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SIEMENS

Simulation impacts design with Simcenter 3D: Smartphone lngesuity for Ufe

>+ Radio fhack * * " *

AMERICA'S TECHNOLOGY STORE

A smartphone 3
combines all of the NTEREST. =2

DOWN PAYMENT?!

""" COME IN AND TAKE ADVANTAGE OF THESE OTHER FANTASTIC

capabilities of every irasicon e =0
product shown on the | 2
front page of that Radio
Shack ad from 1991 in
one single product.

An smartphone explains the concepts of
innovation, complexity, risk and intersections.
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SIEMENS

Innovation happens at “intersections” lngenuiby for life

Concept ® o () ()
»
® ®
Detailed ® o
® ®
Development o \.

Y

@ ]
3 :/s‘
: ) '/‘ ‘. !;) " ! -

Structure Mechanical Flight Hydraulic Fuel Env. Control Engine Electrical
Systems Controls System System System System

Verification

Manage complexity to drive Innovation and contain risks
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SIEMENS

Issues faced by simulation departments and how to fix those lngenuity for Uife

Disparate tools and Results out-of-synch Limited visibility and Budget and resource
inefficient workflows with design business impact constraints
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Issues faced by simulation departments and how to fix those

Integrated
environment for
streamlined
workflows
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Timely insight to
drive design
decisions
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Visible to and
used by broader
organization

SIEMENS
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Remove constraints
to enable flexible
resources
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Simcenter 3D

SIEMENS

Part of the Simcenter portfolio for Predictive Engineering Analytics lngenuity for Life

Engineer

Innovation

. 1€
Indystry expe™®
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Evolution of the NX Nastran Nonlinear Solutions SlEMENS‘
“The TWIFIS” Ib\?eb\utfy-forl/tft

Simcenter 3D
Structural

Shared technologies : ﬁ' ‘ \ NX Nastran
» Element formulations ' '
éﬁ <O @ Multistep Nonlinear

« Material library - :
« Numerical Strategy Capability Speed Usability The Twins :

Sol 401 / Sol402

Unrestricted © Siemens AG 2018 2018-10-05
Page 7 Siemens PLM Software



SIEMENS
NX Nastran Multistep Nonlinear lngenuiby for lfe

NX Nastran

Multistep New solution based on Nastran architecture Easy

Nonlinear SOL 401 Initial targeted for aero-engine applications transition
Expanding into general purpose nonlinear from linear

to nonlinear
One analysis
License without

New solution based on Samcef solver leaving

Two Samcef is well known among European Nastran
Solutions SOL 402 aerospace companies
Embedded in NX Nastran paradigm to
provide easy access to PL users
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NX Nastran Multi-step Nonlinear SIEMENS
Ihg«ehuffy'for&‘fe

Sol402
Multi-Step Nonlinear Kinematics

Sol401
Multi-Step Nonlinear

Commonalities

» Mutli-steps solution

« Based on traditional Nastran Based on deep integration of

architecture * Use many of the same Samcef in Nastran
formulation and give nearly the
* Multiphysics coupling same results Nonlinear mechanism

+ Use the same Nastran input for
easy conversion to one solution
to the other

Large strain
Advanced Contact Modeling
+ Large displacement

« Shared Material Models
included nonlinear materials
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Simcenter Nonlinear FE solvers SlEMENS‘
Family tree lngemuity for Life

NXN Multistep Samcef

\
\
SOL 401 SOL 402 Samcef
(+ environment) (+ environment) (+ environment)

Nastran modeling language (BDF) Nastran modeling language (BDF) Samcef modeling language (DAT)

[

Samcef
solver

NX Nastran

solver

4

* Material Library

* Element Formulations
* Matrix Solvers

* Memory Allocation

*  Output Formats

* Numerical Strategies

Unrestricted © Siemens AG 2018 2018-10-05
Page 10 Siemens PLM Software



SIEMENS

Simcenter 3D — Solver environment lngenuity for Life

Unigue architecture supports custom environment
for each solver

_Property Table Mane_

Solution 1
ABAQUS
Structural
ion | None

Nt Properties

> ELEMENT_SHELL#) ~+ &

@ ELEMENT_SHELL(4)

rlement Properties

ype

General Analysis

PSOLID2

SOLD185@8) ~ | & -

Type @ ¢ Automatically Create Step or Subcase Laminate

Destination Collector | /A, ELEMENT_SHELL(3) A ol Laminate

Selection > ELEMENT_SHELL(8) v Source Mesh Paramet g SOLSH190(8) v PCOMP 3
A ELEMENT SHELL(5) Wall Mesh Parameter|£## S0LID226(20) v PLPLANE

v £ SOLID186(20)
Target Mesh Paramet £ SOLID191(20)
hestination Collector | INTER195

