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SDO/MDO universal workflow

« Key challenges
 Workflow architecture

* Industrial usage
Design Space improvement with pyConsole
* Automated reporting
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o

e RSM user interface
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SDO/MDO universal
workflow



Purpose of the initiative

1 modeFrontier optimization workflow for any Stellantis simulation tools.

= Easily adaptable to any solvers
= Relatively easy to use

3D mechanics 3D Fluid Dynamics 01/1D complex systems

&
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TECHNICAL CONSTRAINTS P STELENANTIS
Diversity of optimization problems - B

- MDO (safety / NVH / DSM) — 2 to 20 loadcases
- SDO (aerodynamic, OD/1D, safety)

l Minimize actions to update modeFrontier
Standardize loadcase management

mmmw Data storage —

« Models size 100Mo = 2Go

« Results size 100Mo = 20Go

=) Minimize storage on user computer

oo

The brain

The muscles
- Workflows on HPC (pre / solver / post chaining)

Inputs variables

- ModeFrontier Workflow based on Python

Optimizer
Scalar outputs

-

Pre-processing

Simulation Post-processing \

l‘ MSC Nastran

HPC )

um

2026

- Folder structure and output file standardization (<1Mo)

:]
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GENERIC WORKFLOW P STELENANTIS

Folder structure standardization

~ -~ BRemote
“+" Drive

Invariant files
- *.csv correspondance file

/ MDO - parametrized Ansa file
‘ - HPC mandatory files (includes, postprocessing script...)
‘ ‘ ‘ - HPC job submission template
y 1081 | ol e | JoBN Design files / 1 folder for each Design
- parameters values
o o e k '"F“T/ - HPC submission file
_.- WDHI{-. _.- WDFEK-. — | WORK _.- W{]RK.

- I'DLITFLJT — | OUTPUT, = 'DUTPUT, - _DUTFUT . '
| _ | _ | . \ HPC results files / 1 folder for each Design
Architecture example: MDQO with N simulation jobs - standardized result file

- all other HPC files needed

um F

<

6
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GENERIC WORKFLOW
ModeFrontier workflow

A flexible and generic framework

SchadulingSian [[MOE Sequance

@ .

= Adapt to any number of loadcases thanks to a structured folder setup
= Only Inputs & Outputs/Constraints need to be adjusted for each study
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P3DFBe

PA0TEe

P3_FRI?

FaDuCa

PaADH

P3AIDT
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Create_param_file
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WorkP ath B
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—
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Move_param_fie
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DOE_Sim™ .

=

Test_ WO ESim
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Sub_HPC

Initialization

HPC
submission

WORK folders creation

STELUEANTIS

Cutput
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Read_Output
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.
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=t
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I
Thaorae X _cpf_G

« Ve Y

»

. "
horax_Mag_cdil G

4 .
Pefvis_X_edit G

=
Pabhis_Mag- &G

e« Ve Ve Y Y%

Problam_f —

Ve

Exit238

Outputs loading

OUTPUT folders reading
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GENERIC WORKFLOW L STELENANTIS

ModeFrontier workflow

A flexible and generic framework

= Adaptable to any number of load cases through a structured folder setup
= Only Inputs and Outputs/Constraints need to be adjusted for each study

= Fast updates via Excel copy-paste

« Direct definition of optimization studies with clients using Excel sheets
« Essential for achieving short leadtime (typically 5-50 parameters & 5-500 constraints)

o

Parameters definition

Constraints definition

P3DuSe 1 0.1 3 0.05 Head_X_crit_G Vector_Output[0] Greater than 90
P3DPBe 1 0.1 3 0.05 Head_Mag_crit_G Vector_Output[1] Greaterthan 90
P3DTBe 1 0.1 3 0.05 Thorax_X_crit_G Vector_Output[2] Greaterthan 90
P3_FRI2 1 0.1 3 0.05 Thorax_Mag_crit_G Vector_Output[3] Greaterthan 90
P3DuCa 1 0.1 3 0.05 Pelvis_X_crit_G Vector_Output[4] Greater than 90
P3AiDH 1 0.1 3 0.05 Pelvis_Mag_crit_G Vector_Output[5] Greaterthan 90
P3AIDT 1 0.1 3 0.05 Belt_B3 shoulder_force_crit_ G Vector_Output[6] Greater than 90
Belt_B6_lap_force_crit_G Vector_Output[7] Greater than 90
Problem_time Vector_Output[8] Greater than 129

