLink
example 381
Filter
data in DataFit 294
Find
any soutce code 28
any text within a table 29
attribute of an object 27
condition of an object 27
name of an object 24

objects and attributes with AttributeExplorer 478

objects and text in the class library 24
using regular expressions 260
Find Object
described 24
Finding Objects and Text 24
Fine-tune location of objects in 3D 521
Finish, exit insert curve mode 236
Fit, data in DataFit 295
Flatten graph
how to 577
Fly Through 567
Folder
R for root folder 50
save as library 54
Folder structure 49
Folders, work with in class library 52
Foreground, open list as dialog window 443
Format Table
ODBC example 413
Formula
access table in column, xself 440
access table in row, ySelf 440
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define processing time in, example 107
define set-up time in, example 107
how to use 438
in table 440
Forward scheduling 206
Frame
add background color 69
add background graphic 69
align objects in 36
draw graphic onto background 71
insert object into 35
move objects in 36
select options 66
working with 65
working with objects 76
From, Chart 366
Front
Control, using 159

G

General options 18
Geometry, import 540
Getting the format of columns and rows 434
Goodness-of-fit test 295
Graph and Table 359
Graphic

exchange of 3D object 529

object 485

use a different one for 3D object 529
Graphic inheritance, using 541
Graphic object, illustrated 485
Greater than

AttributeExplorer 479

ExperimentManager 312
Greater than or equal to 479
Grid

add grid lines 508

darken colors 508

move 514

position, example 512

properties 507

scale 510

settings 507

show, hide 507

size 510

size, example 510

tilt in dialog, example 513

tilt manually 513

working with in 3D viewer 507
Grid lines

add 508

show in scene 508
Group

objects in 3D viewer 523
Group Box

how to add to Dialog 458

H

Handle
for moving connector 79
for moving toolbar 13
of Connector 76
Height
chart, dialog element 359
icon, Report 372
object, Report 372
Hide
3D Viewer toolbar 481
Hide Class Library, auto hide 11
Hide Console, auto hide 11
Hide Toolbox, auto hide 11
Hiding columns 428
Hierarchical modeling
described 62
overview 496
Histogram
show statistics with 353
Holidays, model 204
HTML Report
create 366
using with ExperimentManager 307
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I

Icon

create 319

edit 318

Report 372

setting transparency 321

work with 318
Icon Editor

work with 318
1D

Sensor, example 162
Identical objects, in 2D and in 3D 486
Image

how to add to Dialog 468
Implement simulation project 4
Import

VRML file 551
Importer

model with 190
Index Limits 432
Inherit

user menu, example 73
Inheritance

active 41

not active 41

show in class library 42

use 41
Input, data into DataFit 294
Insert

curved and straight segments, in 2D 235

curved and straight segments, in 3D 558

object in 3D 516

object into Frame 35

several instances at once 518
Insert object

different ways of 67

from the class library 67

from the toolbox 68

into the Frame 35
Inserting a Range into a Table 428
Instance, described 40

Intel Indeo R3.2 573
Interface
model transitions between Frames 81
work with 81
Internal
cursors 434
Interval adjustable
produce parts 96

K

Kanban system, modeling 222
Kolmogorov-Smirnov test
example 296

L

Labels, add to chart 364
Least Recent Demand

select strategy 121
Left-pointing curve 240
Legend

add to chart 364
Length

sensor 162
Length-oriented objects

described 93
Less than

AttributeExplorer 479

ExperimentManager 312
Less than or equal to 479
Level of significance 293
Library, save folder as 54
Line chart 358
Line Style

for Annotations 366
Line with Markers 358
Linear sequence

select strategy 121
List Box

how to add to Dialog 465
List Editor 427
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List View
how to add to Dialog 466
List, open as dialog in foreground 443
Lists
cursors 434
Index Limits 432
search interactively 435
search manually 435
search with methods 434
using 429
Load
folder into folder 60
object into another model 54
object into folder 60
parts 127
Load Object
when to use 59
with drag-and-drop 60
Load Object into Folder
how to 60
Load parts 127
Location-oriented material flow objects 92
Locations
enter number of 533
using 530
LockoutZone
model 210
Lower Cotner, described 535