4 Show Shortcuts

[7] Input File Echo

PPLANE
PELAS
PROD
PBAR
PBARL T
PBEAM

PBEAML

PBUSH

PBUSHID

PMASS -

Meshing Parameters ¢ Show Shortcuts

Rreview and Modify Mesh Constraints

[F] History Definition Summary
[E] Model Definition Summary
[C] Parameter-Free Input File Information
(7] Input Parameter Information

« User interface is tailored for each type of physics being solved
* Solver-specific terminology used for pre/post
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SIEMENS
Direct Matrix Abstraction Program (DMAP) in NX Nastran lngenuity for Uife

NX Nastran Direct Matrix Abstraction Program (DMAP) is a high-level language with its own
compiler and grammatical rules.

» A DMAP program consists of a series of functional blocks called “modules,” each of which has a
unigue name and a specific function. Modules are executed sequentially; branching and looping
operations are performed by DMAP control statements. Modules communicate through the NX

» Nastran Executive System (NES) via logical collections of data called “data blocks” and
“parameters.”

» Data blocks come in two distinct forms: “matrices” that obey the rules of matrix algebra, and
“tables” that represent a convenient collection of data items.
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NX Nastran SOL402 SIEMENS |
Simcenter environment lngenuity for Life

. . Mame Solution 1
SOL402 is available as an NX Nastran e o -
solution in structural analysis type, and Analsis Type  Structurl -
. . . 2D Solid Option | Mone -
beneflts from fOIIOWIng Capabllltles: Solution Type | SOL 101 Linear Statics - Global Constraints -
V| Automatically 30L 107 Direct Complex Eigenvalues -
SOL 108 Direct Frequency Response

SO 101 Linear 39L 108 Direct Frequency Response Functions L

Import Of NaStran deCkS SOL 109 Direct Transient Response

MeSh deflnltlon In the FEM flle SOL401 Multi-5tep Nc_mlinear _

Bou ndary Condltlons |n the SI M fl |e SOL 402 Multi-5Step Monlinear Kinematics I

Solver syntax preview . Multiple graphs and MONVAR
Export and solve in SC12.0.1

HPC . DMP and SMP Fx_’: Solution Manitor : o e S

i

Solver monitor with abort and stop $ 9§ v 9 € B
Abort Stop Graph(s) Info | Inspect
Post-processing X Nesran SOL402
15:85:46: Time 2.5@BE-B5 / S5.@BRBE-B3 H 2.588E-85 _:J
15:85:54: Time 2.58BE-85 / 5.BBBE-83 H 2.58BE-85 Iteration: 1,8 NR TESF 2.6295E-82 TESE 1.@eeatc+ee
I 15:86:84: Time 2.58RE-85 / 5.BBRE-83 H 2.580E-85 Iteration: 2,8 NR TESF 1.3186E-83 TESE 2.4823E-82
15:86:14: Time 2.58BE-85 / S5.8BBE-83 H 2.588E-65 Iteration: 3,8 NR TESF B.67@88E-85 TESE 6.1129E-83
15:86:23: Time 2.58BE-85 / 5.BBBE-83 H 2.58RE-@5 Iteration: 4,8 NR TESF 4.6822E-86 TESE 3.5445E-84 _
| 15:86:27: Time 5.B@BE-85 / 5.BB0E-83 H 2.508E-85
15:86:34: Time 5.88BE-85 / 5.BBBE-83 H 2.58BE-85 Iteration: 1,8 NR TESF 2.3287E-83 TESE 1.@eeatc+ee
15:86:44: Time 5.B@RE-85 / G5.BERE-83 H 2.588E-@5 Iteration: 2,8 NR TESF 3.9189E-83 TESE 5.@e83E-82
15:86:54: Time 5.88BE-85 / S5.88BE-83 H 2.58BME-65 Iteration: 3,8 NR TESF 3.9688E-84 TESE 1.1485E-82
15:87:84: Time 5.880E-85 / 5.BBBE-83 H 2.58BE-85 Iteration: 4,8 NR TESF 2.4845E-85 TESE 1.2415E-83
15:87:87: Time 1.B@PE-84 / 5.@B0E-83 H 5.D0BE-85 _:J
TE@ T+ 1A Tima . 4 h . T+aratian: 1 & MD . .
Time End Time Convergence criterion
Text client connected 2 rec
subcase= step
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SIEMENS

