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PREFACE

NX is one of the world’s most advanced and tightly integrated CAD/CAM/CAE product
development solution from Siemens Digital Industries Software. Spanning the entire range of
product development, NX delivers immense value to enterprises of all sizes. It simplifies complex

product development, thus speeding up the process of introducing products to the market.

The NX software integrates multidisciplinary principles, conceptual design, 3D modeling,
documentation, engineering analysis, graphic simulation, and concurrent engineering. The
software has powerful hybrid modeling capabilities by integrating constraint-based feature
modeling and explicit geometric modeling. In addition to modeling standard geometry parts, it
allows the user to design complex freeform shapes such as airfoils and manifolds. It also merges

solid and surface modeling techniques into one powerful toolset.

This self-guided tutorial and hyperlinks (in underlined blue letters) to YouTube channel video

provide a step-by-step approach for users to learn NX. It is intended for those with no previous
experience with NX. However, users of previous versions of NX may also find this tutorial useful
for them to learn the new user interfaces and functions. The user will be guided from starting a NX
session to creating models and designs that have various applications. Each chapter has
components explained with the help of various dialog boxes and screenshots. These components
are later used in the assembly modeling, machining and finite element analysis. The files of
components are also available online to download and use. To give NX user faster access to new
enhancements and quality improvements, Siemens Digital Industries software begins delivering

the NX software using a Continuous Release methodology.

Our previous efforts to prepare the NX self-guided tutorial were funded by the National Science
Foundation’s Advanced Technological Education Program and by the Partners of the

Advancement of Collaborative Engineering Education (PACE) program.

If you have any questions or comments about this tutorial, please email Ming C. Leu at

mleu@mst.edu or Chia-Hung Hung at hungch@mst.edu. The models and all the versions of the

tutorial are available at http://web.mst.edu/~mleu.
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CHAPTER 1 - INTRODUCTION

The modern manufacturing environment can be characterized by the paradigm of delivering
products of increasing variety, smaller batches and higher quality in the context of increasing
global competition. Industries cannot survive worldwide competition unless they introduce new
products with better quality, at lower costs and with shorter lead-time. There is intense
international competition and decreased availability of skilled labor. With dramatic changes in
computing power and wider availability of software tools for design and production, engineers are
now using Computer Aided Design (CAD), Computer Aided Manufacturing (CAM) and Computer
Aided Engineering (CAE) systems to automate their design and production processes. These
technologies are now used every day for all sorts of different engineering tasks. Below is a brief
description of how CAD, CAM, and CAE technologies are being used during the product

realization process.

1.1 PRODUCT REALIZATION PROCESS

The product realization process can be roughly divided into two phases: design and manufacturing.
The design process starts with identification of new customer needs and design variables to be
improved, which are identified by the marketing personnel after getting feedback from the
customers. Once the relevant design information is gathered, design specifications are formulated.
A feasibility study is conducted with relevant design information and detailed design and analyses
are performed. The detailed design includes design conceptualization, prospective product
drawings, sketches and geometric modeling. Analysis includes stress analysis, interference
checking, kinematics analysis, mass property calculations and tolerance analysis, and design
optimization. The quality of the results obtained from these activities is directly related to the

quality of the analysis and the tools used for conducting the analysis.

The manufacturing process starts with the shop-floor activities beginning from production
planning, which uses the design process drawings and ends with the actual product. Process
planning includes activities like production planning, material procurement, and machine
selection. There are varied tasks like procurement of new tools, NC programming and quality

checks at various stages during the production process. Process planning includes planning for all
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the processes used in manufacturing of the product. Parts that pass the quality control inspections

are assembled functionally tested, packaged, labeled, and shipped to customers.

A diagram representing the Product Realization Process (Mastering CAD/CAM, by Ibrahim Zeid,
McGraw Hill, 2005) is shown below.

———————————————————————————————————————————————————————————————————————————————————————————————————————

1 1
| | |
! 1 oy aqe !
| L. | Customer Design definition and Feasibility 1]
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1.2 BRIEF HISTORY OF CAD/CAM DEVELOPMENT

The roots of current CAD/CAM technologies go back to the beginning of civilization when
engineers in ancient Egypt recognized graphics communication. Orthographic projection practiced
today was invented around the 1800s. The real development of CAD/CAM systems started in the
1950s. CAD/CAM went through four major phases of development in the last century. The 1950s
was known as the era of interactive computer graphics. MIT’s Servo Mechanisms Laboratory
demonstrated the concept of numerical control (NC) on a three-axis milling machine. Development
in this era was slowed down by the shortcomings of computers at the time. During the late 1950s
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the development of Automatically Programmed Tools (APT) began and General Motors explored

the potential of interactive graphics.

The 1960s was the most critical research period for interactive computer graphics. Ivan Sutherland
developed a sketchpad system, which demonstrated the possibility of creating drawings and
altercations of objects interactively on a cathode ray tube (CRT). The term CAD started to appear
with the word ‘design’ extending beyond basic drafting concepts. General Motors announced their

DAC-1 system and Bell Technologies introduced the GRAPHIC 1 remote display system.

During the 1970s, the research efforts of the previous decade in computer graphics had begun to
be fruitful, and potential of interactive computer graphics in improving productivity was realized
by industry, government and academia. The 1970s is characterized as the golden era for computer
drafting and the beginning of ad hoc instrumental design applications. National Computer
Graphics Association (NCGA) was formed and Initial Graphics Exchange Specification (IGES)

was initiated.

In the 1980s, new theories and algorithms evolved, and integration of various elements of design
and manufacturing was developed. The major research and development focus were to expand
CAD/CAM systems beyond three-dimensional geometric designs and provide more engineering

applications.

The present-day CAD/CAM development focuses on efficient and fast integration and automation
of various elements of design and manufacturing along with the development of new algorithms.
There are many commercial CAD/CAM packages available for direct usages that are user-friendly

and very proficient.
Below are some of the commercial packages in the present market.

e Solid Edge, AutoCAD, Inventor and TurboCAD are some affordable CAD software

systems.

e NX, Creo, CATIA, SolidWorks, and Simcenter 3D are high-end modeling, designing
software systems that are costlier but more powerful. These software systems also have

computer aided manufacturing and engineering analysis capabilities.

e Onshape, NX (in their recent release), and Fusion 360 are cloud based CAD software,

which provide CAD capabilities via user’s browser.
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e ANSYS, ABAQUS, NASTRAN and COMSOL are packages mainly used for CAE

purposes.

1.3 DEFINITION OF CAD/CAM/CAE
Following are the definitions of some of the terms used in this tutorial.

1.3.1 Computer Aided Design — CAD

CAD is technology concerned with using computer systems to assist in the creation, modification,
analysis, and optimization of a design. Any computer program that embodies computer graphics
and an application program facilitating engineering functions in design process can be classified

as CAD software.

The most basic role of CAD is to define the geometry of design — a mechanical part or a contour
surface part, a product assembly, an architectural structure, an electronic circuit, a building layout,
etc. The greatest benefits of CAD systems are that they can save considerable time and reduce
errors caused by otherwise having to redefine the geometry of the design from scratch every time

it is needed.

1.3.2 Computer Aided Manufacturing - CAM
CAM technology involves computer systems that plan, manage, and control the manufacturing

operations through computer interface with the plant’s production resources.

One of the most important areas of CAM is numerical control (NC). This is the technique of using
programmed instructions to control a machine tool, which cuts, mills, grinds, punches or turns raw
stock into a finished part. Another significant CAM function is in the programming of robots.

Process planning is also a target of computer automation.

1.3.3 Computer Aided Engineering — CAE
CAE technology uses a computer system to analyze the functions of a CAD-created product,
allowing designers to simulate and study how the product will behave so that the design can be

refined and optimized.

CAE tools are available for a number of different types of analyses. For example, kinematic
analysis programs can be used to determine motion paths and linkage velocities in mechanisms.

Dynamic analysis programs can be used to determine loads and displacements in complex
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assemblies such as automobiles. One of the most popular methods of analyses is using a Finite
Element Method (FEM). This approach can be used to determine stress, deformation, heat transfer,
magnetic field distribution, fluid flow, and other continuous field problems that are often too tough
to solve with any other approach.

1.4. SCOPE OF THIS TUTORIAL

This tutorial is written for students and engineers who are interested in learning how to use NX for
designing mechanical components and assemblies. Learning to use NX will also be valuable for
learning how to use other CAD systems such as Creo and CATIA. This tutorial provides a

systematic approach for learning NX.

Chapter 2 includes the NX essentials from starting a session to getting familiar with the NX layout
by practicing basic functions such as Print, Save, and Exit. It also gives a brief description of the
Coordinate System, Layers, various toolboxes and other important commands, which will be used

in later chapters.

Chapter 3 presents the concept of sketching. It describes how to create sketches and to give
geometric and dimensional constraints. This chapter is very important since present-day

components are very complex in geometry and difficult to model with only basic features.

Chapter 4 begins actual designing and modeling of parts. It describes different features such as
reference features, swept features and primitive features and how these features are used to create
designs. Various kinds of feature operations are performed on the created features.

Chapter 5 teaches how to create a drawing from a part model. In this chapter, we show how to
create a drawing by adding views, dimensioning the part drawings, and modifying various

attributes in the drawing such as text size, arrow size and tolerance.

Chapter 6 teaches the concepts of Assembly Modeling and its terminologies. It describes Top-
Down modeling and Bottom-Up modeling. We will use Bottom-Up modeling to assemble

components into a product.

Chapter 7 introduces free-form modeling. The method of modeling smooth curves and surfaces
with tangent, curvature or higher degree continuity will be demonstrated.
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Chapter 8 is capsulated into a brief introduction to Design Simulations A.K.A. Simcenter 3D that

is available in NX for the Finite Element Analysis.

Chapter 9 provides a real-time experience of implementing a designed model into a
manufacturing environment for machining. This chapter deals with generation, verification and
simulation of Tool Path to create CNC (Computer Numerical Control) codes to produce the

designed parts from multiple axes and even advanced CNC machines.

Chapter 10 is a brief introduction of special modeling features and tools regarding Convergent
Modeling, Process Automation, and Sheet Metal. A note of continuous release of NX is also

provided.

The examples and exercise problems for part models in each chapter are so designed that they will
be finally assembled in later chapters. Due to this distinctive feature, you should save all the design
models that you have created in each chapter.

Note that the sample data used in this book are neither non-proprietary to the Missouri University

of Science and Technology nor to Siemens Digital Industries Software.

Unrestricted NX for Engineering Design 7 Missouri University of Science and Technology



CHAPTER 2 - GETTING STARTED

Let us begin with starting of an NX session. This chapter will provide the basics required to use

any CAD/CAM package. You will learn the preliminary steps to start, to understand and to use the

NX package for modeling, drafting, etc. It contains five sub-sections a) Opening an NX session,

b) Printing, saving, and closing part files, c) getting acquainted with the NX user interface d) Using

layers and e) Understanding important commands and dialogs.

2.1 STARTING AN NX SESSION AND OPENING FILES

2.1.1 Start an NX Session

» Windows desktop screen, click on Start - Program List = Siemens NX - NX

. Siemens NX
NX NX

NX  NX Layout

ﬁ NX Manufacturing -

NX Manufacturing -
NX Manufacturing -
NX Manufacturing -

NX Manufacturing -

NX Viewer

Release Info - Help

Machining Kn...
NX CAM

Post Builder
Process Studi...

ugpost

Release Info - Release Notes

Release Info - Simcenter 3D Help

Release Info - What's New

Siemens Mechatronics Concept De...

Simcenter 3D

Simcenter 3D Results Viewer

Tool - Knowledge Fusion ICE
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The main NX Screen will open. This is the Gateway for the NX software. The NX blank screen
looks like the figure shown below. There will be several tips displayed on the screen about the
special features of the current version. The Gateway also has the Standard Toolbar that will allow
you to create a new file or open an existing file. On the left side of the Gateway screen, there is a
toolbar called the Resource Bar that has menus related to different modules and the ability to define
and change the Role of the software, view History of the software use and so on. This will be

explained in detail later in this chapter.

SIEVENS . & X

NX » Get started with these tips
The title bar shows you what application you're in.

Croates 1he m
ind con nds ol oo =
ont ab
boxe

> ROPIVNSPISOE—— RS 4~

/ ) O
oy > e

Drafting application tips

Getting help ok

-

Check the Cue and Status lines for help.

2.1.2 Open a New File

Let’s begin by learning how to open a new part file in NX. To create a new file there are three

options.
=4 =4 = AN
| | e 52 =[]0
> Click on the New button on left of Ribbon bar . 1
MNew § Open Recently Touch Window Help
COpened Parts = Mode -
OR Standard T

» Go through the File drop-down menu at the top-left of the screen and click New
OR

> Click NEW button at the top-left of the screen [\ LANEN=RREERSE A il LIRS

OR

Unrestricted NX for Engineering Design 9 Missouri University of Science and Technology


https://youtu.be/QmLeyPR3OLU

» Press <Ctrl>+ N

This will open a new session, asking for the type, name and location of the new file to be created.

There are numerous types of files in NX to select from the Templates dialogue box located at the
center of the window. The properties of the selected file are displayed below the Preview on the
right side. Since we want to work in the modeling environment and create new parts, only specify
the units (inches or millimeters) of the working environment and the name and location of the file.

The default unit is millimeters.

» Enter an appropriate name and location for the file and click OK

New 0 X
Machining Line Planner Manufacturing Multi Axis Deposition Inspection Mechatronics Concept Designer Ship General Arrangement
Physical Architecture Modeler Press Line Line Designer Ship Structures
Line Designer Workareas Model Drawing Layout Simulation Additive Manufacturing

* Templates * Preview

= Filters

Units | Millimeters -

Mame Type Units Relationship Qwner
& Model Maodeling Millimeters Stand-alone NTAUTHO...

# Assembly Assemblies Millimeters Stand-alone NTAUTHO...

@Shape Studio Shape Studic Millimeters Stand-alone NTAUTHO...
£ Sheet Metal Sheet Metal Millimeters Stand-alone NTAUTHO...
%% Routing Logical Routing Logical  Millimeters  Stand-alone NTAUTHO...

¥ Routing Mechanical Routing Mecha... Millimeters Stand-alone NT AUTHO..,
& Routing Electrical Routing Electrical Millimeters Stand-alone MNTAUTHO... v Properties
[é Blank Gateway Millimeters Stand-alone none Mame: Assembly

Type: Assemblies
Units: Millimeters
Last Modified: 03/25/2020 02:46 PM

Description: MX Example, starts add
component

w New File Name

|

Folder | ChUsers\hungchDownloads', |

Mame

+* Part to Reference

2.1.3 Open a Part File

There are several ways to open an existing file in NX.
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https://youtu.be/CFnteVNbGcA

» Click on the Open buttons at the top-left of the screen

File

OR

Home

Recently

NX [é ET [é T LB % ElWindowv ¥

=[]

Touch Window Help
Dpened Parts = Maode -

Tools

Standard

7N
[
A

» Go through the File drop-down menu at the top-left of the screen and click Open

OR

> Press <Ctrl>+ 0O

The Open Part File dialog will appear. You can see the preview of the files on the right side of the

window. You can disable the Preview by un-clicking the box in front of the Preview button.

> Click Cancel to exit the window

3 open X
« v > ThisPC » Downloads » Examples » Arbor press v O Search Arbor press »
Organize New folder =y O @
A
Name Date modified Type ™
~ gt Quick access
W1 Deskt, o h Arborpress_allenscrew Siemens
eskto
' F m Arborpress_assembly Siemens
! Downloads * h Arborpress_base Siemens
%] Documents * 3 Arborpress_circlebase Siemens
&= Pictures - h Arborpress_endclip Siemens
& OneDri m Arborpress_handle Siemens
neDrive
m Arborpress_hexbolt Siemens
> E This PC h Arborpress_L-bar Siemens
& Backup Plus (E) m Arborpress_nut Siemens
ackup Plus (E:
P m Arborpress_pin Siemens
¥ Network m Arborpress_pinion Siemens
h Arborpress_pinicnhandle Siemens
m Arborpress_plate Siemens
h Arborpress_rack Siemens
h Arborpress_sleeve Siemens ¥
£ >
Navigate to: | \Wark Part Location Options... Set to minimall.ylo.ad )
components with lightweight
display
File name: | Arborpress_circlebase v| Part Files (*.prt) i
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OR

» Open files in History tab in Resource Bar

fod History [m|
9 | O m-
[=] Older Entries -

@ =7 3 Weeks Ago

-

Rocker Arm_dwgl.prt from Die_cavity_with_program.prt
D\Google from

. =

maotor.prt fram D\Google propeller.prt from
Drive\Dropbox\hung\MST... D\Google

P9 g

Anthony_Lab3 Drawing.prt Anthony_Lab3.prt from
from C:\Users\123\AppData'Lo...

OR

» Left-click and drag file to window tab and drop it

[ = | Arbor press — O X

Ir Welcome Page & modell.prt & Home chare View ®

/ - T -
lJ ] « Movetor X Delete ~ Iﬁ_h |ﬂ L 5 E|
L= -
Paste [E Copyto ~ =[ Rename Mew Properties Select
IL] Y CE folder M £ h
Organize MNew Open
<« v o mples » Arbor press v B S Search Arbar press
~
P 3D Objects Mame Date modi ™
[ Desktop h Arborpress_base
|| Documents h Arborpress_circlebase
‘ Downloads h Arborpress_endclip
J, Music h Arborpress_handle
=] Pictures h Arborpress_hexbolt
. h Arborpress_L-bar
B videos
h Arborpress_nut
= 05(C) h Arborpress_pin
= DATA (D) h Arborpress_pinion

S Mlshasnrl
15items  1item selected 153 KB
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When multiple parts are opened, you can simultaneously view multiple opened parts at the same

time by clicking Window Layout in Window on the top of screen and choosing your preferred
window layout, or dragging a selected display part to the center of the NX session, then you can
select where and how to display multiple opened NX files.

@ Mew Window... Selection Render Tools

[5] Beset Layout Boootiomrentice | (@1 @

Tl window Layout » =

v

|—

leg.prt

[[R%]

. base_top.prt

[¥1]

. base_bottom.prt

=

. arm.prt

5. Welcome Page

59 switch Window... |

% Change Displayed Part... v

SIEMENS . & X

constraint L]

vies

sh

YY)

Skeleh  Bfruge Rerowe Hole Unfle Subliact Edge O

& Arborpres hesboltpt X

Name & C V. Comn &
@ v ®
& &
T Y 8
nude (0)
& ®3 Cylinder 1) i v 1
2
:
My
9] &
2c
v
M i) Bz
K=y W Xe
X
& Arborpress._endclip.prt X & Arborpress crdebaseprt X

L_\;:_,v " i\l:’

Seiect objects and use M83, of double-ciican object
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https://youtu.be/QrJB5qrFJsg

2.2 PRINTING, SAVING AND CLOSING FILES

2.2.1 Print an NX Image

To print an image from the current display,
» Click File = Print

The following figure shows the Print dialog box.
Here, you can choose the printer to use or specify
the number of copies to be printed, size of the
paper and so on.

You can also select the scale for all the three
dimensions. You can also choose the method of
printing, i.e. wireframe, solid model by clicking
on the Output drop down-menu as shown in the
Figure on right side

» Click Cancel to exit the window

2.2.2 Save Part Files

It is imperative that you save your work
frequently. If for some reasons, NX shuts down
and the part is not saved, all the work will be lost.

To save the part files,

» Click File > Save
There are five options to save a file:
Save: This option will save the part on screen
with the same name as given before while

creating the part file.

Save Work Part Only: This option will only

save the active part on the screen.

Save As: This option allows you to save the part
on screen using a different name and/or type. The

default type is .prt. However, you can save your

Unrestricted NX for Engineering Design 14

£} Print O ? X
v Source
Current Display
* Printer
Printer iMicrosoft Print to PDE + |
+ Details
Properties -
Status: Ready
Type: Microsoft Print To PDF
Where:
Comment:
* Settings
Copies 1.,
Width

Plot Custom Thin
Plot Custom Mormal
Plot Custom Thick
Plot Custom Width 1

Scale Factor 1.0000

Output | Color Wireframe A |

Export Raster Images in Drawing
[] Export Shaded Geometry as Wireframe
[] Export Custom Symbols in Foreground

Image Resolution | Draft - |

Fs

o [ R
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file as IGES (.igs), STEP (.stp), AutoCAD DXF (.dxf), AutoCAD DWG (.dwg), CATIA Model
(.model), CATIA V5 (.catpart), ACIS text (.sat), ACIS Binary (.sab), STEP242 compressed (.stpz),
STEP242 XML (stpx), STEP242 compressed XLM (.stpxz) , Wavefront ASCII (stpxz) and IFC
(.ifc).

Save All: This option will save all the opened part files with their existing names at their existing

locations within your own computer filing system.

Save Bookmark: This option will save a screenshot and context of the present model on the screen
as a .JPEG file and bookmarks.

Home Surface Assemblies Analysis View Selection Render Tools Application

[&_) Mew... Ctrl=N o, 2ave Ctrl+5
e r§1 Saves the wark part and any modified companents,
E apen... Ctrl+0

Save Work Part Only
Close 3
Saves only the work part.
||
ra Save L4 Save As... Ctrl=Shift=A

II% Saves the work part under a different name.

Sawve All

E_'] Print. Saves all modified parts and all top level assembly parts.
Plot... Ctrl=P Save Bookmark...

Saves the assembly context in a bookmark file, including component visibility, load options, and component
E@_ Import 4 groups,

DE) Export 3 Save Options...
Defines actions to perform when part files are saved.
% Utilities 3
Execute 3
Properties
Iy
l\?_’,l Help 4

Exit

E Customize...

Unrestricted NX for Engineering Design 15 Missouri University of Science and Technology



2.2.3 Close Part Files Selected Parts...

Closes selected parts and keeps the session running,

You can choose to close the parts that are

o ¢, AlParts
visible on screen by E: Closes all parts and keeps the session running.
» Click File > Close Save and Close

i . i Saves and closes the waork part.
If you close a file, the file will be cleared
Save As and Close...

from the WOI'king memory and any Changes Saves the work part under a different name and closes it.

that are not saved will be lost. Therefore, Save All and Close

Saves and closes all parts loaded in the current session,

remember to select Save and Close, Save As
Sawve All and Exit
and Closev Save A” and Close or Save A” Saves all modified parts and ends the session,
and Exit. In case of the first three options,
Close and Reopen Selected Parts...
the partS that are SeleCted or a” pal’tS WI” be Updates selected modified parts with the versions stored on disk.

closed but the NX session keeps on running. Close and Reopen All Modified Parts
Updates all modified parts with the versions stored on disk.,

2.2.4 Exit an NX Session
» Click File > Exit

Close All Files

You have unsaved changes to this object:
i I % Do youwant to save it before closing?

assernblyl.prt

ave and Close Mo - Close | | Cancel

If you have files open and have made changes to them without saving, the message will ask you if

you really want to exit.

> Select No, save the files and then Exit

2.3 NX INTERFACE

The user interface of NX is made very simple through the use of different icons and ribbons. Most

of the commands can be executed by navigating the mouse around the screen and clicking on the
icons. The keyboard entries are mostly limited to entering values and naming files.
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https://youtu.be/PLGNBwZcts0

2.3.1 Computer Mouse Functionality

2.3.1.1 Left Mouse Button (MB1)

The left mouse button, named Mouse Button 1 (MB1) in NX, is used for Selection of icons, menus,
and other entities on the graphic screen. Double clicking MB1 on any feature will automatically
open the Edit Dialog box. Clicking MB1 on an object enables the user to have quick access to

several options shown below. These options will be discussed in next chapters.

2.3.1.2 Middle Mouse Button (MB2)

The middle mouse button (MB2) or the scroll button is used to Rotate the object by pressing,
holding and dragging. The model can also be rotated about a single axis. To rotate about the axis
horizontal to the screen, place the mouse pointer near the right edge of the graphic screen and
rotate. Similarly, for the vertical axis and the axis perpendicular to the screen, click at the bottom
edge and top edge of the screen respectively and rotate. If you keep pressing the MB2 at the same
position for a couple of seconds, it will fix the point of rotation (an orange circle symbol appears)

and you can drag around the object to view.

If it is a scroll button, the object can be zoomed in and out by scrolling. Clicking the MB2 will

also execute the OK command if any pop-up window or dialog box is open.

/ \ r \
o /,/)) / \\\\ » //’X}

Rotate \ Rotate
\ MB2 + Drag / Press Scroll+Drag /

\ /

\ //

\ /
\ /
/ ‘\ /
/ N /
\ e ’ \ //
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2.3.1.3 Right Mouse Button (MB3)

MB3 or Right Mouse Button is used to access the user
interface pop-up menus. You can access the subsequent
options that pop up depending on the selection mode and
Application. The figure shown below is in Sketch
Application. Clicking on MB3 when a feature is selected
will give the options related to that feature (Object/Action
Menu).

Clicking MB3 and holding the button will display a set of icons around the

feature. These icons feature the possible commands that can be applied to the

feature.

2.3.1.4 Combination of Buttons

Zoom In /Out:

[No selection Filter  + |

| within wark Part only =

[ Finish sketch

Crient View to Sketch
G] COrient View to Model

@ Section

@ Refresh
Fit
Zoom
Pan
Rotate
Update Display

@ Restore

Lock Rotations

Rendering Style
Background
Orient View

Snap View

1) 5et Rotation Reference

Repeat Command

ctri=Q

Shift=Fa

F5

F&

-

F8

Ctri=F2

o 1 @
[

» Press and hold both MB1 and MB2 simultaneously and drag (or use wheel)

OR

» Press and hold <Ctrl> button on the keyboard and then press and drag the MB2

OR

/
\ zoomiwour / \
\ MB1+MB2+Drag / \

\ // \\+ Drag

Unrestricted NX for Engineering Design 18

\ ZOOM INIOUT

'\ MB1 + Press Scroll [
/

Missouri University of Science and Technology



Pan:
» Press and hold both the MB2 and MB3 simultaneously and drag
OR

» Press and hold <Shift> button on the keyboard and press and drag the MB2

\ /

\ PAN /
\ Press Scroll + MB3
\ +Dra

PAN / o

\ MB2 + MB3 + Drag / \ * Drag
\ / \
\ y \

Shortcut to menus:

» Press and hold <Ctrl> + <Shift> and MB1, MB2 and MB3 to see shortcuts to Feature,

Create Sketch, and Synchronous Modeling groups, respectively

2.3.2 NX Gateway

The following figure shows the typical layout of the NX window when a file is opened. This is the
Gateway of NX from where you can select any module to work on such as modeling,
manufacturing, etc. It has to be noted that these toolbars may not be exactly on the same position
of the screen as shown below. The toolbars can be placed at any location or position on the screen.

Look out for the same set of icons.
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SIEMENS - & X

e O

»»»»» \ e T o i, Command Finder
- i Command Groups

Top Border Bar

Continuous Release Status Bar /

Right Border Bar /

(Predict Commands)

XITED

Quick Access Toolbar
\ Additional Section

Options

e

> ™~ Resource Bar

Preview Window

Graphic Window

Cue / Status Line

2.3.2.1 Ribbon Bar

The ribbon bar interface gives the user the ability to access the different commands easily without
reducing the graphics window area. Commands are organized in ribbon bars under different tabs
and groups for easy recognition and accessibility.

For example, in the ribbon bar shown in the figure above, we have home, curve, etc. tabs. In the
home tab, we have direct sketch, feature, synchronous modeling and surface groups. And in each

group, we have a set of featured commands.

2.3.2.2 Quick Access Toolbar

The quick access toolbar has most commonly used buttons (Save, Undo, Redo, Cut, Copy, Paste,
Drag and Drop between Windows, Repeat Command Drop-down, Touch Mode and Switch
Window) to expedite the modeling process. You may easily customize these buttons as shown in
the figure below.
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NX B _ & g o %Elwindcnw'i

File Home BN Cuick Access Toolbar

- [& Mew Ctrl<N
< @ P
B5 Open Ctrl=C
Datum  Sketch Extrude Rev| Save Ctrl=5
Plane = .
B save As Ctrl=Shift=A

Construction ~

El save an
= Menu ~ Mo Selection Filte
Undo Combo Drop-down

L4
| Part MNavigator v (_) Redo Ctrl+Y
Mame 4 v g% Cut Ctri=X
@ + Model Views v IE Copy Ctri=C
4o/ Cameras v [T Paste Ctrl=V
W Drag and Drop between Windows
& [} Print
W Repeat Command Drop-down 3
@ v & Touch Mode
v [P Switch Window
@ W El Window 3
= Menu 3
0 Reset Toolbar

O] customize... Ctrl=+1

2.3.2.3 Command Finder
If you do not know where to find a command, use Command Finder. Let’s say we have forgotten

where the Styled Sweep is.

> Type sweep in the Command Finder SEMENS - & X
1A

» Hover the mouse over Styled Sweep % Command Fider

» NX will show you the path to the

~ 15 matches for: sweep

- O Swept o

Creates a body by sweeping a section along one or more guides
St I d S using various options to control the shape along the guide.
y e Weep Menu: Insert -> Sweep -> Swept

Surface Tab: Base Group -» Swept

command: Menu - Insert -> Sweep -

. . . Sweep along Guide
Type SWeep In the Command Flnder 9 CI Ick on Creates a body by sweeping a section aleng a guide.
Menu: Insert -> Sweep -> Sweep along Guide
Surface Tab: Base Group -> More Gallery -> Sweep Gallery ->
Sweep along Guide

Styled Sweep in the Command Finder window

Styled Sweep
Creates an accurate and smooth Class A quality surface from a
. set of curves,
Command Finder also supports commands from Menu rset > Swesp - Styled Sueeo
urface Tab: Base Group -> More Gallery -» Sweep Gallery -»
Styled Sweep

LA RDEY- L S A

other CAD systems, i.e. CATIA, Creo, and g5 vtonisneenm

" Creates a body by sweeping a cross section along a path where
the shape of the section varies zlong the path.

Solidworks. Users can type in commands in Menus nsert > Svesp -> Varaional Swesp
Surface Tab: Base Group -> More Gallery - > Sweep Gallery ->
) : ) A Variational Sweep o
those systems and NX will find similar .
» Settings

commands in NX.
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SIEMENS _ & X

IAQ

© o @ B a|p of
ORPOLOLPAS

SHXE 20

2.3.2.4 Top-border

The most important button in the top-border is the menu button. Most of the features and functions
of the software are available in the menu. The Selection Bar displays the selection options. These
options include the Filters, Components/Assembly, and Snap Points for selecting features. Most

common buttons in the View tab are also displayed in the Top-border.

2.3.2.5 Right-border
The common features and functions of the software you frequently used are available in the right-
border. The NX also predicts and lists some features and functions you may need to use in the next

step based on your current NX working task in the right-border.

2.3.2.6 Resource Bar

The Resources Bar consists of multiple tabs in one place using very little user interface space. NX
places all navigator windows (Assembly, Constraint and Part) in the Resource Bar, as well as the
Reuse Library, HD3D Tools, Web Browser, History Palette, Process Studio, Manufacturing
Wizards, and Roles. Users can create their own custom Resource Bar in these specific tabs
(History, Process Studio, Manufacturing Wizard, etc.) by moving your mouse to blank space of
Resource Bar, then MB3 (right-click), and then select a New Palette. Two of the most important

widows are explained below.
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Part Navigator

» Click on the Part Navigator icon, the third icon from the top on the Resource bar

The Part Navigator provides a visual representation of @ | Part Navigator .

MName & C. U Comn

the parent-child relationships of features in the work @ + [&] Model Views

+ W Cameras

part in a separate window in a tree type format. It O Modd History

shows all the primitives, entities used during @ Block (0)
) ) o @ @ Block (1)
modeling. It allows you to perform various editing @O Gylinder (2)

. @3 Cylinder (3)
actions on those features. For example, you can use the (] ®Q Block 4)
Part Navigator to Suppress or Unsuppress the features ®F subtrect ()

) @[ Unite (6)
or change their parameters or positioning dimensions. @g Edge Blend (7)
S @ &gl Edge Blend (8)
Removing the green tick mark will ‘Suppress’ the ®O Cylinder (17)
S N @3 Cylinder (12
feature. The software will give a warning if the parent O ®3 Cylinder (13

. . . . @3 Cylinder (14)
child relationship is broken by suppressing any - ©Q Block (15
particular feature. AN @/ Subtract (16) I8

K

The Part Navigator is available for all NX applications
and not just for modeling. However, you can only
perform feature-editing operations when you are in the Modeling module. Editing a feature in the

Part Navigator will automatically update the model. Feature editing will be discussed later.
History
» Click on the History icon, the seventh from the top on the Resource bar tab

The History Palette provides fast access to recently opened files or other palette entries. It can be
used to reload parts that have been recently worked on or to repeatedly add a small set of palette

items to a model.
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The History Palette remembers the last palette options that @  History =

were used and the state of the session when it was closed. @ | 19 .
] Past Week

NX stores the palettes that were loaded into a session and P Vesterday
=7 Today

.

Arborpress_assembly.prt

restores them in the next session. The system does not

clean up the History Palette when parts are moved.

© a2

To re-use a part, drag and drop it from the History Palette,

or just select it from that display window to the Graphics

Window. To reload a part, click on a saved session from
bookmark. D g
- il
2.3.2.7 Cue Line 0
4

The Cue Line displays prompt messages that indicate the . .
roorpress_L-par.p rom

next action that needs to be taken. To the right of the Cue e Ll

line, the Status Line is located which displays messages about the current options or the most

recently completed function.

The Progress Meter is displayed in the Cue Line when the system performs a time-consuming
operation such as loading a large assembly. The meter shows the percentage of the operation that

has been completed. When the operation is finished, the system displays the next appropriate cue.

2.3.3 Geometry Selection

You can filter the selection method, which facilitates easy selection of the geometry in a close
cluster. In addition, you can perform any of the feature operation options that NX intelligently
provides depending on the selected entity. Selection of items can be based on the degree of the
entity like, selection of Geometric entities, Features and Components. The selection method can
be opted by choosing one of the icons in the Selection Toolbar.

2.3.3.1 Feature Selection

=

enu - |No Selection Filter v| |Entire Assembly v|

Part Mavi| N© Selection Filter - {

C5YS
MName

5 Mn Curve Feature

Clicking on any of the icons lets you select the

features in the part file. It will not select the basic

C. U Comment

+ ih| Datums
- (& Edge

l
entities like edges, faces etc. The features selected |
can also be applied to a part or an entire assembly @ Face -

|
|

@G@; &

@ Feature
® point
@

@]

depending upon the requirement. ”

Solid Body

View

O
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Besides that, the filtering of the features can be further narrowed down by selecting one of the
desired options in the drop-down menu as shown in the figure. For example, selecting Curve will

highlight only the curves in the screen. The default is No Selection Filter.

2.3.3.2 General Object Selection
Navigate the mouse cursor closer to the entity until it is highlighted with a magenta color and click

the left mouse button to select any geometric entity, feature, or component.

If you want to select an entity that is hidden behind the displayed geometry,
place the mouse cursor roughly close to that area on the screen such that
the cursor ball occupies a portion of the hidden geometry projected on the

screen. After a couple of seconds, the ball cursor turns into a plus symbol

(...) as shown in the image. Click the left mouse button (MB1) to get a
Selection Confirmation dialog box as shown in the

following figure below. This QuickPick menu consists of

&) EdgeBlend(7)
. - . . (3 Block(1)
the list of entities captured within the ball of the cursor. ‘ Q s
- . . @ Face of Edge Blend(7)
The entities are arranged in ascending order of the degree 3 ;a;_zuafs;igg o

of the entity. For example, edges and vertices are
assigned lower numbers while solid faces are given .
higher numbers. By moving the cursor on the numbers
displayed, NX will highlight the corresponding entity on

the screen in a magenta color.
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@, wodeing.

2.3.4 User Preferences ] E%Ew <i @; @ @

> Choose Preferences on the Menu button X_E‘E G s | R T

(located to top left of the main window) to éﬁ il o e

find the various options available * O vewmerme. a2 ‘;ﬂv“ et ot e s
view . VH cesnitey |
User Preferences are used to define the display | auswact |
parameters of new objects, names, layouts, and - |
views. You can set the layer, color, font, and width + ~ | =
of created objects. You can also design layoutsand =~ = % |
views, control the display of object and view names @ cune \
and borders, change the size of the selection ball, @;m;m_ |
specify the selection rectangle method, set uuuuu
chaining tolerance and method, and design and |
activate a grid. Changes that you make using the o |

» Details Midsurface.

review

Preferences menu override any counterpart ... e

customer defaults for the same functions.

2.3.4.1 User Interface

» Choose Preferences - User Interface to find the options in the dialog box

The User Interface option customizes how NX works and interacts to specifications you set. You
can control the location, size and visibility status of the main window, graphics display, and
information window. You can set the number of decimal places (precision) that the system uses
for both input text fields and data displayed in the information window. You can also specify a full
or small dialog for file selection. You can also set macro options and enable a confirmation dialog

for Undo operations.
e The Layout tab allows you to select the User Interface Environment

e The Theme tab allows you change NX Theme from Light (recommended) to Light Gray,
Dark, or Classic

e The Resource Bar tab allows you change its display location

e The Touch tab lets you use touch screens
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e The Options tab allows you, among others, to set the precision level (in the Information

Window)

e The Journal tab in the Tools allows you to use several programming languages

e The Macro tab in the Tools allows you to set the pause while displaying animation

£} User Interface Preferences

7 X

JH\Find ||

Layout
Theme
Resource Bar
Touch

Roles
Options

+- Tools

2.3.4.2 Visualization

w Ribbon Bar Options

[] Slim Ribbon Style
Full Screen Extent
(®) Flyout Ribbon () Mo Title Bar

w Cue/Status Line Position
O Top (@ Bottom

 Settings

Save Layout at Exit

Reset Window Position

oK | Apply || Cancel

» Choose Preferences -> Visualization to find the options in the dialog box

Unrestricted NX for Engineering Design

27 Missouri University of Science and Technology



This dialog box controls attributes that affect the

¥ Visualization Preferences

display in the graphics window. Some attributes  ffis | |

are associated with the part or with particular e RRddgsjw - .
Views of the part. The settings for these attributes P ;:::t':wges Aeply T ok View .
are saved in the part file. For many of these Tans ;:d:hfddc'mg -%
attributes, when a new part or a view is created, .. T
the setting is initialized to the value specified in E L”E:,Z:ZL

the Customer Defaults file. Other attributes are ! mpgf"j"f

associated with the session and apply to all parts ™

in the session. The settings of some of these _CD‘ZLM,

attributes are saved from session to session in the Hgg%ﬁifﬂf

registry. For some session attributes, the setting ™"

can be initialized to the value specified by v

customer default, an environment variable.
» Choose Preferences > Color Pallet to find the options in the dialog box

You can change and observe the Color and Translucency of objects.