Haad_X_crit G

P30USe o
e

Head_Mag cnf G~

P3DFBe J _hiag cnl
§ ; e
Thorax % _crif_G #

P3DTBe J k25 O _
) . . 4
Thorax_Mag_cif G #

P3_FRE2 J B
. ‘ - . 4
Petis_¥_edt G #

Pibucs et E T T
- PR . 4
- . ; Pélvis_Mag-cril G #

it J 1 . N . Vector_Output - g
" el . (= ~ Bf-B3—shaulder Torce_cit G #

— ; STl ._ L
J Parametras ' . ' : . Belt -BE tap_force_crit_G 4
Sty . Outp &
T m DOE_S - I Piob o+
| ] B -
ST e

SchedulingStart [DOE Sequance] || Create_param_fila I’11_SJ:':_Pa.'a” Test_DOESim Sub_HPC .7 Test_Qutput Exl'a:1_!3.__r|_:ul_\.-'a s Read_Dutput Exit230
= v o g & v

@ ! ::»E]. - ."é‘ ) & g @ ;;,6 . - o _0 ) PO E:’E::j . :}0
CalculaoraTs ! v T E . 7 E . N
w d w Trans_OutputFile
m m
| 7 =3 =
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WORKFLOW USAGE P STELENANTIS
Optimization Strategy

No use of modeFrontier optimization algorithms in autonomous mode from scratch

d Loadcases with high computation time (crash simulations ~8/36h)
d Very efficient HPC (possibility to have >100 simulations evaluated simultaneously for some solvers)
d ModeFrontier concurrency limited (by Windows stations capabilities + algorithms sometimes)

Initial DOE
definition

Initial DOE
evaluation

RSM
Optimization

RSM Best designs

evaluation

e At least reference
design as starting
point

e 2 steps
e HPC submission only
e Results reading only

e Reference design

e Plackett-Burman
with Fold Over

e Uniform Latin
Hypercube

e 2 steps
e HPC submission only
e Results reading only

m‘ Iterations loops
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WORKFLOW USAGE P STELLEANTIS
6 years feedback

Robust workflow
 No update needed even with solver & HPC evolutions
A People trained to 1 workflow to face all simulations optimizations

Allow to provide various insight to projects
[ 2 types of studies: decrease mass or improve performance

d Parameters/Outputs knowledge: correlation matrix, sensitivity, scatter plot (pareto front), parallel
coordinates, clustering

[ Decision support: evaluate trade-offs

v Coreon etz { 5.1y ERLPTT 5.1 ER_TRAY 5.1 %43 T2 TRAV T PTT.FLT.PTT_FR .PTT_RL TPIT R 7_TRAY.EXT T_TRAV_IT CGTR,CriGH_ DDz ETF D Bat Des CSTR Dec i1 CETRDe. _ 3 X

k|
o |
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Design Space improvement
with pyConsole



PYCONSOLE BENEFITS

Purpose of the initiative

Limitations of the Design Space tool for some of our use case
[ Best suited for advanced users, especially when dealing with large datasets
A Several charts needed to analyze specific outputs, not so easy to navigate
 RSM explore bars useful but not enough customizable

=» Create dedicated GUI

X RSM explore bars - { NVH_Frt_Dem_RBF_0 NVH_Rear_Dem_RBF_0 SAF_FRW_Avg_Front_Sill_drop_RBF_0 SAF_FRW_Dash_Intru_X_RBF_0 SAF_FRW_Dynamic_cr.. — X

Engine_mounts_stiffness  [0.30]

L
TELE U R U R PR LA IR LIS R Y I |
Shock_abs_law [-0.21]
L 4
et B PR L A L B R L P
Sprung_unsprung_inertia_XY@ 20]
4
WA LB ERLAN LA B R B R RLED B
Tire_cornering_stiffness 10.00]
v
LI e R B L B L
Tire_vertical_stiffness [0.19]
L 4
g W RO
Vhi_Mass [100.00]
L 4
LA EUEN SN (LU LB (I U I G L
Wheel_inertia_XYZ [0.15]
\ 4
Vi FUEN SSLA (U (LU UL AL i R R
Eng_Mount_Fail [-0.11]
L
Rl LS UL SSUES S R G IR (R (RLER, LAY
Engine_DashPanel_Dist  [-0.00]
L 4
 Ji O L L A A U AU A S
Engine_Length_X_FRT [-5.44]
L 4
| (650 (AL LIS U LA OB IR (R Ll L |
Engine_Length_X_RR [2.78]
L
R LR [ L I N (U G L
FrontEnd_Engine_Dist [-8.31]

RSM Function Name

58

|

112

7

—

1161768 120.2

§

1

121.52

|

98.4(
5427
24 44|
5.23 =

1.5

95/23.65|58 58

8

11.09
27.

