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IDIADA is an engineering partner to the automotive industry
providing complete solutions for product development projects COMPLETE SOLUTIONS
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IDIADA clients for material cards of steels, aluminum, thermoplastics, carbon fiber, rubbers

Toyota

Audi
Lamborghini
Skoda
Nissan
Stellantis
Volvo

TOGG

DE TOMASO

OEMs

— REFERENCES

MATERIAL CARDS

Rehau

SMP automotive
Magna exteriors
THK

Simoldes

SIRO

T1suppliers

ARRIVAL

Z00X

FARADAY FUTURE
EBRO

Startups
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Continuously evolving domain across scopes Metals

o Crash, Stiffness & Strength, NVH, Fatigue ‘ /

Specific requirements and methods for each

material group and scope

Dynamic building blog approach

Thermoplastics
o Coupon > component testing > subassembly

International team (ESP, CZ) Composites
Building one common & modular & solver
Foams, Rubbers,

Adhesives - Spotwelds Fabrics
Bolts - Joining

independent platform for materials



MULTI-MATERIAL LIGHTWEIGHT BODY SOLUTIONS .’E‘Eiléi

MATERIAL CARD PORTFOLIO (@) rumc 5721

Four material cards levels for accurate evaluation of Ultimate

Material Card

part designs at each stage of vehicle development

Advanced
Material Card

Basic
Material Card

Estimated
Materal Card

Definition & concept ) Pre-development ) Series development ) Pre-series & series

phase y 4 phase 4 phase 4 production phase
Initial Bill of Materials (BoM) Test & Verification
* From Applus+ Material Portal ¢ From reduced number of * From coupon test data * From coupon & component test
tests database coupon test data « High-accuracy material card data (prototype testing)
* |IDIADA Material Card « |IDIADA Material Card * Validated component accuracy

enrichment from know-how enrichment from know-how (material & FEA guidelines)



Agplus®

— Testing
Testing
Testing
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WHAT IS THE ADVANCED MATERIAL MODEL e 6/21
Quasi static
Axial crush

Experimental inputs:

Complete Coupon test matrix
Dynamic Axial crush & Quasi-static 3-point bending

Component tests
Ovm

=

3-point bending

Strain
5 o
Gyc > Gyt 5" Courtesy of Faraday Future
w ySh g Drucker_Pra er - Testing ~ Testing
$ _ Oym <Oyt /=~ "7~ g o e
] = Testing gl
v == Ea/E, e PR = oy ;
- CAE 0
Strain S GybC < Gyt
Gybt < Gyt . -
E B Displacement Displacement
" Testng Biaxial Tensioh Uniaxial S‘E;Zr /" Uniaxial Biaxial
Testing . e H Com ress|o &
_Cae Tension =% | / ~Compression - P peq GISSMO
a NN P Failure
— envelope
. SAMP-1 (RBCFAC) Om H
Strain
— — Damage
— Testin - Testin
Testing Testing Onset
g )| |y
L 0 - 0
[-mmp. v
' - Testing
Testing 1
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—CAE

Strain

Strain




ALUMINIUM & STEEL ALLOYS —— Arplus®

IDIADA
INSUFFICIENT PREDICTION OF MISES PLASTICITY MODEL AP

QUASI-STATIC 3-POINT BENDING TEST

Lateral contraction in a tensile test

— Testing
Testing
ASTM E8
— CAE MAT 24 N
g
/-\7_ w
g — Testing 1 \
2 Testing 2 esting
£ Testing 3 Testing 2
2 — CAE MAT 24 Testing 3
w — CAE MAT 24
Strain Strain
/ ASTM E8 coupon test. CAE correlation for MAT 24. Courtesy of Faraday Future

Displacement

QUASI-STATIC 3-POINT BENDING TEST

— Testing
Testing
— CAE SAMP-1

Opv

Force

Displacement

[1] Dominguez, Alejandro & Cruz, Pablo & Martorell, Lluis & Garcia, Adrian & Martin-Santos, Eduardo & Hall, Andrew
& Kelly, Patrick & Syed, llyasuddin & ldiada, Applus & Future, Faraday. (2023). Advanced Plasticity & Fracture for
Structural Car Body Metals in Crashworthiness CAE analysis: SAMP-1 plus GISSMO.



