Advanced modelling in Impii
simulations with '
Simcenter Optistruct

/

4
N

SIEMENS

Marian Bulla, Software Engineering Manager

ADVANCED ENGINEERING TechDay 2026 (online)
June 23 2026



BIW Durability : Simcenter Optistruct Workflow :

e One Model One Solver MBD Load data after corelated with

Test, and then applied as FEA load.
X-loading is from speed bump b MBD to OptiStruct via RSP File
Z-loading is from Pothole h _
Y-loading is due to extra turning T (B
Braking loading with turning will be bending load ' ‘
Pothole loading is also torsional loading

MBD Road Simulation to FE-Load

Brake Load, Speed
Linear Vibration Bump ,Pothole

NL Stafic Modal Transient PSD Fatigue
. | g g
Optistruct S Optistruct Optistruct




Early Phase Design : Simcenter Optistruct — Motion : Multiphysics
« Ground Impact Analysis (e.g. battery casing)




Manufacturing Solutions
Sheet Metal Stamping (state of the art) — ThickneslStress/Strain Mapping
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Manufacturing Solutions

Polyurethane Foaming

Casting AM (3D Printing)

Sheet Metal
Forming

&

XWelding

g

APA (Altair Partner Alliance)
» veoCast, veoMold
* NovaCast GGI, NovaFlow
» 3DXpert, Amphyon by Ogton

Metal /Poly « AFDEX
Extrusion L . + Cadmould and Verimos
Injection Molding « Morfeo

5 m




Event Time Magnitude

Implicit Explicit

Simcenter Optistruct Explicit

Simcenter Radioss

Drop /
Creep Static / Dynamics Quasi static Impact/Durability/ Crash FSI/ALE/CE
Structural Integrity

6 Simcenter Optistruct Simcenter Radioss
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Little bit of Theory...Validation #1

Clamp

L=100 mm

Unloaded Beam

Loaded Beam

FL3

& Name
&  thickness 10mm

Name

Solver Keyword
Name
ID:
Color
Include:
Defined
Cand Image:

+ Materal
User Comments
T
MID2
MID2_opts:

Name D e Include Defined
§ Lo o 0 b i
A =10x10 mm
’ Name Value
Solver Keyword: MAT1
| I' Name: Steel linear
juaepes [} 1
Caolor:
Include: [Main Model]
Defined:
Card Image: MAT1
User Comments: Do Not Export
—_— E: 2100000
F= 1000 N-
NU: 03
RHO: 7.85e-09
A
TREF:
GE:

8max =7

— —
max -
A | | C D E |
],
2 | F 1000 N
3] L 100 mm
4| E 210000 N/mm?
5 | A (10x10mm) 100 mm?*
6,
7 | 1 833,333333 mm4.
8_
9| delta =
10_
11|

Sectional areas moment calculated thus
b4
1. Square: I, = I, = i5
bh? hb?
2. Rectangular: I,; = ETH andi{l,, = T
3. Tri lar: I, b
. Triangular: I, = ——
< 36
) 1 | N
4. Circular: Iz = I, = = Bzﬂ-d

D @ |ncude Defined Type Card Image

1a

Value

PSHELL
thickness 10mm
]

[Main Model]
PSHELL

Do Not Eport
100
g

0

20 PSHELL

(i3 (1) Steel near

Thickness ||
10.0




Little bit of Theory...Validation #2

->

F
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F

8000
2500
Mtielochsa dor Fische zur Krsfisinbringung g
(Biogetai) 2
2 Drehpunkt der
g _ vorderen Lagerung \ _—
400,00 2000 \ T I_ 500
800,00

\ [
\ Metlachsen dor Lagerischen

500,00

Source: Projectwork by Maximilian Tropp und Leon Schnérch. 26.03.2024]

R

2| THM | gessen | 5.