81!‘18 389

29.44

04

0.90

AL WL

13.04

t-38 47174 66

ﬂ

H

139 -0.04

Value

58.69
112.21
-1.75
116.23

} = Automate analysis report

=
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PYCONSOLE BENEFITS P STELENANTIS

Purpose of the initiative

Limitations of the Design Space tool for some of our use case
[ Best suited for advanced users, especially when dealing with large datasets
A Several charts needed to analyze specific outputs, not so easy to navigate
 RSM explore bars useful but not enough customizable = Create dedicated GUI

} = Automate analysis report

Benefits of pyConsole
d Leverage Python’s flexibility while accessing data from the modeFRONTIER environment
 ModeFrontier features currently used with pyConsole
= Table management
- Data retrieval
- Column type identification (input/output/constraint/...)
= Trained RSM
= Sensitivity Analysis table results

um F

<
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AUTOMATED REPORT FOR STOCHASTIC STUDIES P STELENANTIS

Automatic PDF generation: 2 pages per output
d Page 1: Output analysis overview

Performance_Output

Histogram
1 |
: DV Appul Brc D Max . L .
it hart with | Count 192.0 Output statistics:
ISTO2ram chart wWith. mean 15 : .
g;’ desi | St 006 - Min/max/quartiles/...
- min 1. . .
Reference designvalue  —_ 559 T2 / - Reliability
- Unfeasible area S0% L3
0 .
max 1.066
Ref design 1.52
larget <1.6
Reliability 95.31% (183/192)
Sensitivity Analysis
1.0 INPUTS
= BRANCARD.
0.5 1 =t
0.36 = CBX_UPR_L
+! B DOUBLURE1
b I DOUBLURE,
aq:J 0.0 - 2,04 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 e
o . = 003 D01l 001 D01 ~0.00 ~0.00 -0.00 -0.00 -0.00 -0.00 —LoneEnon
X —Jrerey
BN RENFORT A
037 = e
== seis)
_1-0 I 1 1 I 1 1 1 I 1 I ] 1 I 1 I 1 I 1 1 ] 1 I 1 I || =:i:li: iiii
r > < < a I wn — — wd — -l I s I m — < — - — N m e
3 % i' 'EI El % E| 2 5| EI E gn S g 'EI § ! ln_:l ﬂl EI w g g b EI —
s £ 2 o 9 2 3 & & 5 & 3 3 § 5 ¢ & ¢z ¢ 3 2 & 5 & e
® > 5 28 3 k535 353 2z:z3 <858 33¢2°s&
P ¥ & 8 F % w O F o % o & F -~ € v « g g9 )
Inputs

lm Sensitivity:

2026 - Signed SSANOVA from modeFrontier
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AUTOMATED REPORT FOR STOCHASTIC STUDIES <« STEL L /\ N TIS

Automatic PDF generation: 2 pages per output

O Page 1: Output analysis overview
d Page 2: Scatter plots - Output vs. Inputs

Performance_Output Performance_Output Vs Inputs
Histogram
I *0° . e3® } disoce o [) . n o.'.‘ 16 de o < o .. 16 . .0 sel®
: | DV _Appui Brc D Max 4 =2 :I . i - W ¢ HTURITH

| count 192.0 1.4 Si'! "l 1.4 !h!“!!!!!“ 1.4 42 3% 1.4 5 H%p g T 1.4 -3!!l:'!!!"i"3

! mean 15 1 1 L] 1 T 1 1 ] ] I
Std 0.06 1.65 1.70 1.75 2.13 220 2.27 —11950317538155.33 —251.34226.50201.67 1.78 185 192
Eﬂsltl:\/ %zg BRANCARD1 BRANCARD _ BarrierY BarrierZ CBX_LWR_L

0 .

> 0% 1.49
EEY 1.53 1.6 st geen 4o 16 s tiriiste 1.6 oS g0 oot © 1.6 Jegte-2%_goe
EE HHTUIHI (TG RS THHLE
Ref_design T.52 1.4 42e0et deetTRy 14 4 (328 £ 2 1.4 4leet STWR 1.4 132500000 0ut
larget <1.b
Reliability 95.31% (183/197) 1.78 1.85 1.92 095 1.00 1.05 1.09 115 1.21 2.18 230 2.42 1.24 130 1.36