Force

[1] Dominguez, Alejandro & Cruz, Pablo & Martorell, Lluis & Garcia, Adrian & Martin-Santos, Eduardo & Hall, Andrew
& Kelly, Patrick & Syed, llyasuddin & Idiada, Applus & Future, Faraday. (2023). Advanced Plasticity & Fracture for
Structural Car Body Metals in Crashworthiness CAE analysis: SAMP-1 plus GISSMO.
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AXIAL CRUSH IMPACT TESTS
— Testing
Testing
— CAE SAMP-1

Displacement




- Explicit world
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- Implicit + Explicit
W e, ) world
(o—11 1 ABAQUS
TIER 1

- Elasticity

- Plasticity

- Pressure-dependent yeild surface

- Non-quadratic yeild surface
Variable Poisson’s ratio in the plastic regime
Damage Failure (stress state dependent)

- Damage onset (stress-state-dependent)

- Rate dependent behavior



Eng_stress [MPa]
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Comparison tensile test

Comparison 3PB test

05 35000 14 08 - Elasticity
0.45 31500 - - Plasticity
"""""""""""""""""""" 12 2 . Pressure-dependent yeild surface
— exper!ment_average_force 0.4 280001 gt T e Non-quadratic yeild surface
exper!ment_force_m_ax F06 Variable Poisson’s ratio in the plastic regime
— experiment_force_min 0.35 24500 10E Damage Failure (stress state dependent)
== forceEFi.EA i s ; & % Damage onset (stress-state-dependent)
eps_horizon 03 21000 g05— Rate dependent behavior
eps_max - z strain_X_FEA % s § ";‘ P
— eps_horizontal_min Y = — experiment_average_force i =
eps_horizontal_max 0.25 :’.‘. ‘% 17500 _ exper!menz_average _ptol)?t_z 5 0.4 5
— N — experiment_average_str) v >
eps_horizontal_average o _— experiment_average_strY 6 N %
== force_| Elo3
max_plastic_strain
0.15 10500 P = 4 2’
< 02
0.1 7000 E
2 oy *PLASTIC, HARDENING=ISOTROPIC
0.05 3500,
0 0o o
6 8 10 12 14
Eps_vertical [-] Point Z displacement [mm]
[Ereppp— s 0.193 4 Raniin 15 Ikl & Salars Fpivlens s sl Comcid £ STEP 1 (T TINE 0.60000031E+00 , H

1683
080 |
0.160 i |
14000

loaso, o
12000

xtensometer 01
L 43275 min

10.000
0.100 o

8000
tensometer 02 3 0080
X

0.251 mm}

0.060

0,090 .,._,_‘_

0.020

a.007 2

0.670



Eng_stress [MPa]

—— ALUMINIUM & STEEL ALLOYS ——
BENDING PROBLEM

Stress

Comparison tensile test

f — experiment_average_force
~—— experiment_force_max
— experiment_force_min
-- force_FEA
eps_horizontal
eps_max
~—— eps_horizontal_min
eps_horizontal_max
— eps_horizontal_average

Lateral contraction

0.5

0.45

0.4

0.35

0.3

0.25

0.2

0.15

0.1

0.05

Eps_vertical [-]

Eps [-]

Force [N]

35000

31500

28000

24500

21000

17500

14000

10500

7000

3500

*PLASTIC, HARDENING=ISOTROPIC .