» Click Preferences - Object £} Object Preferences ? X

. . . . i General | Analysis  Line Widths =
This will pop up a dialog window Object Preferences. Work Layer
You can also apply this setting to individual entities of the e [ Default -
solid. For example, you can click on any particular "' .
. ; A Line Style : :
surface of the solid and apply the Display settings. -

Solids and Sheets
[] Partially Shaded
Applications can be opened using the File option located [ FaceAnalysis

Translucency

at the top left corner of the main window OR the 0

2.3.5 Applications

Applications tab above the Ribbon bar. You can select the DI 100
type of application you want to run. For example, you can  point Symbol + -

W

select Modeling, Drafting, Manufacturing, and so on as

shown in the figure. The default Application that starts
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when you open a file or start a new file is Modeling. We will introduce some of these Application

in the next chapters.

&I g XA g X 3 ¥ duwnk & ¢ XEITX | X©

Modeling Sheet Shape Toolbox More  Drafting ToolboX  Manufacturing  Additive More  pre/Post Motion More  Electrical Mechanical Toolbox  Mold Toolbox  Gateway Toolbox Mare
Metal Studio T T T Manufacturing T e e e e

Design T Document T Manufacture - Simulation T Route - Mold and Die ™ Gateway

2.4 LAYERS

Layers are used to store objects in a file, and work like containers to collect the objects in a
structured and consistent manner. Unlike simple visual tools like Show and Hide, Layers provide

a permanent way to organize and manage the visibility and select-ability of objects in your file.

2.4.1 Layer Control
With NX, you can control whether objects are visible or

L]

¥ Find Layer from Object

selectable by using Layers. A Layer is a system-defined

Select Object (0) e
attribute such as color, font, and width that all objects in NX

* Work Layer

Work Layer
always the Work Layer. Any of the 256 layers can be assigned . ...

must have. There are 256 usable layers in NX, one of which is

to one of four classifications of status. Select Loyer By Range/Category [ |
[ Category Display

e Work — o Tom

o Selectable = 1World 37

e Visible Only

e Invisible
The Work Layer is the layer that objects are created ON and is
always visible and selectable while it remains the Work Layer.
Layer 1 is the default Work Layer when starting a new part file. <« >
When the Work Layer is changed to another type of layer, the i::';tegw momt@
previous Work Layer automatically becomes Selectable and . v
can then be assigned a status of Visible Only or Invisible.

The number of objects that can be on one layer is not limited. You have the freedom to choose

whichever layer you want to create the object on and the status of that layer.

To assign a status to a layer or layers,
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» Choose Menu - Format - Layer Settings

However, it should be noted that the use of company standards in regards to layers would be

advantageous to maintain a consistency between users and their NX files.

2.4.2 Commands in Layers
We will follow simple steps to practice the commands in Layers. First, we will create two objects
(Solids) by the method as follows. The details of Solid Modeling will be discussed in the next

chapter. The solids that we draw here are only for practice in this chapter.

. £} Cone Q7?7 X
» Choose File > New

| &1 Diameters and Height - |

Name the file and choose a folder in which to save it. Make sure ~ ~ #
Specify Vector T}; T
Specify Point

+* Dimensions

you select the units to be millimeters in the drop-down menu.

Choose the file type as Model

» Choose Menu - Insert - Design Feature - Cone imDF’iam:a mm__

op Lhameter mm hd

> Choose Diameter and Height under Type Height 2 mm -
+ Boolean

7 Clik oK

> Right-click on the screen and choose Orient View > . show Resut] O]

Trimetric OK

» Right-click on the screen and choose Rendering Style - Shaded

You will be able to see a solid cone similar to the picture on right. O
Now let us practice some Layer Commands. \\
» Choose Menu - Format - Move to Layer ‘ \,\,

You will be asked to select an object
» Move the cursor on to the Cone and click on it so that it becomes highlighted

» Click OK
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Select All
Invert Selection

=
= -

> In the Destination Layer or Category space at the top of the
window, type 25 and Click OK

The Cone has now gone to the 25" layer. It can no longer be seen in Layer
1.

» To see the Cone, click Menu - Format - Layer Settings

> You can see that Layer 25 has the object whereas the default Work
Layer 1 has no objects.

The Cone will again be seen on the screen. Save the file as we will be
using it later in the tutorial.

{} Layer Settings

’ £} Class Selection ? X
~ Objects
% Select Objects (0) &

{3 Layer Move 7 X

Destination Layer or Category
E] |

Category Filter | * |

CURVES

DATUMS

SHEETS

SKETCHES

S0LIDS

Layer

1 Work

61 Selectable
Re-highlight Objects
Select New Objects

Aprly

+* Find Layer from Object

Select Object (0)

* Work Layer
* Layers
Select Layer By Range/Category |:|
[] Category Display

Name & Visible Only Object Count Categories

~2Z 1(Work) S0LIDS

25 [l 1 SKETCHES
] 61 O 8 DATUMS
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2.5 COORDINATE SYSTEMS 7

There are different coordinate systems in NX. A three-axis symbol is used to

identify the coordinate system. \

2.5.1 Absolute Coordinate System

The Absolute Coordinate System is the coordinate system from which all objects are referenced.

This is a fixed coordinate system and the locations and orientations of every object in NX modeling
space are related back to this system. The Absolute Coordinate System (or Absolute CSYS) also
provides a common frame of reference between part files. An absolute position at X=1, Y=1, and
Z=1 in one part file is the same location in any other part file.

The View Triad on the bottom-left provides a visual indicator that represents the
ORIENTATION of the Absolute Coordinate System of the model. Users can select ‘
any of the faces of the View Triad square block and NX will orient the view for that PN

orientation.

2.5.2 Work Coordinate System

The Work Coordinate System (WCS) is what you will use for construction when you

ze

want to determine orientations and angles of features. The axes of the WCS are X

denoted XC, YC, and ZC. (The “C” stands for “current”). It is possible to have s

multiple coordinate systems in a part file, but only one of them can be the work coordinate system.

= Menu - |No Selection Filter v‘ |Ent|re Assembly v‘

2.5.3 Moving the WCS
: O [ Whomerese &2

In this section, you will learn how to move, translate and = =

Edit

rotate the WCS. To display the WCS (if WCS is not shown

Ingert

| Format * | & LayerSettings..  Ctrl<L

in NX graphics window), you can hit “w” key to turn on  wo B e
WCS and the WCS will turn off if you hit “w” key again. = ™ E
Then, by double click on the WCS, NX will display an ative | e - s — o
WCS with vectors and rotational balls, allowing you to |_*° | @ oo o Z
translate and rotate the WCS. Gf o dhieny
L L% Change YC-direction...
> Choose Menu - Format > WCS z o

2.5.3.1 Translate the WCS
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This procedure will move the WCS origin to any point you specify, but the orientation (direction

of the axes) of the WCS will remain the same.

» Choose Menu - Format -> WCS - Origin

The Point Constructor dialog is displayed. You either can specify

| * g Inferred Point -

a point from the drop down menu at the top of the dialog box or
enter the X-Y-Z coordinates in the XC, YC, and ZC fields.

¥ Point Location

Select Object (0) &

The majority of the work will be in relation to the Work ~ output Cocrdinates

Coordinate System rather than the Absolute Coordinate System. .
The default is the WCS. ' 00000000000 mm _ ~

pis 0.00000000001 mm -
2.5.3.2 Rotate the WCS v Offset

) Offset Option
You can also rotate the WCS around one of its axes. -

» Choose Menu - Format > WCS - Rotate

The dialog shows six different ways to rotate the WCS around an axis. These rotation procedures

follow the right-hand rule of rotation. You can also specify the angle to which the WCS be rotated.

You can save the current location and orientation of the WCS to use as a permanent coordinate
system.

> Choose Menu = Format > WCS - Save
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2.6 TOOLBARS

Toolbars contain icons, which serve as shortcuts for many functions. The
figure on the right shows the main Toolbar items normally displayed.
However, you can find many more icons for different feature commands,

based on the module selected and how the module is customized.

» Right-Clicking anywhere on the existing toolbars gives a list of

other Toolbars. You can add any of the toolbars by checking them.

Normally, the default setting should be sufficient for most operations but
during certain operations, you might need additional toolbars. If you want
to add buttons pertaining to the commands and toolbars,

» Click on the pull-down arrow on any of the Toolbars and choose

Customize.

This will pop up a Customize dialog window with all the Toolbars and
commands pertaining to each Toolbar under Commands tab. To add a

command,

» Choose a category and drag the command from the Commands list

to the desired location.

Customize

Commands | Tabs/Bars = Shortcuts  Icons/Tooltips

To add a command to a ribbon tab, a border bar, or the QAT, choose a category and drag
the command from the Commands list to the desired location.

Categories Search
All Commands A | | ”p
+- All Tabs
+ All Border Bars/QAT ltems
+- All Groups [] 1 Tabbed Group -
+- All Galleries El 2 Tabbed Groups
+- All Dropdowns
+- Menu |:|:| 2 Tabbed Groups
Mew ltem 4 2D Manikin
= My ltems E 3 Tabbed Groups
My Menus
My Groups E 3 Tabbed Groups
My Galleries o [E 3 Tabbed Groups -
‘ Keyboard... ” Close
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Undock Ribbon

Quick Access Toolbar
Top Border Bar
Bottom Border Bar
Left Border Bar

Right Border Bar

Cue/5tatus Line

Curve
Home
Surface
Assemblies

Polygon Maodeling

Design for Additive Manufacturing

Reverse Engineering
Analysis

View

Selection

Render

Tools

Visual Reporting
Developer

Join

Industry

‘ehicle Design Automation
Support Homogenization
Application

Resource Bar

Weld Assistant

Structure Welding

BIW Locator

Customize...
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You can customize the settings of your NX interface by clicking on the Roles tab on the Resource

Bar.

The Roles tab has different settings of the toolbar menus that & o

a

ooo
I
4

are displayed on the NX interface. It allows you to customize @ | N
. . . [ Content
the toolbars you desire to be displayed in the Interface. @y 5 Preemston

ft 1 Role

Lxg\@ Default

Role
High Definition

Role

Tauch Panel
— Role
”:E Touch Tablet

g © s @

£ 5 O

ey
#u
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CHAPTER 3 - TWO DIMENSIONAL SKETCHING

In this chapter, you will learn how to create and edit sketches in NX. You can directly create a

sketch on a Plane in Modeling application. In most cases, Modeling starts from a 2D sketch and
then Extrude, Revolve or Sweep the sketch to create solids. Many complex shapes that are
otherwise very difficult to model can easily be drawn by sketching. In this chapter, we will see

some concepts of sketching and then proceed to sketch and model some parts.

3.1 OVERVIEW

NX sketch is a feature with named set of curves joined in a string that when swept, form a solid.
The sketch represents the outer boundary of that part. The curves are created on a plane in the
sketcher. In the beginning, these curves are drawn without any exact dimensions. Then,
Dimensional Constraints as well as Geometric Constraints are applied to fully constrain the

sketch. These will be discussed in detail later in this chapter.

After sketching is completed, there are
different ways to use them to generate 3D
parts:

e A sketch can be revolved b

e A sketch can be extruded
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e A sketch can be swept along a guide (line):

—

/rv

sketch
N\

Features created from a sketch are associated with ke X o

it; i.e., if the sketch changes so do the features.
The advantages of using sketching to create parts are:

e The curves used to create the profile outline are very flexible and can be used to model

unusual shapes.
e The curves are parametric, hence associative and they can easily be changed or removed.

e |If the plane in which the sketch is drawn is changed, the sketch will be changed
accordingly.

e Sketches are useful when you want to control an outline of a feature, especially if it may
need to be changed in the future. Sketches can be edited very quickly and easily.

3.2 SKETCHING ENVIRONMENT

In NX you can create sketch using two ways. The first method creates the Sketch in the current

environment and application. For this, £ Create Sketch

» Choose Menu - Insert > Sketch <» On Plane -

In the other method you can create Sketch using ¢ .. 4 cove

» Choose Sketch in Home toolbar Plane Method [ Inferred v
. . : Ref Hori | -
In either case, a dialog box pop-ups asking you SEncE | orizonta |
_ _ Origin Method | Specify Point -
to define the Sketch Plane. The screen will
. . Specify CSYS e k’; -
display the sketch options. You can choose the
Sketch Plane, direction of sketching and type of
plane for sketching. When you create a sketch \Z\

using the Create Sketch dialog box, you can choose the plane on which
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the sketch can be created by clicking on the coordinate frame as shown. This will highlight the
plane you have selected. The default plane selected is XC-YC. However, you can choose to sketch
on another plane. If there are any solid features created in the model beforehand, any of the flat
surfaces can also be used as a sketching plane.

» Choose the XC-YC plane and click OK
The sketch plane will appear, and the X-Y directions will be marked.

The main screen will change to the Sketching Environment. The XY plane is highlighted as the

default plane for sketching. This is the basic sketch window.

=1 - & [ ] window - = NX - Sketch
3 Home View Selection
R EEEEE
BEoO,/ | X S B K
Finish Profile Rectangle CIK|E Line Arc Splme Point \Chamfar Trim  Extend Corner Include Mnre Fix Show Relax Relax
i Mirror Curve Movable Dimensions Relations
Sketch ™ Curve M Edit T Include M Solve M
There are three useful options next to the Finish Flag. [E Name SKETCH_006 | @, Update Model

You can change the name of the sketch in the box. The ~ Finisn g

next one is Orient to Sketch which orients the view to e ’
the plane of the sketch. If the model file is rotated during the process of sketching, click on this
icon to view the sketch on a plane parallel to the screen Reattach attaches the sketch to a different
planar face, datum plane, or path, or changes the sketch orientation. It allows you to reattach the

sketch to the desired plane without recreating all the curves, dimensions, and constraints.

In the latest version of NX, if you want to open the sketch parts that you created from older version
NX, turn on “Use the new solver and UI for sketching” in File - Utilities - Feature Toggles
to edit parameters of the sketch without renewing the

This sketch was created using an older version of sketcher.
You can edit the parameters of the sketch without renewing the sketch.

. . . !
Sketch . HoWeVer, If you Want to mod Ify the deslgn of the ~ Ifyouwantto change the content of the sketch then it must be renewed.
What do you want to do?

sketch, the sketch will need to be renewed. [Roewades| [ Conee
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L} Feature Toggles O ? X

~ Toggles

LHFing | |
Description & State Expires on  Restart For Activation ~ Toggle Group D
Enables process force calculation Off No Manufacturing  a01128cf37c989... -
Enables Process Patterning Off Mo Manufacturing  cb73ffaf3c02e0...
Enables Relief Parameters for Mill Tool Off No Manufacturing  4918c5977affof...
Enables Tilt Toolaxis Smoothing to minimize 0., Off No Manufacturing  21395a645c4ad..
Enables transition path generation Off No Manufacturing  bef20ba3dfeleT...
Enables Turning Automatic Feed Rate Comput... Off No Manufacturing... 881935e8e8626..
Enables Turning Optimized Cut Patterns Off No Manufacturing... bb292887c246a...
Enables Turning Optimized Cut Patterns With ... Off No Manufacturing... 81b778371ef%ag...
Enables update of Tool Diameter expression ba... Off No Manufacturing  387edBe7118c7...
If On, disables saving X and ¥ values when the ... Off Mo LayoutState a0642140bed78...
Prototype on an STL printer with print options  Off Yes FixedPlaneAddi.. e33a8cT5aeb37..
Refactoring of the Machining Feature Mavigat., Off Yes Manufacturing  f1edb6a5hEf259..,
Setting this feature toggle on reverts to the us..  Off No ShipStructureM... ca20b14a382d2...
Toggle to disable the saving of a snapshot of t...  Off No LayoutState 932de2d71ch83...
Toggle to enable the muti server save in Auto...  Off Yes AME 12b9e1636e11d...
Use Guiding Curve pattem smoothing Off Mo Manufacturing  51/9f7e7chd42...
Use the new sohver and Ul for cketching Off No Sketch
Used to deprecate the opening or importing .. Off | & OP Na Arch
v
-
- - - - N Py ™ (@] offset iy
This toolbar contains icons for creating the common & 1 () 7 /7~ me e 0 7
Profile Rectangle Cirde Lline  Arc  Spline Foint \Chamm ‘ﬂS'M' Tim  Extend Carner
2k Mirrer
types of curves and spline curves, editing, S
- |Nu§e\eztmnF|\tEr v‘ ‘WltthurkPartDmy v‘ Curve
|
. . . . R  Navigator O | & modennpnt v IR v\ Profile z
extending, trimming, filleting etc. Each type of i [coma ¢ Qg w
() cirde
Ezm““m ObjectT..  InputM..|v . ine
H 1 i C .
curve has different methods of selection and 2% .. y ] [
@5 Sketch (0) "SKETCH.. [§ ./ : +:,::::
methods of creation. Let us discuss the most clme
v Chamfer
. v [ offset
frequently used options. v g e
v g Mirror
v [ Derived Lines v [ CuveGaliey » | [\ MoreGallens b
v [\ Conic Reset Gallery Reset Group
v Ellipse
v () Polygon
v 2 Fit curve
v

3% Optimize Curve

|. Reset Gallery
G Profile

Profile

This option creates both straight lines as well as arcs depending on the icon you select in the pop-
up toolbar. You can pick the points by using the coordinate system or by entering the length and

angle of the line as shown in the following figures.
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Object T... Input M... Object T... Input M...

— » 8
/0 SP [ / L
L]

biell-12.1 Length| [
ve|75 | Angle |0

. Lin

Line

This option will selectively create only straight lines.

[ Arc

Arc

This option creates arcs by either of two methods. The first option creates arc with three sequential

points as shown below.

Arc Met.. Input M. Arc Met... Input M...

—
. = - ==
L) / XY
[
LN

>/ e

\_J

‘(C N4 Radius

The second option creates the arc with a center point, radius and sweep angle or by center point
with a start point and end point. The illustration is shown below.

Arc Met... Input M... Arc Met... Input M...

.
W NE e S
'y "] S L) 2

A 1
~_ L
Radius N Radius
Sweep Angle ; Sweep Angle
' .
. Circle
Circle

Creating a circle is similar to creating an arc, except that circle is closed.

?< Quick Trim
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This trims the extending curves from the points of intersection of the curves. This option reads

every entity by splitting them if they are intersected by another entity and erases the portion

selected.

4 Studio Spline

You can create basic spline curves (B-spline presem 0?2 X

and Bezier) with poles or through points %= |

. . w Pole Location

with the desired degree of the curve. The ectypoim &

spline will be discussed in detail in the . . ...

seventh chapter (Freeform Features). D st / _ i
[ Closed ‘-_\‘;/
» Movement /_\ %
O wes ® View (O Vector - )
() Plane (O Normal O Polygon

3.4 CONSTRAINTS TOOLBAR -

<oK>
All the curves are created by picking points.

For example, a straight line is created with two points. In a 2D environment, any point has two
degrees of freedom, one along X and another along Y axis. The number of points depends on the
type of curve being created. Therefore, a curve entity has twice the number of degrees of freedom
than the number of points it comprises. These degrees of freedom can be removed by creating a
constraint with a fixed entity. In fact, it is recommended that you remove all these degrees of
freedom (making the sketch Fully Constrained) by relating the entities directly or indirectly to the
fixed entities. It can be done by giving dimensional or geometric properties like Parallelism,

Perpendicularity, etc.

In NX smart constraints are applied automatically, i.e. automatic dimensions or geometrical
constraints are interpreted by NX. You can see this option when you enter the draft feature. The

following paragraphs show how to manually apply constraints.
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1w %= o

Fix Show Relax Relax Options Rapid
Curve Mavable Dimensions Relations - Dimension =

-

Salve

sller_upper-casing.prt DWEIcnme Page @Arborpress_assembl}r.prt g

Y

s Dimensional Constraints

Dimension =

The degrees of freedom can be eliminated by giving dimensions with fixed entities like axes,
planes, the coordinate system or any existing solid geometries created in the model. These
dimensions can be linear, radial, angular etc. You can edit the dimensional values at any time

during sketching by double-clicking on the dimension.

{3} Rapid Dimension

v References a4
L

¥ Select First Object -+
% Select Second Object 'EE-
v Origin

v Measurement

430

Method 1% Inferred -
w Driving
[ Reference
[ Expression
-
Close

Geometric Constraints / /’ — | ,é // \( — Eﬂ %.._ i

Besides the dimensional constraints, some geometric constraints can be given to eliminate the

degrees of freedom. They include coincident, collinear, horizontal, vertical, tangent, parallel,
perpendicular, equal, symmetric and mid-point aligned. You could freely apply constraints on lines

and curves depends on your needs.

#  Coincident:
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A coincident constraint is applied on two circles in the below picture to aligned small circle to the
large circle.

& Make Coincident 07?7 X
+ Motion

+/ Select Motion Object (1) e
o/ Selact Stationary Object (1) |¢) '

[ Automatic Selection Progression

+ Solution
Select Fixed Curve (0) ;.L
B Preview Show Rﬁultm
Apply Cancel
/41 Tangent:
L

A tangent constraint is applied on the line (orange) and circle (green) to make the line is tangent
to the circle.

£} Make Tangent 07

x

+ Motion

./ Select Motion Object (1) ,4
+/ Select Stationary Object (1) & —
Automatic Selection Progression N\
\
~ Solution )
/
Select Fixed Curve (0) mk \
~N
—
£ Preview Show ResultZ‘

// Parallel:

A parallel constraint is applied on the line in the below picture to be parallel to the left side of the
rectangle (the line was originally at an angle with the rectangle).
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£ Make Parallel

= Motion

+/ Select Motion Object (1) fgﬁ

+/ Select Stationary Object (1)

Automatic Selection Progression

* Solution

Select Fixed Curve (0)
Restor

ore Initial Sclution )]

] Preview Show Rmt

-

REIR o | o ]

g Fix Curve Constraints

You can apply Fix Curve constraints on curves by clicking this icon to fix curves.

I% Show Movable

Movable

Show you the curves those are fixed (grey color) and movable (brown color).

3.5 EXAMPLES

3.5.1 Arbor Press Base

An arbor press base will be modeled in this example using NX
Sketch as shown in the right figure.
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> Create a new file and save it as Arborpress_base.prt

» Click on the Sketch button and click OK (default X-Y plane)

» Draw a figure similar to the one shown on right. While making
continuous sketch, click on the Line icon on the Profile dialog box to
create straight lines and the Arc icon to make the semicircle. (Look at
the size of the XY plane in the figure. Use that perspective for the

approximate zooming). For those parts are symmetrical, you only
need to create half of part and use the mirror feature to create the
+

whole part.
Now we have to create the Dimensional constraints.

» Choose the Rapid Dimension icon " in the Solve toolbar (right click) to add all the

Rapid

dimensions as shown in the following figure and specify the values by double-click left

mouse bottom dimensions to change dimensions

., 3875
" 14,25

Al g™
A ' o) |
Dy

138,8
|

77

Y
o0
Y -
A
32,2

55,25
-

|

Now, we have finished a half of the part. The mirror feature will help create the other half
efficiently. Click Mirror in the Curve Box - select the curves you draw -> select Centerline

(indicated by red arrow) to create the whole part.
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w Curve to Mirror ‘ / L‘
o/ Select Curve (9) —| . / CY
v Centerline /
+/ Select Centerfine (1) |_‘$'_ )
;
Wt
N~
N
Curve to Mirror
A
m-\
O
P A
T~
N~
| B |
g
55,25
et

» Click on the Finish Flag * on the top left corner or bottom right of the screen when you
are finished

> Click on the sketch and select Extrude (this Feature is explained in detail in the next
sections)
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Extrude (X)

Creates a feature by extruding the selected sketch along a

vector.

ETMSH» X I @ &

» Extrude this sketch in the Z-direction by 60 mm

& Extrude O ? X
¥ Section
o/ Select Curve (16) {X] 1o
Specify Origin Curve
» Direction
v Limits
Start |+ Value -
Distance 0 mm v
End | Value -
Distance

[] Open Profile Smart Volume

v Boolean
Boolean (None)
[ Preview Show Rsun
v

» Save and close the file

3.5.2 Impeller Lower Casing

» Create a new file in inches and save it as Impeller_lower_casing.prt

» Click Menu - Insert > Sketch or click Sketch l% icon from the ribbon bar

» Set the sketching plane as the XC-YC plane and click OK

» Make sure the Profile window is showing and draw the following curve
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Line 2

Curve 1l i

AN

Line 1

Curve 2

> Create a reference line at the X-axis: clicking the line in the Curve group and create a line

aligned with X-axis. Then, click right-mouse bottom on the line to convert the solid line to

reference line.

L@ 7 X

E}| Convert to Reference
Converts the selected sketch curves or sketch

83| dimensionsto reference. Downstream commands (e.q.
Bxtrude) do not use reference curves and reference

o dimensions do not control sketch geometry.

[ copy Ctrl=C

4 EditDisplay..  Ctrl+J

Properties
View »

Next, we will constrain the curve

» Use Tangent constraint () to make all of the curve-lines and curve-curve joints

Tangent

» Use Rapid Dimension to apply the dimensional constraints and change dimensions by

double clicking left-mouse bottom, as shown in the figure below
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=15

! N 7.3 $‘

» Quickly select all the dimensions: After change to Dimension in No Selection Filter,

select all dimensions.

No Selection Fitter  ~| T, | Within Work Part Only |

Mo Selection Filter | 47 assembly
C
Hrve C. U, Comn
| Datums
Dimension
Point

i Relation

By o B

» Right click on any dimensions and Hide the dimensions

L[ $8 X

4 setl Hide (Ctrl+B)
%) Dis Makes the selected objects invisible in the display.

Add/Remove Expression

|
Properties

» Choose Offset in Curve Group from the ribbon bar
» Select all the curves. You should see 4 objects being selected in Select Object

> Enter the Distance to be 0.5 inch
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» Click OK

¥ Offset Curve 13 7 >[N

+ Curves to Offset

/' Select Curve (4) Ve
Add New Set @©
¥ Offset

Distance 05 -
Reverse Direction &

[ symmetric Offset

Mumber of Copies g
Cap Options Extension Cap -

-

[ <ok ][ apply ][ Cancel |

Distance| 0.5 -

» Then join the end-points at the two ends using the basic curves (line) to complete the sketch

f—'

The sketch is ready.

» Select 4 curves on bottom side and Choose Offset in Curve Group from the ribbon bar
» You should see 4 objects being selected in Select Object
» Enter the Distance to be 1.5 inch

» Click OK

£} Offset Curve 07X

= Curves to Offset

+/ Select Curve (@)

Add New Set
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This will form a curve outside the casing.
» Using straight lines join this curve with the inside curve of the casing

It will form a closed chain curve as shown.

Now we will create the curve required for outside of the casing on the smaller side which will form

the flange portion.
» Choose Edit - Move Object
» Select the outer line as shown in the figure below

> Select the outer line as shown in the figure below and Choose Offset in Curve Group

from the ribbon bar
> You should see 1 object being selected in Select Object
» Enter the Distance to be 0.5 inch

» Click OK
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£ Offset Curve O 7? X
~ Curves to Offset Distance[05  ~|
Select Curve (1)

Add New Set

Ve
O
v Offset

Reverse Direction
[ Symmetric Offset

Number of Copies
Cap Options Extension Cap

>

>

Move the lower curve in the XC-direction by -0.5 inches. This is the same -

as translating it in the negative XC-direction by 0.5 inches v

Using straight lines join the two lines (red arrows) as shown in the figure
on right side

Click on the Finish Flag %

Save and Close the file

We will use this sketching in the next chapter to model the Impeller Lower Casing.

3.5.3 Impeller

>

>

>

Create a new file in inches and save it as Impeller_impeller.prt

Click on Sketch to create the profile of the Impeller

Set the sketching plane as the XC-YC plane and click OK

Click on Menu = Insert = Point or click Point from

—,

+ - L f
Curve group in the ribbon bar O . J a.--.-—J-d
. — - e

Point

Use point dialog to create two Points, one at the

origin (0, 0, 0) and one at (11.75, 6, 0)

ot Sketch| e~ oates sketch points. |

Click on the Arc icon on the side toolbar and click on the Arc by Center and Endpoints

icon —\‘ in the pop-up toolbar
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» Click on the point at the origin and create an arc with a radius of 1.5 and a sweep angle 180

degrees similar to the one shown in the figure below

» Click on the point at (11.75, 6, 0) and create an arc with a radius
of 0.5

» Click on the Arc by 3 Points icon o in the pop-up toolbar

» Select the top endpoints of the two arcs you just created and click somewhere in between
to create another arc that connects them. Do the same for the bottom endpoints

+

» Click on the Tangent Constraints icon '\/D in the Ribbon toolbar and make sure that all
the arcs are Tangent to one another at their endpoints

» Click on the point at the origin and click on the Fix Curve icon

» Then click on the Rapid Dimension icon
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» Give the Radius dimensions for each arc. Edit dimensions so that the two arcs on the end
are 1.5 and 0.5 inches and the two middle arcs are 18 and 15 inches as shown in the figure

below

Kre

» Click on the Finish Flag %
» Save and Close the file.

We will use this sketching in the next chapter to model the Impeller.
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3.6 EXERCISES

3.6.1 Circular Base

One of models that we will use in several chapters of this manual for various purposes is a
simplified arbor press having more than ten components. We modeled one of these components in
example 3.5.1 of this chapter. Another component is a circular base used to hold a workpiece under
the press. Use the dimensions given below to model the circular base (dimension in millimeters).

Note: thickness = 30. (review the Sketch of Circular Base)

-

31.905

17
3PLCS

30.605
3PLCS
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3.6.2 Sketching of a Holder
In one of the exercises in chapter 4, you will be asked to model a holder. Multiple 2D sketches
will be required to model the 3D holder. As a starting point for that exercise, model the 2D

sketching shown in the figure below and save the file (all dimensions are in inches).

) _— 0,38 —
@ ["‘J (3) PLC'S I‘

A

|

|

Ii

| =N DETAIL B

| 1) SCALE 2:1

| f %-20 UNF-38

| B e .25 Typ, TAPTHRU B

—

? , , -
1‘1:25 [_]_I |_u 7_|

f 3,50
o O
1,08 1 rd C
| 5720 UNF-2B

1 H
c i .
i f :
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CHAPTER 4 - THREE DIMENSIONAL MODELING

This chapter discusses the basics of three-dimensional (3D) modeling in NX. We will discuss what
a feature is, what the different types of features are, what primitives are, and how to model features
in NX using primitives. This will give a head start to the modeling portion of NX and develop an
understanding of the use of Form Features for 3D modeling. Once these features are introduced,
we will focus on Feature Operations which are functions that can be applied to the faces and edges
of a solid body or features you have created. These include taper, edge blend, face blend, chamfer,
trim, etc. After explaining the feature operations, the chapter will walk you through some

examples.

In NX, Features are a class of objects that have a defined parent. Features are associatively defined
by one or more parents and the order of their creation and modification retain within the model,
thus capturing it through the History. Parents can be geometrical objects or numerical variables.
Features include primitives, surfaces and/or solids and certain wire frame objects (such as curves
and associative trim and bridge curves). For example, some common features include blocks,

cylinders, cones, spheres, extruded bodies, and revolved bodies.
Commonly Features can be classified as follows:
- Body: A class of objects containing solids and sheets
- Solid Body: A collection of faces and edges that enclose a volume
- Sheet Body: A collection of one or more faces that do not enclose a volume

- Face: A region on the outside of a body enclosed by edges

4.1 TYPES OF FEATURES

There are six types of Form Features: Primitives, Reference features, Swept features, Remove
features, Extract features, and User-defined features. NX stores all the Form Features under the

Insert menu option. The form features are also available in the Form Features Toolbar.

> Click Insert on the Menu
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As you can see, the marked menus in the figure on the right side contain (& pesign croup
the commands of Form Features. The Form Feature icons are grouped & Mevete Group..

in the Home Toolbar as shown below. You can choose the icons that you {2 sketn

Sketch Curve [
use frequently.
Datum 2
» Click on the drop down arrow at the bottom right of Ribbon Curve g
TOOlbar Derived Curve 4
Design Feature 4
» Choose Base Group Associative Copy v
SIEMENS _ & X Comhbine 4
NG Trim v
Offset/Scale 4
Detail Feature k
Home Surface »
W @ Construction Group 4
Te & Extrude x |¥ ¢ BaseGroup 4 Mesh Surface '
v @ Revolve v g Synchronous Modeling Group ¥ SWEED »
@ Organize Group » -
v @ tote &b Edit Group v Flange Surface 3
v @ Unite @ Feature Replay Group »
v (8 subtract < Aero Design Group i’ CAM Data Preparation b
Combine Drop-down ¥ f Measure Group 4
v @) EdgeBlend Undock Tab Facet Modeling .
Blend Drop-down » H\deTa.b
v @ Chamfer ResetRl.bbon Tab P REE”;E Shape »
v & Draft |E| Customize... Ctrl+1
v @) shel % Synchronous Maodeling 4
v (gg Pattern Feature )
v & Mirror Feature = Aero Design 4
@ Maore Gallery b
Table b
Reset Group
DMU 3
4.1.1 Primitives o ’
Weld Assistant k
NX enable you create solid bodies in the form of generic building shapes. Structure Welding .
Primitives include: BW Locator ’
e Block
e Cylinder
e Cone
e Sphere

Primitives are the primary entities. Hence, we will begin with a short description of primitives and

then proceed to modeling various objects.
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» To create primitives’ geometries: Eie » O [fvekcomepase &
Edit v C. U. Comn
Menu -> Insert - Design Feature as shown the right | = '
nsel * | [@| Design Group
figure. ! e
| Assemblies » t&} Sketen
- N Sketch Curve 3
Information 3 Datum »
Analysis 3 Curve »
4.1.2 Reference Features — 1L
T R s b
These features enable you to create reference points, o S
- @ Twune : 8 C\m_derm
reference axes, reference plane, or reference coordinates, - JE—— ' B e,
. . = Detail Feature v | O sphere..
which can be used for constructing other features. g | ® o
4 Emboss...
. . Mesh Surface ] B
» Click on Menu = Insert - Datum or click on s ' o o—
Flange Surface 3 =
. ; ; ) @ rib..
Datum Plane in Construction group in the A Pata repareion ¥ e '
A B B Faget Modeling 3 E Thread...
ribbon bar to view the different Reference ,
Synchronous Modeling b @.gsernefinm..

Feature options: Datum Plane, Datum Axis, and

Datum CSYS
= Menu ~ |No Selection Filter v| |Er|tire Assembly v| — .
P o o
File 4 0O {;:[ Welcome Page & Imp <"--.__..--} M L‘
Edit 3 U C
_ B Datum Sketch Ext
Wiew ' Plane ~
Insert ' | @ Design Group
<> Datum Plane
Format 4 T Move to Group...
Tools L L H
% sketch -~ Datum Axis
Assemblies 3 4
Sketch Curve » _[‘t]_ Datum C5Y5
PMI » .
Information » Datum b | <> Datum Plane...
Analysis 3 Curve P | _# Datum Axis...
Preferences 2 Derived Curve » | 4 Datum C5YS...
Windaw 3 Design Feature , | B Print csvs.,
Help ' Associative Copy » + Point...
+ .
@ Combine bt Point Set...
Trim , | @ Reference Point Cloud...
- Offset/Scale ¥ | @ Datum Plane Grid...
N
Detail Feature 3
E Raster Image...

4.1.3 Swept Features
These NX features enable you to create bodies by extruding or revolving sections. Swept Features

include:

e Extruded Body
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e Revolved Body
e Sweep along Guide
e Tube
e Styled Sweep
To select a swept feature, you can do the following:

» Click on Insert - Design Feature for Extrude and Revolve or

click on Extrude in Base group in the ribbon bar

OR
» Click on Insert - Sweep or click on Surface in
Base group in the ribbon bar to find all the options
available including Sweep
4.1.4 Remove Features
Remove Features let you create tool bodies and use them to

remove solid shapes from 3D geometry.
» Click on Insert - Design Feature

Remove Features include:

e Hole

e Emboss
e Groove
e Rib

e Lattice

4.1.5 Extract Features

Sweep

Flange Surface

CAM Data Preparation
Facet Modeling

NX Realize Shape
Synchronous Modeling

Design Feature

Associative Copy

Combine
Trim
Dffset/Scale

Detail Feature

Surface
Mesh Surface
Sweep

Flange Surface

CAM Data Preparation

Design Feature P @ Exrude. X

4 (; Revalve...
Compine » @ Block...
Trim » 8 Cylinder..,
» @ Cone..

y | O Sphere..

b @] Hole..,

y | @ Emboss..

o | @ Offset Emboss..
) 8 Groove..,

@ Rib..

CAM Data Preparation 3
Lattice »

Associative Copy

Offset/Scale
Detail Feature
Surface
Mesh Surface
Sweep

Flange Surface

Facet Modeling »
E Thread...

NX Realize Shape »

Synchronous Modeling  » | @y User Defined...

