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Process parameter

CRASH is chaotic and material parameter sometimes, too.

But there is a need for a robust response.
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DP600 — Real test results: Material supplier A vs. supplier B
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Material test results: What reality shows mg
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McMaster Carr ABS PN 8586K161 / McMaster Carr ABS PN 8586K161
40 80
35 M | - 70
S I

s 30 | “\W ! W ! ﬂ 60
o _
= 25 & 50
! | | <
& 20 2 40
: n =1 I
£ s \ \ 2 - g 30 |
k= —3 =
2 10 \ 4| 20

5 l > - 10 |

0 - - D 1

0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0 160.0 0.0 200 40.0 60.0 80.0 100.0
Engineering Strain (%) True Strain (%)

https://www.datapointlabs.com/

T 3rhe
2020 carhs.training gmbh A A L A I R Car S.
Empowering Engineers



https://nam02.safelinks.protection.outlook.com/?url=https://www.datapointlabs.com/&data=02|01|bulla@altair.de|797fed1fbcd6494308c708d85a21f5d1|2bae5b570eb848fbba47990259da89d2|0|0|637358449293817984&sdata=%2BSY2VrR3R37AWiEmR7RkgLpmydtgHAAjd%2BZehCiOt/U%3D&reserved=0

automotive

Material test results: What reality shows mg
GRAND

CHALLENGE

ﬁgure‘IvMaendCadM-v]& A i o R A L I A A e L T e A A T A A G A A T A P PP A A A Y N A D Rt s TP L S AT D A P e P A R A L A A R D P P P A A T A S by 0T ST B PPPA I = 12
Import Data Data Preparation Curve Fitting Extrapolation Create Material Card 2
x value y value
;3 0.01 1 Smoothen ; Select Curve -
I 3
v GP:
4n¢ Nomalize Move Add mean 4 LAW36 GPa
Std 5
100% v| 101 - o
2 N 129 tons/mm"3
Voce Ghosh Gsell i s
Curves Auoma:c oo i Polym 034 Poisson
e M@ ol er
S B sbsiract elasic ot Rp02 _ i DPL_ABS_QS_VO1 i
MPa YM visuize Select Necking Point * Ms 050 |
1| Strain Rate
Plot All YM eval = J Workup Curve Ft Combine Create Card X
Main Graph
70+

- Material instability !!! &

ITue Stress

04
Plastic Strain

T 3rhe
2020 carhs.training gmbh A A L A I R Car S.
Empowering Engineers




automotive

Material test results: What reality shows

Figure 1: MaterialCardStudio - v14b
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Simulation results:

Under-estimated material Over-estimated material

All simulations run stable ©
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Resultant failure in transverse direction .
ERE , Force-Displacement curves of all tests
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Thickness perturbation — Nodal wise

/RANDOM

Block Format Keyword
Describes the nodal random noise to check stability of model by introducing random noise on nodal coordinates.

Format

m @ (3) (@) (s) (6) @ (8)

/RANDOM/unit_ID or
/RANDOM/GRNOD/grnd_ID/unit_ID

Xaleg Seed

Usual value for max. random displacement =1 um
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Thickness perturbation — Element wise m
GRAND

If Idistri=2, the normal distribution of the scale factors will have the following probability density function.

/PERTU RB/PART/SH ELL If Idistri=1, the distribution of the scale factors will be random.

Block Format Keyword

This option can be used to study the robustness of a design by generating different thickness values for every shell element in the specified part group. The
random noise scale factors can have either a normal (Gaussian) distribution or random distribution.