TECHNISCHE HOCHSCHULE MITTELHESSEN
Chair: Prof.Dr.-Ing. Dirk Meyer N
Automotive frame - Steel [Source: My Photo, 22.02.2024]




Little bit of Theory...Validation #2

Model Colecton/Collectors  Properties./PSHE Matesiaia/MAT1
x
[ Comporents (1) + | == | 11 | » Compute [ Seach ~|®
: G tame @ |rcide Defned | Type and mage
* | Area: 911130.1245 & s 0 B soTRoPC WA
* | Volume: 1366695.1868
: jarme Vlue
:((Mass: 0.0107 WATI
H - Hame: Linear Steel
= | Mon Structural: 0.0000 by !
Corer Gy =~ :
% 53750
¥-230.2139 Detred []
7250443 Codinage:  [MATI 5
: UssrCommerts, ® [DoMxBoor
| Moment of Inertia #ensorial): E 2100000
¢ [ boc: 1725.9939 &
NU: 0.3
RHO: Beld
A
TREF:
&
ST:

£
N@ -
OptiStruct FEM model:Steel [HyperMesh 2023.1]: Material and mass

=» Overall mass: (20x20x1.5 mm) Steel Profiles : m = 10,7 [kq]. m




Little bit of Theory...Validation #2

Additional | Overall Measured Difference Bending - Steel
mass [kg] | mass [kg] deflection [%] 250
(mean)
[mm] 300
0 2,4567 24,10 0,09 0,09 0,0 0
5 7,4567 73,15 0,28 0,27 3,6 =
10 12,4567 122,20 0,445 0,445 0,0 =1 -
15 17,4567 171,25 0,62 0,62 0,0 10
20 22 4567 220,30 0,79 0,80 1,3 w0
25 27,4567 269,35 0,985 0,981 0,4 ’ 0 02 04 06 08 1 1,2 14
30 32,4567 318,40 1,175 1,159 1,4 Weg [mm]
= ~0,6%

= Perfect match for the loadcase Bending: Test vs. Simulation. (Simcenter Optistruct)

11 m




Analyse: Steelframe - Eigen-Modes

1. Eigen-Mode at 20,6 Hz - Bending

Contour Plot 1: Model
Eigen Mode{Mag) Subcase 1 (loadstep1) : Mode 7 - F = 2.059619E+01 : Frame 1 : Angle 0.000000

Analysis system
2.026E+01
[ 1.810E+01
1.583E+01
— 1377E+01
1.160E+01
[ 9.435E+00
7.269E+00
5.103E+00
2.938E+00
7717601
No Result
Max = 2.026E+01
Grids 98152
Min = 7.717€-01
Grids 45709




Analyse: Steelframe - Eigen-Modes

2. Eigen-Mode at 29,6 Hz - Torsion

Contour Plot 1: Model
Eigen Mode(Mag) Subease 1{loadstep1) : Mode 8 - F = 2.950245E+01 : Frame 1 : Angle 0.000000

Analysis system
1.742E+01
[ 1.550E+01
1.357E+01
— 1.164E+01
9.718E+00
[ 7.791E+00
5.865E+00
3.938E+00
2.012E+00
8.524E-02
No Result
Max = 1.742E+01
Grids 128717
Min = 8.524€E-02
Grids 197472




Substitution of material: Steel = Aluminium

2| THM [ Giessen | o

TECHNISCHE HOCHSCHULE MITTELHESSEN
Chair: Prof.Dr.-Ing. Dirk Meyer Substitution: Steel = Aluminum

N Mame Value
ame Value
Solver Keyword:  [PSHELL Solver Keyword MAT1
Name: fthickness_2m
" b f Name: Alu
Color [m] ID: 1
Inciude: Man Model ]
oy Color [ i
Card Image PSHELL B Include: [Main Model] v
» Material W (1) Al Y Defined
- Bo T B !
Card Image: MAT1 |
> User Comments Do Mot Export ~
MID2_opt
12,72 E: 70000.0
miD3 1 G:
MID3_opts: . 0
s NU: .
NSH. 00 RHO: 2709
pal -
2
~ Offset_opts: MiD4 B TREF:
MID2: N GE:
o )
HOURGLS_OFT: ST
PSHELLX: 5C:
Metadata .
Monu

Weight:  Steel =  Aluminum
10.7 kg = 49kg

Static Stiffness (Bending)

Stiffness: :

0 0,5 1 15 2 25

Displacement [mm]




Aluminium Frame - Optimization of the floor

=> TopologieOptimization.