4 () Swept..

4 @ Styled Sweep...
N er Section...

@ Variational Sweep... v
' ) sweep along Guide...

b | €@ Tube..

&3’ Swept Volume...

4 t;_j Extrude... X
4 Qp Revalve...

y | (3 Block..

v | B Glinder..

» @ Cane...

s O Sphere...

» @ Hole...
y | @ Emboss.
v | @ Offset Emboss...
s 8 Groove..,
@ Rib..

Lattice 3

These features let you create geometries / bodies by extracting curves, faces and regions. These

features are widely spaced under Associative Copy and Offset/Scale menus. Extract Features

include:

e [Extract
e Solid to Shell
e Thicken Sheet

e Bounded plane
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e Sheet from curves
Click on Insert - Associative Copy - Extract for Extract options or click on More in

Base group in the ribbon bar of Home to find Extract Geometry

Associative Copy M| R Extract Geometry..

S8 S oo

MEIE Maove Delete Replace “‘QA Resize Blend

Copy “
@ Pattern Geometry (R Pattern Face L, Mirror Geometry

@ Mirror Face (R Extract Geometry

Trim

ﬂ Trim Body Lﬁ Split Body @ Divide Face

Feature Tools

:%Assign Feature Color -

» Click on Insert > Offset/Scale for Solid to Shell and Thicken Sheet Assistant or click on

Shell in Base group in the ribbon bar of Home or Thicken in Base group in the ribbon bar

of Surface to find Offset/Scale options

Offset/Scale

Dretail Feature

Surface b @l Scale Body..

» Click on Insert = Surface for Bounded Plane and Sheet from curves

Surface ¥ | {\ Four Point Surface..  Ctrl+4
Mesh Surface 4
{? Through Points...
Sweep L
From Poles...
Flange Surface 4
&7 Fit surface...
CAM Data Preparation L ,Q' Rapid Surfacing...
Facet Modeling ¥ | == Bounded Plane..,
MN¥ Realize Shape r .gj? Fill Surface...
Synchronous Modeling r (:7 5heet from Curves...
Aero Design p | = Ribbon Builder...
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4.1.6 User-Defined features

These custom build features allow you to create your own sets of formed features to automate
commonly used design elements. You can use user-defined features to extend the range and power

of the built-in form features.

» Click on Insert - Design Feature - User Defined

4.2 PRIMITIVES

Primitive features are base features from which many other features can be created. The basic
primitives are blocks, cylinders, cones and spheres. Primitives are non-associative which means

they are not associated to the geometry used to create them.

Note that usually Swept Features are used to create Primitives instead of the commands mentioned

here.
4.2.1 Model a Block
> Create a new file and name it as Arborpress_plate.prt |9 Orgnand dge Lengts d
+ QOrigin
» Choose Insert - Design Feature -> Block or click on Specify Point 1 -
the Block icon in the Form Feature Toolbar + Dimensions
Length (XC) 4 in -
The Block window appears. There are three main things to define  widtn vo) 2 n -
ei 4 in -
a block, which are the Type, Origin and the Dimensions of the e
+* Boolean
block. To access the Types, scroll the drop-down menu under ...
Type. There are three ways to create a block primitive: Show Resutt] 0|
e Origin and Edge Lengths oK
e Height and Two Points
e Two Diagonal Points
» Make sure the Origin and Edge Lengths method is selected
Now, we will choose the origin using the Point Constructor:
EeEN T il -

» Click on the Point Dialog icon under the Origin

~ Dimensions Point Dialog
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The Point Constructor dialog box will open. The XC, YC, ZC points

| ' Inferred Point -|

should have a default value of 0.

~ Point Location

./ Select Object (0) -

> Click OK

¥ Output Coordinates

Reference

The Block window will reappear again. xe

YC
il 0.0000000000! in

LI ERERE

» Type the following dimensions in the window

~ Offzet

Length (XC) = 65 inches -

-

. ,
Width (YC) = 85 inches

Height (ZC) = 20 inches
» Click OK
If you do not see anything on the screen,
» Right-click (MB3) and select FIT. You can also press <Ctrl> + F

» Right-click on the screen and click on Orient View —Trimetric

Orient View ¥ & Trimetric Home

Snap View Fa & |sometric End
I T
Bepeat Command F Tep CHri=Alt=T

n | .Y el Al

You should be able to see the complete plate solid model. Save and close the part file.

|‘3_‘;t Axis, Diameter, and Height - |

¥ Axis
/" Specify Vector lI‘ Tf} -
+/ Specify Point Iz‘

4.2.2 Model a Shaft + Dimensins
Let’s move on to model a shaft having two cylinders and one cone o n
joined together using Primitives. ~ Boolean =3
Boolean
» Create a new file and save it as Impeller_shaft.prt S—y
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» Choose Insert - Design Feature - Cylinder or click on More in Base group in the

ribbon bar of Home to find Cylinder in Design Feature section

Similar to the Block, there are three things that need to be defined to create a cylinder: Type, Axis

& Origin, and Dimensions.

A Cylinder can be defined by two types which can be obtained by scrolling the drop-down menu

under Type
e Axis, Diameter, and Height
£} Cylinder Q7?7 X
e Arcand H6|ght [, s, Dismeter, and Heigt -l
» Select Axis, Diameter, and Height v s
+/ Specify Vector II‘ Zc? -
» Click on the Vector Constructor icon next to Specify Vector ey

~ Dimensions

and select the ZC Axis icon

Diameter 2 in -

Height 4 in -

» Click on the Point Dialog icon next to Specify Point to set the - s

origin of the cylinder e Bl .
Shanesult
> Set all the XC, YC, and ZC coordinates to be 0

You can see that the selected point is the origin of WCS
> In the next dialog box of the window, type in the following values

Diameter = 4 inches
Height = 18 inches
> Click OK

» Right-click on the screen, choose Orient View - Isometric

The cylinder will look as shown on the right. Now we will create a cone at one end

of the cylinder.

» Choose Insert - Design Feature - Cone or click on More in Feature group in the ribbon

bar of Home to find Cone in Design Feature section

Similar to Block and Cylinder, there are various ways to create a cone which can be seen by

scrolling the drop-down menu in the Type box.

e Diameters and Height
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Diameters and Half Angle & Cone 07

X
e Base Diameter, Height, and Half Angle | &l Diameters and Height |
e Top Diameter, Height, and Half Angle T e
T C . I A /" Specify Vector ZC?
* WO Loaxial Arcs ./ Specify Point )L~
> Select Diameters and Height S ‘5
> Click on the Vector Constructor icon next to o . ]r_%
Specify Vector Feiont : o
« Boolean 1
» Choose the ZC-Axis icon so the vector is  eecken @rore | 4\ |
pointing in the positive Z direction show ) P
- = c Arc/Ellipse/Sphere Center
» Click on the Point Constructor icon next to B - L d
Specify Point to set the origin of the cylinder. _f
The Point Constructor window will appear next. 4y
dc,a“
» Choose the Arc/Ellipse/Sphere Center icon on @
the dialog box and click on the top circular edge of the cylinder
OR
> For the Point Dialog, type in the following values:
XC=0;YC=0;zZC=18
> Click OK
» In the Cone Window, type in the following values:
Base Diameter = 4 inches P
Top Diameter = 6 inches
Height = 10 inches
» On the Boolean Operation window, choose Unite and select the cylinder
> Click OK

Now the cone will appear on top of the cylinder. The shaft is as shown on right.
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Now we will create one more cylinder on top of the cone.

> Repeat the same procedure as before to create another Cylinder. The vector
should be pointing in the positive ZC-direction. On the Point Constructor
window, again click on the Center icon and construct it at the center point of
the base of the cone. The cylinder should have a diameter of 6 inches and a

height of 20 inches. Unite the cylinder with the old structure.

The complete shaft will look as shown in the right figure. Do not forget to save the

model.

w

Another option of using the primitives features to model this shaft, it can also be i
quickly modeled by using Sketch and Revolve feature, this is more recommended
approach to create geometries.

» Click Sketch and choose XC-YC plane

20

Use Line feature to draw the draft as shown in the right (Unit: inch) !

48

Click Finish

Click Revolve in BASE feature @

Revalve

Select all Curves

20

YV V Vv V V

Use Inferred Vector to choose the red line as the revolve axis as shown in

the bottom-right figure K

~ |
il

» Click OK
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» The shaft is modeled as showing below

» Save the model

4.3 REFERENCE FEATURES

4.3.1 Datum Plane

Datum Planes are reference features that can be used as a base feature in constructing other

Datum

features. They assist in creating features on olane

cylinders, cones, spheres, and revolved solid
bodies which do not have a planar surface and
also aid in creating features at angles other than
normal to the faces of the target solid. We will Fane
follow some simple steps to practice Reference

Features. For starters, we will create a Datum Plane that is offset from a base face as shown in the

figure above.
» “Open the model Arborpress_plate.prt”
» Choose Insert - Datum - Datum Plane

The Datum Plane dialog can also be opened by clicking the icon as shown in the figure below
from the Construction Toolbar.

Datum  Sketch Extrude Revolve Hole
Plane =

-

Construction
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The Datum Plane window allows you to choose the method of selection. However, NX is smart
enough to judge the method depending on the entity you select if you keep in Inferred option,

which is also the Default option.
» Click on the top surface of the block so that it becomes highlighted

The vector displays the positive offset direction that the datum plane will be created in. If you had

selected the bottom face, the vector would have pointed downward, away from the solid.

» Set the Offset Distance value as 15 inches in the dialog box and click OK

@- .

[ Inferred
~ Objects to Define Plane
./ Select Object (1) E &

w Offset

Number of Planes

~ Plane Orientation
Revas Dnecton

~ Settings

[ Associative

» Ifyou don’t see the complete model and plane, right-click and select FIT (or double click

anywhere on the blank screen of design space in NX).

4.3.2 Datum Axis

In this part, you are going to create a Datum Axis. A Datum Axis is a reference feature that can be
used to create Datum Planes, Revolved Features, Extruded Bodies, etc. It can be created either
relative to another object or as a fixed axis (i.e., not referencing, and not constrained by other

geometric objects).
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Relative

Second Point Datum Axis

)

f

First Point

> Choose Insert > Datum > Datum AXis

The Datum Axis dialog can also be opened by clicking the icon as shown < @ @ @

Datum Sketch Extrude Revaolve
Plane =

in the figure on the right from the Construction toolbar.
<> Datum Plane

_* Datum Axis ection Filter

The next window allows you to choose the method of selecting the axis.

1 & Datum csvs

Note that NX can judge which method to use depending on the entity you
select.

There are various ways to make a Datum Axis. They include Point and Direction, Two Points, Two

\

Planes, etc.

> Select the two points on the block as shown in the figure

on the right
> Click OK

The Datum Axis will be a diagonal as shown.

4.4 DESIGN FEATURES

Two important Design Features (Extrude and Revolve) are discussed here using a practical
example which is the continuation of the lower casing of the impeller which we started in the

previous chapter.
» Open the Impeller_lower_casing.prt (created in Chapter 3.5.2)

In the previous section, we finished the two dimensional sketching of this part and it should look

similar to the below figure.
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» Click on Insert - Design Feature - Revolve

OR @

» Click on the Revolve button in the Base Group L

Make sure that the Selection Filter is set to Single Curve as shown below on the Selection Filter

Toolbar

No Selection Filter = | W, [Within Wark Part Only _~|

figator (] m Welcome Page &» Impeller_impeller.prt & Impeller_lower_casing.prt X &. Arborpress_circlebase.prt [2 @ Arborpress_plate.prt [* & Impelle
- C. U. Comn T |single Curve - ﬁ e
lodel Views

» Click on each of the 10 curves as shown in the next figure

> In the Axis dialog box, in the Specify Vector option choose the Positive XC-direction

£} Revolve O ? X

* Section
o Select Curve (10) “t.@.
Specify Origin Curve

¥ Axis

% Specy Vector 7

% Specify Point |1|
* Limits

Start |+ Value -
Angle 0 -
End | value -
Angle 360 -

[] Open Profile Smart Volume

¥ Boolean
Preview Show Result

-

Cancel
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>

The solid is shown on the right. Now, we will create the

edges.
>
OR

>
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In the Specify Point option, open Point Dialog enter the coordinates (0, 0, 0) so the curve

revolves around XC-axis with respect to the origin

Keep the Start Angle as 0 and enter 180 as the value

for the End Angle

Click OK

Click on Insert - Design Feature - Extrude

Click on the Extrude button in the Base Group

W

Extrude

w Limits

Start | |—' Value
Angle | ]

End [l Value
Angle [ 180

1

[[] Open Profile Smart Volume

Select the outer curve of the casing as shown in the figure below (again make sure that the

Selection Filter is set to Single Curve).

£} Extrude O ? X

w Section

/" Select Curve (10) )@-

» Direction

* Limits

Start | value

Distance 0 in

End | Value

A Cffaf 4

Distance 1 in

[] Open Profile Smart Volume

* Boolean

Boolean (None) # Inferred -

Preview Show Result

-




Note: In case you are not able to select the proper lines, left-click and
hold the mouse button and you will see a dialog box pop-up as shown
which will provide you the options of which curve to select.

» Extrude this piece in the negative Z-direction by 0.5 inches
The final solid will be seen as follows.
We will now use the Mirror option to create an edge on the other side.
» Choose Edit - Transform

> Select the solid edge as shown. For this you
will have to change the Filter in the dialog box
to Solid Body

Click OK

Choose Mirror Through a Plane

Select the XC-ZC Plane as shown below
Click OK

Select Copy

vV V VYV ¥V V VY

Click Cancel

The edge will be mirrored to the other side as shown below.

- X

" Lineb of SKETCH_000
/" Linel4 of SKETCH_00D
/" Lineg of SKETCH_000
/" Line11 of SKETCH_00D
/" Line13 of SKETCH_00D
&) Revolve(2)

£ Edge of Revolve(2)
5 Edge of Extrude(3)
£ Edge of Revolve(2)
£ Edge of Extrude(3)
£ Edge of Extrude(3)
Q Face of Revolve(2)
@ Face of Revolve(2)
@ Solid Body of Revolve(2)

+/ Select Objects (1)

Select Al

<
Invert Selection
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We will now create a flange at the smaller opening of the casing as shown.

» Click on Insert - Design Feature - Revolve

Again, make sure that the Selection Filter is set to Single Curve. The default Inferred Curve option
will select the entire sketch instead of individual curves.

> Revolve this rectangle in the positive XC-direction relative to the Origin just like for the
casing. The End Angle should be 180

This will form the edge as shown below.

The lower casing is completed. Do not forget to save the model.
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4.5 REMOVE FEATURES

Remove Features enable you to remove a portion of the existing 3d geometry or geometries to

create an object with additional features that are part of the design, which are illustrated below.

4.5.1 General Hole

This option lets you create Simple, Counterbored, Countersunk and Tapered holes in solid bodies.

Counterbored hole

Simple (through hole)
\ Countersunk hole

» Open the file Arborpress_plate.prt
» Choose Insert - Design Features - Hole
OR D
3 é? @
» Click on the icon in the Feature Toolbar as shown  ggrude Revolve Hole

The Hole feature dialog will open. There are various selections that need to be done prior to making

the holes. First you need to select the Type of the hole.
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> Select the default Simple

| U Simple v|
Next, you need to define the points at which you need to make the
hOleS Hole Size U Custom -
Hele Diameter 3 in A
» Chamfer

» Click on the Sketch Section icon in the Position dialog box

[ Start Chamfer
[ End Chamfer

and choose the top face of the plate as the Sketch Plane

* Position
Hele Size U Custom - e
Specify Point (I - +
Hole Diameter in - < Sy 2 +
[ Project Point onto Target
~ Pasition
+ » Direction
¥ Specify Point (0] {5 i
+ L
» Limit
[ Project Point onte Target
Sketch Section * Boolean
~ Direction
Boolean () Subtract -

Hele Direction

7 Normalto Face =

¥ Select Body (0)

@]

+ Limit
Depth Limit I—)Value - > Settings
Hole Depth 2 in - Preview Show Result 0"::‘
» Click OK
This will take you to the Sketch Plane.
L} Sketch Point D ? X
* Point
ﬂ Specify Point s —::._ -
-

» Clickon Point Feature

Faint

and the Point Dialog icon and specify all the points as

given in the table below

Unrestricted NX for Engineering Design

X Y z
11.25 10.00 0.00
32.50 23.50 0.00
53.75 10.00 0.00
11.25 75.00 0.00
32.50 61.50 0.00
53.75 75.00 0.00
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» Click OK after you enter the coordinates of each point

» Click Close once you have entered all the points

=

» Click on Finish flag in the top left corner of the window ;..

This will take you out of the Sketch mode and bring back to the original Hole window on the

graphics screen.
> In the Form dialog, choose the default option of Simple Hole
» Enter the following values in the Dimensions window

Diameter = 8 inches
Depth = 25 inches
Tip Angle = 118 degrees
» Choose Subtract in the Boolean dialog box and click OK

Make sure to save the model

45.2 Slot

This NX Slot option lets you create a passage through or into

a solid body in the shape of a straight slot. An automatic
subtract is performed on the current target solid. It can be
rectangular, T-slot, U-Slot, Ball end or Dovetail. An example
is shown on the right. Later releases of NX, Slot is command

has been “hidden” or becomes a Legacy function, you can use

command finder to locate this function within NX.

4.5.3 Groove

This NX Groove option lets you create a groove in a solid body, as if a form tool

moved inward (from an external placement face) or outward (from an internal
placement face) on a revolving part, as with a turning operation. An example is

shown on the right.
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Note: Pocket, Slot, and Groove features are not commonly used in best practice. All the models

created using these features can be modeled using 2D Sketches and Extrude/Revolve.

4.6 FEATURE OPERATIONS

Feature Operations are performed on the basic Form Features to smooth corners, create tapers,
make threads, do instancing and unite or subtract certain solids from other solids. Some of the

Feature Operations are explained below.

4.6.1 Edge Blend
An Edge Blend is a radius blend that is tangent to the blended faces with controls of which
type of tangencies implies. This feature modifies a solid body by rounding selected edges. @

. i Edge
This command can be found under Insert — Detail Feature — Edge Blend. You can also &iend

click on its icon in the Base Group. You need to select the edges to be blended and define the

Radius of the Blend as shown below.

Similar to Edge Blend you can also do a Face Blend .. by selecting two adjacent faces.

Blend

4.6.2 Chamfer

The NX Chamfer Function operates very similarly to the Blend Function by adding or subtracting

material relative to whether the edge is an outside chamfer or an inside chamfer. This command

Chamfer c, can be found in the Base group of Home. You need to select the edges to be

chamfered and define the Distance of the Chamfer as shown below.
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Cross Section 'Q‘i -
:: Distance |05 -

£ Chamfer

~ . Ed
@ Tangent Curves : Edge of Block{l) M 9¢
./ Select Edge (1) @
Cross Section ”\"‘2 Symmetric -
Distance m in -
Add New Set
[ Preview Show Rsult
-
[ <ok> |[ appy ][ cancel |

In the Cross Section, Asymmetric could model chamfer edge with different distances in each side

& Chamfer

+ Edge
./ Select Edge [1) &
Cross Section *§ Asymmetric -
Cross Section [ % ~ Distance 1 03 n -
Distance 105~ Distance 2 2 n -
i Distance2|2 hd Reverse Direction X
Add New Set

[ Preview Show Resutt| 2]

-
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4.6.3 Thread

Threads can only be created on cylindrical faces. The NX =82 —

‘ Detailed - ‘

Thread Function lets you create Symbolic or Detailed - -

./ Select Cylinder (1)

threads (on solid bodies) that are right or left handed,  ...c.opco

=@©

Reverse Direction

external or internal, on cylindrical faces such as Holes,

~ Form

Bosses, or Cylinders. It also lets you select the method of ™"

Smart Thread

creating the threads such as cut, rolled, milled or ground.  mss«

0.2419 -

You can create different types of threads such as metric, o=~ [wwime -

Mumber of Starts

. . Methed
unified, acme and so on. To use this command, go to

¥ Limit

[ 1
Cut

Insert - Design Feature - Thread. — noT
[ Preview . Show stu\l
An example of a Detailed Thread is shown on the right.

An example of a Symbolic Thread is shown below

You can see the actual thread using Detailed Thread. However, we highly recommend you use
the Symbolic Thread instead of Detailed Thread because modeling the actual threads in your
model will increase the burden of graphics card and slow down your graphic process speed and
performance. This will become more evident when you are opening or loading a part or

assembly with detailed threads.

For Threaded Holes, it is recommended to use Hole command with

Threaded mode instead of using Thread command (Insert > Design | 57
Feature = Hole), this is due to the fact for reducing the number of %?:j:;bm

ﬁ Countersunk

features in the design. [ Tapered

g- Threaded

[ Hole Series

@ Show Shortcuts

Thread Depth Type Custom -
Thread Depth 0.0295275590! in -
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Note: use hole command with Treaded mode to create threaded hole will only show Symbolic

Thread (left figure) instead of actual thread. If you n

figure), you still need to use Thread command (Inse

4.6.4 Trim Body

You can use the Trim Body function to trim a

solid body with a sheet body or a Datum Plane,
and at the same time retain parameters and

associativity. To use this command, go to

Insert - Trim = Trim Body or click on its icon

in the Feature Group. An example is shown on
the right.

4.6.5 Split Body
A solid body can be split into two bodies by a plane

or a sheet body. To use this command, go to

Insert = Trim = Split Body or click on its icon in the

Feature Group. An example is shown on the right.

4.6.6 Mirror

Mirror is a type of Associative Copy in which a solid

body is created by mirroring the body with respect to

Unrestricted NX for Engineering Design 80

eed to show the real thread in your hole (right
rt - Design Feature - Hole).

.-

{3 Trim Body 0 ? X
« Target

/ Select Body (1) E‘
* Tool

Tool Option
~/ Select Face or Plane (1) @

Reverse Direction
[ Preview Show Resu?t

.

~ Target
# Select Body (0)
+ Tool

Tool Option Face or Plane

¥ Select Face or Plane (0)
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a plane. To use this command, go to Insert - Associative Copy - Mirror Feature or click on its

icon in the Mirror Feature in the Base group of Ribbon Bar. An example is shown below.

Undo Resut €]
o e

4.6.7 Pattern

A Design Feature or a Detail Feature can be made into dependent copies in the form of a Pattern
Array. It can be Linear, Circular, Polygon, Spiral, etc. This particularly helpful feature saves
plenty of time and modeling when you have similar features. For example, threads of a gear or
holes on a mounting plate, etc. This command can be found under Insert - Associative Copy >

Pattern Feature. You can also click on its icon in the Feature Group. An example is shown below.

~ Feature to Pattern

W Select Feature (1) r:!)

» Reference Point
~ Pattern Definition

Layout

~ Rotatien Axis

o B
Specify Point E‘ -
s

Pitch Angle 60 - =
~ Radicte

Create Concentric Members

» Instance Points

Use Spreadsheet

¥ Pattern Method

Undo Rsull
.

=] ]
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4.6.8 Boolean Operations

There are three types of Boolean Operations: Unite, Subtract,

and Intersect. These options can be used when two or more
solid bodies share the same model space in the part file. To
use this command, go to Insert > Combine or click on their
icons in the Feature Group. Consider two solids given: a

block and a cylinder are next to each other as shown on the

right. @

Unite

4.6.8.1 Unite

The unite command adds the Tool body with the Target body. For the above example, the output
will be as follows if Unite option is used.

& Unite O 7 X
w Target
Select Body (1) @
+ Tool
Select Body (1)
¥ Region
Preview
When Unit command of two similar geometries as shown below, EXGS 0 ? X
) ; v Target
where there is a hole through the center of the cylinder, you can .
remove the extra section of rectangle that interferes with the hole . .
by selecting / expanding the Region Option during the Unit =0 ®
: —
operation. :
D‘SeparateTﬂrge’c‘and Tool Regions
Select the Target Body - select Tool Body —> select Defing | sccresene
@ Keep () Remove

Regions - (option Keep or Remove) - select Remove. B review Show Resut] 2]

-

The interfered section of rectangle is removed as shown below.
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: / Remove

/ Prasmy \
| | |
&

4.6.8.2 Subtract suetrct
When using the subtract option, the Tool Body is subtracted from the Target Body. The following

would be the output if the Block is used as the Target and the Cylinder as the Tool.

« Target
/" Select Body (1)
: ~ Tool
+/" Select Body (1) @
4683 InterSeCt Intersect
83 Missouri University of Science and Technology
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This command leaves the volume that is common to both the Target Body and the Tool Body. The

output is shown below.

£} Intersect O 7? X

¥ Target

+/ Select Body (1)

w Tool

i

) ./ Select Body (1) P
Preview Show Result

-

4.6.9 Move

If you want to Move an object with respect to a fixed entity,
» Click on Edit - Move Object

You can select the type of motion from the Motion drop-down menu. The default option is
Dynamic. With this you can move the object in any direction. There are several other ways of
moving the object.

i i ) & Move Object 0?7 X
| - Objects
)ﬂ ) ] o sect i)
< =y S ~ Transform
- | Sy @ |I| &

[ Move Hendles Only

~ Result

© Move Original @ {Capy Original;

Number of Non-associative Copies

Preview show Result] 0]

If you choose Distance you can move the selected object in the X-Y-Z direction by the distance
that you enter.

Unrestricted NX for Engineering Design 84 Missouri University of Science and Technology



Oug (cw der(5)
; £ Move Object
S

N - ~ Objects

/ Select Object (1)
~ Transform
JF
P II r;f
LR e
~ Result
O Move Original @ Copy Original
Layer Option Original -
Distance/Angle Divisions 1
Number of Non-associtive Copies 1
Preview Show Re;u\t

» Click on Specify Vector and select the direction.

» For example, type 7 in the Distance box. This will translate the cylinder a distance of 7
inches along X-Axis

» Click OK

As you can see, we have moved the cylinder along the X-direction. Similarly, we can also copy

the cylinder by a specified distance or to a specified location by selecting the Copy Original option
in the Result.

4.7 EXAMPLES

4.7.1 Hexagonal Screw

> Create a new file and save it as Impeller_hexa-bolt.prt

» Choose Insert - Design Feature - Cylinder

£ Cylinder Q7 X
> The cylinder should be pointing in the Positive . AX '

ZC-Direction with the center set at the Origin

and with the following dimensions: -

Diameter = 0.25 inches =

Height = 1.5 inches 7 Boclear

Mene

Now create a small step cylinder on top of the existing P
cylinder.
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>

>

The two cylinders should look like the figure shown on the right.

>

>

>

>

Create a Cylinder with the following dimensions:
Diameter = 0.387 inches

Height = 0.0156 inches

Click on the top face of the existing cylinder

On the Point Constructor window, choose the Arc/Ellipse/Sphere

Center icon from the drop-down Type menu
Click OK to close the Point Constructor window

Under the Boolean drop-down menu, choose Unite

Click Sketch and choose the top surface of thin cylinder and OK

Choose Insert - Curve - Polygon
Select the center of the top circle as the Center Point

On the Sides window, type 6 for the Number of Sides

There are three ways to draw the polygon.

Inscribed Radius

Circumscribed Radius

Side Length

Choose Side Length and enter the following dimensions:

. £ Polygon O ? X
Length = 0.246 inches ~ Cente Pt
+/ Specify Point E‘ ";7 -
Rotation = 0.00 degree - s
) Number of Sides
Click OK - sue
83 Specify Paint E‘
Eﬁ_“| Length ;‘::”9‘“ :
FAE  Rotation 0
. .
Now we will extrude this polygon.
Choose Insert - Design Feature

>

- Extrude
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Section

07X

» Choose the Hexagon Sketch to be extruded @ bxrude
- Section _ i [
> Enter the End Distance as 0.1876 inches sdect Come @ X[e]to
Specify Origin Curve

~ Direction

The model looks like the figure on the right after . ]

¥ Limits

extrusion.

Start f= Value -
» On top of the cylinder that has a diameter of v - .
Distance in - Iw
0.387 InChES, |nse|"t another Cy“nder Wlth the [ Open Profile Smart Volume |
following dimensions. sotan e “.
Select Body (1) ]

Diameter = 0.387 inches zl) | Senels]
|

Height = 0.1875 inches

You will only be able to see this cylinder when the
model is in Static Wireframe since the cylinder is inside the hexagon head. The model will look

like the following.

We will now use the feature operation Revolve.

» Click Sketch and make a drawing like figure below on X-Z Plane
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p13=0,160

] e
.
p16=0,240

p11=0,240

F

. p12=0,160

Finish

Choose Insert - Design Feature - Revolve
Choose 6 curves from the sketch

Click Specify Vector and choose ZC axis
Click Specify Point to (0,0,0) in Point Dialog

Choose Substract in Boolean operation

YV Vv Vv YV VY V VY

OK

~ Section

o/ Select Curve (6) D
Specify Origin Curve EI

- Axis

 Specity Vector |-
 Specify Point E _+_ .
* Limits

Start b= WValue -
Angle 0 -
End f= Value -
Angle 360 -

Open Profile Smart Volume

~ Boolean

/' Select Body (1) ‘

A Preview Undo Resuh[ S5

-

oK > -Apply -Cancel
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This will give you the hexagonal bolt as shown.

Now we will add Threading to the hexagonal bolt. —

» Choose Insert - Design Feature - Thread

» Choose Detailed

> Keep the Handedness to be Right Hand

» Click on the bolt shaft (the long cylinder below i

the hexagon head) -

Once the shaft is selected, all the values will be
displayed in the Thread window. Keep all these default i
values.

> Click OK

The hexagon bolt should now look like the figure on the

right. Save the model.

4.7.2 Hexagonal Nut

Additional reference material regarding how to create Hexagonal Nut.
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> Create a new Model file and save it as Impeller_hexa-nut.prt

Y

Click Sketch and choose X-Y plane

A\

Choose Insert - Curve - Polygon

Input Number of Sides to be 6

vV VY

Create a hexagon with each side measuring 0.28685 inches and Rotation of O degree and
constructed at the Origin

Finish

Choose Insert - Design Feature - Extrude

vV 'V V

Select the Hexagon to be extruded and enter the End Distance as 0.125 inches
>
The figure of the model is shown.

» Click Sketch and make a drawing like figure
below on Y-Z Plane

i

» Choose Insert - Design Feature - Revolve
» Choose 3 curves of triangle from the sketch
» Click Specify Vector and choose ZC axis

» Click Specify Point to (0,0,0) in Point Dialog
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» Choose Substract in Boolean operation
» OK

The model will look like the following.

We will now use a Mirror command to create
the other side of the Nut.

» Choose Menu - Edit > Transform

» Select the model and click OK
» Click Mirror Through a Plane

» Click on the flat side of the model as shown. Be careful not to select any edges

~ Objects to Define Plane

/ Select Object (1) E -+

v Offset

> Click on OK
» Click on Copy
> Click Cancel

You will get the following model.

» Choose Insert > Combine = Unite

> Select the two halves and Unite them
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> Insert a Cylinder with the vector pointing in the ZC-Direction and with the following

dimensions:
Diameter = 0.25 inches
Height = 1 inch

Put the cylinder on the Origin and Subtract this cylinder

from the hexagonal nut

Now, we will chamfer the inside edges of the nut.

» Choose Insert > Detail Feature > Chamfer

£} Chamfer O X
Edge A
 Select Edge (1) [ffj
Offsets M
Cross Section "\:‘i Syrmmetric -
Distance M in -

-
Apply Cancel

> Select the two inner edges as shown and click OK
> Enter the Distance as 0.0436 inches and click OK

You will see the chamfer on the nut. Save the model.
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4.7.3 L-Bar

Here, we will use Extrude Feature Operations to efficiently create this L-Bar.

> Create a new file and save it as Arborpress_L-bar

» Click Sketch and make a drawing like figure below on X-Y Plane

122

225

170

65

> Finish
» Choose Insert - Design Feature - Extrude

> Select Sketch curves above and change the width to Symmetric Value with the distance

of 65 inches

» Click OK
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» Click Sketch and choose X-Y Plane like right figure

» Make a drawing like figure below

25

> Finish

» Choose Insert - Design Feature - Extrude

(<> On Plane -
w Sketch CSYS

Plane Method Inferred -
Reference Horizontal -
Origin Method Specify Point -
Specify CSYS k’ -

<> XY Plane of Datum Coordinate System(0

» Select Sketch curves above and change the width to Symmetric Value with the distance

of 20 inches

» Change Boolean to Subtract

£} Extrude
= Section

+/ Select Curve (3) @
[

Specify Origin Curve

w Direction

/" Specify Vector lIl
w Limits

Width +f» Symmetric Value
Distance m in -

[ Open Profile Smart Volume

~ Boolean
./ Select Body (1) ]
[ Preview Show Rsult
-
o
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» OK

Cllicle 07 X

> Click Hole in the Base group of Ribbon ~ °™ g

bar and choose right plane of L-bar as e cum -
reference plane e

% Specify Point (0) . + .,

> Use Point Dialog to specify these points; =™

~ Direction

Hole Direction % Normalto Face  »

(182,275,21.25), (182,210,21.25)

(182,275,-21.25), (182,210,-21.25)
| [J Simple v‘
» Specify Hole Depth of 20 inches and Hole Diameter ;
* Form
Of 8 inCheS Hole Size | U Custom v‘
> OK Hole Diameter in v|
w Position
You model should now look like the figure below. Save the 7 Spertty Poiet 19 >y
model. [] Project Point onto Target
w Direction
Hole Direction | 7 Normal to Face = ‘
~ Limit
Depth Limit | b Value v‘
Hole Depth |20 in -
Depth To Ul Shoulder -
Tip Angle 118 = v

4.7.4 Rack

» Create a new part file and save it as Arborpress rack.prt

> Right-click, then choose Orient View = Isometric
» Choose Insert - Design Feature - Block

» Click Point Dialog in Specify Point and choose (0,0,0) as the reference point
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> Click OK
» Dimensions:

XC: 240, YC: 25, ZC: 20

The extruded body will appear as shown on the right.

» Click Sketch and choose top surface of

rectangular bar

» Make a drawing like figure below

348

g

>
» Select 4 curves and select Vertical
Sketch Axis in Select Linear Object like
right figure shown
» Enter 19 in Count and 9.4 inches in
Pitch Distance
» Click Reverse  Direction  sign
Reverse Direction x
Spacin Count and Pitch o
Cpountg I?‘Revarsa DIrE(tlén I
» OK
>
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‘\6\
e 4

¥E0'S
-

{3} Create Sketch

=60 Piane -

¥ Sketch CSYS

Plane Method -
Reference -
Origin Method ify Point

Specify CS¥S k}; -

Use Pattern Feature ™*" to quickly duplicate these curves.

{3+ Pattern Curve
+ Curve to Pattern

+/ Select Curve (4)

w Pattern Definition

mLmaar

Layout

= Direction 1

¥ Select Linear Object (0) -
Reverse Direction >
Spacing Count and Pitch -
Count -
Pitch Distance 9.4 in -

= Direction 2
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97X
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& Face of Block(1)
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2

Curve to Pattern

&,

E
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> Choose Insert - Design Feature - B bruce 02 %

¥ Section

Extrude / Select Curve (76) 1§
Specify Origin Curve
> Select Sketch curves above o
o/ Specify Vector m@
> Choose -ZC direction in the Specify -
Vecto r ;a . ] Unil Next
. . . . v Boolean
» Change End to Until Next in Limits Bosen
t' +/ Select Body (1) =]
section ) .
[ Preview Show Rasult .

» Change Boolean to Subtract as shown in b

the right figure

The model of the Rack will look as the one shown in the figure.

We will now create a Hole at the center of the rectangular cross section. To determine the center

of the cross-section of the rectangular rack, we make use of the Snap Points
» Choose Insert - Design Feature - Cylinder
» Choose —XC-Direction in the Specify Vector dialog box
» Click on the Point Dialog
>

In the Points dialog box select Between B 07X

[ Between Turo Boints -]

Two Points option and select the points - =

sty o AE
as shown in the figure on the right  *w=oe= C.IRsE
(diagonally opposite points). The option f|
selects the midpoint of the face for us EEEEEE Wm
> Click OK
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> Enter the following values in the Dimension dialog box
Diameter = 10 inches
Height = 20 inches

» Choose Subtract in the Boolean dialog box

The final model is shown below. Save and close the model.

4.7.5 Impeller
Open the Impeller_impeller.prt file you made in Chapter 3. It should like the figure below.

i/(

We will complete the Impeller but let us model a cone first.

» Choose Insert - Design Feature - Cone
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Select Diameters and Height
Select the —XC-Direction in the Specify Vector dialog box

In the Point Dialog, enter the coordinates (14, 0, 0).

vV V VYV V¥V

Enter the following dimensions:

Base Diameter = 15 inches

Top Diameter = 8 inches

Height = 16.25 inches
The cone will be seen as shown below if you choose Static
Wireframe View.

» Extrude the Airfoil curve in the Z-direction by 12 inches
» Unite the two solids in the Boolean operation dialog box
The model will be as follows.

Now let us create five instances of this blade to make the impeller
blades.

» Click on Insert - Associative Copy - Pattern Feature
Select the Airfoil you just created

Select Circular layout

For Count, type in 5 and for Pitch Angle, enter 72

YV VYV VvV V V

Click OK

€ Cone 97 X
[ &1 Dismeters and Height -]
v Adis

Specify Vector =S
Specify Paint

+ Dimensions

Base Diarneter

Top Diameter

Height

Select the XC-Direction for the Specify Vector and the Origin for the Specify Point
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£} Pattern Face

* Face

./ Select Face (3)

¥ Pattern Definition

+ Rotation Axis

. XC
+/ Specify Vector II‘
-/ Specify Point —+— -

+ Angular Direction

Spacing Count and Pitch -
Count 5 -

Pitch Angle : -

~ Radiate

[] Create Concentric Members

[] Use Spreadsheet
[ Preview Show Rsull

]
. o [

Now, let us create two holes in the cone for the shaft and the locking pin. Note that these holes can
also be created by Hole menu option.