Format

(1) 2 (3) (4) (5)
/PERTURB/PART/SHELL/ID
perturb_title
F_Mean Deviation Min_cl

grpart_ID parameter

D decccssssssssssssssssssssnsssnsssnsnnnnnnn
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Thickness perturbation — Part wise (material parameter and thickness)

automotive

CAE

File Edit Applications Help

= B

== " 3 4]
Mew Open Save Close Browsers  Messages
Study View

?% Directory
hd \i Beam Template

v L& Setup
¥ () Definition
@ Define Models
O Define Input Variables
@ Test Models
@ Define Output Responses
v Lgh Stochastic 1
w (/) Definition
o Define Models
@ Define Input Variables
@ Test Models
@ Define Output Responses
O Specifications
0 Evaluate
0 Post-Processing

0 Report

=]
45 Explorer

EE" Bounds

B o -

Fa | w2 | P

Add Input Vari

Active

(SIS SIS

Mode

o

Messages %

rn Modes

dl Distributions 7 Links

able ~ B Remove Input variable

Label Varname Distribution Role
Thickness 1 m_1_varname_1 _‘_ i Random Parameter
Thickness 2 m_1_varname_2 _‘_ i Random Parameter
Thickness 3 m_1_varname_3 _‘_ i Random Parameter
Thickness 4 m_1_varname_4 _‘_ _i Random Parameter

Label
Modified Extensible Lattice Sequence
Latin HyperCube
Hammersley

Simple Random

il
5
=l
il

gﬁ Constraints

Distribution N

Mormal Variance M |p= 0.0010000
Mormal Variance A\ |p= 0.0050000
Mormal Variance J |p= 0.0020000

Varname
Mels
LatinHyperCube
Hammersley

Simple

Mormal Variance A\ |p= 0.0020000 ae

- I

1.00000000000000082-08

pistribution Type: | /A Normal variance

A - Mean [p): |3 DV Initial)

B- Variance (o%): |1.we-:8 [Based on DV Range]

Distribution Properties

S /\
| ;

o x
1 —{f—,uf

e <77

21152

flx)=

Cancel Apply

1.0000000000000008e-08 N/A
was
Distribution Type: AWe\buH |
A-  Shape o) |0.0000000 |
B-  Scale () |0.0000000 |
Distribution Properties
Eles
»
>
x
G o0
Bl X
F =4 et P
o]

Details

Uniformly distribute points minimizing clumps and empty spaces
Uniformly distribute points using regular intervals for each variable

Uniformly distribute points minimizing clumps and empty spaces

Randomly distribute points (: Monte Ca rlo)

2020 carhs.training gmbh

GRAND

— *

1.00000000000000082-08 N/A
as
Distribution Type: [\. Log-Normal - |
A Location: |G.GGDDDDG |
B- Scale (B): [0.0000000 |
Distribution Properties
F(x)
»
i
-
(Inx—m)~
3
f(x) = —=—e >
xsVN2m
Cancel Apply
« Back Next ‘
& L

Empowering Engineers



automotive

Failure perturbation — Integration point wise %
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NEW advanced failure criteria (BiQuad) 1600 Geometry
At least: O fitting parameter needed ! T /N /
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Failure perturbation — Integration point wise
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Failure perturbation — Integration point wise
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Failure perturbation — Integration point wise
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Failure perturbation — Integration point wise: /FAIL/ALTER GRAND

T H M CHALLENGE

TECHNISCHE HOCHSCHULE MITTELHESSEN

Y\Q\?/ X
Reference: C. Alter, S. Kolling, J. Schneider: "An enhanced non—local failure criterion for laminated glass under low velocity impact." International Journal of
Impact Engineering 109: 342-353, 2017.
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Failure perturbation — Integration point wise: /FAIL/ALTER
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TECHNISCHE HOCHSCHULE MITTELHESSEN
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1 O00E+00 L0 h Experiment o4 Experiment
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{ Comparison of measured and computed acceleration.