Main camera 567
Manipulate

objects precisely 521

objects with the mouse 521

scene with mouse 499
Map coordinates 504
Mapping

locations, select how to 532
Mark objects for transmitting data 546
Markers 358

Marquee 76
Material
add to object 575
define for 3D object 575
Material flow
model advanced 154
model basic 92
Materials handling equipment
cross sliding car, example 252
Matrix(type) distribution
example 138
Max. Contents
select strategy 122
Max. Num. In
select strategy 122
Max. Proc. Time
select strategy 122
Max. Rel. Occu.
select strategy 122
Maximum set-up time, strategy 123
Menu
how to add to Dialog 453
Menu Item
how to add to Dialog 453
Merge Report, when updating libraries 48
Messages
automatically send to 3D Viewer 546
user-defined 546
Method Action 313
Method Condition 312
Middle mouse button 483
Min. Contents
select strategy 123
Min. Num. In
select strategy 123
Min. Proc. Time
select strategy 123
Min. Rel. Occu.
select strategy 124
Minimum Set-up Time, strategy 124
MLCG 151
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Mode
sample, Chart 352
watch, Chart 352

Model
accumulating conveyor 247
conveyor 246
create in 3D viewer 481
hierachically 62
hierarchically, overview 496
interfaces between Frames 81
portal crane 260
transitions between Frames 81

transport system with active elements 246
transport system with passive elements 249

transport systems 233
with classes and instances 39
Modeling concepts 1
Modeling Failures 145
Modeling Options for the Frame 20
Most Recent Demand
select strategy 124
Move
object in 3D 521
object in Class Library 52
object precisely 523
on predefined path 504
parts from station to station 115
parts using an observer 164
pointer 52
through 3D scene 502
within hierarchy in 3D Viewer 496
Move folder 52
Move object
in 3D 521
Move Object Vertically
in 3D viewer 521
Move objects
by pixels/gtid units 76
in Frame 36
in tree window 52
Move pointer 52

Move Up

object in list, example 457
MS Excel

export data to 441

import data from 398

show statistics 377
MTBF

ExperimentManager 291
MTTR

ExperimentManager 291
MU Attribute

select strategy 124
Multiple Paste

described 517
Multiplicative Linear Congruential Generator 151
MUs

color in 3D Viewer 528
MUs to be watched 392
MyAnimation 552
MyPolycurveAnimation 553
MySplineAnimation 553

Name

detect if objects are identical in 2D and in 3D 486
Navigate

through 3D scene 502
Navigating

in 3D Viewer 499

with mouse and keyboard 499
Nested list

open 427
New Rule 311
Next

list 503
Nudge objects by pixels/grid units 76
Number Adjustable

produce parts with 101
Number of Locations 533
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(0]
Object
animating 545
copy in Class Library 52
define rotation of 320
identical in 2D and in 3D 486
Inserting 35
move in Class Library 52
Report 372
same in 2D and 3D 486
select 76
Object camera 567
Object classes 39
Object windows, described 15
Objects
active 92
identical in 2D and in 3D 486
passive 92
work with in class library 52
Observer
example in 2D 164
ODBC
import data from a database 409
Offset
for locations in 3D viewer 534
Open
nested list 427
ranking table 390
Open a List as a Dialog Window in the Foreground 443
Open argument
example 471
Opening parenthesis 311
Operating plan 105
Operations plan 105
Operator
ExperimentManager 312
Optimize simulation model, genetic algorithms 313
Options
for Frame 20
general 18
setting, described 17

OR operator

AttributeExplorer 480

ExperimentManager 312
Oracle

import data from database 416
Orientation

of scene in 3D viewer 500
Origin

show in class library 42

P

Pack and Go
how to proceed 314
Pan Scene
with the mouse 499
Parameterize your model
with AttributeExplorer 472
with Dialog 447
Parenthesis 311, 312
Passive objects 92
Paste
multiple copies 517
Path
animation 552
delete in 3D scene 558
delete nodes 558
modify shape 557
offset to the grid 559
Pause
control, example 208
Frame 207
material flow objects, how to 207
Pausing frames 207
Pausing material flow objects 207
Percentage
select exit strategy of material flow object 125
Pick objects 519
Pie chart 358
Place object onto each other 530
Plain graphic object
illustrated 485
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Plot mode, Chart 352
Plotter
Chart 354
show statistics with 354
Point-oriented material flow objects 92
Points and Best Fit Curve 358
Points and Best Fit Line 358
Polycurve
edit 558
work with in 2D 234
work with in 3D 234
Portal crane
feed machines 280
load train 272
model with 260
Position
offset 534
Position offset
example 534
Predefined path 504
Preparing data for the simulation 291
Previous
list 503
Print
HTML pages 374
Print view 374
Priority
ExperimentManager 310
removal otder, crane 261
Probability density function
how to use 150
Probability distributions
using 153
Processing time
define 139