» Subtract a cylinder with a Diameter of 4 inches and a
Height of 16 inches from the side of the cone with the
larger diameter

» Subtract another cylinder with a Diameter of 0.275
inches and a Height of 0.25 inches from the side of the

cone with the smaller diameter

The final model will look like the figure on the right. Save and
close your work.
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4.8 STANDARD PARTS LIBRARY

A better and faster approach for modeling standard parts like bolts, nuts, pins, screws, and washers

is using the Standard Parts Library. For example, to model a hexagonal bolt,
» Choose Reuse Library - Reuse Examples - Standard Parts - ANSI Inch - Bolt
> Right-click on Hex Head
» Click on Open Source Folder

» Open Hex Bolt, Al.prt

{2 | Reuse Library (|
Mame

lEu_ —--ﬁ Reusable Object Library (Example Only)

! +E] Inch

rid + B Metric

i ) o
+- 1 2D Section Library

B_ —ﬁ Reuse Examples

Fe :

+E PTS Templates
W i--E] Standard Parts

-3 ANSIInch
{ -Eg Bolt
0-'\\\ E -l —
+ £ Nut efres
i +E] Pin Open Source Folder
@ +E] screw Mew Folder
+--E\J;I"V::her Rename
= + etric
|\E) a Delete
- +-£g DIN
- +E GB Paste
O\ +Eg 115 Define Reusable Object

*:‘"ﬁ UNI
% +ﬁ UDF Library

+ f#l Custom Symbol Library
g ----- % Fastener Assembly Configuration Library

+ ' Favorites

(1=

You can now go to Part Navigator to see all o ;_g,;ﬂ';de‘,;,;;r;, )
the steps taken toward modeling this part ; :gg‘; :

. ED Datu HE Y
and modify any feature. For example, to B0 G W O B X B v
modify the length of the bolt, right-clickon & S"Et”f'? o |

“« ” El[iﬂl Bxtrude (6) N o ow Parents
Extrude (8) “BODY_EXTRUDE” and 5 — 2ot G; Show Parent
. il Extrude Edit Parameters...

choose Edit Parameters. . _Eg % Edit with Rollback..
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4.9 SYNCHRONOUS TECHNOLOGY

One of the important and unique features which NX offers apart from Design Features and

Freeform Modeling is Synchronous Technology. With the options available in Synchronous

Modeling group in the ribbon bar in the Modeling Application tab, the user can modify complex
3D models without the model history tree and without knowing the feature relationships and
dependencies. The “push-and-pull” options can be used to modify the 3D model using faces, edges
and cross-sections. NX supports the Synchronous Modeling to work with 3D models from CATIA,
Pro/ENGINEER®, SolidWorks®, and Autodesk Inventor®, apart from the standard formats
including IGES, ISO/STEP and JT.

For the purpose of illustrating the options available in Synchronous Modeling, let us consider the

impeller part modeled in the previous section and export it as standard STEP format and save it.
» Open anew file in NX
» Choose File - Import - Impeller_impeller.stp

Observe here that the .stp file would not have any model history. - -

TN G Offset Region
. . . . Limee -
We will explore some of the options available in the Synchronous " & Replace Face
Maove Mare
Modeling group in the ribbon bar. Click More to view a  Face [ DeleteFace -

-

. . . . . . Synchronous Modeling
comprehensive list of options available in synchronous modeling.

Move

4 Pull Face [A Resize Face

Detail Feature
#8 Label Notch Blend

£A Resize Blend

£ Resize Chamfer
Reuse

f3 Copy Face

i Mirror Face
Relate

G, Linear Dimension
5B Make Coplanar
Ei, Make Symmetric
% Make Offset

(a8 Reorder Blends
£ Label Chamfer
5 Cut Face = Paste Face

g Pattern Face

4 Angular Dimension [ZE Radial Dimension
[ Make Coaxial % Make Tangent
% Make Parallel &)l Make Perpendicular

f@ Group Face 1 Edit Cross Section

e
Optimize
4 Optimize Face CZ Replace Blend
Edge
"4k Move Edge “@ Offset Edge .
102 Missouri University of Science and Technology
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» Click Delete Face and select the faces of the blade to delete the blade

> Repeat the process and delete all except one blade. The part should look as shown below.

Type A
EEE -
: -

Face

‘ W Select Face (5) (V5]
|

| Settings

| 9

|

|

» Click Replace Face and select the end face of the blade with large blend radius as Face to
Replace and select the flat surface of the cone with smaller diameter as the Replacement
Face to delete the blade.

The part should look as shown below.

© Replace Face O X @) R 228
Face A
Face to Replace A §
-  Select Face (1) S5
 Select Face (1) m Face Finder A
Replacement Face A Results | Settings =~ Reference
Found o :
s %, ~|Distance
& Select Face (1) D;] angle
Reverse Direction X
G & Transform A
Distance 0 mm - Motion -
Reverse Direction X  speciy Distance vector [ X[u1,] 17 -
¢ Specify Pivot Point oL 2 -
Semngs ~ Distance -30 mm -
Overflow Behavior Automatic - Angle B deg v
Preview A Settings A
Move Behavior & Move and Adapt  +
Preview show Resut CJ,

Overflow Behavior Automatic

Step Face None

<0K> Cancel

Preview v

<o e

» Click Move Face and select one side of the blade and enter distance -30 and angle 20 in
the transform section

> Click Resize Blend and select the blended surface of the blade and enter radius as 7 mm
to sharpen the end
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3 Resize Blend O X

 Select Blend Face (1) @ £ Offset Edge O X

 Select Edge (3] N |

Method Along Face
Change which Face the Edge is Offset Along | )X
Distance -5 mm v

Reverse Offset Direction %

» Click Offset Edge and select the top edge of the blade and choose the method along face

and enter -5 mm in the distance to offset the top surface of the blade

» Click Pattern Face and select four surfaces of the blade and choose Circular Layout and
specify the conical axis as vector, center of the flat surface of the cone as point, count as 6

and pitch angle as 60 radius to pattern six blades.

£} Pattern Face O X
Face INE
o Select Face (4) 5}
Reference Point v
Pattern Definition A
Layout C} Circular -
Boundary Definition v
Rotation Axis A
" Specify Vector ‘\' .J f? @
Pitch Angle| 60 -
 Specify Point | 2 - R
Angular Direction A
Spacing Count and Pitch hd
Count 6 v
Pitch Angle 80| deg  ~

< OK> Cancel

Therefore, it can be observed that a standard .stp file has been modified by increasing the number
of blades and changing the blade profile. Similarly, the user can either modify any supported 3D
model depending on the design need or create a new 3D model with synchronous modeling “push

and pull” tools.
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4.10 EXERCISES

4.10.1 Rocker Arm

A rocker arm is an oscillating lever conveying radial movement from the cam lobe to linear
movement at the poppet valve. Use the following drawings to model a rocker arm (dimensions are
in inches).

3.5

01z

©

0.38|
-

= [an 25
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4.10.2 Holder
You have started to model a holder in chapter 3 by modeling a 2D sketching. Open your saved file

and continue modeling this holder. Use the detailed drawing to replicate the part.
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A
| DETAIL B
| SCALE 2:1
| 5.50
| V]
| T N
| i T u C O
c 1,08 \ 4 - C
| ! | 520 UNF-28
| i TAP THRU 050
| 1,00 - ~— 1,50 (2)PLC'S SECTION C=C
|_ J|‘ NOTE: ALL UNDIMENSIONED ROUNDS AND FILLETS ARE /s RADIUS -
| 1,38 150 DIMENSIONS ARE [N INCHES COMPANY NAME
TOLERANCES o
| | FRACTIONAL £ 1/8 SI E M E Ns m—rw:‘mh
T ANGULAR: + 1/2°
(1) PLC. DECIMAL: £ .060 FIRST IS5UFD s THLE
| D (2) PLC, DECIMAL: = ,030 DRAWN BY @, KUNTZ D
(3) PLC, DECIMAL: = .018 CHEGKED BY 2. KUNTZ
| MATERIAL: CAST BRASS [wrmovener okt o HELPLDER DETAIL PAR—I;EE, =
| SECTION A-A T Y FINISH: 125 MICROINCHES B Project1_Kuntz_Part01 A
DC NOT SCALE DRAWING SCALENT | | SHEET10F2
|_ 1 | 2 | 3 4 5 | 6 J

4.10.3 Impeller Upper Casing

Model the upper casing of the Impeller as shown below. The dimensions of the upper casing are
the same as for the lower casing, which is described in Section 4.4 in detail. The dimensions for
the manhole should be such that impeller blades can be seen and a hand can fit inside to clean the

impeller.
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4.10.4 Die-Cavity

Model the following Die-Cavity part to be used in Chapter 8 Manufacturing Module. Create a new

file Die_cavity.prt with units in mm. Create a rectangular Block with dimensions of 150, 100, 40
along X, Y and Z, respectively, with the point coordinates of (-75, -50, -80) for the XC, YC and ZC
in Point Dialog. Create another block with the dimensions of 100, 80 and 40 along X, Y and Z and
locate this block by entering the Point Dialog values of (-50, -40, -40). Unite this block with the
first block.

Create the sketch of a spline curve on X-Z plane as shown in the bottom-left figure. The spline
curve is created with four points: (-50, 0, -8), (-25, 0, -1), (25, 0, -8), and (50, 0, -1).

Revolve the sketch with the Specify Vector of XC and the Specify Point of (0, 0, -100), and use
Boolean subtract to cut with the start angle of -45° and the end angle of 45° . The revolved model

is shown on top-right figure.

Subtract a block of 70, 50, and 30 to create a huge cavity at the center with Point Dialog value of
(-35, -25, -30). Create 4 cylinders at the inner corners of the cavity with 20 mm diameter and 15
mm height and Unite them with the model.
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Add Draft feature on the outer 4 surfaces (left figure below) and inner 8 surfaces (right figure

below) of the model with the angle of 5 degrees. The drafted model is shown below.

Add Edge Blend feature at the corners as shown below.

(1) 5 mm radii for the inner corners.
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(2) 10 mm radii for the outer corners

(3) 2 mm radii for the outer (bottom left figure) and inner (bottom right figure) edges

The final Die_cavity.prt model is shown below.
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CHAPTER 5 - DRAFTING

The NX Drafting application lets you create 2D drawings, views, geometries, dimensions, and
drafting annotations necessary for manufacturing as well as understanding of an industrial design.
The goal of this chapter is to give the designer/draftsman enough knowledge of drafting tools to
create a basic drawing of their design. The drafting application supports the drafting of engineering
models in accordance with ANSI standards. After explaining the basics of the drafting application,

we will go through a step-by-step approach for drafting some of the models created earlier.

5.1 OVERVIEW

The Drafting Application is designed to allow you produce and maintain industry standard
engineering drawings directly from the 3D model or assembly part. Drawings created in the
Drafting application are fully associative to the model and any changes made to the model are
automatically (after a view update) reflected in the drawing. The Drafting application also offers
a set of 2D drawing tools for 2D centric design and layout requirements. You can produce
standalone 2D drawings. The Drafting Application is based on creating views from a solid model
as illustrated below. Drafting makes it easy to create drawings with orthographic views, section

views, imported view, auxiliary views, dimensions and other annotations.

O ©©

TOP VIEW

ISOMETRIC VIEW

- -
Lo

FRONT VIEW SIDE VIEW

a4
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Some of the useful features of the Drafting Application are:

1) After you choose the first view, the other orthographic views can be added and aligned
with the click of a few buttons. (NX uses 3™ Angle Projection for view placement, this
option can be changed to 1% angle if users need that option).

2) Each view is associated directly with the solid. Thus, when the solid is changed, the

drawing will be updated directly along with the views and dimensions.

3) Drafting annotations (dimensions, labels, and symbols with leaders) are placed directly on
the drawing and updated automatically when the solid is changed.

When you are modeling a part with multiple operations (e.g., drafting, assembly, CAM, etc.),
master model concept can help you conducting these operations without adding loads on your
computer system. It separates a CAD model into multiple files and reduce the file size. However,
these files still linked to each other. Thus, you can speed up your modeling efficiency by applying
the master model concept.

We will see how views are created and annotations are used and modified in the step-by-step

examples.
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5.2 CREATING A DRAWING

When creating a drawing for your model, two ways you can choose:

(1) Drawing stored within your NX part:

You can create a drawing in the same NX file by clicking Drafting in File -> All Applications

- Document - Drafting

- & B [ window - = NX - Drafting

g Tools Analysis View Selection Tools Application

Ctri=N Recently Opened Parts I T 8O &7
y Op I/-?' =7
+ 1. E\google drive back up\Dropbox\hung\M5T\5763 F5...\Examples\Chapter 4 examples\Rocker Arm_dwg1.prt :
an-o M 180000 p\Drap! d P P P -cwale e Balloon o 5 . Tabular Parts
m 2. E\google drive back up\Dropbox\hung\MST\5763 FS... 1926\Examples\Chapter 4 examples\Rocker Arm.prt imhal 4 o Mote List 5
»
m 3. B\google drive back up\Dropboxihung\MST'5763 FS..xamples\Chapter 4 examples\impeller_impeller.prt M Table T Di
N m 4, E\gooagle drive back up\Dropboxihung\MST'\5763 FS..xamples\Chapter 3 examples\impeller_impeller.prt
m 5. E\google drive back up\Dropbox\hung\MST\5763 FS...6\Examples\Chapter 4 examples\impeller_shaft.prt hoeller_impeller.prt W ﬁ Rock:
N m 6. E\google drive back up\Dropboxihung\MST'5763 FS...oks\NX 1926\Examplesi\Chapter 4 examplesirack.prt
m 1. E\google drive back up'\Dropbox\hung\MST\5763 FS...ment\Project 1 task2\Mew folder\hw assembly.pt  §_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _
Ei Print... m 8. E\google drive back up\Dropboxihung\M5T\5763 FS...NX 1926\Examples\Arbor press\Arborpress_rack.prt
Plot... Ctrl=P Start
& Mogeling Ctri+M
EE(, Impart »
@ Sheet Metal Ctrl+Shift+M
[E) Expart * | 47 shape Studio Ctrl=Alt=5
& Layout Ctrl=+Shift=¥
% Utilities 3 h{) Pre/Post
Execute » % Mgtion Chrl=Alt=K
87 Manufacturing Ctri+Alt+M
Properties
J—[l Gateway
@ Help L @ Assempblies
Exit All Applications 3 Design » |

Dacument ' | [ Drafting  Ctrl+Shift<D

You will see your drawing under Part Navigator.
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Part Navigator (]

Name & C. U. Comn
- /(3 Drawing
—-+/[(d Sheet “Sheet 1" (Wor... v/

~/@imponed “Top@1"
/=2 Projected "ORTH...
/1 Projected "ORTH...
= Out of Date
- @& Model History

@ 4. Datum Coordinate Sy...

@®{Q Sketch (1) "SKETCH_0...

@@ Extrude (2)

@_é Sketch (3) "SKETCH_O...

@@ Extrude (4)

@ 1% Sketch (5) "SKETCH_0...

@19 Sketch (6) "SKETCH_0...

@@ Revolve (7)

@1 Sketch (8) "SKETCH_0...

@@ Extrude (9) /
@1(p Sketch (10) "SKETCH_... v
@I Extrude (11) /

@1 Sketch (12) "SKETCH....
@1 Sketch (13) "SKETCH_...
@ T 90.38 Countersunk H... /

@ 1% Sketch (15) "SKETCH_.. /
@& Extrude (16) B

This way to create a drawing within the NX part is not recommended because it will increase
the file size and the loading to the NX software and system when creating a complex part. So
we will focus on explaining how to use alternative way to create drawings without slowing

your system

(2) Drawing stored in a separate file: This method is
based on the Master Model Concept to create a

drawing in different file as shown in the right figure.

Because it is recommended to use master model . ﬂ v

Rocker Arm Rocker

approach to generate your drawing to minimize your Arm_dwg

file size and system loading. Here we will briefly teach

how to use Master Model Method to create the drawing for your NX model.
» Open the file Arborpress_rack.prt

» From the NX Interface, choose File > NEW - select Drawing Tab
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Machining Line Planner Manufacturing Multi Axis Deposition Inspection Mechatronics Concept Designer Ship General Arangement
Physical Architecture Modeler Press Line Line Designer Ship Structures
Line Designer Workareas Model Drawing Layout Simulation Additive Manufacturing

v Templates v Preview

v Filters

Relationship | Reference Existing Part ~ Units | Inches ¥

Name Type Units Relationship Owner
A)A - Size Drawing Inches Reference Existing  NTAUTHO...
B - Size Drawing Inches Reference Existing  NT AUTHO...
A C - Size Drawing Inches Reference Existing  NTAUTHO...
A&)D - Size Drawing Inches Reference Existing  NT AUTHO...
,Q:'J_'E - Size ; Drawing Inches Reference Existing  NT AUTHO...
AE - Size Drawing Inches Reference Existing  NT AUTHO.,..|
A3) Blank Drawing Inches Reference Existing  none v Properties

v New File Name

Name | Arborpress_rack_dwgl.prt

Name: F - Size

Type: Drawing

Units: Inches

Last Modified: 05/25/2020 02:45 PM
Description: Creates 28in x 40in size drawing

=i

]
Folder | E:\google drive back up\Dropbox\hung\MST\5763 FS20\Books\NX IQZ()\EXampIes\CII ‘ﬁ

w Part to Create a Drawing of

Name | Arborpress_rack

[

» Select a drawing size

Size allows you to choose the size of the Sheet. There are standard Templates that you can
create for frequent use depending upon the company standards. There are several Standard
sized Sheets available for you. You can also define a Custom sized sheet in case your

drawings do not fit into a standard sized sheet. You can use Preview to show the overall

design of the Template.

> Unit

Units follow the default units of the parent 3-D model. However, if you need the size of

drawing is different from your NX model, you can change units here.

> click OK
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» Populate Title Block will show up first to let EFYE eSS ? X

v Cell Values

> Base View could let you import your drawing. If -t

you edit the information of your drawing.

. . Label Value
your part is too big or too small, you can change Firs Issued
Drawn By Siemens

the scale to fit your drawing size. You can Checked By
Approved By

specify the model view you want to firstly

import to your drawing. The setting for A
Arborpress_rack is showing below
+ Model View
Model View to Use Top -

Orient View Tool

+ Scale

Scale

» OK

» Import top view to your drawing like figure below
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SIEMENS - T X

o 1 sed plar < Festure  Datum Fest F £y - Tebular arts
= : = > L Rl -
Sheet i o ttion © Tsme * Oupisy * -
= bens - <] D [entire Assembly - .
@ panNavigator A L T - L T (TR B, Ml © corpees rack g G X | "
Name € U Comn " L T L L -
P - /G0 &,
L /L3 Sheet Sheet 1" (Wor. 77 &
& 0 Imported “Tep@1* vy 2

+ 5 Out of Date

[ Sheet: Sheet

« >

» Dependendes

» Details
» Preview

Shaed "Shest 1" Wark L
Selectobjects and use MBS, or double-clck,or press-drag ta move view, dimension or note
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Although the part navigator only shows the drawing and does not see your ¢ uedate
52 View Dependent Edit...

part model history in this drawing file, your model file is linked to thiS & addsse view..

- - - - . . . I@ Add Drawing View...
drawing. That is to say, when you revised your model file, this drawing Will ., snora views..
[ Edit Sheet...

be revised based on your new model by right click and choose Update. This

Create Sketch...

is the Master Model Concept to minimize the content and size of a single  incement sheet revision
file. E}) Mew 2D Component

@ Convert Drawing Sheet to Layout

™ copy
>< Delete

Rename

Properties

> Choose Insert - View - Base or click on % @D é%] @4-311'3' #Bh section Line

Mew Base Projected Detail Section View Ypdate
Base V|eW in the Vlew Group Sheet - View View View Wiews =
Sheet ™ View M

The Base View dialog box with the options of the View and the Scale will show up along with a

floating drawing of the object.

» Choose the View to be Back

» Choose the Scale to 1:8

SIEMENS  _ 5 X

L@ - o

o

Sheed "S T
e =

You can find the Back View projection on the screen. You can move the mouse cursor on the screen

and click on the place where you want the view.
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Once you set the Back View another dialog box will pop-up asking

you to set the other views at any location on the screen within the
Sheet Boundary.

You can find different views by moving the cursor around the first
view. If you want to add any orthographic views after closing this

file or changing to other command modes
» Choose Insert - View - Projected View or choose
Projected View e icon from the View group

Now, let us create all the other orthographic projected views and

click on the screen at the desired position.

= TN,

> In case you have closed the Projected View dialog box you

can reopen it by clicking on the Projected View icon in the

« Part
Select Part
+ Loaded Parts
Search | ||Z
View Style b
File Name Description

4 Arborpress_rack.prt

@ Arborpress_rack_dwgl...
ﬁ Rocker Arm.prt

@ Rocker Arm_dwgl.prt

< >
» Recent Parts
Open
+ \fiew Origin
[ﬁ Specify Location ﬁ
¥ Placement
» Tracking
¥ Move View
Specify Screen Position
¥ Maodel View
Model View to Use Back -
Orient View Toel Ig
¥ Scale
Scale 18 -
w Settings
Settings
» Mon-Sectioned
e

View Group
% @"_) % EI,_LI el section Line % 2y
New Base Projected Detail Section View YJpdate Rapid Linear
Sheet = View  View | View Views ~
Sheet 7

Projected View
= Menu - !

ir

Creates a projected orthographic or auxiliary view from

£ | Part Navigator | 20y parent drawing view.

» Move the cursor and click to get the other views
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» Click Close on the Projected View dialog box or press <Esc> key on the keyboard to close

the window

Before creating the dimensions, let us remove the borders in each view as it adds to the confusion

with the entity lines. 1@ Sketch...
ﬁ Layout...
> Choose Menu -> Preferences -> Drafting or click on icon in g, assempies..
the Quick Access toolbar to find the Drafting Preferences [ rtting..
F o) % EWindow - ¥ E3 userInterface... Ctrl+2
E Visualization.., Ctrl=Shift=V
1 Drafting Preferences (F4) 4y selection... Ctrl=Shift=T
Repeats the last used command.
5 Palettes...
" i = —_—
HD3D Tools...
The Drafting Preferences window will pop up. B object.. Ctrl=Shift=J
4'7@ Measurement...
» Click on the Drawing VIEW tab button @ Color Palette..

@ Background...
> Uncheck the Tick mark on the Display in Borders as shown in 3 gia..

the figure below and click OK .

Knowledge Fusion..,

€} Drafting Preferences O ? X Data Interoperability...
JH\Find |

30 Input Devices..,

Lettering 1 - Border &>
+- Line/Arrow
Origin
Prefix/Suffix Coler _ [
Retained Annotation Color - Active Sketch View -_
stacking v Preview
Standard
symbol Style | 4 Shaded v|
Workflow [ Cursor Tracking
+- Dimension
+- Annotation v General
+ Symbol Associative Alignment
+- Table A - -
) Extracted Edges Face Display Display and Emphasizi +
- - Drawing General/Setup
Workflow Select Splines Projected as Arcs Mever for Autematic

Welcome Page . . )
: J * Smart Lightweight Views
+- Drawing Format

- Drawing View Handling Bodies without Smart Lightweight Data
Workflow () Omit Bedies from View
+- Common () Stop Update and Provide Notification
+- Base/Drawing () Stop Update
+- Projected (®) Generate Lightweight Data
+- Section b s . - : v
b
0K | Apply | | Cancel
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There are many other options like number of decimal places, hidden lines, angles, and threads that
you can find here. For example, you can find options for hidden lines in Drafting Preferences -
Drawing View - Common -> Hidden Lines and change the format of hidden lines based on your
preference.

€} Drafting Preferences O ? X
s |

+

£

Table
Drawing General/Setup
Workflow
Welcome Page
Drawing Format
Drawing View
Worlkflow
- Common
Configuration
General
Angle
Visible Lines
Hidden Lines
Virtual Intersectior
Tracelines
Secondary Geome
Threads
PMI
Shading
Smooth Edges
View Label

+- Base/Drawing

L4l

» Format

Process Hidden Lines

Invisible

| - v|

[] Show Edges Hidden by
[] Show Referenced Edges|
Self Hidden

Include Model Curves

¥ Interfering Solids

[ Process Interfering Solig

» Small Features

Display Mode

Invisible

w Al -

Tolerance

5.3 DRAWING DIMENSIONING

'5.0%

Now let’s move on to create the dimensions for these views.
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The dimensions can be inserted by either of the two ways as described below:

OR

.. R
kﬁﬂ@;{_

Rapid Linear Radial Angular ﬁ;

» Choose Menu - Insert > Dimension

» Click on the Dimension Toolbar as shown in the following figure

=)

Dimension

Ad A

*0

-

Mote
Control Frame

7 oA

Datum Feature Surface Balloon _,EEL <> .;’i\q. -
Symbal Finish Symbol ¢ b
Annotation -

» Click on Points and Edges, move the mouse and

click on the appropriate location to draw dimensions

» Choose Menu - Preferences - Drafting

Here you will be able to modify the settings for

dimensioning. A dialog appears as shown below.

£} Drafting Preferences

g:BF\nd | |

[ e S SReE 3

+

Q7?7 X

Common

Lettering

+

Line/Arrow

Origin

Prefi/Suffix

Retained Annotation

Stacking

Standard

Symbol

Workflow

Dimensicn

Annotation

Symbaol

Table

Drawing General/Setup
Workflow
Welcome Page

Drawing Format

Drawing View
Workflow

+- Common

+- Base/Drawing

+- Projected

¥ Alignment
Alignment Position

Text Justification

w Text Parameters

xéa Middle Center -

-

. A Arial ~||Regular =

Height

MNX Font Gap Factor
Standard Font Gap Factor
Text Aspect Ratio

Symbol Aspect Ratio
Line Gap Factor

Lettering Angle

Apply to All Text

+ Tolerance Frame

Height Factor

* Symbol
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L0000

L0000
L0000

&

2.0000

=N N =T | =]

v

{2 Rapid Dimension

» References

% Select First Object hl
¥ Select Second Object -$—
~ Origin

[ Place Automatically
b Alignment

» Measurement

Method % Inferred - |

¥ Settings

Settings

S %

Select Dimension to Inherit

F

Close
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The first list is for Lettering. This allows the user to justify and select the frame size. In the

Line/Arrow section, you can vary the thickness of the arrow line, arrow head, angle format etc.

The most important section is the BRSO

Find | Dimension : Dual : Telerance : Decimal Places |

Tolerance list. Here you can vary Workflon .

* Type and Value ~
. - Dimension
the tolerance to the designed Workilow Type
I Tolerance Decimal Places 3z
value. Dual Upper Tolerance 0.0050
Jeg Lower Tolerance —0.0050
Marrow
single Sided ~ Limits and Fits
Dimension Set
Chamfer Type Hole M
Dimension Line Format Fit Only -
Radial Display Single Line M
Ordinate . . - -
Split by Dimension Line MNone A
= Text
Units Alignment Bottom -
Orientation and Le Display Separator
Format Display Tolerance Parenthesis
Appended Text A )
Dimension Text w Display and Units
Tolerance Text Text Position After -
Betomnce Angle Display Fractional Degrees -
Hole Callout v
'y > Zero Display MNormal | I
-
The type Of dlsplay’ preCISIOn {+ Drafting Preferences Q7?7 X
requ“’ed for the d|g|ts and Other Q%Findl imension : Dual : Tolerance : Decimal Places |
— . g Dimensicn Line ~ » |nits
similar options can be modified Radial
. Units Inches -
R . Ordinate
here. The next icon is the Text b Yt Numerical Display 1125 =
- - . Units . -
option, which you can use to edit Orientationand L Decimal Places | 3 :
Format Fraction Denominator 1/16 -
the units, text style, font and other Appended Text Decima! Delimiter , Comma .
Dimension Text .
Show Leading Zeros
text related aspects. Tolerance Text N
[ Show Trailing Zeros
Reference
Hole Callout ¥ Angular Dimensions
- Annotation Mominal Display
+- Symbol
+- Table Zeros Display
- - Drawing General/Setup . )
Workflow [] Display as a Fraction
Welcome Page Mumerator Degrees 360
+- Drawing Format Mumerator Minutes 0
- Drawing View Mumerator Seconds 0
Workflow
Murnerator Fractional Degrees 3g0.0000
+- Commeon v
< >
e
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» On the first view (Front View) that you created, click on the top left corner of the rack and

then on the top right corner

The dimension that represents the distance between these points will appear. You can put the
location of the dimension by moving the mouse on the screen. Whenever you place your views in

the Sheet take into consideration that you will be placing the dimensions around it.

» To set the dimension onto the drawing sheet, place the dimension well above the view as

shown and click the left mouse button
Even after creating the dimension, you can edit the properties of the dimensions.
> Right-click on the dimension you just created and choose Settings or Edit Display
> You can modify font, color, style and other finer details here

» Give dimensions to all other views as shown in the following figure

240

34.8

25

—UWWUWWUWMJU_U_- @

5.034

20

3.396
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5.4 SECTIONAL VIEW

Let us create a Sectional View for the same part to show the depth and profile of the hole.

» Choose Insert = View - Section or click the View Section icon [ sectionview  from

the View group in the ribbon bar

» Click on the bottom of the Base View as shown in the figure. This will show a Phantom
Line with two Arrow marks for the direction of the Section plane (orange dashed line with

arrows pointing upwards).

» Click on the middle of the View as shown. This will fix the position of the sectional line

(Section Plane)

Now move the cursor around the view to get the direction of the Plane of Section. Keep the arrow

pointing vertically upwards and drag the sectional view to the bottom of the Base View.

N Nl N

Adjust the positions of dimensions if they are interfering. The final drawing sheet should look like

the one shown in the following figure.
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240

34.8

25

SECTION A=Ay

Save and close your model.

5.5 PRODUCT AND MANUFACTURING INFORMATION

Product and Manufacturing Information (PMI) is one of the important applications in NX which
provides annotation tools used to document products in a 3D environment. PMI application
includes a comprehensive 3D annotation environment that enables design teams to share details
such as Geometric Dimensioning and Tolerancing (GD&T), surface finish, welding information,
material specifications, comments, government security information or proprietary information,
etc. directly to the 3D model. PMI complies with industry standards for 3D product definition and
therefore product teams working on collaborative projects would use 3D models as a legitimate

method for fully documenting product and manufacturing information.

In the below example, we will open a NX part file, create PMI dimension entities and comments

on the 3D model in the PMI application and learn how to inherit the dimensions and comments to

the Drafting application. This is only for the purpose of illustration.
» Open the file Impeller_impeller.prt

» From the NX interface, choose File - PMI (turn on the check mark)
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4y & -« 5 Twindow - =

Home Curve Surface Assemblies Analysis View Selection Render Tools PMI Applicati
[% Mew.., Ctri+H Recently Opened Parts
El’) Open.. Chrl=0 B3 1 Egoogle drive back up\Dropbax\hung\MST\S763 FS...xamples\Chapter 4 plesiimpeller_impeller.prt

h 2. E\google drive back up\Dropbox\hung\MST\5763 FS...ples\Chapter 4 examples\Arborpress_rack_dwgl.prt

Close
N h 3. E\google drive back up\Dropbox\hung\MST\5763 FS...\Examples\Chapter 4 examples\Arborpress_rack.prt
) b 4. Fhdropbox 20170307 highest priority\hung\MST\CAD"\Projects\Project 3\assemble.prt
e 8
h 5. E\google drive back up\Dropbox\hung\MST\5763 FS...\Examples\Chapter 4 examples\Rocker Arm_dwg1.prt
Breferences , [ & Egoogle drive back up\Dropboxthung\MST\S763 FS... 1926\Examples\Chapter 4 examples\Rocker Arm.prt
h 7. E\google drive back up\Dropbox\hung\MST\5763 FS..xamples\Chapter 3 examples\Impeller_impeller.prt
D Print... b 8. E\google drive back up\Dropbox\hung\MST\5763 FS...6\Examples\Chapter 4 examples\impeller_shaft.prt
Plot... Ctri=P Start
@ Sheet Metal Ctrl=Shift=M
EE_ Import
4 shape Studio Ctrl=Alt=5
EE_) Export 3 % Animation Designer
& Dratting Ctri=Shift=D
% Utilities b Layout Chrl=Shift=Y
Execute v k) prespost
s Mation Cirl=Alt=K
Properties N
¢ Manufacturing Ctri=Alt=M
(,?) Help N m Gateway

v [? Assemblies

Exit v o oem

All Applications 3

] customize...

This should create an additional tab PMI in between Tools and Application tabs. Select the PMI

tab to enter the PMI application which should look as shown below.

Home Curve Surface Assemblies Analysis View Selection Render Tools P Application
. . ki) I S z o .
PO S & S O B IS 8§ © ALk B
Rapid Linear Radial ;ﬁ Mote Feature Datum Feature Surface Balloon Insert Region Center Centerline Section Find PMI Associated Resize Edit Publish
B Contral Frame Symbol Finish Mark View to Geometry - Settings
Dimension T Annotation T | Table T Supplemental Geometry 7 Tools - Display T Techni...”
= Menu ~ |Nu Selection Filter v| ‘Entire Assembly v|

The ribbon bar in this mode would have the Dimension, Annotation, Custom Symbols,
Supplemental Geometry, Specialized and Security Marking groups. Each group has several options
which could help describe the modeled 3D part. For example, dimensioning options in Dimension

group, Surface Finish and Notes in Annotation group.

» Click Rapid icon S

Rapid
> Select the end surfaces of the impeller as first and second objects to insert the linear

dimension or click the Linear icon @ to perform the same task

Linear
» Click the Radial icon R(? in the Dimension group to insert the dimensions of the holes

and curved surfaces on the impeller

» Click the Centerline icon & in the Supplemental Geometry group and select the

Centerline

inner surface of the impeller to insert the centerline for the part
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» Click the Note icon % in Annotation group to provide any comments or Surface
Finish icon, select the object, location of text and leader line to insert the specific surface
finish details, if required

The Trimetric view of the impeller after PMI dimensioning would look as shown below.

Five impeller blades

» Save the file, select Application tab and click on Drafting icon in the ribbon bar

> Follow the similar procedures explained in the previous section to create the Drawing sheet
for the 3D part

During the creation of the sheet, in the View Creation Wizard, select the Inherit PMI option, and
select the Aligned to Drawing (Entire Part) and check the Inherit PMI onto Drawing option. This
would inherit the dimensions of the 3D model and show on the drawing sheet including the
comments as shown below. The user has to select the appropriate views to reflect the dimensions

on the drawing sheet.

Siemens NX also enable legacy drawings with views and dimensions to be converted back into
3D PMI entities, users can select from the options of Drawing, Sheet, View, and Annotations, then

converting drafting entities into PMI 3D entities.
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Five impeller blades

5.6 EXAMPLE

» Open the model Impeller_hexa-bolt.prt

» Choose File > NEW - Drawing

» Model View

Model View to Use Front v|

COrient View Tool

Scale & ]

Wiew

» On the Sheet window, select sheet E -Size (34 X 44)  ~ scake
and change the Scale value to 8.0 : 1.0
> Click OK
» Choose Insert - View - Base View or click the Base View icon g
» Add the Front view by repeating the same procedure explained in the last example
» Add the Orthographic Views including the Right view @
and Top view
» Choose Preferences - Drafting

» Uncheck the box next to Display Borders under Drawing

View Tab
The screen will have the following three views.

To visualize the hidden lines,

» Choose Preferences - Drafting - Drawing View

OR
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> Select the views, right-click and choose Settings as shown below
A window will pop up with various options pertaining to the views.
» Click on the Hidden Lines tab

» Change Process Hidden Lines to Dashed Lines as shown below and click OK

{3} Settings O ? X

1% >; JH\Find | |

| | | Bl select from List... -~ Common + Format

Configurati
ZOLLEFGLLEL Process Hidden Lines

,Q’ Settings... General ;
479 Add Projected View... Angle .| """" g ” — (.33 MM |
n’“s' Add Detail View... Visible Lines [ show Edges Hidden by Edges

i Hidden Lines [ Show Referenced Edges Only
i Add Section View.. Virtual Intersections Self Hidden
5 Add sedion Line.. jiocelings Include Model Curves Mo -

_| dill Add View Break... Threads
.%) View Alignment... Pl ¥ |nterfering Solids
) Shading ]

[= Boundary... Perspective [ Process Interfering Solids

% View Dependent Edit... Smooth Edges w Small Features
+- Base/Drawing
% Cut Ctrl+X Display Mode Show All -
™ copy Ctrl+C
Expand
Properties hd
View v oK Apply

You can see the hidden lines as shown in the picture on the right.
Now we will proceed to dimensioning.

» Choose Insert > Dimensions = Linear or click the Linear

Dimension “~' icon in the Dimension group

Linear

» Give vertical dimensions to all the distances shown below
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{F Note Q7?7 X
+ Origin

i @ IX
[ﬁ Specify Location =

» Alignment

» Annotation View

0.065

» Leader

v Text Input

» Edit Text

» Formatting

Right Hand <0>0.20<#A>[1.5
Pitch 0.05, Angle 60<Ss>

0.188

0.016

v Symbols
Category A2 Drafting -
N a=d|[-
()
¢ Q
>

1.703

—

@
O

¥ Import/Export

2|0

Nis |+ [
S
AIXD |«

R . . » Inherit
For the threading, we will use a leader line.

¥ Settings

> Click on the Note icon é shown in the Toolbar

> In the Note window that opens, enter the following text. You can find @ and the degree
symbol on the Symbols tab

Right Hand @ 0.20 x 1.5
Pitch 0.05, Angle 60°

» Click on the threaded shaft in the side view, hold the mouse and drag the Leader line next
to the view. Let go of the mouse and click again to place the text.