Nonlinear materials
Hyperelastic Materials (SOL 402)
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Strain energy
density W
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Nonlinear materials SIEMENS |
Viscoelastic Materials lngenuity for Life

Viscoelastic materials :
Elasticity (like a rubber that stretches instantaneously ¢
original state once a load is removed
Viscous behavior (like the gradual deformation)

Implementations :
Kelvin (Sol402 & Sol401)

Unrestricted © Siemens AG 2018 2018-10-05
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Nonlinear materials
Creep

Creep (or cold flow)
Permanent deformation after a long term exposure to high levels of stress

Important for long period of exposure to het

Creep Implementation :
Baily Norton model (isotropic creep with optional temperature dependency)

Dedicated time step management

Strain, percaent

Validated by several industrial cases

Strain, ¢

Time, t
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Second | Third
Stage : Stage

Transition Point

VW Creop rate

Time, hours

21 T T

2 1

T

///1
Time, t
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Nonlinear materials

Progressive damage of composite material (Sol402)

Several native models available for :
Interlaminar damage or Interlaminar damage

Intralaminar damage
For Unidirectional or Woven ply
Different type of damage :
Fiber damage
Matrix Damage
Decohesion between matrix et fiber

Interlaminar damage :
Using cohesive element (managed by SC3D)

Several behavior

Validated by several industrial cases

Page 17
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Accurate Progressive Damage Prediction

Decohesion
fibre/matrix

Matrix cracking
Fiber breaking

L}

\\\\\\\\

fmae. 8%
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User material (MUMAT)
or Custom Material Law

User (MUMAT) : Material model user-subroutine

Description
* Allow users to link proprietary material models NX Nastran

+ Rate dependent or rate independent
Implementation
» Users link Fortran code of material models to NX Nastran
via a DLL
* Supports rate dependent and rate independent materials
» Allows output of state variables
Value
» Users can develop and use proprietary material models
* User can also set up this material from SC3D environment

Page 18
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User Defined Materials C

SUBROUTINE NXUMAT(
* IOPER , MODNAME1, MODNAME2, MATID , HOOK , TANSTIFF,
*MATIR, MATIN, NMATI, MUDATAR , MUDATAI, NMUDATA ,

* DFGRDTO , DFGRDT1 , EPSTOTT1, EPSMT1 , EPSTHT1 , EPSDELM,
* DELTAT, TIMET1, TEMPTO, TEMPT1,NB , INTVALS,

* REALVALS, XYZT1, ROT, NXPARAM, STATEVAR,NSVAR,
*SIGMA , EPSPL , EPSCR , DTCRPRAT, VOID1, VOID2,

*VOID3, IRET )C +
c

IMPLICIT NONE

cc

ARGUMENTS DECLARATION

CHARACTER*8 MODNAME1, MODNAME2

C

INTEGER*8INTVALS(*), IOPER, IRET , MATID, MATIN(*),
&NB, MUDATAI(*), NMATI, NMUDATA, NSVAR

& NXPARAM(*)

[N}
W
t

o
(e
L

—
(9]
1

—
(e
I

/ — numerical solution
[//-| — experimental tests

o result plots

PO S T S W T S TN SN S S SN TN ST TN SO N S SN ST S S S Y
T T T T T

1 2 3 4 5 6 ) 8
Deflection 6 [mm]
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NX Nastran SOL40x SIEMENS |
Contact modeling Ingenuity for Life

Capture the real behavior of your structure with contact between parts:

Several contact algorithm and options

Support all the possible nonlinearities (material & geometric)

Update of the contact condition during the run (large displacement)

Explicit definition of the contact for Node to Face

Unrestricted © Siemens AG 2018 2018-10-05
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NX Nastran SOL40x SIEMENS
Advanced Sliding Contacts lngenuity for Ufe

anl3 5002 s - SOL4DZ Result |
Subcase - Noniinar Statics 2, Increment 38, 10 s
Drsplacement - Nodai, Magnitude—— il
Min - 0,000, Max § 11,906, Units = mm

Coord sys : Absalite Gylindrical. Axis of Rotation | Z-Axis
Deformation - Displacement - Nodal Magnitude

'1!905

= 10814

Friction

« Constant, infinite, function of temperature, velocity or time
Large sliding
Gap and offset control