(RADIOSS simulation results using /FAIL/ALTER + enhancement by C. Brokmann)
Reference: C. Alter, S. Kolling, J. Schneider: "An enhanced non—local failure criterion for laminated glass under low velocity impact." International Journal of

Impact Engineering 109: 342-353, 2017. e —
/\ ALTAIR carhs
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Target: Increase the Robustness — Example #1 HZE
GRAND
=Frontal Impact on Rigid wall CHALLENGE
) TET;anlmD 4243
Model Unit: mm, s, Ton Elom. 2D 1055057
Elem. 3D 2860
Initial Velocity: 12.3 m/s Total Slem, 1062140 )

Total Mass : 1.219 Ton

Random Noise: 1.0 E-6 mm

T =00.00 ms T =80.00 ms

T h
2020 carhs.training gmbh A A L A I R Car S.
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Target: Increase the Robustness — Example #1 HZE
GRAND
CHALLENGE
25 Runs Overall Maximum RigidWall Force
T1Z2UUUUl
Variation:
Random Noise: 1.0 E-6 mm 10000001
Seed variation (0.00 to 0.90) °
© 800000
% Few outlier after 45 ms !
% 600000
£ 400000/
2000004
% 0005 001 0015 002 0025 003 0035 004 0045 005 0055 006 0065 007 0075 0.08

Time [s]

What is the Source of this results Dispersion (in time and space) ?

T rhe
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Target: Increase the Robustness — Example #1

Results:

# Contour Plot
4 Soattgr(SoaIar value)

23.3

Loadcase 1 : Time = (

DR R B

Load model and results:

.040001 [s]
Frame 41

- 0@-e-H N IIs@L LYY e LEF: 000000

What is the Source (in time and space) of this results Dispersion ?

automotive

CAE

¥ Load madel B‘N D'\hnme\bulla\FemZIP\neanhullaﬁDiﬂCraslresu\LZD]2703701\eigengargetﬁ]7D7m\nus\mergeieigengargetﬁEH7BlntDJDD17d7mmusJ\DD1

¥ Loadresults E‘; D.\hUme\buIIa\FemZIP\neDn_bulla_DlﬂCrf_resu\t_2EI12_03_01\elgen_target_81_D_m\nus\merge_elgen_tafget_B1_SIU Wm

Sub frame hits Engine at ~ 40 ms

=» Small variations can lead to big differences in final results

© 2020 carhs.training gmbh

GRAND
CHALLENGE
Contour Plot Loadcase 1 : Time = (.040001 [s]
Soattgr(SoaIar value) Frame 41
i o
o 9 D U? il
I I Overlay
7
Sub frame does NOT hit Engine -
at~ 40 ms
7N S
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Target: Increase the Robustness — Example #2 E!E
GRAND

CHALLENGE
“Physical Variable’”: Thickness of the Front Bumper Cross Beam

Front bumper cross beam

Original Thickness: 1.956 mm
= Increasing the thickness

» +10%: 2.122 mm

» +100% : 3.912 mm

G T
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Target: Increase the Robustness — Example #2 HZE
GRAND

CHALLENGE
Case study NEON_1M sensitivity

Random Noise 1.0E-6 mm

Fa0000
Woriginal_case 4
F30000 x )
# +10% thickness humper case 4
F10000
= [ |
E’ BS0000
Conclusion after 1st run: g
o B70000
L%
. . S
Increasing the thickness of y BeH
1]
the bumper beam leads to £ 530000
%)
¥ 510000
> Increase of the wall force £
590000
570000
550000
9 Sounds Ioglcally 1l 01 0,2 0,3 04 05 0B 07 = ns 1

Variation of the seed noise

T rhe
© 2020 carhs.training gmbh A A L A I R Car S.
Empowering Engineers



automotive

CAE

GRAND

ariginal_case 1

Target: Increase the Robustness — Example #2

Case study NEON_1M sensitivity
Random Noise 1.0E-6 mm

ariginal_case 2

ariginal_case 3

750000 Moriginal_case 4

Wmoriginal_case 5

730000 —-———x———————--———————.-____

Woriginal_case 6

710000 Waoriginal_case ¥
= [ ] ariginal_case 8
. = BS0000 o
Conclusion after 10 runs E / moriginal_case 9
o B70000 - o : ; ariginal_case 10
u .