4P)
-
o
\
“Right Hand £0.20X1.5
Pitch 0.05, Angle 60°
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» Close the Annotation Editor

Since the height of the Lettering is small, we will enlarge the character size as well as the arrow

size.

Right-click on the Leader and select Settings

Click on the Lettering tab

In the Text Parameter section, increase Height to make the leader legible

Click on the Line/Arrow tab

YV VYV V V VY

In the Format section, increase the Length of the Leader
Now we will add additional dimensions and views.

> Choose Insert = Dimensions = Radial or click the Radial Dimension icon +
Radial
in the Dimension group

» Click the circle of the bolt in the top view to give the diameter dimension

» Click Insert = View > Base View of click the Base View icon %

Base
View

» Select the Isometric view and place the view somewhere on the screen

The final drawing is shown below. Remember to save.

Right Hand ($0.20X1.5
Pitch 0.05, Angle 60°

5.7 EXERCISE

Perform Drafting and annotate dimensions for the parts that you modeled in chapter 4.
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CHAPTER 6 - ASSEMBLY MODELING

Every day, we see many examples of components that are assembled together into one model such
as bicycles, cars, and computers. All of these products were created by designing and
manufacturing individual parts and then fitting them together. The designers who create them have
to carefully plan each part so that they all fit together perfectly in order to perform the desired

function.

In this chapter, you will learn two kinds of approaches used in Assembly modeling. We will
practice assembly modeling using the impeller assembly as an example. Some parts of this
assembly have already been modeled in earlier chapters.

NX Assembly is a part file that contains the individual parts. They are added to the part file in such

a way that the parts are virtually in the assembly and linked to the original part. This eliminates
the need for creating separate memory space for the individual parts in the computer. All the parts
are selectable and can be used in the design process for information and mating to ensure a perfect
fit as intended by the designers. The following figure shows how components are added to make

an assembly.

assembly
£33 O

|
[component | | component| | component |

6.1 TERMINOLOGY

Assembly

An assembly is a collection of pointers to piece parts and/or subassemblies. An assembly is a part

file, which contains component objects.
Component Object

A component object is a non-geometric pointer to the part file that contains the component
geometry. Component object stores information such as the Layer, Color, Reference set, position

data for component relative to assembly and path of the component part on file system.

Unrestricted NX for Engineering Design 133 Missouri University of Science and Technology


https://youtu.be/UyY1DCEhJfM

Component Part

A component part is a part file pointed to by assembly

[ © ¢ |component objects]

a component object within an assembly. The

subassembly

actual geometry is stored in the component

|
[comp. objs | <o o] ||component] [component |

part and is referenced, not copied by the

| |
assembly. [component | [component | | component |

Component Occurrences

An occurrence of a component is a pointer to geometry in the component file. Use component

occurrences to create one or more references to a component without creating additional geometry.
Reference Set
A reference set is a named collection of objects in a component part or subassembly that you can

use to simplify the representation of the component part in higher level assemblies.

6.2 ASSEMBLING APPROACHES

There are two basic ways of creating any assembly model.

e Top-Down Approach

« Create component objects first.
e Bottom-Up Approach assembly
ol
6.2.1 Top-Down Approach

| l
In this approach, the assembly part file is created [ comp. obj T || comp. obj 2 |[ comp. obj 8 |

first and components are created in that file. Then
« Make a component the VWork Part.

individual parts are modeled. This type of
assembly

modeling is useful in a new design. The WAVE 0o o

[ |
Work Part || comp. obj. 2|| comp. obj. 3 |

Geometry Linker command could be used to

model either associative linked objects or non-

associative copies. When you modify the source « Create geometry in the component part.

geometry, the related linked geometry and most of assembly
Qe o

I . | |
modification regarding the source geometry. @ || comp. obj, 2 |[ comp. obj. 3 |
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6.2.2 Bottom-Up Approach
The component parts are created first in the traditional way and then added to the assembly part
file. This technique is particularly useful, when part files already exist from the previous designs,

and can be reused.

6.2.3 Mixing and Matching B assm
g

(3] |||

companent || component | [component

fsUbassm B

T

6.3 ASSEMBLY AND CONSTRAINT T - |
NAVIGATORS o

: : : [ |
The Assembly Navigator and Constraint Navigator component | [component | [component

{sUbassm A)

You can combine these two approaches, when

necessary, to add flexibility to your assembly

design needs.

are located on top of the Part Navigator in the -

Resource Bar on the left of the screen. These - assrLA

navigators show you various things that form the {

assembly, including part hierarchy, the part name, o _% |
information regarding the part such as whether the |_ [component | [component | |component |

part is read only, count of objects, and the constraint status.

6.4 ASSEMBLY CONSTRAINTS

After the Component Objects are added to the assembly part file, each Component Object is mated
with the existing objects. By assigning the mating conditions on components of an assembly, you

establish positional relationships, or constraints, among those components. These relationships are

termed Mating Constraints. A mating condition is made up of one or more mating constraints.
There are different mating constraints as explained below:
" . : . :
Touch/Align: Planar objects selected to align will be coplanar but the normal to the planes
will point in the same direction. Centerlines of cylindrical objects will be in line with each

other.
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© Concentric: Constrains circular or elliptical edges of two components so the centers are

coincident and the planes of the edges are coplanar.

. . : . :
= Distance: This establishes a +/- distance (offset) value between two objects
Parallel: Objects selected will be parallel to each other.

< Perpendicular: Objects selected will be perpendicular to each other.

-----

Lo Bond: Creates a weld and welds components together to move as a single object.

Ml Center: Obijects will be centered between other objects, i.e. locating a cylinder along a slot

and centering the cylinder in the slot.

A Angle: This fixes a constant angle between the two object entities chosen on the components

to be assembled.

6.5 EXAMPLE

We will assemble the impeller component objects. You have modeled all the components in
previous chapters. Now we have to insert them into the assembly environment and apply
constraints to locate them relative to each other. Once the assembling is completed, we can create
an exploded view and prepare the drafting.

Before starting the assembly modeling, make three through-holes on each side of the Impeller-
lower-casing and Impeller-upper-casing (a total number of 6 holes for each casing) for the Hexa-
bolt. Diameter of the holes should be 0.25 and their location should be similar to the figure below.

Make sure to create the holes in the same places for both lower and upper casing, so that when

they are assembled, they match.
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6.5.1 Starting an Assembly

» Create a new file
» Choose Assembly under the Model tab
Set the Units - Inches

> Name it as Impeller_assembly.prt

O X
Machining Line Planner Manufacturing Multi Axis Deposition Inspection Mechatronics Concept Designer Ship General Arangement
Physical Architecture Modeler Press Line Line Designer Ship Structures
Line Designer Workareas Model Drawing Layout Simulation Additive Manufacturing
w Templates w Preview
* Filters

Name Type Units Relationship Owner

& Model Modeling Inches Stand-alone NTAUTHO...

¢

£ Shape Studio ShapeStudio  Inches Stand-alone NTAUTHO...

& Sheet Metal Sheet Metal Inches Stand-alone NTAUTHO...

%5 Routing Logical Routing Logical  Inches Stand-alone NT AUTHO...

§p Routing Mechanical Routing Mecha... Inches Stand-alone NTAUTHO...

& Routing Electrical Routing Electrical Inches Stand-alone NT AUTHO... ~ Praperties
[ Blank Gateway Inches Stand-alone none

Name: Assembly

Type: Assemblies

Units: Inches

Last Modified: 05/25/2020 02:46 PM
Description: NX Example, starts add

component

~ New File Name

Name [ Impeller_assembljprt

R

Folder | EAgoogle drive back up\Dropbox 5763 1

 Part to Reference

Name |
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OR, if you are in the Modeling Application and want to start assembling,

» Turn on Assemblies option in Application tab and a new Assemblies tab shows up

& G X H X

Modeling Sheet Shape Toolbox Mare Drafting Toolbox
Metal Studio h T -

Design Design .
= Menu ~ Mo Selection Iy
D @ Assemblies

o Part MNavigator

AT
O ﬂ,& An| Assemblies

N s
A Turns on the Assemblies apg

? + [&]Model Views O (@Oﬂ tools to construct assemblie
+ \/[ﬂa Cameras —_—
O g Join
Weld
[ &> weld Assistant
D @ Structure Welding

O O BIW Locator

S e

)

OR

Click File > Assemblies as shown below

[&_) HNew.., Ctrl=N Recently Opened Parts
"-:-l"—) Open... Ctrl=0 m 1. E\google drive back up\Dropboxthung\M3T'\5763 F5...les\Chapter 4 examples\Impeller_lower_casing.prt
o N h 2. E\google drive back up\Dropboxihung\M5T\5763 F5...0ks\NX 1926'\Examples\Chapter 4 examples\dwg1.prt
ose
- m 3. E\google drive back up\Dropboxthung\M5T'\5763 F5.. xamples\Chapter 4 examples\Impeller_impeller.prt
% Save N m 4. E\google drive back up\Dropboxthung\M3T'\5763 F5..\Examples\Chapter 4 examples\Rocker Arm_dwg1.prt
B m 5. E\google drive back up\Dropboxthung\MST'\5763 FS.. WX 1926\Examples\impeller\impeller_hexa-bolt.prt
2 N m E. E\google drive back up\Dropboxthung'\MST\5763 F5.. \NX 1926\Examples\Impellerimpeller_impeller.prt
h i oogle drive back up\Dropbox\hung\MST\5763 FS...ples\Chapter 4 examples\Arborpress_rack_dwgl.prt
I:I- Print... h 8. E\google drive back up\Dropboxthung\M5T'\5763 F5..\Examples\Chapter 4 examples\Arborpress_rack.prt
Plat.. ctiep | Start
Eﬁ | + , @ Sheet Metal Ctrl+Shift+M
mpol
Ly @ Shape Studio Ctrl+Alt+5S
EE-; Export L4 & Animation Designer
@ Drafting Ctrl=Shift=D
% Utilities '8 Layout Ctrl=Shift=Y
Execute » |kf) Pre/Post
i Motion Ctrl=Alt=K
Properties
pert Ef; Manufacturing Ctrl=Alt=M
p
,P\I Help R J—[l Gateway
L

4 @ Assemblies
v o e

All Applications

Exit

Turns on the Assemblies application, which provides
toels to construct assemblies of parts.

E Customize...

» The Assemblies menu bar will now display tools for assembly

& ® = & & &

@ Pattern Component
@L Mirrar Assembly

Add MNew Mew Parent Maove Assembly  Arrangements
Component Component Assembly Component Constraints
Base v Paosition - Component v
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In the Base option,

e Add Component option adds new component objects whose part files are already created.

e New Component lets you create new component geometries inside the assembly file when

you are using Top-Down approach of assembly.

The Assembly Constraints allows you to create assembly constraints and Move Component allows

you to reposition the components wherever you want them in the assembly.

6.5.2 Adding Components and Constraints £ Add Component O 2 X

» Choose Add

 Part to Place

3 Select Part (0) [ ‘
The dialogue box shown on the right side will pop up. You  * feeeed e
g _ g " pop up e
can select the part files from those existing (should be already ] Keep Seected
shown in Loaded Parts tab) or you can load the part filesusing ~ Count 1]
the Open file options in the dialog box. This will load the ~ Location
selected part file into the Loaded Parts dialog box. imz:zmn:hm '::::'”te =
> Click on the Open icon and select the file ¥ *detohec® <
Impeller_upper-casing.prt cxceonenton | O] &1 [ X] ]
* Placement
» Click OK in the part name dialog box @ Move O Constrain
Then we need to set a location to place the coordinate system ™ **""%
» Interaction Options
of the first component. In the Location group box, keep the AT
default Snap for the Assembly Location option. Original
> Click Select Object

Now you should be able to see the part in a transparent mode, as shown in the figure on the right

side.

7

» Click the Point Dialog icon and create the t

-

coordinates of [0, 0, 0]

» Click OK to exit the Point Dialog

Note: Feel free to play with the Cycle Orientation options to set different orientations.
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O & | X[

In the Placement group box, we can define where and how we place this component. In this case,

» Cycle Orientation

we will leave the options as default.
» Click OK to exit the Add Component Dialog

Then, you will see a pop-up dialog appears as shown in the figure below.

Create Fix Constraint

a You just added the first component to the assemnbly.
Lk Do you want to create a Fix constraint?

[] Don't display this message again

> Click Yes to create a Fix constraint to this part.

Now what you have should like the figure below.

Let’s move on to add the second component, the lower casing.
» Click on Add in the assembly section

> Select the file Impeller_lower-casing.prt from the Loaded Parts or Open
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> In the Location group box change the option to Absolute — Work Part to place the new

part at the absolute origin of the current work part

> In the Placement group box, first toggle the Move radio button and move the lower casing
away from the upper casing to have enough space for selecting the mating surfaces. What

you will have should like the figure below.

X| 486.6911¢
Y| 0.000000(
Z| -425.9000

» Then, toggle the Constrain radio button. * Placement
O Move @ {Constrain,

+ Constraint Type

WO T %4
= bl &

v Geometry to Constrain

Now let’s mate the upper and the lower casings. You
can access all the constraints in the drop-down menu in

the Constraint Type box.

Here you can see the different Mating Types, which

were explained above in the previous section.

Crrientation ‘ f Find Closest v|

m:l . ¥ Select Two Objects (0) q}

» Make sure the Touch Align icon IS

selected in the Type dialog box
> First, select the face that the arrow is pointing to as shown below in the figure on the left.

» Click on the face of the upper casing in the screen as shown in the figure on the right.
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You may have to adjust the view in order to select the faces. After you choose these two faces, the

Touch Align constraint will be automatically added.
Let’s add another Touch Align constraint.
» Click on the Flange of the upper casing

» Click on the Flange of the lower casing, you may need to inverse the direction of constraint

.

by click on the Inverse icon -*

Note: If it is difficult for you to select the faces because of the position of the parts, you can move

them by toggling the Move in the Placement group box and manipulate its handler.
Let’s add another Touch Align constraint.

» Make sure you are still using Touch Align
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» Click on the flat face of the upper casing as shown and then the corresponding face on the

lower casing

The lower casing is constrained with respect to the upper casing. Now let us add the impeller.
» Choose Assemblies > Component - Add to add a component to the current assembly

» Open the file Impeller_impeller.prt
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» Click OK on the dialog box
» Choose Absolute — Work Part for Assembly Location

» Toggle the Constrain button

» Click on the Distance icon L in the Constraint Type box

» Select the two faces, first on the impeller and then on the casing, as shown in the figure

below

> In the Distance box in the Placement group, enter the value of 3
> Press Enter to preview the current assembly

The preview may show the impeller oriented in the direction opposite to the one we want.
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» To change the orientation of the part or the distance direction, in the Placement window,

!
Zad

click on the Cycle Last Constraint button in the Geometry to Constrain box, as

shown below

Gecmetry to Constrain A

¥ Select Two Objects (0) o

i
iggel

Cycle Last Constraint

!
Tyl

Check the assembly status from its preview, you may have to click on the button for several

times to get the desired result. Now the impeller will be oriented in the right direction.

We will now add the shaft using the Center constraint.

Placement A
> Click on Assemblies - Components -> Add O Move @ Constrain
Constraint Type A
» Open the file Impeller_shaft.prt
p P MO %%
» Click OK on the dialog box !el; _ |:||1 P||k AA
» Choose the Touch Align icon in the Constraint :
Geometry to Constrain A
Type bOX Crientation & Infer Center/Axis
» Choose the Infer Center/Axis option in the ¥ Select Two Objects (0) ot 4
Geometry to Constrain box
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» Select the shaft and inner hole’s axis, first on the shaft and then on the impeller as shown

in the figures below

L]
» Stay in the Touch Align d constraint
» Choose the Prefer Touch option in the Geometry to Constrain box

> First, select the face on the shaft and then select the bottom face of the hole in the impeller

as shown

The assembly will now look like the figure below.
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» Click on Assemblies - Components - Add
» Open the file Impeller_hexa-bolt.prt

» Choose the Concentric constraint. Use the Infer Center/Axis option in the Geometry to

Constrain box

> First, select the outer circular edge of bolt and then select the hole’s edge on the upper

casing as show in the figures below.
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The assembly is shown below.

%
> Repeat the same procedure to add bolts and nuts to all the holes in the assembly.

This completes the assembly of the impeller.

Note: There is a simpler way to assemble the bolt and nut set. Instead of adding the three parts
individually, you can assemble these components separately in another file. This will be a sub-

assembly. You can insert this subassembly and mate it with the main assembly.

The Final Assembly will look as the shown below. Save the Model.
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6.5.3 Exploded View

In this section, we are going to create an Exploded View of the assembly to show a separated part-

by-part picture of the components that make the assembly. In today’s industrial practice, these
kinds of views are very helpful on the assembly shop floor to get a good idea of which item fixes
where. The user should understand that exploding an assembly does not mean relocation of the
components, but only viewing the models in the form of disassembly. You can Unexplode the view

at any time you want to regain the original assembly view. Let us explode the Impeller Assembly.

» Choose Menu - Assemblies - Explosions

This will pop up a dialog box asking and click New Explosion .

@ Explosions 07?7 X
v Explosions

MName Used in Views Work

Now the NX environment is in Exploded View environment though you do not find any difference.
When we start exploding an assembly, we should decide upon a component to keep that component
as the reference. This component should not be moved from its original position. In the case of the

impeller assembly, the impeller will be the right option as it is central to the entire assembly. Now

let us start exploding the components.
» Edit Explosion dialog box will pop up

The Edit Explosion window will pop up along with coordinate handles on the component.
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{3 Edit Explosion

O Select Objects
@® Move Objects

O Move Handles Only

Distance (in) 2
& SnapIncremen t 1

» Click on the Z axis; hold the mouse and drag upwards until the reading in the Distance

shows -20 (substitute +20 if you have designed in opposite direction)
> Click OK

> Right click on the lower casing and choose Edit

Explosion

Again, this will pop up a dialog window for Edit

Explosion and a coordinate system on the component.

» Click on the Z-axis; hold the mouse and drag
downwards until the reading in the Distance shows

20 as shown in the figure on the right side.
> Right click on the shaft and choose Edit Explosion

> This time click on the Z-axis; hold the button and

drag to the right side until the reading in the
distance shows -25 or 25 as shown in the following figure

» Choose OK
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> Select all the six hexagonal bolts in the assembly by clicking on them
> Right click on one of them and choose Edit Explosion

» This time click on the Z-axis; hold the button and drag upwards until the reading in the
Distance shows 25 as shown in the following figure. This will move all the six bolts

together to the same distance.

» Choose OK
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> Likewise, move the six washers and the six hexagonal nuts downwards to -30 and -35,

respectively.

This is the Exploded view of the assembly. You can rotate and see how it looks like.

.
2

If you want to go back to the original unexploded view,

» Click Hide Explosion in Visible View in the Explosions

{} Explosions

» Explosions

MName Used in Views Work
Explosion 1 Top v

&|0e@. e & & O

Hide Explosion in Visible View
Hides the assembly explosion in visible view(s).
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6.5.4 WAVE Geometry Linker

When designing parts in a design group, you have to cooperate with partners. The WAVE
Geometry Linker can help you to use any kind of associativity between components and speed up
your design efficiency. Here we will use a basic assembly on Cylinder Case as an example to
create a Cylinder Cap using WAVE Geometry Linker. The dimension in Cylinder Cap were copied
from geometries from the Cylinder Case. When the Cylinder Case dimension changes, the
dimension of the Cylinder Cap will change accordingly and simultaneously because this Cap was

modeled by referencing dimensions generated using WAVE Geometry Linker.
> Create a new Assembly and call Cylinder Box

» Cancel in Add Component window

New 0 X
Machining Line Planner Manufacturing  Multi Axis Deposition  Inspection  Mechatronics Concept Designer  Ship General Arangement
Physical Architecture Modeler Press Line Line Designer Ship Structures
(e R s Madel i et S Additive Manufacturing £ Add Component 0?7 X
~ Templates ~ Preview
i = Part to Place
~ Filters
O s
Name Tpe Units Relationship Owner =
@ Model Madeling Inches  Stand-slone NT AUTHO... Open E
@ ssembly Assemblies Inches  Stand-alone NT AUTHO.
L shape studio ShapeStudic  Inches Stand-alone NTAUTHO... [ Keep Selected
&) sheet wetal Sheet Metal Inches  Stand-alone NTAUTHO... Count
) ~ Properties
45 Routing Logicol RoutingLogical Inches  Stand-alone NT AUTHO.
G Routing Mechanical Routing Mecha... Inches  Stand-alone NTAUTHO... - Location
&) Routing Electrical Routing Electrical Inches  Stand-alone NT AUTHO...
. 05725/, . Compenent Anchor Absolute -
[%E,Mk Gateway Inches Stand-al Last Modified: 05/25/2020 02:46 PM P
Description: NX Example, starts add .
component Assembly Location Absolute - Work Part

~ New File Name o z y
Cycle Orientation C) |< X %
[ :

Name ‘ Cylinder Boxjprt

Folder ‘ C:\Program Files\Siemens\NX1926\UGII ‘ +* Placement

~ Part to Reference (®) Move () Constrain

» Click New Component % in Assemblies
» Choose Model and name Cylinder Case
> OK

Now you will see Cylinder Case under Cylinder Box in Assembly Navigator

Assernbly Navigator [

Descriptive Part Name & Info  Read-only

B Sections
- [P Cylinder Box (Order: Chro... B
|,’§CY|inEICase a
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> Double clicks on Cylinder Case to highlight and start editing it

Assembly Navigator )
Descriptive Part Name Info  Read-only
[ sections
- @B Cylinder Box (Order: Chro... =)
[_'éCylinderCase | =)
» Click Sketch: Specify Plane in XC-YC Plane in Plane Dialog RN

and Specify Point (0,0,0) in Point Dialog

> Make a sketch as shown in the right figure

10

> Finish

» Click Revolve: Specify Vector in YC Axis and Specify Point |
(0,0,0) in Point Dialog %‘

> OK :
You will have a Cylinder Case model as shown in figure.

Before creating the Cap, double click on Cylinder Box

Assembly Mavigator |
Descriptive Part Name Infe  Read-only
B Sections
— L-fi Cylinder Box (Order: Chro... a
[__' Cylinder Case a

» Click New Component in Assemblies
» Choose Model and name Cylinder Cap
> OK

Now you will see Cylinder Case and Cylinder Cap under Cylinder Box in Assembly

Navigator
Assembly Navigator .
Descriptive Part Name & Info  Read-only
[ sections
— [/]-#5 Gyiinder Box (Order: Chre...
[l Cylinder Case @
[V [ Cylinder Cap =
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> Double clicks on Cylinder Cap to highlight and start editing it

Assembly Navigator |m}

Descriptive Part Mame & Infe = Read-only

[ sections
— [/]s Cylinder Box (Order: Chro... =)
- [/IP cylinder case =
- [V/](# Cylinder Cap =

Open Insert - Associate Copy -> WAVE Geometry Linker
» Click inner circle and Apply

£} WAVE Geometry Linker 7 X P \"'\

HQ- Composite Curve -

v Curve

3k Select Curve (0)

» Product Interface

Caneel

Y i~
N ¥YC
T
» Click Outer circle and OK
| | | | L\ L=
/_\
HQ Composite Curve M Tangent Curves : Edge in CYLINDER CASE
w Curve

3 Select Curve (0)

¥ Product Interface

Cancel

In Part Navigator, you will see two curves you just copied using WAVE Geometry Linker.

Part Mavigator (]
MName & C. U. Comment

+ [ & |Model Views (Work Part)

+ [Ty tinks

- O L_[j Model History

@Ji]\ Datum Ceordina...
O (’J Linked Composi...
@) Linked Composi... [2

C LK K KL
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Now, let’s create the cap with these two curves.

» Click Extrude and select inner circle (Linked Composite Curve)

Part Navigator

Name &

+ [@] Model Views (Work Part
+ [ Links
= (D[ Mol History

<K < <KL

C. U. Comment

mWE\come Page

£ Extrude

* Section

3k Select Curve (0)

 Direction

> Cylinder Cap.prt in Assembly Cylinder Box.p

i e

f

Infer Curves

/

if Feature Curves : Linked Composite Curve(T)

ALl ] |

3k Specify Vector

« Limits \
Start [ value . \
. B
Distance 0 in - S -
S —
End [ value . T—
Distance in -

[ Open Profile Smart Volume

» Click Reverse Direction to reverse extrusion direction if the default extrusion direction is
incorrect

> Apply

£} Extrude

* Section

+/ Select Curve (1)

Specify Origin Curve

= Direction

\/ Specify Vector

RLJS -

» Click Extrude and select outer circle (Linked Composite Curve)

156
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Part Navigator O | {p] Welcome Page

Name & C. U. Comment
+ B“"l“ v ¥ Section
= 0 Model History v 3 Select Curve (0)
@ ) Datum Coordina.. s
@ linked Composi.. s
@D Linked Composi...
I ™ w Direction
| @[] Extrude (3) £
3 Specify Vector
w Limits
Start |—> Value
Dist 5 - @/ Feature Curves : Linked Composite Curve(2)
istance in -

Now, the Cylinder Cap is modeled as shown below

The Cylinder Cap were created by referencing the curve from the Cylinder Case using the
WAVE Geometry Linker. When the curves of Cylinder Case changes, the dimensions of
Cylinder Cap will change simultaneously. Let’s change the size of Cylinder Case.

> Double clicks on Cylinder Case to edit it in """ s
Descriptive Part Mame = & Info  Read-only
Assembly Navigator [ sections
—--% Cylinder Box (Order: Chro... ré1
L‘ECylimlerCase =
f:a Cylinder Cap a
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> Right click on Sketch to edit its dimensions as shown in figures

aw

nstruction M /@‘ Edit...
Menu - Mo Selection Fi =
= Edit Parameters...

Part Mavigator
Edit with Rollback...

MName & -

-'_,--- Model Views (Wo @ Suppress

— ()| Model Histor
T Reorder Before
@ by, Datum ¢
..... @o@_skﬂch { Feature Group
----- Revolve

©® &‘) Reolace...
» Finish

You can see the dimensions of Cylinder Cap are
changed immediately. Therefore, using the WAVE
Geometry Linker can make your modeling efficiently,

especially dealing with complex modeling design.

6.6 EXERCISES

6.6.1 Arbor Press

In the previous sections of this tutorial, we have modeled

- -

10

various parts, some of which are components of the arbor

press shown below. Assemble the arbor press using the
components that you have modeled in addition to ones
that are provided to you, which you have not modeled
before. The complete list of parts of the arbor press
assembly is provided below. All these parts are provided
in a folder that can be accessed along with this tutorial in

the same internet address (https://web.mst.edu/~mleu/).

Allen Bolt
Allen Nut
Base
Circle base
End clip
Handle
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e Hexagonal Bolt
e L-bar

e Pin

e Pinion

e Pinion handle

e Plate

e Rack

e Sleeve

6.6.2 Butterfly Valve

Butterfly valve is one of the most commonly used devices for controlling flow. The Butterfly valve
consists of a rotating disk positioned in the pipe. The disc is attached to the shaft that is connected
to an actuator on the outside of the valve. Rotating the actuator turns the disc either parallel or
perpendicular to the flow. When the valve is closed, the disc is turned so that it completely blocks
off the passageway. When the valve is fully open, the disc is rotated a quarter turn so that it allows
an almost unrestricted passage of the fluid. The valve may also be opened incrementally to regulate

flow.

In this exercise, you will model and assemble the Butterfly valve consisting of 9 different parts for
a total of 12 components. The names, drawings and dimensions of the different part items, as well
as how the various components fit together, are provided. The parts for which the drawings are not
given are to be designed or selected, for example, the round head machine screw. All dimensions

are in inches.
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” PART NAME: PLATE
PART NAME: RETAINER "0 (ELLIPTICAL)
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PART NAME: ARM
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6.6.3 Jackscrew

A jackscrew is a type of jack that is operated by turning a leadscrew. In this
exercise, you are asked to model, assemble and prepare drawings of parts. All
dimensions should be in millimeters. Create  individual drafts for each
component. Draft the final assembly and make a table, listing out individual

components. The Assembly draft should have an exploded view.
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‘% " %z—’— f ' Elr
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CHAPTER 7 - FREEFORM SURFACE MODELING

In this chapter, you will learn how to create freeform surfaces in NX. Up to this point, you have

learned different ways to create models by using Form Features or by Sketching. Freeform surface
modeling involves creating models in the form of surfaces for aesthetic or functional purposes,
such as car bodies and turbine blades. A few freeform features are shown below.

. e . g
== ik WATar
Y zaill RS Ny Yo
ST |
LT AR
To create Freeform Features, you first need a set of points, curves, edges of sheets or solids, faces
of sheets or solids, or other objects. The following sections cover some of the methods that you

can use to create models using freeform features.

7.1 OVERVIEW

In NX, the Freeform Features options are located at various places like Menu - Insert -
Surface/Mesh Surface/Sweep/Flange Surface and Menu - Edit - Surface for more advanced
operations. There are a lot of ways in which you can create Freeform Features from the existing
features you have like points, edges, curves, etc. A few of commonly used functions are discussed

in the following sections.

7.1.1 Creating Freeform Features from Points
In the case where the geometry you are constructing or pre-existing data includes only points, you
can try using one of the following three options to build a surface from the given points.

» From Menu, click on Insert > Surface
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S Four Point Surface: if you have four

corner points.

‘ﬁ?Through Points: if the points form a

rectangular array.

From Poles: if defined points form a
rectangular array tangential to the lines passing

through them.

7.1.2 Creating Freeform Features from
Section Strings
If construction geometry contains strings of
connected objects (curves and edges), you can
use one of the following two options to create
a freeform surface.

» From Base group in Surface, click on

More

[ ]
-

% %

Ruled: if you have two strings which are roughly

parallel.

Surface Assemblies Analysis View Selection Render

Tools

= Menu ~ |No Selection Filter v| |Ent\re Assembly v|
e b o CEEEETE 00
Edit * Lonstraints) S.|D. |1
View r |
Insert » | @ Design Group
Format 4 B Move to Group...
Tools r -
1 Sketch
Assemblies 13
Sketch Curve 3
PMI 4
Information 3 Datum e
Analysis r Curve '
Preferences » Derived Curve 4
Windgus ' Design Feature »
Help ' Associative Copy 3
Combine 3
Trim 4
Offset/Scale 4
Detail Feature 3
Surface Y| ) FourPoint Surface..  Ctri+d
Mesh Surface 3
ﬁ? Through Points...
Sweep Pl
@ From Poles...
Flange Surface 4 &
Fit Surface...
CAM Data Preparation 3 Q Rapid Surfacing...
Faget Modeling * | < Bounded Plane...
HX Realize Shape Y| {7 Fill surface..,
synchranous Modeling » O Sheet from Curves..,
Aero Design y | & Ribbon Builder...
Taple » Midsurface L3
@' Patch Openings...
DU 4 L
loin 3
‘Weld Assistant 3
« Structure Welding 4
BIW Locator 3
B N-sided Surface...
Facet Modeling 3 I
P
Ruled

14 @ @ @OffsetSurface ‘@ E/a’ f_‘ég_ @ %Trimandmend

ih  Edge Face @Thicken Msre Combine Trim Extend Sew

esh EBlend EBlend

Base Sweep
:I Entire Assembly ~| | %) sweep along Guide & Tube

mil & modell.pVEEY

Sheet Sheet

) s o £ Ruled £ Msided Surface
Blend
<D nestheti Ruled
Fil Creates a body between two sections where the ruled

{7 Fill surfz

shape is a linear transition between the sections.

|
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£ Through Curves: if three or more strings are roughly stings

o parallel. \
If the construction geometry contains two or more strings (curves, ff

faces, edges) that are roughly parallel to each other, and one or Through Gurves
more section strings that are roughly perpendicular to the first set of curves (guides), you can try
using one of these following options to build a freeform surface.

c::‘zghh Through Curve Mesh: used if at least four section 5 Stings

strings exist with at least two strings in each direction (parallel \

and perpendicular).

Through Curve Mesh

/) 2 Strings

e Swept: used if at least two section strings are String
roughly perpendicular (from Menu, choose Insert -

Sweep).

7.1.3 Creating Freeform Features from Faces

If the construction geometry contains a sheet or face, you may be able to use one of the following
two options to build the freeform surface.

L omesurace  Offset Surface: use this option if you have a face

to offset. (From Menu, click on Insert - Offset/Scale)

@ ] ] o Offset Surface
Extension: use this option if you have a face and edges, edge

curves, or curves on the face. (Click on the Insert - Flange

Surface - Extension)

Extensions
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7.2 FREEFORM FEATURE MODELING

Let’s do some exercises on freeform modeling with structured points, a point cloud, curves and
faces. Structured points are a set of point’s defined rows and columns. A point cloud has a set of

scattered points that form a cloud.

7.2.1 Modeling with Points
» Open the file freeform_thrupoints.prt

» Click Shape Studio in Application and change the Home Toolbar like below

~ o | @ studio Surface 6} 2 % ) " <>

<> g ? / / - ) 5 ) K @ & untrim {7 wForm & Match Edge
N . 1 —/ N @9 4 styled sweep / ‘ %

Datum Sketch 7 _J Trim  Cume More  KXRealize Polygon Morph Four Foint Offset Edge Mot Snip - Tm Etens [ sa

Mare @ 0 Mare

1-Form Edge Symmet
Plane { / Curve Length hd Shape Modeling MWesh  Surface &% Law Extension  syrface Blend M Surface Sheet Sheet M 98 51 v
Construction ™ Curve M Base M Trim M Edit M

£

You will see seven rows of points.

{3} Through Points ? X

Patch Type Multiple -

» Choose Insert - Surface - Through

Points Closed Along Meither

Neither _~ |

The dialogue box will pop up as shown in the right.  Rew Degree
—

|

Column Degree

» For Patch Type, select Multiple

Points from File

QK | Back || Cancel |
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» For Closed Along = Neither

> For Row Degree and Column Degree, enter 3.

Chain from All

> C“Ck OK Chain within Rectangle

The next dialogue box will be as shown in the right figure. Chain within Pelygon

> Click Chain from All

Point Constructor

Back Cancel

» Select the top starting point and the bottom ending

point of the left most row as shown in the following figure

start point +

end point

The first row of points will be highlighted.

> Repeat the same procedure to select the first four rows of points.

After that, a window should pop-up asking if all points

are specified or if you want to specify another row. S mee

Specify Another Row

» Select Specify Another Row until all rows are
specified Back Cancel

» When all the rows are specified, choose All Points Specified
» Click Cancel on the Through Points window

You will see the surface as shown below.
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7.2.2 Modeling with a Point Cloud

» Open the file named freeform_cloud.prt

The point cloud will be seen as follows.

» Choose Insert - Surface > Fit Surface

The right dialogue box will appear.

> Select all the points on the screen by clicking on

the point cloud.

> In the Fit Direction drop-down menu, choose
Best Fit for. This matches the point cloud
coordinate system with original system
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€} Fit Surface Q7 X

|4§" Fit Freeform - |

* Target
(®) Object (O Facet Region
-/ Select Object (1) '$'

« Fit Direction

(@) Best Fit () Vector () Orientation () CSYS

* Parameterization

Degree u |
Patches u | 3
[ Uniferm Patches in U
[] Uniferm Patches in V

» Results
Maximum Error: 0.0205
HAverage Errorr 0.0033
= Settings

[ single Surface
Create Multiple Features

Preview Show Result

-

| Apply || Cancel |
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» Change the default values for U and V degrees to 3
» Click OK

The final surface will look like the following.

7.2.3 Modeling with Curves

» Open the file named freeform_thrucurves_parameter.prt where we will create a surface

using through curve option.

The curves will be seen as in the figure below.

» Choose Insert - Mesh Surface - Through Curves
OR

» Click on this Icon Q on the Toolbar

Through
Curves
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https://youtu.be/rKQmbJ4bU5g
https://youtu.be/rKQmbJ4bU5g

> Select the first section string as shown below. Be sure to select somewhere on the left side

of the arc.

A direction vector displays at the end of the string.

s
Section G:): Sections M
« Select Curve (1) b f‘“q
> Click on the next curve similar to first one and click the
middle mouse button MB2. You can see a surface A New St
generated between the two curves as shown in the figure List v
Continuity M
[ Apply to Al
First Section GO (Position) -
Last Section G0 (Position) -
Mot Specified
Alignment A

[7] Preserve Shape

Alignment Parameter -
Output Surface Options A
> Repeat the same procedure to select the remaining "™ Single M
strings. Remember to click MB2 (or Add New Set)
after selecting each curve. Constructien smele .
Select Section Template (0] L
» For Alignment > Parameter :
Settings v
> For Patch Type - Single Preview N v
> For Construction - Simple SOK>" |l | Cancel
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When the Simple option is selected, the system tries to build the simplest surface possible and
minimize the number of patches.

> Click OK

7.2.4 Modeling with Curves and Faces

» Open the file named freeform_thrucurves_faces.prt

The curve and faces will be seen as shown on the

right.

» Choose Insert > Mesh Surface - Through

Curves
Select edge-1 of the top plane
Select edge-2 and click MB2

Select edge-3

YV V VvV V

In the Dialog box, under the Alignment
section, uncheck the Preserve Shape check

box

You would get the following shape displayed on your screen.
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Make sure that all the arrows are pointing in the same direction (if they are not, double click on

either of the arrows to flip its direction).
> In the Alignment dialog box choose Parameter

> In the Continuity dialog box, for First Section, select G2 (Curvature) option and select

the two patches of the top surface

» Click APPLY

Now select edge-3 and click MB2
Select the three edges of the lower plane

Change the option to G2 (Curvature) in the Continuity dialog box for First Section

YV V VvV V

Select the surface you just created and click MB2
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» For Continuity of the Last Section, choose G2 (Curvature) and then select the bottom

three patches as references
» Click OK to exit

The final freeform surface should be seen as shown below.