define for stations of ParallelProc 144

define in formula, example 1 107
define in formula, example 2 143
depending on type of MU 142

Produce patts
different ways to 93
during an interval you define 96
the number you need 101
using a trigger 103
using delivery table 94
Production sheet 105
Pseudo random numbers 151

R

R, for root folder on icon of folder 50
Radio Button
how to add to Dialog 459
Random
select exit strategy of material flow object 126
Random Number Seed Values
enter 152
Random number stream
working with 151
Random numbers, described 150
Random processes, modeling 149
Range
Chart 351
Rear
control 159
Refresh
Report 374
Refresh the result portfolio 374
Regular expression
AttributeExplorer 479
Relative
sensor 162
Relative time 83
Reload parts 127
Remove
BottleneckAnalyzer 390
parts from the model 114
Rename
class 59
object, in tree window 52
toolbar in Toolbox 61
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Rename object, in tree window 52
Replace
class 59
Replace instance with class
described 41
Replace or Rename Class
how to use 59
Representation
example 536
Resize button 387
Resize toolbox buttons 61

Right mouse button, terminate connect mode in 3D

518
rootFolder
set for your simulation model 50
use 50
Rotate
object in 3D 524
objects during animation 564
snap to an angle 524
Rotate Scene
with the mouse 499
Rotation
accept 527
attribute in 3D Viewer, described 548
chart, dialog element 359
define for object in 2D 320
set with sendMessage 547
Rotation Animation, accomplish 564
Rotation of an Object 320
Routing plan 105
Row
cut 424
delete 424
Row header
enter in dialog 431
Row index
enter in dialog 431
Rule-based settings
using 310

Run
the simulation 37

S

s3d
file with animation path 540
use graphic 529
s3d graphic 529
Sample mode
Chart 352
Sample models, view 8
SankeyDiagram
evaluation tool 391
Save
object 54
Report 374
Save the result portfolio 374
Scale
object in 3D 521
object in 3D, accept 528
object precisely 527
uniformly 527
Scale .dwg file 69
Scaling factor
for .dwg file 69
schedule
example 206
Schedule, production process 206
Search
lists interactively 435
lists manually 435
lists with methods 434
object in Frame by typing its name 76
Segment, change shape of 242
Select
Object 76
Select All
button for lists 427
Select object
in Frame by typing its name 76
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Select objects

in 3D 519
Select rule 310
sendMessage

in 3D Viewer 547
sendMessage("action"," AttachCamera") 549
sendMessage("'action","DetachCamera") 549
sendMessage("animation","#~.Default") 549
sendMessage("CloseAllWindows", " ") 547
sendMessage("NewFrame", " ") 547
sendMessage("token","value") 546
Sensor

open dialog of 163
Sensors

modeling 160
Setting a station up 136
Setting the format of columns and rows 434
Set-Up

matrix type distribution 138

select options 136

select time 138

station 136
Set-up a station according to user-defined attribute 109
Set-up time

define in formula 107
Shape

attach in 3D viewer 545

create in 3D viewer 541
Shift

enter name, days and time 202
Shift System, modeling 201
Shift+Ctrl, change size of icon 362
ShiftCalendar

use to model shift system 201
Shifts

model non-working times 204

stations controlled by ShiftCalendar 205
Show

3D Viewer toolbar 481

contents of Frame in class library 53

Show Class Library
with auto hide button 11
Show Console
auto hide 11
Show Toolbox
with auto hide 11
Simple simulation model 34
Simulation
defined 1
event-oriented 2
prepare data for 291
run 37
time-oriented 2
why use 3
Simulation concepts 1
Simulation experiment, execute 298
Simulation model
animate 317
creating 31
Simulation project, implement 4
Simulation run
view results of 37
Simulation study
execute simple with ExperimentManager 300
how to define 2
implement 4
Snap to Grid
deactivate with Alt 238
described 510
Source
create parts with 93
produce parts with a sequence table 111
Space Navigator 499
Spline chart 358
Spline with Markers 358
Stacked Areas 358
Stacked Bars 357
Stacked Columns 357
Standard transfer behavior
use 115
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Start
experiment run 303
Start at successor 1
select strategy 126