Results: Optimized Aluminium Frame - Eigen-Modes

1. Eigen-Mode bei 29,3 Hz - Bending 3. Eigen-Mode at 34,2 Hz = Torsion

Steel Frame Aluminium Frame Optimized Aluminium
Eigenmodes [Hz] [Hz] Frame

[Hz]
1 20,6 20,3 29,3
2 29,6 29,0 33,3
3 48,1 47,3 34,2
4 59,5 58,5 41,2

Tabelle 7: Results - Eigenmodes (Source: Simulationen in May 2024 with OptiStruct 2023.1)




Analyse: Optimierter Aluminium Rahmen - Torsion

2| THM | lessen | 5.

TECHNISCHE HOCHSCHULE MITTELHESSEN
Chair: Prof.Dr.-Ing. Dirk Meyer

Static Stiffness - Bending Static Stiffness - Torsion
350 160
300 140
120
250
— _ 100
Z 200 z
& Steel £ 80 — Stee|
= 130 Aluminium 2 o Aluminium
100 e AU - Optimized e Alu - Optimized
40
50 20
0 0
0 05 1 15 2 25 0 05 1 15 2 25 3 35
Weg [mm] Verschiebung [mm]
=> Increased the stiffness (static and dynamic) in optimized Aluminium structure ‘7=

=» Totoal mass = 6,98 [kq] = Mass Reduktion of 35% vs. Steel frame ' ) .

(Initial steel m = 10,7 [kqg])




NEW FEATURE — MESH REFINEMENT
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@o-Mesh Refinemeniin Topology Optimization

Motivation and Capabllities

Auto-Mesh Refinements Capabilities

Why? >
» To get more detailed results

» To reduce solution time >

How? >

» Use coarse meshes but internally and
automatically refine them iteratively >
based on topology optimization results

Initial Mesh Automatically Refined Mesh

User can select which topology regions to
refine

User can optionally select conditions to trigger
refinements (higher density levels)

User can select number of refinements (e.g. 1,
2, etc.)

Available for CHEXA and CTETRA elements

Optional configuration files to customize model
parameters for challenging problems (e.g.
bounds of constraints can be set to different
values for different refinements levels)

J\ ALTAIR



Added parameters to control the process
New continuation line in DTPL: REFMESH

Format
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
DTPL ID PTYPE PID1 PID2
+ REFMESH |REFTYPE |LB UB
Field Name Value Description
2 REFMESH REFMESH Indicates that refined mesh parameter will follow
3 REFTYPE 1 Refined mesh will contain refined and original element and will use same PID. Default
2 Refined mesh will contain refined and original element and will use different PID
referencing a soft material
3 Refined mesh will contain only refined elements
4 LB Real or Blank Splitable elements which densities are equal or larger than LB will be split & lower or
equal than UB will be split. LB Default = 0.3
5 uB Real or Blank Splitable elements which densities are equal or larger than LB will be split & lower or
equal than UB will be split. UB Default = 1.0




Auto-Mesh Refinement Example

X"

Topology Element size 6-12 mm
Element size 12 mm Topology Refinement 1
Element size 3-12 mm

- o m

29



Auto-Mesh Refinement Example

Topology 0 Element size 6-12 mm

Element size 12 mm Topology Refinement 1

% - W

Element size 3-12 mm

- o m

212



Auto-Mesh Refinement Example

Topology 0 Topology Refinement 1 Topology Refinement 2




Topology optimization — Simple 3D Cube

2456

é456

53456

FORCE = 1000.0

A123456 §7

25

Obijective is to reduce the mass ! m



Topology optimization

Contour Plot
Element Densities{Density)