7.3 EXERCISES

7.3.1 An Exercise on Curves

urve 1

The above figure shows three curves created using points as “Control Points” or “Through Points”.
The corresponding points and modeling type of each curve are listed in the following table.
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Curvel Curve 2 Curve 3
(0,0, 0) (-0.191, 0, 0.181) (-0.191, 0, 0.181)
(0.117, -0.765, 0) (-0.191, -0.757, 0.181) (0.591, 0, 0.596)
Points | (1.953, -0.525, 0) (1.435, -0.709, 0.577) (1.632, 0, 0.622)
(2.5, -0.196, 0) (2.609, -0.415, 0.147) (2.610, 0, 0.147)
(2.5,0, 0) (2.610, 0, 0.147)
Type Control Points with 2" degree Through Points with 2" degree

(@) Create the ruled surface between Curve-1 and Curve-2.

(b) Extrude Curve-3 along the +Y direction to create a reference surface. Then create the
surface between Curve-2 and Curve-3, this surface should have G1 (Tangent) continuity
to the reference surface you just extruded.

Tips: You can import those points from a text file to NX. First, save the points coordinates into

a text file. Then, use NX File -> Import -> Points from File to import it.

7.3.2 An Exercise on Surfaces

i e iitsoe
TR T
TIre R T T T t !
r&ft++++++ + o T e
ffi BT T T !
2N + b + T+ T T b g
+ .
-t iy

) + A
t A
L R e T
T 4T 4
F b L
v+
ey +

Given 2 points sets that stored in the files of “Fit curve.pts” and “Fit surface.pts” (available in the
file folder).

(@) Import those two sets of points into NX. (Figure above shows the expected result)

(b) Create a spline curve based on points in the file of “Fit curve.pts”. You can use Fit
Curve to create it, adjust the number of Degree and Segments to get a better fitting.

(c) Create a freeform surface based on points in the file of “Fit surface.pts”. You can use Fit
Surface to create it, adjust the number of Degree and Patches to get a better fitting.

(d) Use the spline curve as the boundary to trim the freeform surface along Z direction. The
expected result is like the upper surface of a computer mouse.
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7.3.3 Design a Computer Mouse
Model a computer mouse similar to the one shown below (feel free to search for more images as
references), or you can come up with a new design and then model it. As a hint, create some

boundary curves on different datum planes and use them to create freeform surfaces.

7.3.4 Design a Sport Water Bottle

Design a sport water bottle and use freeform features in NX (curves and surfaces) to model it.

'I
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CHAPTER 8 — FINITE ELEMENT ANALYSIS

Finite Element Analysis (FEA) is a practical application of the Finite Element Method (FEM) for
predicting the response behavior of structures or fluids to applied factors such as forces, pressures,
heats, and vibrations. Usually, the process starts with the creation of a geometric model. Then the
model is subdivided (meshed) into small pieces (elements) of simple geometric shapes connected
at specific node points. The material properties and the boundary conditions are applied to each
element. Finally, software such as NX solves this FEA problem and outputs results and
visualizations. It helps engineers to have a better understanding of the product performance before

it is fabricated and tested.

Some of the applications of FEA are Structural Analysis, Thermal Analysis, Fluid Flow Dynamics,
and Electromagnetic Compatibility. Of these, FEA is most commonly used in structural and solid
mechanics applications for calculating the mechanical behavior (e.g. stresses and displacements).
These are often critical to the performance of the hardware and can be used to predict failures. In

this chapter, we are going to deal with the structural stress and strain analysis of a solid part.

8.1 OVERVIEW

8.1.1 Element Shapes and Nodes
The elements can be classified into different types based on the number of dimensions and the
number of nodes in an element. The following are some of the types of elements used for

discretization.

One-dimensional elements

e e

2-node Z-node 4-node
(Lineat) (Cuadratic) (Cubic)

Unrestricted NX for Engineering Design 178 Missouri University of Science and Technology



Two-dimensional elements

Triangular:

ry
e ’Q\\k
e o
"L’\ X
S

3-node 6-node 10-node
(Linear) (Quadratic) (Cubic)

Quadrilateral:

e
// : { -’%
4 T |. ;f
_ VE\\__H_\: "
d-node A-node 12-node
(Linear) (Quadratic) (Cubic)
Three-dimensional elements
Tetrahedral (a solid with 4 triangular faces):
N
AN\ j ) \
7 \_\ # + \
/ / \}c 4 [
------ . - T P . T
S -~ s . VR R e
\_»f/// “‘\j_/’ L\%xm\_\{/—*’
4-node 10-node 20-node
(Linear) (Quadratic) (Cubic)

Hexahedral (a solid with 6 quadrilateral faces):

= o

B-node 20-node
(Linear) (Cuadratic)

22-node
(Cubic)
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Types of nodes

Corner nodes
Exterior nodes
Side nodes
Interior nodes
Usually, FEA can have a more accurate solution as the size of finite element becomes smaller, but

the computing time becomes longer as well.

8.1.2 Solution Steps

Starting the Simulation: You can select a solver from one of these: NX Nastran, NX Nastran

Acoustic, NX Nastran Vibro-Acoustic, NX Nastran Design, Samcef, NX Thermal/Flow,
Simcenter Electronic Systems Cooling, Simcenter Space Systems Thermal, NX Multiphysics,
Simcenter Acoustics BEM, MSC Nastran, Ansys, Abaqus, and LS-DYNA. In addition, you can
choose the type of analysis to be performed. In this tutorial, only Structural Analysis will be

covered with NX Nastran Design.

Choosing the Material Properties: This allows you to change the material properties that will be

assigned to the model. For example, if we use steel to manufacture the impeller, we can enter the
material properties such as density, Poisson’s ratio, etc. These material properties can also be saved

in the library for future use or can be retrieved from Library of Materials.

Applying the Loads: This option allows you to apply different types of loads, such as forces or

pressures on the solid along with the directions and magnitudes.

Applying the Boundary Conditions: Simply speaking, boundary conditions constrain the degrees

of freedom of the elements. Some elements can be rotationally fixed and some can be constrained

from translational movement.

Meshing the Bodies: This is used to discretize the model into finite elements. Normally, we select

tetrahedral shapes of elements for approximation. You can still select the 2-D and 1-D elements
depending on the situation and requirements by choosing these options from the drop-down menu.

Solution and Results: This is the command to solve all the governing equations by the selected

solver and all the above options. This solves and gives the results of the analysis of the problem.
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8.1.3 Simulation Navigator @ simulation Navigator m
Name C. Status
bl;_’ImpelIer_imf;leller_sim‘l....
- [V Impeller_impeller...
+- Impeller_impelle..
+-[]F=7 Polygen Geo...
Mesh Controls
=7 Regions
441 Simulation Object C...
33 Constraint Container
.i% Load Container

The Simulation Navigator provides the capability to activate
existing solutions, create new ones, and use the created
solution to build mechanisms by creating and modifying

motion objects. To display the Simulation Navigator,

® @ T

» Click the Simulation Navigator tab in the Resource - 9 Solution 1 Active
144 Simulation O...
bar as shown in the figure [Vliz Constraints
@ - %Subcase- Static ... Active
. . . [ Loads
It shows a list of the simulations created for the model. In = Results

each simulation, it displays a list of loads, boundary

conditions, types of meshes, results, reports generated and so on.

8.2 SIMULATION CREATION

» Copy and paste the file Impeller_impeller.prt into a new folder to avoid changes being

made to the assembly

» Click on New - Simulations if the part is NOT already opened in the NX window

New O X
Machining Line Planner Manufacturing Multi Axis Deposition Inspection Mechatronics Concept Designer Ship General Arrangement
Physical Architecture Modeler Press Line Line Designer Ship Structures
Line Designer Workareas Model Drawing Layout Simulation Additive Manufacturing
 Templates  Preview
w Filters
Relationship | Stand-alone Part - Units
MName Type Units Relationship Qwner
¥ Simcenter Nastran Fem Inches Stand-alone NTAUTHO.. ~
1 Simcenter Nastran Sim Inches Stand-alone NT AUTHO..
@ Simcenter Nastran Acoustic Fem Inches Stand-zlone NTAUTHO..
1 Simcenter Nastran Acoustic Sim Inches Stand-alone NT AUTHO.,
@ Simcenter Nastran Vibro-Acoustic Fem Inches Stand-zlone NTAUTHO..
18 Simcenter Nastran Vibro-Acoustic Sim Inches Stand-alone NT AUTHO..
% Simcenter Nastran Rotor Dynamics Fem Inches Stand-zlone NTAUTHO.. ¥ Properties
18 Simcenter Nastran Rotor Dynamics Sim Inches Stand-alone NTAUTHO.. MName: Simcenter Nastran
P Simcenter Samcef Fermn Inches Stand-alone NT AUTHO.. Type: Fem
1B Simcenter Samcef Sim Inches Stand-alone NTAUTHO., Units: Inches
QJ; Simcenter 30 Thermal/Flow Femn Inches Stand-alone NT AUTHO.. Last Modified: 05/21/2020 10:21 AM
< Simcenter 30 Thermal/Flow Sim Inches Stand-azlone NTAUTHO.. , Description: Empty Simeenter Nastran FEM
< >

~ New File Name

Mame ‘ |

Folder ‘ E\google drive back up\Dropbox\hung'MST 5763 FS204Books'\NX 1926\Examples\St |

= Part to Reference
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» Open this newly copied file

> If the part is already opened in NX, then from the top ribbon bar, click on Application -
Design

S X g X 55 ¥ k)R ® X I X ]

Modeling Sheet Shape Toolbox Mare Drafting Toolbox  Manufacturing Additive Mare Pre/Post Motion Maore  Electrical Mechanical Toolbox  Mold Toolbox  Gat
Metal Studio T T T Manufacturing T T T T
Design Document Manufacture Simulation Simulation 4 joute Maold and Die
= Menu = ‘No Selection Filter v| |Entire Assembly v| 3
h Design
@ | Part Navigator O mwwm -5
Flg B
Mame & C. U Comn Design

+-- Model Views
+--\/|'ﬂs Cameras
@(} - (D[E] Model History v

i £ Eiv e

Starts the Design Simulation application, which provides
tools for finite element medeling and results
visualization, specifically tailored for design engineers
performing initial design validation studies.

N

Or

» click on File - All Applications - Simulation - Design Simulation

[& tew.. Ctrl-N | Recently Opened Parts =Y m K @
= . o iy
5 gpen.. cut-o | 1 Engoonie e bacc \TER -mpelerprt anical T00IbOX  Mold TOOIDOX  Gatewsy Toolbox More
o , | B 2 Engeogie dive back upD 5763 F: _thrucurves faces prt - - - -
ase
= [ 3 EAgoogle drive back up\D 5763 FS...plesFr  thrucurves_| terprt ~  MoldandDie * Gateway
. o y z
Sove , | B 4 Engoogle drive back 5763 FS.ANK e fon _doud-1.prt
[ 5. E\google drive back up\D NS763 FSks\X ee-fol _doud.prt
Preferences » B & Ergoogle drive back up\D: 5763 FS. _thrupoints.prt
B 7. E7google drive back up\Ds 5763 F¢ les\Chapter & g bly.prt
[‘:']lj Brint.. [ & Engoogle drive back up\D 5763 FS. ules\Chapter 4 _lower_casing prt
Flot... cti-p | StArt
&5 Sheet Metal Ctrl=Shift=M
[ mpont v
47 Shape Studio Ctrl=Alt=S
[ eoort v | % animation Designer
& Dratting Ctri=Shift=D
B weities Y Lavout Ctrl=Shift=¥
Execute b (k) Prepost
™ Mation Ctri+Alt+K
Properties
&2 Manufacturing Ctri=Alt=M
® Help , |11 Gateway
v @ Assemplies
Exit v & e
ANl Applications » Design N
Document »
Manufagture »
[ customize... simylation » | Bf) prespost
Route b | ES Mgtion  CtrisAt=K

2 3

s Design Simulation Starts the Design Simulation application, which provides
MoldanaDie | &) Flexibie Fipe tools for finite element modeling and results
- visualization, specifically tailored for design engineers
performing initial design validation studies.

g Ship Design

Gateway

When you first open any file in Design Simulation module, it will automatically pop up the New

FEM and Simulation dialog to create a simulation.
> In the popup dialog, click OK to create a new simulation.

Then in the next popup Solution window, you can select the Solver and the Analysis Type.

Unrestricted NX for Engineering Design 182 Missouri University of Science and Technology



The default Solver type is NX Nastran Design and Analysis type is Structural.

» Choose OK to create a new Create Solution called Solution 1, which will be displayed in

the Simulation Navigator. Here we keep the other items as default.

g i )
¥ New FEM and Simulation O ? X T} Solution O ? X
+ File Names ~ Solution
Impeller_impeller_fem1.fem Mame |
Impeller_impeller_sim1.sim S NX Design Simulation
Structural

* CAD Part

T Linear Statics - Single Constraint

Autematically Create Step or Subcase
Impeller_impeller

< |dealized Part v Linear Statics - Single Constraint

Create |dealized Part General = Result Options ~ Contact
 Name Description ‘ E
Impeller_impeller_fem1_i.prt [ Element lterative Sclver
Max Job Time ‘ -|
v = [ Inestia Relief
Bodies to Use |AIIVisibIe - O Bulk Data Listing

Polygon Body Resolution | Standard - Flat Shell Rz Stiffness Factor ‘ 100 -|

[] Automatic Selection of Dependent DOFs

¥ Geometry O Ignore Matenial Terperature Dependence

Geometry Options... | » Boundary Condition Control Variables

[J Run Jeb in Foreground

w Solver Environment

Solver MNX Design Simulation -

Analysis Type Structural -

v Description

Now the Simulation Navigator will look like the following figure.

Simulation Mavigator |

MName C. Status
18 Impeller_impeller_sim1....
--[Z]48 Impeller_impeller...
+- 3 Impeller_impelle...
+- W=7 Polygen Geo...
Mesh Controls

=7 Regions

44 Simulation Object C...
23 Constraint Container

* | oad Container

® @ = | e

- g Solution 1 Active
144 Simulation O...
DE Constraints
@ - ;é Subcase - Static .. Active
[]-# Loads
+-[=7 Results
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8.3 MATERIAL PROPERTIES

The next step is to assign the material properties to the solid model for this simulation. Because

we do not have any data in the library to retrieve for standard material, we will create one. Let us

assume that we will use steel to manufacture the impeller.

as oog g e - B | = 9 oog = oog
€%, Do \ﬁ‘g’ Mesh Contrel oy Zﬁ ﬁ;ﬁ [% H = g % &% o B 9 ‘f;::."-\ . mem
=N EEE @ meshvatng E = 2 ) EEE S ® | 4 EEE

Show Reverse Show Show
Only Face Display Adjacent and Hide

Utilities

Element Simulation ~More
Quality  Summary
Checks and Information ¥

More Solve Analysis Job Solution

Monitor

Load Constraint Simulation Region
Type~ Type~ Object Type =
Loads and Conditions

Assign

El
Materials Tetrahedral

Mesh Solution

Properties

{3} Assign Material

» Click on Assign Materials from the ribbon bar shown

above |[$ Select Body(s) - |

+ Select Body
The Assign Material window will pop up. You have the option

Select Body (1) ‘q}
of choosing the pre-defined materials from the Library or create P
» Material List
a hew material. (@ Library Materials -|

> Select the Impeller for Select Body

» Libraries

- Materials

MName Used Category

> Assign the Steel as the material (Double left-click to see Polypropylene-GF PLASTR S
Polyurethene-Hard PLASTIC
the detail mechanical properties) Polyurethene-Soft —
Potassium_Liguid OTHER
. . . Propane_C3H8_Gas OTHER
The name and values as shown in the following figure. Pay pVC PLASTI
R134a_C2H2F4 Gas OTHER
attention to the units. R134a_C2H2F4 Liquid OTHER
5/5teel_PH15-5 METAL
SMC PLASTIC
(Note that 7.829e-6 represents 7.829x107°) Sodium Liquid e
Steel-Rolled METAL
> Choose Close to exit the Isotropic Material window sl WETAL
Sulfur_Diexide_Liquid OTHER
. i . Titanium-Annealed METAL
Now we have assigned the material to the impeller model. Titanium Alloy METAL
Titanium_Ti-GAl-4Y METAL
Tungsten METAL
Waspaloy METAL
Water OTHER
Water_saturated_Liquid OTHER
Water_vapour_Gas OTHER

Manten METAL
£ >
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https://youtu.be/xWtyG7oEkfg

{} Isotropic Material

¥ Property View

» Name - Description

Steel

Label

» Description

» Categorization
~ Properties

Material Property Dependency
Mass Density (RHO)

- Mechanical

- Strength

- Durability

- Formability

~ Thermal

- Electromagnetic
- Creep

- Viscoelasticity
- Viscoplasticity
- Damage

- Other Physical Properties

- Miscellaneous

Card Mame MATI

| Ternperature

| 7.829¢-06

w Elastic Constants

Young's Modulus (E)

Poisson's Ratio (NU)

Shear Madulus (G)

Structural Damping Coefficient (GE)

w Stress-Strain Related Properties

Type of Monlinearity (TYPE)
Yield Function Criterion (YF)
Hardening Rule (HR)

Stress-Strain Inout Data Tvoe

Unrestricted NX for Engineering Design

~
206940000 &
Major Poisson's Ratio
0.288 &

| lbffin® [

| &)

| Elastoplastic: stress-total strain (MATS'IIPLAST|

| von Mises |

| Isotropic |

| Fnaineering Stress-Strain | v
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To display the Mass of your model, open Impeller_impeller.prt in Modeling Application
» Assign Material: Select Menu - Tools - Materials - Assign Material
» Select the model and Assign the Steel as the material and OK

> Right-click in the Window of Assembly Navigator and choose material (this tag can be

created using Configure) and Mass (kg) in Columns

& | Assembly Navigator Color
Descriptive Part Name Info Read-only Modified Count Referenc. Show Component Groups Laver
Eéa [ 5ections
Filter Components
[/ impeller_impelier Shape
@ Filter Constraints

?%) Find Component Position Cantrol
oy IO Finc workpart Suppression Control

’jzl Collapse All Filtered
[, expana an components Mut.cap

Product Interfaces

ENE)

f Expand to Selected
pand to Selecte

& Alerts
Expand to Visile

‘ Expand to Work. Callout

Expand to Loaded Quantity

Pack All Load State
Unpack All Check-Mate Resuit

Representation
% Export to Browser

Secondary Geometry
Export to Spreadsheet

Navigator Order
Columns
» Preview
v Unfreeze Column
» Dependencies

Select objects and use MB3, or double-click an object

Now, you should be able to see Mass and Material like figure below:

fod Assembly Navigator ]

Descriptive Part Name Infe  Read-only Medified Count Referenc... Mass (kg) material

B Sections
Impeller_impeller = (zB]] 381.1832 Steel
g N =

If the Mass is not correct, try right-click on the part and open Properties.

[ Sections
[/] # impeller_impelier 201 1033 -

Open Parent in Window  »

[EL: properties Assigns, copies, edits, dis
- attributes of the selected

Use Update Mass Properties Now to display correct mass in the Mass option
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£} Displayed Part Properties

Aftributes  Displayed Part | Mass | PartFile  Preview

+ Mass

Mass: 840.3651 Ibm

Update Mass Properties Now C

£} 3D Tetrahedral Mesh

8.4 MESHING

b Mesh Name

. . . . v Objects to Mesh
The Mesh option discretizes the model into small

Select Bodies (1) <
elements.
w Element Properties
> Click onthe 3D Tetrahedralicon /iy 1 [ crema) ’]

v Mesh Parameters

A window will pop up asking for the type and size

Element Size | ] in - v|| F
of the elements Surface Maximum Growth Rate | 1.3 -
Atternpt Free Mapped Meshing
> First, click on the impeller model on the DAt Mutriock Gyinder
. * Mesh Quality Options
screen for Select Bodies. _ :
Midnode Method ||\-'1|xed v|
[ Geometry Tolerance
Then, there are two types of Tetrahedral Elements  j.cobian [10 <]
available in NX. One is 4-node and the other is 10-  ~ Mesn settings
Surface Curvature Based Size Variation
node. i
Internal Mesh Gradation
> Choose the Type to be CTETRA(10) |
[] Target Internal Edge Length Limit
> Enter the Element Slze as 1.0 |nch [ Minimum Two Elements Through Thickness
» Model Cleanup Options
> CI ICk OK Small Feature Tolerance (% of Element Size)
g
You can find the model with small tetrahedral Minimum Element Length (Read-Only) [ 0.1 &
elements. It will look like the figure shown below.  Beunday Nodes

Note: While meshing the solid, there is a trade-off

you need to consider. If you choose a smaller element with higher nodes you will get better
accuracy in your analysis than larger element. However, the time required to solve the model with
smaller elements will much greater than with larger element. Hence, based on the accuracy
requirement of the study and how critical the component is in terms of the end product, choose the

appropriate parameters for the elements and nodes.

Unrestricted NX for Engineering Design 187 Missouri University of Science and Technology



8.5 LOADS

The loads applied on the solid model should be input to the system. For the impeller, suppose the
major force acts on the concave surfaces of the turbine blades. This loading can be approximated
by normal pressure on all the five surfaces. Since we are not concerned about the magnitude of the

load, let us take the value to be 100 Ibf/in? inch to exaggerate the deformation of the blades.

] r iz = |
» Click on Load Type and choose Pressure 2 = P o= =

Load Constraint Simulation Region Solve  Analysis Job
Typer Type~  Object Type~ Monitor

| & Force 3 Solutio

A
Z KF Bearing
& Torque ler_impeller_sim1.sim B X

» Click on the five concave surfaces of the blades as & Pressure Applies a uniform pressure load.

j;[] Hydrostatic Pressure
ShOWﬂ in the fOIIOWIng flgure E,‘ﬁﬂ Centrifugal Pressure
Iﬂ Gravity
@, Rotation

» Enter the value for Pressure as 100 and keep the unit
as Ibf/in? (psi)

Aa Temperature Load
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8.6 BOUNDARY CONDITIONS

The impeller rotates about the axis of the cone with the shaft as you can see in the assembly in the

previous chapters. It is not fixed but our concern is the deformation of the blades with respect to

the core of the impeller. The conical core is relatively fixed, and the deformations of the blades

are to be analyzed accordingly.

» Click on the Constraint Type icon

=

» Select the Fixed Constraint

This type of constraint will restrict the selected

i

Load Constraint Simulation Region

Type ™

Assembly

m|

L}

A @7 B @

Solve Analysis Job Solution Element Simulation
Manitor - Quality Summary

Type~  Object Type~

& Fixed Constraint

fixed,

@ Enforced Displacement Constraint

Applies a constraint where all degrees of freedom are [

£ Simply Supported Constraint

@& Pinned Constraint

ﬁ, Cylindrical Constraint

& slider Constraint

iy Symmetric Constraint

£y Anti-Symmetric Constraint
ga User Defined Constraint

entity in six DOF from translating and rotating. You can see the different constraints available by

clicking the Constraint Type drop-down menu on the toolbar.

» Click on the conical surface of the impeller as shown in the following figure

> Click OK
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8.7 RESULT AND SIMULATION

8.7.1 Solving the Simulation

The Finite Element Model is now ready for solving and analysis. It is a good practice to first check

for model completion before we get into solving the model. To check the model

» Click on the Menu - Analysis - Finite Element Mode Check - Model Setup or click

the Model Setup icon in the Checks and Information group in the ribbon bar

This will pop up a window as shown on the right.
» Choose OK

This will display the result of the Check operation.
You will see any errors and warnings in a separate
window. In case you get errors or warnings go back
to the previous steps and complete the required
things. If you do not get errors or warnings, you are
ready to solve the FEA problem.
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1} Model Setup O ? X

« Assembly FEM Settings

[“]iCheck for Label Conflicts:
Check for Unconnected Component FEMs

» Output Settings

[] Detailed Problem Report

QK | Apply || Cancel
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L} Information

2S¢ [+ 28] 5| -

?_0OX

Solver is NX Design Simulation
Environment: NX Design Simulation - Structural

Solution is Linear Statics - Single Constraint

Mesh-Based Errors Summary

Total: @ errors and @ warnings

Material-Based Errors Summary

Total: @ errors and @ warnings

Solution-Based Errors Summary

Iterative Solver Option

More than 8@ percent of the elements in this model are 3D elements

It is therefore recommended that you turn ON the Element Iterative Solver in the "Edit
Solution" dialog.

Total: @ errors and @ warnings

Losd/BC-Based Errors Summary

Total: @ errors and @ warnings

Nastran Model Setup Check completed

£} Solve

A A * Solving Options
» Click on the Solve icon HH

Submit | Solve

Q7 X

This will open the Solve window. 4 Model Setup Check

» Click OK without making any changes |

Edit Solution Attributes

[ Edit Sobver Parameters

¥ Prerequisite Solutions Chain

8] 4
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It may take a while to solving the job. Wait until the Analysis Job

Monitor window appears, showing the job to be Completed. «;

While the solver is doing computations, the Analysis Job

Monitor will show as In Progress

» Click on Cancel when the Analysis Job Monitor

window shows Completed ' Reset List

Check Analysis Quality |

Cancel |

8.7.2 FEA Result

» From Simulation Navigator, double click on Structural under Results
» You will be directed to the Post Processing Navigator

The Post-Processing Navigator shows all the Solution you just solved. If you click the ¢+ sign in

front of the Solution, you will see the different analyses that have been performed on the model.

03

{3} | Simulation Mavigator O Post Processing Mavigator O

Mame C. Status Name Color  Descri

G J;Impeller_impeller_sim1....
-4 Impeller_impeller...
+- (0 Impeller_impelle,..
+- =7 Polygon Geo...
48 Mesh Controls
+- ] A7 30 Meshes
=7 Regions
<4 Simulation Object C...
+-[/]47 Constraint Contai..

vl%lmpeller_impeller_sim'l

- =7 Selution 1 NX De
- {"‘[:, Structural

s Displacement - Nodal

s Rotation - Nodal

fls Stress - Elemental

fly Stress - Element-No...

s Strain - Elemental

fy Strain - Element-Nao...

By Strain Energy - Elem...

_'_
H

¢ @ p|m

® R =P
III
o o e e e e e e e e e

+-[Z]-4% Load Container By Strain Energy Density...
_ g Solution 1 Active s Applied Force - Nodal
T — . @ B Applied Moment - N...
[T+ Simulation O... i
s Reaction Force - No...
@ + E Constraints s Reaction Moment - ...
- 5% Subcase - Static ... Active & Strain Energy Percen...
W + [/ Loads 2] Imported Results
- -7 Results E‘u’iewports
“«iStructural Inferred @ Templates

> Double-click on the Displacement-Nodal
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The screen will now appear as shown below. You can easily interpret the results from the color-
coding. The orange-red color shows the maximum deformation zones and the blue area shows the
minimum deformation zones. You can observe that because the conical core is fixed, it experiences
zero deformation. The analysis also shows that the maximum deformation experienced at the tip

of the blades is approximately 1.9 x 10 inches.

On the Post-Processing Navigator, you can keep changing the results by double clicking each
option as shown below. You can click on the other inactive marks to see various results. Some of

the other results are shown below.

Impeller_impeller_sim1 : Solution 1 Result
Subcase - Static Loads 1, Static Step 1
Displacement - Nodal, Magnitude

Min : 0, Max : 0.0019048, Units = in
Deformation : Displacement - Nodal Magnitude

= 0.0019048

0.00174607

0.00158734

0.0014286

0.00126987

0.00111114

0.000952402

0.000793668

0.000634935

= 0.000476201
0.000317467
,

/
0.000158734

0
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Impeller_impeller_sim1 : Solution 1 Result
Subcase - Static Loads 1, Static Step 1
Applied Force - Nodal, Magnitude

Min : 0.00, Max : 39.22, Units = Ibf
Deformation : Displacement - Nodal Magnitude

8.7.3 Simulation and Animation

Click on the Results tab from the top ribbon bar. A group for Animation can be seen on it as

O g M 2 Layout settings & ﬁ % * - % - £ ) /.\ & ® &
d &) b
M ® @ .CQView Synchronize & / @ E;AQ:‘J -
Edit Post Contour Contour Editin Identify Create ] Animate
- B B B = resize viewport View ¥ Plot- - @& B Graphics Results Graph ==
Context M Layout - Post View 7 Quick Edit - Tools = Animation -
€} Animation ? X

> Click on the Animate icon. Animate

Animate Color

» In the Animation window, change the number of frames t0 & Animete beformaion

. R R Style Linear -
10 and click on the Play button 4 to see the animation of  yumeerof Frames [ 1]
the deformatlon Save Frames In Memory
[ Full-cycle

Synchronize frame change for all post views

You can now see an animation of how the impeller is deformed as . .icumesany oo

1

the loads are applied to the blades. i
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> To make any setting changes in the results display, click on

Result  Display Deformation | Legend
% [ Deformation
- ~ Result
Edit Post

the Edit Post View icon view [ Synchronize Color Display and De‘er:l:a.tinn

¥ Result Selection

» Check the Show undeformed model and click OK

Displacement - Nodal -

impeller_impeller_sim1 : Solution 1 Result Magnitude -
Subcase - Static Loads 1, Static Step 1
Applied Force - Nodal, Magnitude

Min : 0.00, Max : 39.22, Units = Ibf Scale | 10.0000 % Model -
Deformation : Displacement - Nodal Magnitude

[ Reference Node

[ Show undeformed model,
~ Edges & Faces

Biges [Featre = |Color [ ]

Faces [ Translucent - coler [ |

Now press on the Play button to see the animation. This will show the animation of deformation
with the original shape in grey color, as shown in the figure below.

» Click on the Stop button to stop the animation

Return to
» Click on Return to Home to go back to the FEA model  tome~
There are two ways to improve the accuracy of FEA results:

e Reduce the size of element

¢ Increase the order of interpolation polynomial (i.e. use quadratic or even cubic instead of

linear polynomials)
Let us try creating a simulation using different settings.

» Right-click on Solution 1 in the Simulation Navigator
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» Choose Clone to copy the first simulation - 43 Solution 1 Active
[ZH & Edit...

+ [ Edit Solver Parameters...

» Once Copy of Solution 1 is created, rename it to

|3§' Manage Prerequisite Solutions...

Solution 2 " Y clone
-5 Rename
» From the Simulation Navigator, under 3D Meshes, > Delete
double left-click on the 3D Mesh (1) g New Subcase...
éf}, Subcase Manager..,
> In the popup dialog, change the Type to TETRA4 @ Make Inactive
. £4 MNodal Force Report..,
» Click OK [ Model setup Check
* Mechanical Load Summary
i — -_.-! Solve..
> Click on the Solve icon = to solve the simulation BS Browse..

Create Report...

> Click OK

Simnulation Mavigator O

The Analysis Job Monitor should show the status Narme C Status

o]

G 18 Impeller_impeller_sim1....

- - 4 Impeller_impeller...
+- = Impeller_impelle...

] &%= Mesh Controls

of Solution 2 to be Completed.

» Click Cancel

AR

+- W[ Polygon Geo..

> Inthe Simulation Navigator, double-click =
. - WA Ay 30 Meshes il
on Results for Solution 2 b B./7:3d_mesh(1) [l Element count: .
Cin = Regions l
The figure below shows the analysis. You can g_| 4 Simulation ObjectC..
. i F& | «+ Eiﬂ Constraint Contai...
observe the change in the maximum value. Save +- B2 Load Container
all the simulations and close the files. +-4g Solution 1

+ %5 Solution 2 Active
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Impeller_impeller_sim1 : Solution 1 Result
Subcase - Static Loads 1, Static Step 1
Displacement - Nodal, Magnitude

Min : 0, Max : 0.0019048, Units = in
Deformation : Displacement - Nodal Magnitude

= 0.0019048

& 0.00174607

0.00158734

0.0014286

0.00126987

0.00111114

= 0.000952402

0.000793668

0.000634935

0.000476201
0.000317467
0.000158734

0

8.8 EXERCISES

8.8.1 Arbor Press Bar

Open the file ‘Arborpress_L-bar.prt’ and do a similar structure analysis, considering the material
as steel. For the mesh, the element size and type should be *10” and ‘Tetra(10)’. For the loads,
apply a normal pressure with a magnitude of 500 on the top surface as shown in the first figure

below.

For the boundary conditions, fix the three flat faces (the front highlighted face, the face parallel to

it at the backside and the bottom face) as marked in the second figure below.
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8.8.2 Rocker Arm

In this exercise, you will examine the effect of element type and mesh size on the results of finite
element analysis. Open the Rocker Arm you modeled in chapter 4. Assign the following material
properties: Young’s modulus = 3.0 x 107 psi, Poisson’s ratio = 0.29, and mass density = 7.35 x 10"
4 slug/in®. Fix both the counter bore hole and the counter sunk hole (i.e. fix the cylindrical faces)
as shown in the figure below and apply a pressure load of magnitude 600 psi normal to the face
shown. For each of the four following cases, obtain the deflection contour and VVon-Mises stress

contour.

a) Tetra 4 elements, element size — 0.2
b) Tetra 4 elements, element size — 0.05
c) Tetra 10 elements, element size — 0.2

d) Tetra 10 elements, element size — 0.05

Please answer the following questions: What are the maximum deflection and the maximum stress
for each of the four cases? Which of the four cases provides the most accurate results? How are
the FEA results affected by the type and size of elements?

Pressure
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CHAPTER 9 - MANUFACTURING

As we discussed in Chapter 1 about the product realization process, the models and drawings
created by designers will undergo manufacturing processes to get to the finished products, which
is the essence of CAD/CAM integration. The most widely and commonly used technique is to
generate control codes for CNC machines to mill the desired part. This technique reduces the
amount of human programing in creating CNC codes, which facilitates the designers to create
products with complex geometries. In this chapter, we will cover the Manufacturing Module of
NX to generate CNC codes for 3-Axis Vertical Machining Centers. This module allows us to

program and do some post-processing on drilling, milling, turning and wire-cut EDM tool paths.

9.1 GETTING STARTED

A few preparatory steps need to be performed on every CAD model before moving it into the
CAM environment. In this chapter, we are going to work with a model that was finished in the
previous exercise problem. All the units are followed in millimeters in this model and

manufacturing of the component.

Before getting started, it would be helpful if you can get into a CAM Advanced Role. To do this,
go to the Roles menu on the Resource Bar. Click Content and a list of choices will pop up in which

the CAM Advanced role can be seen as shown in the figure.

a

9.1.1 Creation of a Blank D Roles

o
| 1O 8
o

After completing the modeling, you should decide upon the & F] Content

4

raw material shape and size that need to be loaded on the g B Presentation

1 Role

machine for the actual fabricating. This data has to be the input & _’3@@_ peraut

in NX. It can be achieved in two ways. The first method is (@ [Tq P onion
creating or importing the model of the raw material as a g B e
separate solid in the same file and assigning that solid as the = —
Blank. The second method is letting NX decide the extreme L rouen vave
dimensions of the designed part and some offset values if S

needed. The later method allows a quick way of assigning the a

size details but it can only be used for prismatic shapes. K
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» Open the file Die_cavity.prt for the exercise problem in Chapter 4

» To create a Blank, insert a block in with the following dimensions (Menu Insert Design
Feature

Length = 150 mm
Width = 100 mm
Height = 80 mm
» For the Origin option, choose the lower most corner of the base block, so that the new

block created can wrap up the whole previous model as shown below

|@ Origin and Edge Lengths

w Origin

./ Specify Point E .f -

~ Dimensions.

Length (XC) 150 mm v

Width (YC) 100 mm v

Height (ZC) 80 mm v

~ Boolean

Boolean % None -
Show Rasult
-

This block encloses the entire design part, so we need to change the display properties of the block
to have a better visualization.

» Click on the Edit Object Display icon in the Object group of the View tab

~ Objects
O N % e
Perspective Style Background More Edit Object et
Dlsplay Invert Selection
Display - Object  ~ ~ Other Selection Methods
?e\e:tbyName
. - Up One Level +
» Select the block you just created and click OK
w Filters
> When a window pops up, change the display Color and change
Layer Filter S
the Translucency to 50 1
Attribute Filter
» click OK
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£} Edit Object Display
General | Analysis
 Basic
Layer
Celor
Line Style

Width (.70 mm -

w Shaded Display

Translucency

| Wy

0 100
[ Partially Shaded

[ Face Analysis

» Wireframe Display
» Facet Body
» Point

» Settings

Inherit

Re-highlight Objects

Select New Objects

» Click OK when Translucency Performance Warning pops up.

Translucency Performance Warning

A

d. "

Enabling translucency deg graphics p 2
Use Tune to Device in Visualization Preferences
o evakiak i o -

grap P

Would you like translucency to be enabled?
I Cancel |

OK [ OK Always |

» Hide the block you just created by right clicking on the block
in the Part Navigator and click Hide (you may need to use
Select from List... to choose the blank). This will make the

raw block disappear from the working environment.

201
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(ol

lpas

ow

HIHL
[HHY
ENi

hodar Gedid R

win

Menu = [MNo Selection Filter

Part Navigator

a
H

o

Name

+o/ [B Cameras

— (D[] Model History
§B5 <> Fixed Datum P!
§B5<0> Fixed Datum P
45 <@> Fixed Datum Pl
@ Block 3)
@ Block (5)
B Sicetch @) ke
@& Revolved (10
@R Block (1)
@[ Instanced Cylin
@“ Rectangular Arr

~ @ Instancelo,1] (1
@[ instancel1,0] (1
@[ nstancenn 11

(@ g Dratt (16)

~ @ orate (17
@) edgesiend (13)
@O Edge Blend (19)

- @ (@) Edge Blend 20)

- @ Edge Blend (21)
I

I
=
&

Hide Parents

D1 Edit Parameters..,

Edit with Rollback...

Suppress

Reorder Before

m

eature Group
Replace...