State objects, display in 3D Viewer 550

Static data 292
Static parameters 309
Static Text Box
how to add to Dialog 455
Statistics
different ways of showing 352
plot data 354
show as chart 352
show as histogram 353
show as XY Graph 355
show values with Display 375
show values with report 366
showing in MS Excel 377
showing with the Chart 347
view 324
Statistics Wizard
DataFit 293
described 348
Step-by-Step Help 8
Stochastic data 292
Stop button
EventController 546
Straight segment
insert in 2D 235
insert in 3D 558
Structure your simulation model 49
Style 366
Subclass
create your own 51
described 40
Sublist
create in list 436
Subtable
create in table 436
Switch cameras 569

T

Tab
how to add to Tab Control in Dialog 464
Tab Control, how to add to Dialog 463
TableFile
open as dialog window in foreground 443
Tables
cursors 434
Tabs
change order in Dialog 464
Tangential angle, in 2D 237
Terminate curve mode 236
Text
add to background of Frame 71
Chart 366
Report 371
Text box, how to add to Dialog 456
Textured Plate
how to create 542
Three-button mouse 483
Tilt the grid
in dialog 513
manually 513
Time scale
define for your model 23
Times
how to enter 141
To
Chart 366
Toolbar
add to Toolbox 61
copy objects to another 62
show/hide in 3D Viewer 481
Toolbox
add objects to 62
change order of buttons 62
working with 61
Tooltip
showing information about a branch in Report 370
showing sensor information 130
stacking order of parts in Frame 78
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Tractor

example of how to define 283
Train, load with portal crane 272
Transfer

parts from station to station 115

parts using an observer 164
TransferStation

example 127
Transitions 81
Transmitting messages 546
Transparent

make icon 321
Transport system

model 233

model with Track and Transporter 249
Trigger

use to create parts 103
Tugger trains

model 282
Tutorial, work with online 6
Type

grid lines 365
Types of objects 31

U

Undo

emulate in 3D viewer 522
Unequal to

AttributeExplorer 479

ExperimentManager 312
Ungroup

objects in 3D viewer 523
Uniform scaling

using 527
Unload parts 127
Unplanned

control, example 209
Update

connections 519

model 535

Update Class Library

how to use 60

when to use 59
update, SQL instruction 415
Upper Corner

described 535
User-defined attributes

channel ID for transmitting messages 550

how to define 170
User-defined context menu

how to create 72
User-defined index

columnCustom column index 429
User-defined menu

how to create 72
User-defined objects 539
Using

EventDebugger 86

lists 429

\'/

Value
grid lines 366
Vector graphics
draw onto background of Frame 71
Velocity
update value for 536
Video
play 574
record 573
recording 571
set up scene 571
Video compressor 572
Video settings
how to select 571
View
control in 3D Viewer 506
return to 501
save 501
scene from different sides 500
Viewer object, described 485
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Viewer windows

described 11

work with 13
Viewing and visualizing statistics 324
Viewing the results of the simulation run 37
VRML files, importing 551
VRML graphic 529
VRML, use graphic 529

W

Watch mode
Chart 352
Watchable
Chart 352
Width
icon, Report 372
object, Report 372
Width of sankey streams 393
Window types 10
Windows, types of in 2D 10
Work plan 105
Work schedule 105
Worker
how to model 172
model with 172
Working with
lists and tables 427
tables 428

Working with objects in the Frame window 76

wil, file with animation path 540

X

xSelf, access column in table in formula 440
XY Area 358
XY Arrows chart 358
XY Graph
Chart type, using 355
show statistics with 355
XY Line chart 358
XY Points chart 358

Y

ySelf, access row in table in formula 440

Y4
Zoom
object in 3D 521
Zoom object 521
Zoom Scene
with the mouse 499
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