Comparison 3PB test

~ strain_Y_FEA
-- strain_X_FEA

— experiment_average_strX
—— experiment_average_strY
== force_FEA

max_plastic_strain

— experiment_average_force
— experiment_average_point_Z

Agplus®
IDIADA

PUBLIC
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Elasticity
Plasticity

Pressure-dependent yeild surface
Non-quadratic yeild surface
Variable Poisson’s ratio in the plastic regime
Damage Failure (stress state dependent)
Damage onset (stress-state-dependent)
Rate dependent behavior

14 0.8
i2, 197
: E 0.6
10 €
e
@05
8 §| =
¢ =
— ©
é. 0.4 a
S nl %
€103
'S
{9
1]
202
0.1
0

Point Z displacement [mm]




Eng_stress [MPa]

Eng_stress [MPa] _

Comparison tensile test

— experiment_average_force
experiment_force_max
experiment_force_min

eps_horizontal_max
— eps_horizontal_average

Eps_vertical [-]

—— ALUMINIUM & STEEL ALLOYS ——

Comparison tensile test

~——— experiment_average_force
—— experiment_force_max

experiment_force_min
- - force_FEA

- - eps_horizontal_FEA
—— eps_max

~—— eps_horizontal_min
- eps_horizontal_max

o8 Stress

—— eps_horizontal_average

Lateral contraction

TRESCA-LIKE YEILD

Comparison 3P8 test £

&

=
Abs point 2 displacement [mm]
5 &
X strain [-]

0.3
o
0.2
2 o1
W o
] 2 . . s 0w on
Point 2 displacemant [mm]
Comparison 3PB test
-
Force improvement
-
z J
g ol
57
et
ol
i
! 5o
! e
| R e
el
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Elasticity
Plasticity
Pressure-dependent yeild surface

- Non-quadratic yeild surface
Variable Poisson’s ratio in the plastic regime
Damage Failure (stress state dependent)

Damage onset (stress-state-dependent)
Rate dependent behavior

*PLASTIC, HARDENING=ISOTROPIC
*POTENTIAL, TYPE=TRESCA
(Hosford)

| Gtresca-shear | = | Omises * cos 30° | )

|6aises |

Lode =1




—— ALUMINIUM & STEEL ALLOYS ——

User defined field, type=specified

TRESCA YEILD

- Can model yeild surface based on e.g. LODE,TRIAX, PRESS

- Works with Standard & Explicit
- Works with shell
- Good performance

- Convergence is not guaranteed, especially in the case of

Abaqus/Standard, and may lead to unstable solutions.

Lode =1

Drucker-Prager
yield surface

Von Mises
yield surface

-0,

“T, LODE
.2, PRESS

PUBLIC

Elasticity
Plasticity

Agplus®
IDIADA

13/21

Pressure-dependent yeild surface

Non-quadratic yeild surface

Variable "Poisson’s ratio” in the

plastic regime

Damage Failure (stress state dependent)
Damage onset (stress-state-dependent)

Rate dependent behavior

*DRUCKER PRAGER, SHEAR CRITERION=linear, DEPENDENCIES=2

, 1=MISES Yeild Surf.(Dilation Ang), temp, (LODE, PRES.

*DRUCKER PRAGER HARDENING, TYPE=COMPRESSION, DEPENDENCIES=2

**TENENSILE_STRESS, STRAIN ,TEMP, LODE , PRESS
*User defined field,type=specified

4

g

Dilation Angle g # O -> non-associative flow rule
“Poisson’s ratio” in the plastic regime

de”

=l

Subsequent Yeilding Surface



True stress [MPa]
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Elasticity
Plasticity

- Pressure-dependent yeild surface

- Non-quadratic yeild surface

- Variable "Poisson’s ratio” in the
plastic regime

Damage Failure (stress state dependent)
Damage onset (stress-state-dependent)
Rate dependent behavior

Flow-curve

*DRUCKER PRAGER, SHEAR CRITERION=linear, DEPENDENCIES=2

, 1=MISES Yeild Surf., temp, (CODE, PRES.