9.000E-01
[ 8.011E-01
7.022E-01
— 6.033E-01
5.044E-01
[ 4.056E-01
3.067E-01
[ 2.078E-01
1.089E-01

D= 1.000E-02
No Result
Iso = 2.790E-02
Max = 9.000E-01
3D126
Min = 1.000E-02
3D132

[ [ [ [/

2 Results with coarse mesh! m




Topology optimization

27

Contour Plot

Element Densities(Density)

9.000E-01
[ 8.011E-01
7.022E-01
— 6.033E-01
5.044E-01
[ 4.056E-01
3.067E-01
[ 2.078E-01
1.089E-01
— 1.000E-02

No Result

Max = 9.000E-01
3D126
Min = 1.000E-02
3D 132

z

T
SIZN

Smoothed results with coarse mesh!




Topology optimization

Contour Plot
Element Densities(Density)

1.000E+0Q0
[ 8.900E-01
7.800E-01
— 6.700E-01
5.600E-01
4.500E-01
3.400E-01
2.300E-01

1.200E-01

— 1.000E-02
No Result

Max = 1.000E+00
3D 5320

Min = 1.000E-02
3D 1573

2 Mesh refinement with coarse mesh! m




Topoloav optimization

Contour Plot

Element Densities(Density) >
1.000E+00
[ 8.900E-01 0”.0
Y
7.800E-01 4’.’ :
— 6.700E-01 Ql..“
I 5.600E-01 | 0‘.”.
4.500€-01 | ’*!*i
3.400E-01 ‘i
2.300E-01
1.200E-01
1.000E-02
No Result
Max = 1.000E+00
3D 9904
Min = 1.000E-02
3D 9847
Z

..

Régsult of mesh refined model, starting with the coarse mesh!m




NEW FEATURE - OPTISTRUCT+AI
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Topology optimization

H Altair HyperMesh 2026 - Optistruct - =] -l
File Edit View HyperMesh Sketch Topology 1 Validate Analyze Skeleton Design Space  Optimize Design Explorer  Post  Certification  Reffort  PhysicsAl T Q  Untitledw [] [® ¢ 1of1 ¥
."
=
EOJE’
=z
Files Measure Move
Home
oas s gav [-]7] @
x
+ 10 [Search Load Collectors avm
Name ID @ nclude Cardimage
Ao oamol  1H 0 <None>
Sketch.1
Represer
@D® L TeE
o [ h
Ready W Model 2] | & Q

31




Topology optimization (Video)

M _nonds_dense.nm* - Altair HyperMesh 2026.1 - Altair OptiStruct (2025)
File Edit View HyperMesh Sketch Topology 1D 2D 3D Assembly Connectors Morph Model Validate Analyze Skeleton Design Space
% : y °
{ o I o
w b X ee
Files Measure Move Project Dataset Model Test Predict Train Generate
Home Author Deploy Generate
Ses.. Model Sets = Compon. Sket... # Alv
X
+ 1 |Search Components Qv m
) @ Name ID @ |include @
¢ B nonds 549 @ o
b gen_domain 550 [J owm
< 5
[Entity Editor X
Name Value
V¥
LD AN B TS A w0 X @ e D

Optimize

Design Explorer

Post

Certification

Report

PhysicsAl

2 Q  untitedy [] [2

a

X
4 10of1 »

33
Usage in real-time




Conclusion

Today’s presentation has shown advanced the power of simulation and validation compared to reality with
Simcenter Optistruct

These capabilities are helping engineers to dramatically reduce the development time and costs by using CAE

With latest developments of Simcenter Optistruct, the engineers are getting results of much higher quality, which
enables them to increase the results fidelity.

AI/ML (PhysicsAl) helps the engineers to drastically reduce the development time !
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Thank You

marian.bulla@siemens.com

WWW.SW.siemens.com Open for discussion
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