- Ignore, eliminate, override initial distance

- Flexible or Rigid targets

- Geometry smoothing option

+ Activation/deactivation of contact condition

- Stabilization options

9922

Outputs

- Contact pressures
» Contact forces

* Normal distance

«  Sliding

Unrestricted © Siemens AG 2018 2018-10-05
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Transient Simulation (SOL 402)

Features

- Multiple time-step integration models

+ Automatic time stepping

- Static, kinematic, and transient analysis

Response type Equation solved

Dynamic M.g+C.g+Kp.g=F

Damping model
- Rayleigh
- Material

Unrestricted © Siemens AG 2018 2018-10-05
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0 4 10 16 20 30
I I I I R
1 1 I I T L
Subcase #1: E 3 ! ! ! I Time
- : _ e _ [T A e m -
Static analysis 1 1 1 1
1 1 1 1 1 1
. 1 1
Subcase #2: R = ! i [ A 2
Static analysis 1 | - 1 | 1 1
1 1 1 1 1
. 1
Subcase #3: B R = ! =
Dynamic analysis | . .
Displacement
f@l O
14
V-
Gravity
10 20 30
1 4 8 125 16 24 _
: 1 : : : : : : lTTme
CorIverged B T e R e s S ¥
times ! : 1 1 : : : 1 1 1
Timeincrement _} § 1 ! PRI NS SN SR -1
for back-up ! ! ! ! 1
1
Imposed -LJI___‘__——J-——:-——;———-: _________________ J
time value : : : :
Imposed | __1____1l. O S O I J
time step : 1
i '
Y O et N MY

SOI 402 Siemens PLM Software



SIEMENS
Post-Buckling Analysis (SOL401) lngenuity for Ufe

Description
Arc length method allows analysis of post-buckling and
snap through types of problems
Nonlinear Statics step with zero delta time ‘ N

Limit point At

-
Ji

Incremental loads defined in the step are proportional
Loads applied in prior steps are held constant

An initial imperfection/mesh perturbation can be m
applied

Snap through
Value R Riks method
. . A
Finds possible buckled states that are below the Stable
perceived buckling load. Stable

Unstable

Imperfections in geometry can reduce buckling loads —
important to include the effect

>

Disp.
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SIEMENS
Thermal-Mechanical Solutions(SOL401) lngenuity for life

NX Nastran couples to Simcenter Thermal
+ Cosimulation solution
API’s developed for both solvers
MP Driver will sequence each solution and transfer
data
Coupling behavior
« Contact changes heat and load paths 7
- Heat transfer changes with gap distances T W " S Nonlinear
- Levels of Coupling . It R
» Sequential coupled — At each coupling step, state Q 4
from previous step is used
- Iterative coupled — At each coupling step, state
from previous step is used as starting point of

A
e

1.390

iterations to convergence N

Unrestricted © Siemens AG 2018 2018-10-05
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Simcenter 3D — Solver environment SlEMENS‘
Valid also for Composites material lngenuity for Life

Centralized pre/post
to efficiently build models for your solver of choice

NX Nastran

§*
S* PERT DS

§*

$* operty: Lami 1

PCC G 2 0.0000 20.0000 0.0000
B 1 11.000000 0.0000 0

+ 2 11.000000 0.0000 NO

+ 3 11.000000 90.0000

+ 4 11.000000 90.0000

$

LMS Samcef

.PLI
PLI 1 ANGLE 0 T 1 MAT 1
= =g . ey PLI 2 ANGLE O T 1 MAT 1
Layup definition Mesh definition PLI 3 ANGLE 90 T 1 MAT 1
PLI 4 ANGLE 90 T 1 MAT 1

! Samcef Bank File : LAMINATES.

LaAM 1 PLI 1 2 3 4

Unrestricted © Siemens AG 2018 2018-10-05
Page 24 Siemens PLM Software



Exchange data to accelerate the design process

/ Simcenter 3D \

.

CAE
models

/

Unrestricted © Siemens AG 2018
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Associativity CAD/CAE

Design
models

CAE
Results

N

Design
models
2

/

CAE
Results
2

2018-10-05
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Convergent Moqgwlidgt¥ in CAE
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Conclusion
How are Simcenter 3D nonlinear solutions customers benefitting?

Assessment of continuous
improvement to support

Cumulated Siemens

new virtual design
workflow

experience of 70 years

for reaching
Flexible licensing

trough Simcenter

Tokens QU al |ty

Better designs,

faster!

Unrestricted © Siemens AG 2018 2018-10-05
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Up to

20%-40%

time savings for complete
virtual product
development workflow
with Simcenter 3D
Engineering Desktop
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