*DRUCKER PRAGER HARDENING, TYPE=COMPRESSION, DEPENDENCIES=2 A
**TENENSILE_STRESS, STRAIN ,TEMP, LODE , PRESS
*User defined field,type=specified

“T, LODE
.2, PRESS

Dilation Angle g # O -> non-associative flow rule
“Poisson’s ratio” in the plastic regime

Sebsequent P g
yielding surface B
-
2 -~
| é . A_?i .
: . : . s i Initial
=i Flow curve - Compression test based; |LODE|=1 2 i yielding surface
=== Flow curve - Tensile test based; |LODE|=1; R
= = Flow curve - Compression test based; |LODE|=0
= % Flow curve - Tensile test based; |LODE|=0 ;!
! ‘ : : : : : ko
L 1 L 1 1 1 1
Hydrostatic stress p

true strain [-]



Eng_stress [MPa]

Eng_stress [MPa]
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Comparison tensile test i

— experiment_average_force

— experiment_force_max
experiment_force_min

-- force_FEA .
eps_horizontal : o
eps_max -

~— eps_horizontal_min -
~ eps_horizontal_max 0.25
— eps_horizontal_average
i e G i 0.2
0.15
F oL Stress -improvement
10.05

0025 005 0075 01 0125 015 0175 02
Eps_vertical [-]

Comparison tensile test

—— experiment_average_force
—— experiment_force_max
—— experiment_force_min
- - force FEA

- eps_horizontal_FEA

eps_max

~— eps_horizontal_min
~— eps_horizontal_max
~—— eps_horizontal_average

Lateral contraction -improvement

20

)

TRESCA YEILD

— experiment average_force

— experiment_average_point_Z

— experiment_average_strX |
experiment_average_strY.

= force_FEA

max_pl

®
Abs point Z displacement [mm]

s o
2 &
XY strain [-]

e
o

Comparison 3PB test

Eps_vertical [-]

3 v
Point Z displacement [mm]

Agrplus
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Elasticity
Plasticity

- Pressure-dependent yeild surface

- Non-quadratic yeild surface

- Variable "Poisson’s ratio” in the
plastic regime

Damage Failure (stress state dependent)
Damage onset (stress-state-dependent)
Rate dependent behavior

*DRUCKER PRAGER, SHEAR CRITERION=linear, DEPENDENCIES=2

*xxFriction Ang., 1=MISES Yeild Surf., Dilation Ang., temp, LODE, CPRESS
*DRUCKER PRAGER HARDENING, TYPE=COMPRESSION, DEPENDENCIES=2
**TENENSILE_STRESS, STRAIN ,TEMP, LODE , CPRESS

*User defined field,type=specified

©1, LODE
2, PRESS
Drucker-Prager
yield surface |
)
Von Mises
yield surface
Sebscquent - -O3

vielding surface -

nitial G
yielding surface | Buescashear | = | Outses vconsr | 5 3

Deviatoric stress 1

Hydrostatic stress p

~
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GISSMO approach ABAQUS

- Hosford-Coulomb damage final failure

. FLD (Shell only)

- : > <77 P P
5 S ; y P ‘/\/\/ <>
el ' o
AN :————H\ses % g s
A Qs SO G ) 2 ~ S 5
’ : i" Gurson < 3 .n-E.T 2 o
: H k] E] = = & 5%
] %sh GISSMO: Failure crjterion g - £ |5 2 g8 g
: : Forming ! . £ 3 f - ~ 8
: GISSMO: Instability criterion ; ) = |5 i g
' -4 \ o ) /3 )
00 — 1 | 3 @: P s £
0.0 02 | 04 06 08 10 5 _/,'/
0./0.

Mineor strain (g;)

Triaxiality



[MPa]

True_Stress

1200 -

1000 |-

800

600

400

200

——ALUMINIUM & STEEL ALLOYS——
INSTABILITY CRITERION

Deviation point

— Experimental_Stress_sirain_Tensile
A_SPC_4mm_NoNecking.odb
m—p_SPC_Gmm_MNoNecking.odb
— Experimental_Stress_strain_R10plane
s R10_SPC_3mm_NoNecking.odb
m— Experimental_Stress_strain_10Hole
e HOLE_SPC_3mm_NoMecking.odb
Experimental_Stress_strain_TP_shear
Shear_SPC_2mm_NoNecking.odb

e Shear R10 |

0 005 01 015 02 025
True_Strain [MPa]