Assign Feature Color

Show Dimensians
Extract Body Here
Select Whole Branch

Filter

@ Copy
X Delete

Rename

(2 Browse
foe
-

nl

» Dependencies

& @ X
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9.1.2 Setting Machining Environment

Now we are set to get into the Manufacturing module.
» Select File - New - Manufacturing - Mill Turn

» There are many different customized CAM templates available for different machining

operations. Here, we are only interested in the milling operation.

New 0 X
Physical Architecture Modeler Press Line Line Designer Ship Structures
Line Designer Workareas Model Drawing Layout Simulation Additive Manufacturing
YA e Manufacturing | Multi Axis Deposition | Inspection | Mechatronics Concept Designer | Ship General Amangement
v Templates « Preview
« Filters
Relationshp [ Reference Exting Part = oo E?
Name Type Units Relationship Qumer i
) General Setup Setup Millimeters Reference Existing  NTAUTHO.. "
) Die Mold (Essentials) Setup Millimeters Reference Existing  NTAUTHO..
) Turning (Essentials) Setup Millimeters Reference Existing  NTAUTHO.. ™
) Machinery (Essentials) Setup Millimeters Reference Existing  NT AUTHO..
~ Properties
) Mutti-Axis (Essentials) Setup Millimeters Reference Existing  NTAUTHO..
i Nare: Mill Turn (Essentizls)
I Mill Turn (Essentials) Setup Millimeters Reference Existing  NTAUTHO..
| Type: Setup
I Simulation Dual Teble Sinumerik  Setup Millimeters Reference Existing  NT AUTHO.. Units: Millimeters
B SimD1 Mill 3-aseis Sinumer I Setup Millimeters Reference Existing  NTAUTHO.. Last Modified: 05/16/2020 12:23 PM
= ¥ Description: CAM Essentials Mill Tum Setup

< >

~ New File Name

Name | Die_cavity_setup_1.prt |
Folder | E\google drive back up\Dropbox\hung\MST\5763 FS20\Books\NX 1926\ExamplesiM |

~ Part to Reference

Name | Die_cavity |

9.1.3 Operation Navigator

As soon as you get into the Manufacturing environment, you will notice many changes in the main

screen such as new icons that are displayed.
» Click on the Operation Navigator tab %:’E on the left on the Resource Bar

The Operation Navigator gives information about the programs created and corresponding
information about the cutters, methods, and strategies. A list of programs can be viewed in different
categorical lists. There are four ways of viewing the list of programs in the Operation Navigator,
which are Program Order view, Machine Tool view, Geometry view and Machining Method view.

> Click on Geometry View = yenu - EHEEE a?& ﬁg
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9.1.4 Machine Coordinate System (MCS)
» Click on the Create Geometry icon in the Insert group to

initiate setup for programming
You will see a Create Geometry popup dialog.
» Click OK

Another popup window will allow you to set the MCS wherever
you want. By default, NX takes the original Absolute-CS as the
MCS.

» Click OK to select the default choice as the MCS

£ MCS Mill
* Machine Coordinate System
z
./ Specify MCS Jo l<T -
» Details

» Reference Coordinate System

¥ Clearance

Clearance Option Automatic Plane - o b
0.0000)

X/ 0.000000C

Safe Clearance Distance

0.000000C

» Lower Limit Plane 0.000000C

¥ Avoidance

+ Tool Axis

Tool Axis +Z of MCS -

» Layout and Layer

9.1.5 Geometry Definition
» Click on Geometry View

Name

» Expand MCS_MAIN_SPINDLE by clicking ceomemy
on the ‘+’ sign of MASTER_BLANK in the

Operation Navigator

+ %Y MCS5_SUB_SPINDLE
x

— (€3 MASTER_BLANK

o+ B mes main_seinoLe
H ®

o o) ol

Create Create Create
Tool Geometry Operation %

Insert

£} Create Geometry

 Type

Actions 7
? X

| MillTurn_Essen

- |

* Geometry Subtype

bl

e/ A
+ Location
Geometry GEOMETRY v
* MName
| MCS_MILL_1 |

Operation Mavigator - Geometry

Path

Tool

Geome

» Double click on WORKPIECE_MAIN in . E-vimes ML

the Operation Navigator. If you do not see it, try clicking on related ‘+’ signs
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The popup window Workpiece Main appears. This is where you can assign the Part geometry,

Blank geometry, and Check geometry.
» Click on the Part icon

» Select the design part (green part) and click OK

Now we will select the Blank Geometry.
» Click on the Blank icon

This will open the Blank Geometry Window. As mentioned earlier there are several ways to define
the Blank. You can use a solid geometry as the Blank or can allow the software to assign a prismatic
block with desired offsets in the X, Y, and Z directions. As we have already created a block, here

we can use that as the Blank geometry.
» Click on the Block and press OK

Now we are finished assigning the Part and Blank geometries. Sometimes it may be required to
assign Check geometry. This option is more useful for shapes that are more complex or 5-Axes
milling operations where the tool cutters have a higher chance of dashing with the fixtures. In our

case, it is not necessary to assign a Check geometry.

» Click OK to exit the Workpiece Main window
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9.2 CREATING OPERATION

9.2.1 Creating a New Operation

The manufacturing setup is now ready for us to work further with Programming Strategies. There
are many different manufacturing strategies involved in programming and it takes practice to know
which one is optimal. Here, the basic guidelines are given for the most widely and frequently used
strategies. This chapter will also cover some important parameters that are to be set for the

programs to function properly.

» Click on the Create Operation icon in the toolbar E%
The Create Operation window will pop up.
» Make sure the Type of Operation is MillTurn_Essen & Create Operation ? X

~ Type

There are a set of different subtypes under Mill-Contour, —|Mium essen |

namely Cavity Mill, Z-Level Follow Cavity, Follow Core, Fixed = Oreraton suomee
Contour, and so on. These different subtypes are used for

different situations and profiles of the design part. As

mentioned before, how you select a strategy for a certain

situation depends on your knowledge and experience. v rocatien
Program 1234 -
» Click on the Cavity_Mill icon at the top left as shown ™ NONE -
R ; Geometry WORKPIECE_MAIN =
n the flgure Method METHOD -

» MName

» Choose the Program as 1234

CAVITY_MILL |

» Change the Geometry to WORKPIECE_MAIN

» Click OK

The program parameters window with Cavity Mill in the title bar will pop up. On this window,
you can set all the parameters for this program. A brief introduction on every important parameter
and terminology will be given as we go through the sequence.

9.2.2 Tool Creation and Selection
One of the most important decisions to make is to select a tool with the right shape and size to use.
Before starting with the Tool parameter settings, we must first know about the types of Tool
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cutters. The Milling Tool Cutters are categorized into three forms of cutters. Hence, when selecting
a cutter, it is important to take into consideration the size, shape, and profiles of the design parts.
For example, if the corner radius of a pocket is 5 mm, the pocket should be finished by a cutter
with a diameter less than or equal to 10 mm. Otherwise it will leave material at the corners. There

are other special forms of cutters available in markets that are manufactured to suit different needs.

Flat End Mill Cutters

These cutters have a sharp tip at the end of the cutter as shown in the figure below. These cutters
are used for finishing parts that have flat vertical walls with sharp edges at the intersection of the

floors and walls.

NNW\—

Ball End Mill

These cutters have the corner radii exactly equal to half the diameter of the shank. This forms the
ball shaped profile at the end. These cutters are used for roughing and finishing operations of parts

or surfaces with freeform features.

Bull Nose Cutters

These cutters have small corner radii and are widely used for roughing and/or semi-finishing the

parts as well as for finishing of inclined and tapered walls.

The cutter that we are going to use to rough out this huge volume is BUEM12X1 (Bullnose End
Mill with 12 diameter and 1 corner radius).
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> In the Cavity Mill popup menu click on EeReENGIAVIER iy VIR

the Create New button in the Tool dialog
box

> Click New

» On the New Tool window, select the Mill

icon

£} New Tool ? X

v Type

‘ MillTurn_Exp - |

* Library

Retrieve Tool from Library g

* Tool Subtype

6 G

~ Location

Tool |GENERIC_MACHINE v|

* MName

BUEM12X1 |

OK Cancel

» Type in BUEM12X1 as the Name and
click OK

This will open another window to enter the cutter
dimensions and parameters. You can also
customize the list of tools that you would
normally use and call the predefined cutters from
the library.
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v Geometry &
Geometry \WORKPIECE_MAE v| % 52
Specify Part %
Specify Blank %
Specify Check ‘
Specify Cut Area ‘
Specify Trim Boundaries @
Specify Previous IPW %
+* Tool
Tool BUEMT2X1 (Millr ~ || % gL
£ !
¥ Cutput
¥ Tool Change Settings
b Analysis
* Tool Axis
Axis ‘Specii‘y‘u‘ector v|
\// Specify Vector x il T -
» Path Settings
Method | METHOD ==
Cut Pattern M Follow Part -
Stepover % Tool Flat - |
Percent of Flat Diameter T0.0000
Common Depth per Cut ‘ Constant - |
Maximum Distance | 0.5000 H mm v |
Cut Levels %“j
7.
Cutting Parameters
@
—
Men Cutting Moves A
®| v
re
OK Cancel
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» Enter the values as shown in the figure below

» Dimensions

(D] Diarmeter 12.0000
(R1) Lower Radius 1.0000
(B) Taper Angle 0.0000
(4] Tip Angle 0.0000
(L) Length T75.0000

(FL} Flute Length 30.0000

Flutes

» Click OK

9.2.3 Tool Path Settings

Make sure that the Tool Axis is perpendicular to the top surface on the block.
v Tool Axis

» Click on Tool Axis and choose Specify Vector

is

» Select the appropriate axis (ZC) as shown Specify Vector T; v

» In the Cavity Mill menu click on the Path 0
Settings option

There are different Cut Patterns in which the tool can move.

The following is a description of each.

Cut Pattern | T0E Follow Part -
s - 5
2| Follow Part: This is the most optimal strategy  stepover M Follow Part
where the tool path is manipulated depending on the  Percent of Flat Diameter B Follow Periphery
. i
part geometry. If there are cores and cavities in the =~ Common Depth per Cut 1E  Profile
. . . - - = zi
part, the computer intelligently considers them to ~ ™Maximum Distance [g ’
fig fag

remove the materials in an optimal way. This is

=& Zig with Contour

widely used for roughing operations. Cutting Parameters @ Show Shortcuts

=
2=k Follow Periphery: This takes the path depending upon the periphery profile. For example, if

the outer periphery of our part is rectangular, the tool path will be generated such that it gradually
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cuts the material from outside to inside with a Stepover value. This option is mostly used for

projections and cores rather than cavities.

~-1- Profile: This takes the cut only along the profile of the part geometry. It is used for semi-
finishing or finishing operations.

—_—
= Zig: This takes a linear path in only one direction of flow.

= Zig Zag: This tool takes a zigzag path at every level of depth. It saves time by reducing

amount of air cutting time (idle running). The climb and conventional cuts alternate.

el
! Zig with Contour: This takes the path in one direction either climb or conventional. The

unique thing is that it moves along the contour shape nonlinearly.

» For this exercise, select the Follow Part icon from the Cut Pattern drop-down menu since

we have both projections and cavities in the part

9.2.4 Step Over and Scallop Height
Step Over

This is the distance between the consecutive passes of milling. It can
be given as a fixed value or the value in terms of cutter diameter.
The Stepover should not be greater than the effective diameter of the
cutter, otherwise it will leave extra material at every level of cut and

result in an incomplete milling operation. The numeric value or

values required to define the Stepover will vary depending on the - S
Stepover option selected. These options include Constant, Scallop, *

Tool Diameter, etc. For example, Constant requires you to enter a

distance value in the subsequent line.

Scallop Height

Scallop Height controls the distance between parallel passes according to the maximum height of
material (scallop) you specify to be left between passes. This is affected by the cutter definition
and the curvature of the surface. Scallop allows the system to determine the Stepover distance

based on the scallop height you enter.
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I
J
- | SCALLOP HEIGHT . SCALLOP HEIGHT

> For the Stepover, select %Tool Flat and change the Percent of Flat Diameter to 70

Cut Pattern Tt Follow Part -
Stepover |E%Tnul Flat v
Percent of Flat Diameter T0.0000

9.2.5 Depth Per Cut

This is the value to be given between levels to slice the geometry into layers and the tool path cuts
as per the geometry at every layer. The cut depth value can vary for each level. Levels are
horizontal planes parallel to the XY plane. If we do not give cut levels, the software will

unnecessarily try to calculate slices for the entire part and machine areas that are not in our interest.

» Change the Common Depth per Cut value to 0.5 v Range
Range Type E} User Defined  ~
Common Depth per Cut | Constant - Cut Levels Constant -
Maximum Distance 0.5000 |mm - Cornrmon Depth per Cut Constant -

Maximum Distance 0.5000(mm =

Now we will add the level ranges. This will split the part into = TopefRance

different levels along the Z-direction to be machined. o 4|
ZC 0.0000
> Click on Cut Levels + Range Definition
Select Object (0) -$—
This will pop up a dialog box of Cut Levels. You need to set the  ...,.o.m T
level of the cut. You can either point to the object till which the "™ [fotes ]
Depth per Cut 0.5000
cut level is or provide it as a Range Depth value. We are not going s newse @)
to mill up to the bottommost face of the part, but up to the floor ’CL'ZI —
3 u elow Las ange
at 40 mm from top. Therefore, we must delete the last level. > Information
» Change the Range Type to User Defined
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» Change the Range Depth to 80

» Select OK

9.2.6 Cutting Parameters
» On the Path Settings menu, click Cutting Parameters

» Under the Strategy tab button, change the Cut Order from Level First to Depth First

{3} Cutting Parameters

Changing the cut order to Depth First orders the

) . Connections Containment Mare
software to generate the tool path such that it will
. . Strategy Stock Corners
mill one island completely up to the bottom-most ok
- oC

depth before jumping to another island. The Depth Use Floor Sarme A Side

First strategy reduces the non-cutting time of the

Part Side Stock 0.5000 El
program due to unnecessary retracts and engages at Blank Stock
each depth of cut. Check Stock

> Click on the Stock tab Trim Stock
> Change the value of the Part Side Stockto 17/
05 Intol El
This value is the allowance given to every side of
the part. If you want to give different values to the
floors (or the flat horizontal faces) uncheck the box -
next to Use Floor Same As Side and enter a oK Cancel

different value for Part Floor Stock.
» Click OK

9.2.7 Avoidance
» Click the Non Cutting Moves

> Click the Avoidance tab

This window consists of several avoidance points of which we are concerned with the following

points:
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From Point £} Mon Cutting Moves ? X

Engage Retract Smoothing

This is the point at which the tool change

Start/Drill Points Transfer/Rapid Avoidance More

command will be carried out. The value is

+ From Point

normally 50 or 100 mm above the Z=0 level t0 ;. option [specity -]

enhance the safety of the job when the cutter is Specify Point )

changed by the Automatic Tool Changer (ATC). o0 acis [None -]
» Click From Point ~ Start Point

Point Option ‘ MNene v|

» Choose Specify in the Point Option field

= Return Point

> Inthe Point Dialog, enter the coordinates  point option | None -|
of XC, YC and ZC as (0, 0, 50) v Go Home Point
> CIle OK Point Option MNone -
Tool Axis MNone -
Start Point

This is the point at which the program starts and ends. This value is also 50 or 100 mm above the
Z=0 level to enhance safety. It is also the point at which the machine operator checks the height of
the tool mounted on the spindle with respect to the Z=0 level from the job. This cross checks the
tool offset entered in the machine.

» Click on Start Point

» Choose Specify

> Enter the coordinates (0, 0, 50) in the Point Dialog
» Click OK to exit the Point Constructor

Clearance Plane is the plane on which the tool cutter will retract before moving to the next region
orisland. This is also known as Retract Plane. Sometimes the Clearance Plane can be the previous
cutting plane. However, when the tool has to move from one region to another, it is necessary to
move to the Clearance Plane before doing so. The value of the Clearance Plane should be at least
2 mm above the topmost point of the workpiece or fixture or whichever is fixed to the machine
bed.

» Click on the Transfer/Rapid tab
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» Choose Plane in the Clearance Option
» Choose the XC-YC Plane in Plane Dialog

> Under the Offset and Reference tab enter the
value of 3 as the Distance

» Click OK twice to go back to the Cavity Mill

parameters window

9.2.8 Speeds and Feeds

€} Plane

_¢> XC-YC Plane -

+ (Offset and Reference

9?7 X

® WCs (O Absolute

Bk

Distance mm v‘

+ Plane Orientation

Reverse Direction

» Choose Feeds and Speeds to enter the

feed and speed parameters

Speed

Speed normally specifies the revolutions per
minute (rpm) of the spindle (spindle speed).
However, technically the speed refers to the
cutting speed of the tool (surface speed). It is
the linear velocity of the cutting tip of the

cutter. The relative parameters affecting this

{} Feeds and Speeds

+ Automatic Settings

Set Machining Data

linear speed are rpm of the spindle and the

diameter of the cutter (effective diameter).

» Enter the Spindle Speed value as 4500

rpm

Surface Speed (smm) 1€9.0000
Feed per Tooth 0.1333
* Spindle Speed

Spindle Speed (rpm) 4500.000
+ Feed Rates
Cut 1200.000| mmpm EI

[] Optimize Feed Rate When Generating

-

QK

Cancel

For the Surface Speed and the Feed per Tooth, you should enter the recommended values given

by the manufacturers of the cutter (for this example, click on the calculator button near spindle

speed). By entering these values, the software will automatically calculate the cutting feed rate and

spindle speed. You can also enter your own values for feed rates and spindle speeds.

Feeds

There are many feeds involved in a single program. The most important is the Cutting feed. This

is the feed at which, the tool will be in engagement with the raw work-piece and actually cutting
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the material off the work-piece. It is the relative linear velocity, at which the cutter moves with
respect to the job.

The other feeds are optional. Some machine control systems use their default retracts and traverse
feed. In those cases, even if you do not enter the values of other feeds, there would not be any
problems. Some control systems may look for these feed rates from the program. It can be slightly

less than the machine’s maximum feed rate.
» Enter the Cut value as 1200 mmpm

> Click OK

9.3 PROGRAM GENERATION AND VERIFICATION

9.3.1 Generating Program

Now we are done entering all the parameters required for the roughing program. It is time to

generate the program.
> Click on the Generate icon at the bottom of the window
» Actions

You can now observe the software slicing the model into depths of cuts and creating tool-path at

every level. You can find on the model cyan, blue, red and yellow lines as shown in the figure.
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9.3.2 Tool Path Display
Whenever you want to view the entire tool-path of the program, right-click on the program in

Operation Navigator and click Replay. It will give the display as shown in the Figure below.

Generate
Operation Navigator - Geometry g S
~
Name Path Eﬁg Parallel Generate
GEOMETRY
Repla
El Unused tems En Py
| — [ MASTER_BLANK
= E E) Post Process
=] kv MCS_MAIN_SPINDLE
x
— [ WORKPIECE_MA... eert .
+- (%) TURNING_...
| 1,
& mes miLL Object R
x
2w
& MCS_HOLE...
x
¢ cavv.. Toal Path v
+ Q” MCS_SUB_SPINDLE
x
Qy MCS_MILL_T ‘Waorkpiece 3
x
| E@ Mates
‘Work Instructions  »
B% Infarmation
A:
(. Properties

You can now observe that next to the program in the Operation Navigator is a yellow exclamation
point instead of a red mark. This means that program has been generated successfully but has not
been post-processed. If any change is made in the model, the program will again have a red mark
next to it. This implies that the program has to be generated again. However, there is no need to

change any parameters in the program.

9.3.3 Tool Path Simulation

It is very important to check the programs you have created. This prevents any improper and
dangerous motions from being made in the cutting path. It is possible that wrong parameters and
settings will be given that cause costly damages to the work piece. To avoid such mistakes, NX

provides a Tool-path verification and a Gouge check.

The Tool-Path verification can be used to view the cutter motion in the entire program. You can
observe how the tool is engaged and how it retracts after cutting. It also shows the actual material
being removed through graphical simulation. You can also view the specific zone of interest by

moving the line of the program.
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» Right-click on the program in the Operation Navigator and choose Tool Path - Verify
or click on the Verify Tool Path button in the toolbar

7\
Dop ¥

oL o) ol

Generate  Gouge Verify Simulate Post

Tool Path  Check Tool .
Verify Tool Path

e

hMare

-

This will allow you to set the parameters for visualization of  prys——T—

th e TOO I = Path . CIRCLE/-10.773,-2.500,46.759,0.0000000, 1.0000000,0.0000 *

You can also view the visualization in different modes by = == =% >

GOTO/-48.641,-2.500,-78.915
> On the Tool Path Visualization window, click on  |creLe/-0.005,-2.500,82.44,0.0000000,1.0000000,0.00000
GOTO/-41,088,-2.500,-21,000

the Play |C0n ’ to VleW the motlon CIRCLE/-42,794,-2,500,-87,789,-0.0000000, -1.0000000,-0.0
GOTO/-36.908,-2.500,-84.000

61

changing the options in the drop-down menu nextto Display. .

1 2151
» Click on the 3D Dynamic tab on the same window ~ Fesd Rate (MMPM) 1200.000000

Replay | 3D Dynamic

» Click on the Display Options button on the same ol Display Tool v
H Tool Path Mene -
window .
» Change the Number of Motions to 50 IPW Resolution
Display Options
» Change the Animation Accuracy to Fine Enhance [PW Resolution
» Change the IPW Color to Green | Create
. | Analyze |
> Click OK
Number of Motions 50 Check Tool and Holder
[] Pause at Each Level
Disable Status Line Update Reset
Animation Accuracy m T [] Suppress Animation
IPW Color - Animation Speed
IPW Translucency 4
0 i
|:| 1 10
’ 1"" CICIKNCICIL

Back Cancel
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» Click on the Play button ﬂ again

The simulation will look as shown in the figure on the
right. With this option, you will be able to view the actual
cutting simulation and material removal through
computer graphics. It is 3D Dynamic, where you can

rotate, pan and zoom the simulation when it is playing.

9.3.4 Gouge Check

Gouge Check is used to verify whether the tool is removing any excess material from the work-
piece with respect to Part Geometry. Considering a Design Tolerance, any manufacturing process
may produce defective parts by two ways. One is removing excess material, which is also called
Less Material Condition. The other one is leaving materials that are supposed to be removed which
is More Material Condition. In most cases, the former is more dangerous since it is impossible to
rework the design part. The latter is safer since the leftover material can be removed by reworking

the part. The gouge check option checks for the former case where the excess removal of material

will be identified. o |
+- % TURNIN )? T
> Right Click the program in the Operation & wes
. @m Tool Path 3 e
NaVIgatOI’ + &7 Mes_sug_spIND EO?
Lx<\; MCS_MILLT Warkpiece 4 E‘: Tilt Tool Axis...
» Choose Tool Path - Gouge Check B gp ot e D by Holde..
> CI. k OK ‘Work Instructions » EX peete
IC % Inf it EE .

=
After the gouge check is completed, a Tool Path 3 crims e

::: Properties @ vt
Report window will pop up. If in case there are any
gouges found, it is necessary to correct the program. @) conge crece.
OtherWlse, . lyi Report Shartest Tool
» Dependencies Load...
» Click OK or directly close the popup window  * o==is
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9.4 OPERATION METHODS

9.4.1 Roughing

In case of milling operation, the first operation should be rough milling before finishing the job.
The main purpose of roughing is to remove bulk material at a faster rate, without affecting the
accuracy and finish of the job. Stock allowances are given to provide enough material for the
finishing operation to get an accurate and good finish job. What we did in the previous part of this
chapter is generating a roughing program. Now we have to moderately remove all the uneven

material left over from the previous program.

9.4.2 Semi-Finishing
Semi-Finishing programs are intended to remove the unevenness due to the roughing operation
and keep even part stock allowance for the Finishing operations. Once we are done with the first

roughing program, semi-finishing is always easier and simpler to perform.

Now we will copy and paste the first program in the Operation Navigator. In the new program,
you only have to change a few parameters and cutting tool dimensions and just regenerate the

program.
> Right click CAVITY_MILL program in the Operation Navigator and click Copy
» Right-click CAVITY_MILL again and choose Paste
> Right-click the second CAVITY_MILL_COPY you just made and click Rename
» Rename the second program as CAVITY_MILL 1

You can see that next to the newly created OebenNavigator- Geometry =)

Name Path Teol

CAVITY_MILL_1 is a red mark, which indicates that  seomemy

the program is not generated. L trused kems

— - (# MASTER_BLANK
— &Y MCS_MAIN_SPINDLE

Let us now set the parameters that need to be changed for

~ (@3 WORKPIECE MAIN

the second program. Before we start, we should analyze +(3) TURNING_WORKPIECE....
'V MCS_MILL
the part geometry to figure out the minimum corner 2 hcs HoLemaxG
radius for the cutter diameter. In our model, it is 5 mm § camu cinaidhi
© S Rz
and at the floor edges, it is 1 mm. Therefore, the cutter + £ mcs sus_spinoLE

B mesmiLL

diameter can be anything less than 10 mm. For optimal
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output and rigidity, we will choose a Bull Nose Cutter with a diameter of 10 and a lower radius of
1.

> Double click CAVITY_MILL_1 on Operation Navigator to open the parameters

window

Just as we did in the previous program, we will create a new cutter. In the Tool tab, you will see

the cutter you first chose. It will show BUEM12X1 as the current tool.

. . +* Legend
» Create a new Mill and name it BUEM10X1

RL
> It should have a Diameter of 10, a Lower L

Radius of 1 and a Flute Length of 38 ﬂ'
R1- e DF D—j+n"—R1

» Click OK

+ Dimensions

» Click the Common Depth per Cut as 0.25 (D) Diameter 10 0000
in the Path Settings (RT) Lower Radius 1l 0000

- Path Settings (B) Taper Angle 0.0000
Method METHOD - % (A) Tip Angle 0.0000

Cut Pattern W Followpat  ~ (L] Length 75.0000

Stepover |% Tool Flat - (FL} Flute Length 38.0000

Percent of Flat Diameter | 70.0000 Flutes

Common Depth per Cut Constant -

Maximum Distance

[mm -

» Then click on Cutting Parameters button (} Cutting Parameters
> ClICk on the StOCk tab Connections Containment Maore
Strategy Stock Corners
» Uncheck the box next to Use Floor Same As ook
Slde [ Use Floor Same As Side
Enter 0.25 for Part Side Stock Part Side Stock 02500

Enter 0.1 for Part Floor Stock Part Floor Stock 0.1000

Blank Stock 0.0000
Click on the Containment tab button Check Stock 0.0000

vV V VYV V¥V

In the drop-down menu next to In Process = "™ o 0.0o000

Workpiece, choose Use 3D
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In Process Workpiece is a very useful option in NX. The software considers the previous program

and generates the current program such that there is no unnecessary cutting motion in the No-

material zone. This strategy reduces the cutting time and air cutting motion drastically. The

algorithm will force the cutter to only remove that material, which is left from the previous

program and maintain the current part stock allowance.
» Choose OK to return to the Parameters window
» Click Feeds and Speeds

» Enter the Spindle Speed as 5000

» Then click OK

€} Feeds and Speeds 7 X
w Automatic Settings
Set Machining Data g
Surface Speed (smm) 157.0000
Feed per Tooth 0.1z00

» More

w Spindle Speed

Spindle Speed (rpm) 5000.000

» More

w Feed Rates

The parameters and settings are finished for the semi-finishing “* [ 1200000 mmem -] 53]

program.

> Regenerate the program by clicking on the Generate icon

e

> After the software finishes generating click OK

» Rapid
» More
» Units

[[] Optimize Feed Rate When Generating

-

Then replay the Tool Path Visualization. The overall Tool Path generated in the second program

will look like the following figure. You can replay it or check for the gouging in a similar way.
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9.4.3 Finishing Profile

So far, we are done with the roughing and semi-finishing programs for the part. There is a small
amount of material left in the Workpiece to be removed in the finishing programs to obtain the
desired accurate part geometry. The finishing programs should be generated such that every
surface in the part should be properly machined. Therefore, it is better to create more than one
program to uniquely machine sets of surfaces with relevant cutting parameters and strategies rather
than make one program for all the surfaces. The following illustrates how to group the profiles and

surfaces and create the finishing programs.

9.4.3.1 Outer Profile
This program is intended to finish the outer inclined walls onto the bottom of the floor. Because
the program should not touch the contour surface on the top, we will give Check and Trim

boundaries in the program.

> Repeat the same procedure as before to copy and paste CAVITY_MILL_1 on Operation

Navigator
» Rename the program CAVITY_MILL_2 .
v Geometry
> Double click CAVITY_MILL_2 to make parameter °=m= M‘% &9
Changes Specify Part %3,
) Specify Blank %a
» In the popup parameters window, change the Cut :
Specify Check
Pattern to Profile and the Stepover percentage to 40 i b
Specify Cut Area ‘
» Click on the Specify Trim Boundaries tab Specify Trim Boundares 5N

The Trim Boundaries window will pop up. Make sure to carry out the following procedure in the
right sequence. Keep the default setting of Trim Side to Inside. This tells the software that the
cutter should not cut material anywhere inside the boundary. Trim allows you to specify

boundaries that will further constrain the cut regions at each cut level.
» Change the Selection Method to Curves

» Change the Plane from Automatic to Specify and click on the Plane Dialog
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A new window will pop up. The window will ask for the mode of selection of the plane on which
the curves should be projected. This should normally be over the topmost point of the part

geometry. Precisely, it should be over the MCS.
» Choose the XC-YC Plane from the drop-down menu under Type
> Enter a value of 3 next to Distance
» Click OK

Now we will start selecting edges from the part. These selected edges will be projected on the Z =
3 plane as curves and used as the boundary.

> Select all the top outer edges on the wall along the contour surface as shown in the figure.

Make sure to select all 8 edges and in a continuous order

» Choose OK

Select these Edges
Select these

edges

Select these

edges

» Enter the Common Depth per Cut as 0.2
» Click Cutting Parameters
» In the popup dialog box, click on Stock tab

> Enter the Part Side Stock and Part Floor Stock values to be 0.00
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Intol allows you to specify the maximum distance that a cutter EEESSEESEUESE

Connections Containment More

can deviate from the intended path into the workpiece.

Strategy Stock Corners

Outtol allows you to specify the maximum distance that a cutter ~ ~ ok

[] Use Floor Same As Side

can deviate from the intended path away from the workpiece. Part Sde Stock [o-0000] ]
Part Floor Stock 0.0000
> Enter the Intol and Outtol values to be 0.001 as shown  suuesiou 00000
in the fi ure Check Stock 0.0000
g Trim Stock 0.0000
> CIle OK w Tolerance
0.0
> Click on the Generate icon Eﬂ to generate the .,

program in the Main Parameters window

» Click OK on the parameters window when the program

-

generation is completed

The finishing program for the outer profile is now ready. You can observe while replaying the tool
path that the cutter never crosses the boundary that has been given for trim and check. The cutter

retracts to the Z=3 plane for relocation.
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9.4.3.2 Inner profile
> Repeat the same procedure as before to copy and paste CAVITY_MILL_2 on Operation
Navigator and rename it as CAVITY_MILL_3

> Double click CAVITY_MILL_3to edit the parameters or right click on it and choose Edit

» Select the Specify Trim Boundaries tab and choose Trim Side to be Outside in the popup

dialog box
This will prevent the cutter from passing outside the boundary.

> Select all the top inner edges along the contour surface as shown in the figure. Again, make

sure all 8 edges are selected in a continuous order (using Shift+click to de-select a curve).

Selected these
Select these

Select these edges

Change the plane manually to be the XC-YC plane and enter the offset distance as 3
Click OK

Choose OK to return to the parameters window

YV V VvV V

Generate the program
» Click OK when the generation is finished

The finishing program for the inner profile is now ready. By replaying the tool path, you can

observe that the cutter never crosses the boundary that has been given for trim and check.
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9.4.4 Finishing Contour Surface

Now we will use a different type of strategy to finish the top freeform surface.

» Click on the Create Operation icon % in the Toolbar

» Click on the Fixed Contour icon as ,
Operation Subtype A

&g Ll a 'E.D
uﬁ H =
» Choose WORKPIECE_MAIN for ‘ @ @ & % ]L

moged ol Lo
Geometry \E &> @‘h &)ﬁ W m

A T
> Keep the default name of program & f;l —

shown in the figure

» Choose 1234 for Program

» Click OK

» On the Parameters window, under Drive Method, make sure that Boundary is selected

» Click ‘égicon, which will pop up the Boundary Drive Method window, click on the

X

icon as shown in the figure to open the Boundary Geometry menu

» Change the Mode to Curves/Edges
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» Select the Material Side to be Outside £} Boundary Drive Method ? X

w Drive Geometry

Specify Drive Geometry @ %

L} Create Boundary 7 X » Tolerance

P Offsets
» Containment
Material Side Cut Pattern S ZigZag -

Tool Position - Cut Direction EConventionaI C

» Select the Tool Position to be On

Stepover Constant -

| Custom Member Data |
Maximum Distance | 12.7‘000” mm -
| Chaining | Cut Angle Automatic -
» More
» Preview

OK Back Cancel oK

The Tool Position determines how the tool will position itself when it approaches the Boundary
Member. Boundary Members may be assigned one of three tool positions: On, Tanto, or Contact.

¢ In On position, the center point of the tool aligns with the boundary along the tool axis or

projection vector.

e In Tanto position, the side of the tool aligns with the boundary.

In Contact position, the tool contacts the boundary.
For the Plane, choose User-Defined
Again, set the plane to be XC-YC with a Distance of 3

Click OK

YV V VvV V

Select the outer loop of the top contour surface as shown in the figure. Remember to select

the edges in a continuous order
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>

Click OK

We have trimmed the geometry outside the loop. Now we have to trim the geometry inside the

inner loop so that the only geometry left will be the area between the two loops.

>

Y V VvV V

Choose the Mode to be Curves/Edges

Choose the Material Side to be Inside and Tool Position to be On
Choose the plane to be user-defined at XC-YC with a Distance of 3
Select the inner edges of the contour surface as shown

Click OK to return to the Boundary Drive Method window

EEessee——

Change the Stepover method to Scallop and enter the height to be 0.001 and click OK
Click on Cutting Parameters

Change the Tolerance values in the Stock tab so that the Part Intol and Part Outtol is
0.001

Click on the More tab button and enter the value of Max Step as 1.0
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> CI'Ck OK 3} Boundary Drive Method ? X

* Drive Geometry

In the main parameters window, Specify Drive Geometry

» Tolerance
> Create a new tool and name it BEM10 b Offsets

» Containment

» Change the diameter to be 10 mm and the lower radius to be = Prive settings

Cut Pattern = Zig Zag -
5 mm- Cut Direction iConventional Cut | +
Stepover Scallop -
> CIICk OK Maximum Scallop Height 0.a01ac
Cut Angle Automatic -
» Click on the Feeds and Speeds icon on the parameters * "o«
¥ Preview
window -
> Enter the Spindle Speed, Feed Rates (Cut) and
calculate the others as shown in the figure on right ~ ~ Autematic Settings
. Set Machining Data
> Click OK 7

Surface Speed (smm)
> Generate the program Feed per Tooth

» More

The contour surface is now finished and you can view the o
¥ Spindle Speed

simulation by Tool Path Verification. Spindle Speed (pm)

» More

v Feed Rates

Cut 1200.000 | mmpm v|

» Rapid

» More

» Units

[] Optimnize Feed Rate When Generating

r's

9.4.5 Flooring

Flooring is the finishing operation performed on the horizontal flat surfaces (Floors) of the part.

In most of the milling processes, flooring will be the final operation of them. All the horizontal

surfaces will be finished. This planar operation runs the cutter in a single pass on every face.
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L} Create Operation
F

» Click on the Create Operation icon B% v Type

|mi||_p|anar v‘

» Change the Type to be mill_planar at the top
w Operation Subtype

gl oan®e
@E‘J‘L‘%?“{@@
& 1A B B

of the window
» Change all the options as shown in the figure
» Click OK

» In the parameters window, change the Cut

v Location
Pattern to be Follow Part
Program | NC_PROGRAM - ‘
» Change the percent of the tool diameter for  Too! |E“*l T '\
Stepover to be 40 Geometry |WORKPIECE_MAIN v‘
Method |METI—|OD v‘
In flooring operations, it is always better to keep the

Stepover value to be less than half of the diameter of | FLOOR WAL |

the cutter in order to achieve more flatness on the

0K Apply Cancel
planar surfaces.
Unlike previous programs, we have to select a cut area.
» Click on the Specify Cut Area Floor Specify Cut Area ‘

» Select the highlighted surfaces shown in the figure below

In case you are not able to select the surfaces as shown go to Part Navigator and Hide the Blank
(to choose the blank, you can right click on the blank, use Select from List...), select the surfaces
and Unhide the Blank again.
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Select these
Faces

Click OK
Click on Cutting Parameters in the main parameter window

Choose the Stock tab button and enter the Intol and Outtol values as 0.001

Y V VvV V

Click OK
» Click on Feeds And Speeds
In the main Parameters window,
» Create a new tool and name it BEF105
» Change the diameter to be 10 mm and the lower radius to be 5 mm

» Click OK
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Because this is a Flooring operation, it is better to make the KeRlEEEREEEEE

* Automatic Settings

Set Machining Data %

Surface Speed (smm) 188.0000

spindle speed high and the feed rates low compared to the

previous operations.