vncmasi’-ﬂg me myckﬂess @f E EE0000 - | I ! : +1D%th?ckness bumper case 1
th bum er beam Veads m g ' \ +10% thickness bumper case 2
e p "g' E30000 - ra +10% thickness bumper case 3
: 510000 # +10% thickness bumper case 4
> Decmase Ofﬂ‘he W/aW f@me E T - - T - - _7_ - I # +10% thickness bumper case &

590000 ,/

The mean wall force decreqgses # +10% thickness bumper case 7

+10% thickness bumper case 8

# +10% thickness bumper case B

=» Only 1 run leads to wrong conclusion ! s7onoa

S&0000 & +10% thickness burmper case 9
0 01 o2 03 04 05 o0& 07 oa ns 1

Seed noise variation
The model with 10% thickness increase is more sensitive than the base model o +10% rmaan cass

© 2020 carhs.training gmbh A A LT Cdl 1S
Empowering Engineers
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Target: Increase the Robustness — Example #2 HZE
GRAND

CHALLENGE

e - seed 0.0
Case study NEON_1M sensitivity seed (.1

Random Noise 1.0E-6 mm see 0
mseed 0.4
| | I ' W:=eed 0.5
Base quel =] | moeed 05
005 - seed 0.7
' mseed 0.8
Wseed 05
1] n—2 = 10% bumper seed 0.0
* e -l 10% bumper seed 0.1
» * 10% bumper seed 0.2
-0.05 10% bumper seed 0.3
#10% bumper seed_0.4
-0 | #10% bumper seed 0.5
#10% bumper seed 0.6
10% bumper seed 0.7
-015 #10% bumper seed 0.8
Model |\with 10% thickmess |ncrease ® 10% burnper szed 0.9
09 o bumper seed 0.0
' 100% bumper seed_0.1
100% bumper seed_0.2
-0.25 100% bumper seed 0.3
N 4 100% burnper seed 0.4
& 100% bumper seed 0.5
ST a— = A 4100% I:uumEer seed 0.6

0,1

MNorm max contact force wall

100% burnper seed 0.7
025 | Model with-100% thickness increase 4100% bumper sead 08
N 4 100% bumper seed_0.9
W average
-04 # average e+10%

-0,2 -0,15 -0,1 -0,05 0 0,05 0,1 0,15 0,2 0,25 & average_e+100%
Morm max SAE 180 acceleration "brake caliper right"

T rhe
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GRAND

CHALLENGE

automotive
Agenda [

V YV VY

>
>

>
» Conclusion
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Huge simulation models are not an issue, today ! EZ!EGRAND

CHALLENGE

25 million elements model :
Time = 0.0000e+000s

T rhe
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Conclusion mg

GRAND
CRASH is chaotic ! CHALLENGE

Material properties are not always homogeneously distributed within a part.
They have always tolerances.

A DESIGN IS ROBUST IF ITS SENSITIVITY TO SMALL CHANGES IS LOW

e Robustness is more important than optimality. A « good enough » robust solution is
better than a sensitive optimal solution.

e Robustness of design should be a key objective for optimization

e REPEATABILITY is important in the design process (with /PARITH/ON, Radioss delivers
always the same results, when run is started twice)

e Uncertainties (material, geometric tolerances, ... ) must be accounted for

RADIOSS offers predictive material and failure models,
applicable for modeling and considering most of known physical effects.

=>» Anyway, there are still a lot to opportunities for improvements ! Lot of work ahead ! i i

=» We are fully open for participation in research projects and new developments !

=
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A._%m Thank you for your attention ! [

GRAND
E-Mail: bulla@altair.de

CHALLENGE

i B
© 2020 carhs.training gmbh ECBI—'E-'S.
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Open for questions...

Marian Bulla

Phone: +49 (0)221-1577 778-583