Agplus®
IDIADA

PUBLIC

Elastic + Plastic model vs experiment

Minor Strain

ABQ_INSTABILITY_FLD
Eminor Emajor alfa PEEQ

A -6.00E-02  1.20E-01 -5.00E-01 0.12

Hole |-2.266-02  7.00E-02 -3.23E-01 0.07

R10 |.2556-03  4.00E-02 -6.38E-02 0.04

3.00E-01

* *
. *
2.50E-01
i . i A FLD
£ 2:008-01 . 2 X Experimental
i r'y
= *
» 1.50E-01 .' —— Linearni
o sk .
T * | o “J {Experimental)
2 1.00 0100 -
'
A y=-1.3854x + 0.0373

5.00E-02 ] |

0. 00E+00 t : {
J2,0E-01 -1.0E-01 O0.0E+00 1.0ED1  2.0601  3.0E-01  4.0E-01

17/21



True_Stress [MPa]
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2 CRITERIA DUCTILE FAILURE APPROACH

Deviation point

: : -

m— Experimental_Stress_strain_Tensile ‘*‘s

e A, SPC_Amm_MoNecking.odb o

. mom A_SPC_4mm_Necking.odb ................. ‘.‘.i ..........
A_SPC_emm_NoMecking.odb ~

= = A _SPC_6mm_Mecking.odb v
m— Experimental_Stress_strain_Rl0plane :
e R10_SPC_3mm_NoNecking. odb

= = R10_SPC_3mm_Mecking odb
m—— Eyxperimental_Stress_strain_l0Hole
m—— HOLE_SPC_3mm_NoNecking.odb

= = HOLE_SPC_3mm_Mecking.odb

Experimental_Stress_strain_TP_shear
Shear_SPC_2mm_MNoMecking.odb
Shear_SPC_2mm_Necking.odb

R10

True_Strain [MPal

Agplus®
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*DAMAGE INITIATION, CRITERION=MSLDFLD, DEFINITION=MSFLD
*DAMAGE EVOLUTION

***Soft definition of damage evolution”
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2 CRITERIA DUCTILE FAILURE APPROACH Puse - 18/21
_— N *DAMAGE INITIATION, CRITERION=MSLDFLD, DEFINITION=MSFLD
,/ *DAMAGE EVOLUTION
/ o ***Soft definition of damage evolution”
5 *DAMAGE INITIATION, CRITERION=HC
: *DAMAGE EVOLUTION
= ***hard cut” J ¥
Zx 2 x
>1.0 >1.0
— te=zm s 0.9 0.9
L ‘ |\l 0.8 0.8
Strain [-] ) 0.7 0.7
3mm MESH 0.25mm MESH Test specimen
K 0.6 0.6
= >1.0
0.9 0.4 0.4
0.8
- 0.3 0.3
0:6 0.2 0.2
0.4
0.3 0.1 0.1
0.2
0.1 <0.0 <0.0

<0.0




Strass (MPa)
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|G} Ls-DYNA

Strass (MPa)
Strass (MPa)
Strass (MPa)

Experimental data R10Plane
Le=2mm
Le=4mm

— Experimental data 10Hale
e=2mm

Experimental data TP shear
— Le=21 Le=2mm

Le=3mm

Strain [-] Strain [-] Strain [-]

>
w
>
Yeo)
C
»

JSI5 R10 Plane 10 Hole TP shear

3.4mmmesh* 4mmmesh* 3mm mesh
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- Advanced material models improve model fidelity

- ABAQUS modular phylosophy allows an egivalent modeling performance
- This works for both ABAQUS Standard & Explicit

- We make sure that our models describe reality in a wide spectrum of cases.

- Calibration, validation, and transferring of material models between solvers is both time-consuming
and financially demanding. — Software tools, scripts, metodology are needed.

- IDIADA team is ready to help you in this field
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