» Enter the values for Spindle Speed, Feed Rates  FeedperTooth D-0416
» More

(Cut) and calculate the others as shown in the figure
* Spindle Speed

Al

» Choose OK Spindle Speed (rpm) 6000.000
¥ More
> Generate the program. Then replay and verify the | .z
Cutter path Cut 5DD.DDDD||mmpm v”@
» Rapid

The following figure shows the Tool Path display for the  » wore

¥ Units

flooring. . _
[ Optimize Feed Rate When Generating

FY

9.5 POST PROCESSING

The primary use of the Manufacturing Application is to generate tool paths for manufacturing
parts. Generally, we cannot just send an unmodified tool path file to a machine and start cutting
because there are many different types of machines. Each type of machine has unique hardware
capabilities, requirements and control systems. For instance, the machine may have a vertical or a
horizontal spindle; it can cut while moving several axes simultaneously, etc. The controller accepts
a tool path file and directs tool motion and other machine activity (such as turning the coolant or
air on and off).
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Naturally, as each type of machine has unique hardware characteristics; controllers also differ in
software characteristics. For example, most controllers require that the instruction for turning the
coolant on be given in a particular code. Some controllers also restrict the number of M codes that
are allowed in one line of output. This kind of information is not in the initial NX tool path.
Therefore, the tool path must be modified to suit the unique parameters of each different
machine/controller combination. The modification process is called Post Processing. The result is

a Post Processed tool path.
There are two steps involved in generating the final post-processed tool path.
1. Create the tool path data file or called CLSF (Cutter Location Source File).

2. Post process the CLSF into machine CNC code (Post Processed file). This program reads
the tool path data and reformats it for use with a particular machine and its accompanying

controller.

9.5.1 Creating CLSF

After an operation is generated and saved, the resulting tool path is stored as part of the operation
within the part file. CLSF (Cutter Location Source File) provides methods to copy these internal
paths from the operations in the part file to tool paths within the CLSF, which is a text file. The
GOTO values are a "snapshot" of the current tool path. The values exported are referenced from

the MCS stored in the operation. The CLS file is the required input for some subsequent programs,

such as postprocessors. E @ @ EE 35 E@ Eq} EE

EEEEE Verify Simulate Post Display Select  Tool Path

> Cllck On One Of the programs that Tampath Che:k Tool Path Machine  Process TooIPath Tool Path  Report

Qperations Utilities

. 1 . = = 5]
you want to post process in the * ¥ Vo [t povemrsmscer S s conngunr

O ) welcome page 1m Tool Path
&m0
Eﬁ Parallel Generate

EE List Tool Path &E List Findings
E
Feed Rates

Operation Navigator o | oo

» Click on Output CLSF in the

Operations toolbar

E; Optimize Feed Rate E; Optimize Laser Power

E Output CLSF

Delete Tool Path Bal ™~ 3
EX E@ Output CLSF
Sh| Lists available CLSF output

A window will pop up to select the CLSF

Wark Instructions

Format.

» Choose CLSF_STANDARD and
enter a location for the file
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» Choose OK

The CLSF file will be created. It will be similar to the figure
below. The contents of the file contain the basic code of the cutter
motion without any information about machine codes and control
systems. This file can be used for post-processing any machine

control. The extension of the file is .cls.

£} CLSF Output
= CLSF Format

CLSF_STANDARD

CLSF_COMPRESSED
CLSF_ADVANCED
CLSFBCL

CLSFIS0

CLSF IDEAS_MILL
CLSF_IDEAS_MILL_TURN

MoriAPT

+ Qutput File

File Name

E\google drive back up\Dropbox\hung\MST\5763 F5200

=

Metric/PART -

Browse for an Qutput File

w Settings
Units

List Qutput

x

Q{ SATAST63_2017Fall\chapters\files_ch9\Die_cavity_setup_l.cls - MNotepad++ - [m}
File Edit Search View Encoding Language Settings Tools Macre Run  Plugins  Window 7 X
o ¢ & | tm ez BE=1EEEha® ® Bl
|| Die_cavity_setup_1.cls E3 1
1 TOOL PATH/FLOOR_WALL,TOOL, BEFlOSl -~
2 TLDATA/MILL,10.0000,5.0000,75.0000,0.0000,0.0000
3 MsYs/o.0000,0.0000,0.0000,0.0000000,-1.0000000,0.0000000,1.0000000,0.0000000,0.0000000
4 5% cencerline data
5 PLINT/PRTH
& BAINT/SPEED, 10
7T PAINT/CCLOR, 186
8 RAFPID
5 G0TC/18.3123,20.3584,-12,0000,0.0000000,0.0000000,1.0000000
10 PAINT/COLOR, 42
11 FEDRAT/MMPM, 500. 0000
12 GOTC/18.3123,20.3584,-15.0000
13 GOTC/19.5080,25.2685,-15.0000
14 G0TC/19.5080,28.2685,-15.0000
15 PAINT/COLOR, 31
16 GOTO/15.5080,29.5080,-15.0000
17 GOTC/18.2685,29.5080,-15.0000
18 PAINT/CCLOR, 37
15 GOTC/15.2685,29.5080,-15.0000
20 GOTO/10.3584, 3123,-15.0000
21 GOTO/10.3584,28.3123,-12.0000
22 PAINT/CCLOR, 211
23 RAPID
24 GOTC/10.3584, 28,3123, 3.0000
25 PAINT/CCLOR, 186
26 RAPID
27 GOTO/-10.3584,28.3123,3.0000
28 PAINT/CCLOR,Z11
29 RAFPID
30 GOTC/-10.35584, 28.3123,-12.0000
31 PAINT/COLOR, 42
32 GOTO/-10. 28.3123,-15.0000
33 GOTO/-15 .5080,-15.0000
2 GOTC/-18. .5080,-15.0000 w
< >
Nermal te: length : 34961  lines: 958 Ln:1 Col:33 Sel: 0|0 Windows (CRLF)  UTF-2 INS

Any program that has been output to CLSF or Post Processed will have a green checkmark next

to it in the Operation Navigator.
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9.5.2 Post Processing

>

>

>

Click on a program in the Operation Navigator that you want to post process

Click Menu - Tools - Operation Navigator - Output - Postprocess or from the

B ok @ kse ¥

Generate Gouge Werify Simulate Post
Tool Path Check Tool Path  Machine Process

Select the MILL_3_AXIS machine

and enter a location for the file

Cperations Post Process

Select OK

This will create the Post Processed file for the target machine. You can find the block numbers

with G and M codes concerning the machine controller type. The extension of the file is .ptp.

B{ SATAST63_2017Fallchapters\files_ch%\Die_cavity_setup_1.ptp - Notepad++ - m} X
File Edit Search View Encoding Language Settings Tools Macre Run  Plugins  Window 7 X
o = =} GLB]‘ |ﬂbﬂ| & 3|~—".~—-".|i~' ELJBM‘“E 3

[ Die_cavity_setup_1cls £ [ Die_cavity_setup_1.ptp E3 l

Z HO0l0 G40 G17 G20 G70

3 NO0Z0 G91 G28 Z20.0
NO030 TOO MO&
HO040 GOO G50 X.72Z1 Y.B8015 56000 MO3
NOO50 G43 Z-.4724 HOO
NO0&0 GOl Z-.5306 F19.7 MOE
NOOT70 X.7638 Y.9948

9 NOO80 ¥1.1129

10 NO090 ¥1.1617

11 N0l00 X.719Z2

12 NO11l0 X.6011

N0120 X.4078 ¥1.1147

N0O130 Z-.4724

NHO140 GO0 Z.1181

NO150 X-.4078

NOle0 Z-.4724

HO170 GO1 Z-.5806

NO180 X-.6011 Y1.1617

NO190 X-.7192

NOZ00 X-.768

NOZ10 ¥1.1129

NOZZ0 Y.9948

N0O230 X-.721 Y.8015

HOZ40 Z-.4724

NOZ50 GO0 Z.1181

NOZ60 X1.5131 ¥3.2677

HOZTO Z-1.4567

NOZ80 GO1 Z-1.5748

0 NOZ90 ¥Z.9389

31 NO0300 X1.6255 YZ.95Z8

32 NO0310 X1.6387 Y2.9485

33 NO320 X1.672 YZ.9369
N0O330 X1.705 Y2.9245
NH0340 X1.7377 ¥2.9113 w

Normal te: length : 17,950 lines: 749 Ln:1 Col:1 Sel:0[0 Windows (CR LF) UTF-8 INS

The final output (filename.ptp) file can be transferred to a machine for conducting an actual milling

operation. The entire sequence starting from the transfer of the model into the Manufacturing

module to the transfer of the files to the machine and fabricating the raw piece into the final part

is called Computer Aided Manufacturing.
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CHAPTER 10 - ADDENDUM TOPICS

10.1 CONVERGENT MODELING

Convergent Modeling technology provides a unified 3D modeling capability on combinations of
facet and B-Rep data. These two data formats have different geometric characteristics and as a
result, one format is better suited to some applications than the other. Facet data is characterized
by triangular meshes to approximate surfaces and tends to generate larger data sets. Applications
that use facet data include digital mock-up, gaming and animation. B-Rep data is characterized by
mathematically defined surfaces that represent accurate, closed (solid) volumes using smaller data

sets. Applications that use B-Rep data include 3D modeling for engineering and manufacturing.

A proliferation of facet data in high growth areas like 3D scanning, topology optimization, and 3D
printing means that design engineers often need to move facet data into 3D modeling systems that
were designed for B-Rep data. Convergent Modeling technology enables 3D product modeling on
both facet and B-Rep data sources in a single environment, while eliminating the complexity,
errors, and delay of conversion between the two types of data. It enables the user to create 3D
models based on import facet data (e.g., 3D part scanning profile file or an STL file), which

significantly saves the modeling time.

FACET TOPDLOGY B-REP TOPOLOGY

BOLID FACET NORMAL ' NURBS curve NURBS surface
0.4285044 -0.8805228 -0 1886554 k \
OUTER LODP VERTEX 00006243 -0 DDE837555 L N, (Ul wh S uve £

b
~

1z} "
0.01211694 VERTEX 0.0073843. -0.003068243 0.04743784 Cu)= 3
VERTEX -5.475042€ -0.002156834 0 01256994

ENOLOD®P ENDFACET

:
f
v

- .ﬁnk‘_
.
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Cylinder

Facet Topology B-Rep Topology

There are many products which are often developed based on the reverse engineering process

starting with physical objects. A few common examples are:

« Hand-held objects such as computer mice and the handles of guns and power tools, whose “feel”

needs to be assessed during development.

+ Objects like toys and jewelry, which are often modeled as physical prototypes by craftsmen

who have no CAD skills.

- Designs that have been modified during physical try-out, such as molds or stamping dies.

+ Objects for which no CAD data is available because it has been lost or is owned by someone

who is not willing to share.

In each of the above cases, the design starts out in physical form, and the physical part is scanned
to produce digital data. The 3D scan data typically consists of a “point cloud” or an STL file. Next
comes a “surfacing” step in which the scan data is converted to a traditional CAD model. This is
a tedious manual process, and it requires a CAD modeler with surfacing skills. The surfacing step
is often a serious bottleneck that delays the start of downstream work. NX Convergent Modeling

enables the surfacing step to be skipped in the part modeling process.

The following example illustrates the difference between the traditional modeling approach and

the new approach using NX Convergent Modeling with facet data taken by scanning a physical
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object as the input for reverse engineering. As shown below, the following steps are used in the

traditional modeling process to create a shell model:

(1) Use a scanning device such as a coordinate measuring machine to obtain point data from the
shell and import the data to NX or some other CAD software.

(2) Create an analogous surface that matches the imported point data.
(3) Offset the surface created in Step 2 to create an inner wall.

(4) Add features such as ribs, support cylinders, threaded holes, etc., for increasing the shell’s
strength and assembling it with other components.

Detail
Offset

Scan

Physical

By using NX Convergent Modeling, you do not need the surfacing step for reverse engineering as

shown above, i.e., you can skip Step 2 used in the traditional modeling approach. You could import
the scanned point data to directly create an offset surface for the inner wall without having to create
an analogous surface first. The steps of using NX Convergent Modeling for reverse engineering is
illustrated below.

Detail
Offset
Scan

Physical
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10.1.1 Topology Optimization (A.K.A. Topology Optimizer)

Topology Optimization in NX provides you with a tool to design and optimize models with
specific targets (objectives) and constraints. It uses finite element analysis to conduct structural
optimization based on your design constraints, such as weight or volume allowance, to achieve
desired targets. NX Topology Optimization can minimize material and fabrication costs while
satisfy the desired performance. The drone figures below show an example with different results
obtained from changing the Topology Optimization settings to optimize its volume in NX.

In another example (shown below), we use a bracket of the front-end loader, which joins different
components, to show how NX Topology Optimization can be used to reduce its volume and weight.

Topology
Optimization
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To conduct the topology optimization of this traditional bracket in NX, there are several steps
shown below.

» First, we create the Design Volume envelope to define the bracket’s size and
cylinders to represent the joined components

_ Idle
Design Volume

Transmission
Rotational Joint

»  Use Measure to measure the mass of the traditional bracket (25.0896 kg) to let us use
this mass as the reference when we apply the mass constraint.

>

»  Select Design Space to select Design Volume

© Select Design Space O XIs
Target A

¥ Select Solid Body (1) @ o
OR

Select Faceted Body (0) | ‘
Boundary Blending A

[¥! Auto Blending Distance

Reset Workflow v
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>  Assign Material (AISI_Steel _4340) to Design Volume

X
Type Al
E’l’s..l E : Ei___ = = ‘
Select Body A
+ Select Body (1) 4
Material List A
| % Library Materials M|
Libraries v
Materials A
Name Used Category
ABS PLASTIC ~
ABS-GF pmn(%' 3
Acetylene_C2H2_Gas OTHER
Acetylene_C2H2_Liquid OTHER
Acrylic PLASTIC
Air OTHER
Air_Temp-dependent_Gas OTHER
AISI 310 SS METAL
AIS1 41085 METAL
AISLSS_304-Annealed METAL
AISI Steel_1005 METAL
AISL_Steel_1008-HR METAL
AISL_Steel_4340 v METAL
AISI_Steel_Maraging METAL ~
Ll === »
New Material Al e
Type Isotropic hd

—! (4

» Manage Optimization Features to manage global loads (Apply 21341 N to SIMPLE

HOLE (9:1A) and 35041 N to SIMPLE HOLE (10:1A)) and Fixed constraint to
SIMPLE HOLE (8:1A).

© Manage Load Cases
Load Cases

lLoad Case 2

View All Load Cases

Features
/CYLINDER(7)

|CYLINDER(6)
{SIMPLE HOLE(8:1A) - (Fixed)

|SIMPLE HOLE(10:1A)
CYLINDER(4)

Type Force
Force ﬂ
Specify Vector
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© Manage Load Cases O X

Load Cases A
Load Case 1 %
‘ x|

[o]

View All Load Cases ‘

Features A
(cYUNDERT) -
CYLINDER(6)

ISIMPLE HOLE(8:1A) - (Fixed)

|SIMPLE HOLE(9:1A)

CYLINDER(4) N
Loads A

© Manage Load Cases O X

Load Cases A

\_ e !"l

Load Case 2 [X]

View All Load Cases |

Features A

CYLINDER(7) -
\CYLINDER(6) i 1

SIMPLE HOLE(9:1A)
SIMPLE HOLE(10:1A)
ICYLINDER(4) -

Loads A

Type Force ,

Force 0 NY =¥

Spedify Vector 2Lt -

Parameters = Results

Select Resolution A
FastfCoarse Slow/Fine
Minimum Fe 4330857 mm =~ ~
Approximate Run Tim 288 =
Optimization Mass Target A
149.45223 kg |
} 10.2357 kg
Mass Target | 20 kg - ~|
i

Run Optimization

-
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»  Run Optimization to run the topology optimization calculation

@ Setup Optimization 0 X
Parameters | Results
Diagram of Convergence A
4| 3
Log
-This warning could also be caused by a wedge-shaped feature which =
Stage prep: 0.2905%8sec, .
L L) L]
Status Initializing
& Powered by FRUSTUM B
e
Cancel

>  After the optimization calculation is done (end result with organic look), use

Convert Facet Body to get the optimized bracket structure

» Assign Materials and Measure to get the bracket mass of 18.558 kg

v |=185584 kg
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From this bracket design example, from the topology optimization result you can see that NX
Topology Optimization can be used to significantly reduce the weight of a design part (i.e., the
mass of bracket was reduced 35.2% from 25.086 kg to 18.558 kg) compared to the traditional
bracket, thus the Topology Optimization not only minimizes the material usage but also saves the

manufacture time and cost.
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10.1.2 NX Realize Shape
NX Realize Shape is a powerful surface feature modeling tool. It allows you to create a high-

quality shape geometry like a car shell model as shown in the figure below relatively easily by

using an intuitive freeform modeling method.

In the NX Realize Shape modeling environment, you start with the object selection of a primitive
shape (sphere, cylinder, rectangle, etc.). After creating the primitive-shape object (shown in the
left figure below), you can manipulate the shape of this object by pushing a Cage Face (middle

figure) or pulling a Cage Face (right figure).

Note that an object’s Face is defined by controlling a Cage Face as shown below. Transforming

the Cage Face will change the Face shape of the object.
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https://www.youtube.com/watch?v=9EzLbSKqXV4&t=23s

For example, some of the steps are given below to illustrate how to shape an Iron model from a

sphere primitive using NX Realize Shape.

»  We first create a primitive shape “sphere”

» Transform Cage to transform an edge of a Cage Face as the first step of several steps to

finally shape the sphere to an oval shown below

Transform

> Split Face to split each of the two cage faces on its right side and left side into nine cage
faces and also to split each of the cage faces on the top side, front side, and rear side into

three cage faces
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»  Transform cage to transform some of the cage edges to form the shape below

» Delete the middle cage face of the nine cage faces on the right side and also the middle cage

face of the nine cage faces on the left side

> Fill edges

As you can see in the above example, an iron can be modeled starting from a sphere by using NX
Realize Shape. This makes freeform surface modeling easier for CAD users.
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10.1.3 Design for Additive Manufacturing

Additive manufacturing (AM), popularly known as 3D printing, has been used to fabricate parts
with complex geometries layer by layer using various techniques such as Stereolithography (SLA),
Fused Deposition Modeling (FDM), Powder Bed Fusion (PBF), etc. The NX Design for Additive
Manufacturing provides helpful features for designing and verifying your AM models to prevent
printability issues, e.g., checking if support structures are needed in some regions, finding out the

best printing orientation, etc.

Here we use an object model with complex geometry, which is difficult to fabricate using the
traditional manufacturing method of machining, to illustrate some features in the NX Design for

Additive Manufacturing.

Overhang

In the Design for Additive Manufacturing, the Overhang is an essential feature in NX to visualize
as it checks the Overhang Area that requires support structure when fabricating a three-
dimensional part using additive manufacturing. The Overhang Area varies with part building
direction. The Maximum Overhang Angle depends on the additive manufacturing technique and
needs to be input by the NX user.

Here we use some figures to illustrate the Overhang Area with the Maximum Overhang Angle of

45° and different building directions below. The red regions represent the Overhang Area.
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s

Building direction

Overhang Area: 712.7 cm?

i

Building direction

\ V) Overhang Area: 475.3 cm?
3"‘“ ’ 4 L \
- -':' of z

Building direction

Overhang Area: 1337 cm?

>
X
x| -467.7020
e
wl 224 20005 -
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From the above figures we can see that the Overhang Area ranges from 475.3 cm?to 1337 cm? for
the three building directions. The Overhang feature allows you to evaluate the Overhang Area for

each building direction with a specified Maximum Overhang Angle.

Besides the evaluation of Overhang Area, the NX Design for Additive Manufacturing also
provides the optimization feature to help you find out the part orientation that results in the
minimum Overhang Area for your part build. This will be demonstrated when we introduce the

feature of Optimize Part Orientation.
Wall Thickness

The Wall Thickness feature allows you to identify those regions that will have printing difficulty
because the wall thickness of the design part is smaller than the minimum wall thickness that the
AM machine is capable of. As an example, the figures below display regions (in red) that have

wall thickness larger than the capability of the AM machine.

Printable Volume

The Printable Volume feature helps you evaluate whether your 3D printer has the printable

volume that is big enough to fabricate your part, as illustrated below.
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The above figure displays your part and its range (left), printer volume (middle), and both (right).
It indicates that the printable volume is larger than your part volume. If your part volume is larger

than the printable volume, the part will be shown in red, as seen in the figure below.

Print Time

When you want to fabricate a part using an AM machine, the part fabrication time needs to be
considered in order to evaluate whether the part building time will be too much. In the NX Design
for Additive Manufacturing, the Print Time feature can help you estimate the time taken to print
a part. You can estimate the print time by selecting the type of Printer and then entering the values

of process parameters (printer settings) you will use for part fabrication.

* Printer w Printer Settings
Powder Bed Fusion (PEF) - Layer Thickness 0.1 mm -
Powder Bed Fusion (PEF) Hatch Spacing 1 mm v
Multi Jet Fusion (MJF) Island Length 10 mm v
Fused Deposition Modeling (FD.M) Travel Speed = R
Sky Writing Time 0.8 5 -
Reccating Time ] ¢ -

Besides evaluating the Print Time, the NX Design for Additive Manufacturing provides the
optimization feature to help you find out what part orientation will result in the minimum Print
Time for your part build. This will be demonstrated when we introduce the feature of Optimize

Part Orientation.
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Overheating

In the laser powder bed fusion processes, the Overheating feature in NX could be very useful
because it helps you identify the risk of overheating caused by laser melting of metal powder.
Similar to the Overhang Area described above, the Overheating Area depends on the part building

direction. We show the Overheating Areas in three different part building directions below.

Building direction

Overheating Area: 640.9 cm?

Building direction

Overhang Area: 394.6 cm?
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Building direction

Overhang Area: 1276 cm?

From the above figures, we can see that the Overheating Area ranges from 394.6 cm?to 1276 cm?
for the three building directions. Therefore, this Overheating feature allows you to estimate the
Overheating Area.

Besides the evaluation of Overheating Area, the NX Design for Additive Manufacturing also
provides the Optimization feature to help you find out what part orientation would have the
minimum Overheating Area for your part build. It will be demonstrated in the feature of Optimize
Part Orientation below.

Optimize Part Orientation

The Optimize Part Orientation is the most EEEEEEEEISEL

important feature in NX Design for Additive ‘oo

.p
@swpun\ruluma Paramet rinter

Manufacturing because it could optimize the — Srommeremes  [poveesesromenrus |

% Overheating Parameter
part orientation to minimize the Surface Area ;{
(the area needed for the build plate (substrate) W

for the current part orientation), Support
Volume (the overhang area), Print Time, and
Overheating Area.

An example of using the Optimize Part

Orientation feature is given below.
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> Select the type of 3D printer you will use

This step allows you to specify a printer type. \i.f
= Printer
Powder Bed Fusion (PBF) -

Powder Bed Fusion (PEF)
Multi Jet Fusion (MIF)
Fused Deposition Medeling (FDM)

»  Select the features that you would like to optimize

This step allows you to specify the checks you want to perform on the selected =
bodies. i :)

¥ Check
@
@ Support Volume
% Print Time
% Overheating

»  Specify the Maximum Overhang Angle

This step allows you to specify parameters for the support volume check. %

v Support Volume Parameter

Mazximum Overhang Angle 50) = -

»  Specify Printing Parameters

This step allows you to specify parameters for the print time check. %

* Print Time Parameter

Layer Thickness mm -
Hatch Spacing 1 mm -
Island Length 10 mm -
Travel Speed 150 mmfs ¥
Sky Writing Time 0.8 s -
Recoating Time 5 s -

»  Specify Overheating Parameter

This step allows you to specify parameters for the overheating check. %

¥ Overheating Parameter

Maximum Overhang Angle 60
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»  Select Body and specify Building Plane

This step allows you to select a body and specify its erientation te the build plate. AQB'

v Selection and Orientation

+ Body

./ Select Body (1) Q.

« Build Plane

+/ Specify Build Plane CSYS e Z<‘f =
X

» Adjust Accuracy and Start Calculation to find the optimal part orientation

This step allows you to run an autemated optimization to find the best print
orientation,

* Optimization

Accuracy

Start Calculation

>  After the optimization is done, click icons in the Orient to Minimum window to
select the orientation for minimizing Surface Area, Support Volume, Print Time,
and Overheating. Depending on your preference, the weighting of each check

(parameter) could be changed accordingly as shown below.

$} Optimize Part Orientation

Printer This step allows you to review the results and chose the optimum orientation and create a @

print CSY5 based on the current orientation.
% Check
@ Support Volume Parameter
&, Print Time Parameter + Orient to Minimum

wo"e’h“t‘"g Parameter Surface Area Support Volume
ﬂ} Selection and Orientation
=

~ Final Orientation

B Final Orientation ~ Weighting
100 100
Surface Area j Soprort olume 1
100 100
Print Time g Ovheating 1

+ Orient to Weighted Minimum

1]2]3]4]5]6]7] 8] 9]0]

< >

Min  Actual  Max
Surface Area (cn) 806 1381 2464 [
Support Volume (cm®) 28 1309 14115 1 ]
Print Time (hour:min) sges ze7:3  seese ([
Over Heat (cm?) 2 184 641 I 1T
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» You can also choose 10 part orientations to find different weighted checks.

¥ Orient to Weighted Minimum

2[3]4]5]6[7[8] 9]0l

» Cre Orientthe part so that the weighted checks are set to the
minimum of all analyzed erientations so far.

Surface Area (cm?)
Support Volume (cm?)
Print Time (hour:min)
Over Heat (cm?)

Min Actual
806 1381
28 1309
38615 38733
2 184

~ Orient to Weighted Minimum

Bl ]]5 el Ie s ]

Orient the part so that the weighted checks are set to the
second smallest minimum of all analyzed orientations so
far.

» Create Prin

Max
14115 |l | |
641 I | |

Surface Area (cm?)
Support Volume (cm?)
Print Time (hour:min)
Over Heat (cm?)

Mi
80
28
38

n Actual Max
524 14115 1 |
s15 3734 eese (N
40 641 1 |

v Orient to Weighted Minimum

2]

» Create Print C5YS

Jla]sle[7]8]9]w]

Orient the part so that the weighted checks are set to the
third smallest minimum of all analyzed orientations so
far.

v Orient to Weighted Minimum

1]2]3]E(s][6[7][8][9]0]

¥ Create Print CSYS

Surface Area (cm?)
Support Volume (cm?)
Print Time (hour:min)

Over Heat (cm?)

Min Actual
806 1313
28 943
38615 38822
2 59

Max
14115 1 |
641 1 |

Surface Area (cm?)
Support Volume (cm®)
Print Time (hour:min)

Cver Heat (cm?)

Min
806
28

386

far.

Orient the part so that the weighted checks are set to the
fourth smallest minimum of all analyzed orientations so

l

Actual  Max
732 14115 11 |
s ssrnt ssess (N
38 641 11 |

With the Optimize Part Orientation, the values of Surface Area, Support VVolume, Print Time,

and Overheating could be found in different part orientations. Therefore, we could efficiently

choose a desired part building direction to satisfy our additive manufacturing needs.

Lattice

Besides the above features, the NX Design for Additive Manufacturing can also allow you to

modify your design to reduce weight and cost but still have structural integrity by using the Lattice

feature. The built-in lattice feature makes it easy to embed lattice structures in a solid part. The

density, shape, and angle of lattice structure can be modified easily using the NX Convergent

Modeling Technology.
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Here, we demonstrate how to use Lattice feature inside a part below.

/
“ & /
A B 7
i D

»  Click Lattice feature as shown in the right figure

»  Select this part in Select Body

» Change the lattice parameters (Edge Length and Rod

Diameter) based on your need as given in the examples below.

Edge Length: 10 mm

/ / | (‘
Rod Diameter: 1 mm | A &'G—' % -
- i < A F

& Lattice 0 ? X
& Unit Fill ~
Boundary Body A
+/ Select Body (1) P
Unit Cell A
Cell Type BiTriangle g

Uniform Cube

Edge Length 2! mm v
Seed Placement s A
 Specify Orientation J< ’/: v
Graph A

["1Randomize Graph Nodes

Body Creation A
Rod Diameter 1 mm ~ ¥
Tessellation Factor 0.5000
Boundary Trim A

[C] Remove Dangling Rods at Selected Faces
[[]Remove Disconnected Lattice Portions
["] snip At Boundary

Preview Show Result| &2

-

<OK> Apply Cancel
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Edge Length: 2 mm

Rod Diameter: 1 mm

Edge Length: 2 mm

Rod Diameter: 0.5 mm

Edge Length: 1 mm

Rod Diameter: 0.5 mm

Therefore, with Edge Length of 1 mm and Rod Diameter of 0.5 mm, the lattice structure can be
easily formed for the selected body as shown in the figure below using the Lattice feature in the

NX Design for Additive Manufacturing.
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10.2 PROCESS AUTOMATION

10.2.1 Measurement

In old versions of NX, depending on the measured objects

i Measure Angle

(face or body) and dimensions (length or angle), there were
many commands and options (e.g., 16 menu commands and -
more than 50 options in one NX version) available for
dimensional measurement. You would need to spend a lot of
time to select the proper commands and options for

measuring your CAD model.

With the latest version of NX, the various dimensional
measurement commands have been combined into one single
command “Measure” under the Analysis tab to measure

distance, angle, length, body, etc. The user interface of Measure

is shown in the right figure. The measurement result types
(distance, curve/edge, and angle) and objects (face and body) can
be customized in the Result Filter to add or remove. This
Measure command will allow you to directly select entities (e.g.,
object, face, curve, point, vector) you want to measure. Then, NX
software displays every possible dimension related to your
selection. It saves your time in measuring objects and their
dimensions. For example, the figure below measures a curve in
the CAD model using the latest measurement command
Measure, which will pop up a window with all possible

dimensions (Length, Curve Start Point, Curve End Point, and

= Measure Distance 2O N

)3 Measure Length L

8 Menu v

3| +@ Model Viey

@ Mirror Dis,

\ /
‘ 5 Set Mirror

More Show Show Show End °
Poles Knots Points ¥ Show Obs
LT Simple a

No Sele¢ A Simple Radius & Simple Distance

| Simple Angle ¢ Simple Diameter

Part Navigator
General

Name = e

% Local Radius Measure Point

# Measure [streme Minimum Radius
+ ¢ ® Cameras N L

} Lengtt
- (& Model Hist ** Simpye:Length

AN cp730 % Screen Angle
@& Delet( Body

%, Screen Distance

&R Delet( & Measure Face i® Measure Body v
£ Measure Q7 X
» Object to Measure
O Object () Point () Vector
st O PointSet (O C5VS
3 Select Object (0) {E—

= List

Select a set

Measurement Method

B
= Hh A

HH B

v Result Filter

Displaying 0 of 0 measurements

TR
'

Min Radius of Curvature). This contrast old versions of NX, where different commands (curvature

length, minimum radius, and point measurement commands)

dimensions.
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https://youtu.be/vqVdDNEDIDY

Length 762531
Curve Start Point( 37.8013, -37.7633, -14.4347)

Curve End Point( -37.4012, -37.3632, -9.8612)
Min Radius of Curvature 37.5062

Il-lll E‘I‘i‘ E‘I‘i‘ E‘I‘i‘

)

Selecting an object with Measure command will display comprehensive dimensional details.

o mceas wees oot By
Volume 7594617672 mm? s,
i Center of Mass Point -0.0878, -8.4048e-05, -33.1234)  mm P I‘?ﬁ

Mass 5.9471 kg I‘%
© Weight 58.3209 N B
Moment of Inertia  { 232389132, 28598.8462, 14694.1604}  kg-mm’® P I"?ﬁ
Radii of Gyration  { 62.5110, 69.3462, 49.7074} mm %
Principal Axes (Xp) Vector( 0.0026, 8.5732e-06, 1.0000) I‘?ﬁ
Principal fxes (Yp) Vector( 1.1544e-08, 1.0000, -8.5763e-08) I‘?ﬁ
Principal Axes (Zp) Vector(-1.0000, 1.177e-06, 0.0026) %
Principal Moments { 14694,1720, 11815.6110, 8433.6663} I‘?ﬁ
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With use of Measure command NX will automatically show you the commonly interested
dimensions for an object (face or curve) when you move your mouse to the object without clicking.
For example, the details of an object are displayed for three different objects blow.

Curve with Length

g Single Curve : Edge of Revohve(d)
Length = 76.2324 mm

Face with Area and Perimeter

Single Face: Face of Block(1)
Area = 6000.0000 mm*
Perimeter = 380.0000 mm

Edge Blend Face with Radius, Area, and Perimeter

Single Face : Face of Edge Blend(13])
Radius = 10,0000 mm

Area = 4367367 mm®

Perimeter = 88.9636 mm
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10.2.2 Weight Analysis
When designing a 3D model, weight evaluation is often an essential step to help you evaluate
whether the material amount satisfies the customer’s weight specification. Here we will show you

how to easily get the Weight and Mass of your model automatically.
» Open the file “Impeller_impeller” or a file with the part you want to measure

» Assign Material: Menu - Tools - Materials - Assign Material

e HEHEH spreadsheet...
— Menu * Mo Selecti -
% Snapshot..,

File 3 O
nvert Translucency

Edit 4 ~
Synchronize View

View 3

Materials 4 % Assign Materials...
Insert 3
. Manage Materials ...
Format , Units Manager... %

Units Converter... ﬁ Manage Library Materials...
Tools 3 =

Assign the material you want to use. In this example, Steel is assigned as the material.
There are two different ways you can get the weight value.

1. Use Measure Command to get the Mass and Weight of the part

£ Measure 0 7? X
~ Object to Measure

@ Object O Point (O Vector
(O ObjectSet (O PointSet (O CSYS

Select Object (0) R
- List

Object 1 Solid Body of
Select an object

< >

Surface Area 2186.3363 in®
Volume 2757.6180 in’
- p 4 _

Measurement Method
= |
R

S

=1
Mass
Weight

gl gl

CHCHORORC CHCH CHCH

~ Result Filter 780.1300

Displaying 1 of 2 measurements

LH P 28R
o N

Radii of Gyration  { 6.9348, 9.1920, 9.1919} in
Principal Axes (Xp) Vector( 1.0000, 1.5367e-05, -8.303e-05)
Principal Axes (Yp) Vector( -3.0063e-03, 0.8397, -0.4364)
Principal Axes (Zp) Vector( 6.7938e-05, 0.4364, 0.8997)
Principal Moments { 37517.5413, 33837.5499, 33837.0088}  lbm-in® =)

5 57 574 7
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2. Select your model and expand the window of Mass Properties under Part Navigator

Name C. U. Comment
+ [@]Model Views ~
4/ (@b Cameras
+F ow
+ Flx] User Fields v
— (D[] Model History W
© b B T
@ty phaeh s ]

@) conet) v

@FP extrude (5) v

@@, Pattern Face [Cir...

A% attern Face [Cir. v Iy

BO 4@ ¢e @

» Dependencies

» Details

» Preview

v Mass Properties

Solid Body "Cone (4)" Only i

v MODEL (Reference set used for assembly roll-up)

p—
Name Value Unit
1 MassProphass 779.9650 bbm
2 MassPropWeight 779.9650 bf
3 MassPropDensity 0.2828 bbm/in?
4 MassPropvolume 2757.6180 in? V\ 3\
5 -~ MassProparea 2186.3363 in* 25
ol
2z

10 > MassPropMomentOfinerti.
14 > MassPropProductOfinertia.
<

The Mass, Weight, Density, Volume and (surface) Area will be shown in the Mass Properties.
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10.3 SHEET METAL

The Sheet Metal modeling of NX is a fast, accurate method to model thin frames and shelling parts

for automotive, aerospace and other products. The Sheet Metal feature provides a host of modeling
tools in the NX environment, such as bend, unbend, and re-bend a metal sheet. It allows you to
create sheet metal parts following the industrial workflow but with better bending calculations,
tooling, and sheet metal features compared to part modeling by the extrude feature. Providing an
accurate sheet metal pattern not only enhances the quality of part modeling (e.g., thickness
uniformity) but also reduces the cost of part manufacture. To have uniform thickness in complex
parts, NX Sheet Metal either uses surfacing features and then thickening the surface or starts
modeling a solid with blending and then shelling, these two methods are just examples how users

can create sheet metal geometries then using the Convert To Sheet Metal.

For example, NX Sheet Metal could model a component in the tail section of an aircraft using the

following steps.

Sheet Metal Modeling
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https://youtu.be/1pv1bGq72cM

»  First, create a flat sheet in the model of aircraft’s tail

section in NX

»  Use Joggle to create joggle features on both side
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» Use Lightening Cutout to create lightening holes to reduce structural weight while maintain
strength and rigidity

Finally, the modeling of this aircraft component using NX Sheet Metal is completed as shown
below.
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10.4 CONTINUOUS RELEASE

Siemens NX uses a Continuous Release methodology starting from January 2019 to release new

versions of NX, which enables the software user to have:
(1) Quicker functional enhancements to increase productivity
(2) Constant updating to get better adaptation for the utilization of latest technologies
(3) Efficient response from NX development team
(4) Lower deployment cost
(5) Faster response to new ideas and trends in technologies
(6) Continued full NX-Simcenter 3D integration and interoperability

Before using the Continuous Release methodology, typically, it would take several years to deploy
PLM-specific software updates on an average, which means the NX users were not able to benefit

from software enhancements and fixes rapidly. With Continuous Release the users are able to
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https://www.youtube.com/watch?v=bE6oc-YjgkI&t=20s

realize Siemens Digital Industry Software’s latest advancements in the production environment
without any delay. The Users in the Continuous Release mode will see monthly update releases,
with major enhancement releases approximately every 6 months. The monthly updates will be for
fixes and a small number of high-priority items. Continuous Release will incorporate new
development practices that will remove the need to upgrade currently supported versions of
Teamcenter and Active Workspace when updating NX. Customers will still have the option to use
their existing Siemens Support Center (used to be known as GTAC) process of downloading
updates and enhancements to NX, NX CAM, and Simcenter 3D. As soon as an update is released
under this new Continuous Release process, it will be available on Support Center for the user to

download

Siemens will continue to improve the upgrade process through quality product improvements with
a focus on protecting user’s data, and ease the upgrading cycle, so the end users can stay ahead of

competition and innovate faster.
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