CBX_UPR_L DOUBLUREL DOUBLURE_ LIAISON_B LONGERON1

-’ e e .: i ™ g0
Sensitivity Analysis 1.8 8 il " '; 16 1o § | 5|'-
1.0 " I "! | ! 'l "
’ INPUTS 1.4 s h: ge "o 1.4 1.4 2 el :
I BRANCARDL
o ANCARD 1.23 130 1.37 1.26 130 1.34 1.24 130 1. 36 1.44 150 1.56 0.80 0.85 0.90
0.5 1 o3 —r LONGERON_ RAIDISSEU RENFORT 1 RENFORT_A RENFORT L
3 . CBX_UPR L
+ BN DOUBLUREL
U N DOUBLURE
g 0.04 0.02 0.01__0.00__0.00 0.00 000 000 0.00 0.00_0.00 0.00 LASON S =% - v L s
uq:,) 0.0 ~0.04 -0.03 ~0.01 0.0 -0.01 =000 =000 000 -0.00 =000 ~0.00 - oammont 1.6 iii'i' iii 1.6 -i'h""i II]; 1.6 jghi':;"i'l“'
2 EE?NTSZE& _ 1.4 4°s ll "..3 1.4 Jegreab et 1.4 f3te T H
RENFORT_A T T T T T T
—0.5 7 e et 1.23 1.30 1.37 104 110 1.16 163 170 1.77 1.83 1.90 1.97 2.13 220 2.27
- ziﬁta RENFORT_M RENFORT_P SEMELLE_1 SEMELLE_A SEMELLE_B
- 1 -0 1 T T 1 1 1 1 1 1 1 T 1 1 1 1 1 1 1 T T 1 1 1 1 T = :/E\:LEI::;B
> > < < o | wn — — — — — | — s | foe) — < - - — | N o BN TRAVERSEL = - -
g 8 & S oo 28 0 o B g 22w 2D o2 E oz § o0 = e el 11 3 16 1.6 Jo g ioe aed 16 f =tk
E £ @ £ £ 3 U4 3 4 5 £ 2 3 & £ 5§ 8 85 4 % 8 35 & E S =g !ll*t.“i' "ﬂ'g ohsdfspgettabiilge
o 3] = o] - o w (@] 0N w © 2% ! % o
o0 e e o o | > | = e > = w w w [m] o o o w 1.4 4 ¥ 1.4 + 1.4 473 28,783 200 ¢ 2 1.4 + ik v
£ 22252 z: 335 ¢23:2::: 3386848 ¢
P ¥ g 8 F 2 & & E 8 x5 ¥ E =¥ 8 & 8 3 ) 0.78 0.80 0.82 151 1.60 1.69 171 1.80 1.89 0.95 1.00 1.05 63.01 64.00 64.99
Inputs TABLIER_S TRAVERSE1 TRAVERSE_ TUNNEL_PA VehicleV

4

A4
&

© 2026 ESTECO SpA



c v gtg
R I
... ..

-

GUI INTERFACE FOR RSM EVALUATION ON MULTIPLE OUTPUTS . =STEL L/\N TIS

.
TS0l .
. e W E e

.
o -

From RSM explore bars ...

reduced KPI

12152
M\ww\wy\wl\[u\.\ 9523.65(58 58
98.4

Shock_abs_law [0.21]
[ ] [ ]
jrprgegegagagagg g
...to dedicated GUI interface
Tire_comering_stiffness  [0.00] g g, {523 B
Tire_vertical_stiffness 3) 15] m
R Body_stiffness m—— 0.0
Vhi_Mass [100.00]
e .["‘5] Carbody_inertia_XYZ me— ! -0.07
NN RN RN R R I KPI reduced
Eng_Mount_Fail [0.11] 4
T TR T Engine_mounts_stiffness m— 0.0
Engine_DashPanel_Dist  [-0.00]
Er\gme_Lenglh_.X_FRT L RSM Function Name Value Shock_abs_law s i —0.24 3]
(RO RO R A I I I O 58.69
Engine_Length_X_RR [2.78] 11221
T 175 ling_unsprung_inertia_XYZ 0.3 _
FrontEnd_Engine_Dist [-8.31] 116.23
. . [1-2[ Acceptable
Tire_cornering_stiffness m——— 0.00 2
Tire_vertical_stiffness s———— 0.0
1 .
Vhi_Mass l -67
Wheel_inertia_XYZ 0.0
0 - T T
. . NVH SAF_FRW SAF_ODB i EnergyMgt
S l I d e rS to S et Ant|roll_bar == ————1 0.0 = = VDYN_handlmg VDYN_Comfort gyMg
p aram ete rs / Spring_flexibility mm— 0.0
Va l u e S Vhi_Altitude 12
Eng_Mount_Fail se— 0.0 : ‘ :
W G, e
[ A A R R :
Engine_DashPanel_DiSt se— 0
L = 1
. oy YRR Wi +
Engine_Length_X_FRT 0 . -
b - s
. r TN TR WY 4 -
Engine_Length_X_RR 0 F L . 189
{ - - 1 [nan
FrontEnd_Engine_Dist 0
LoadPath_Collapse_Load se— 0.0
occupant_comp_Strength PRENETE - _

Qutputs
2026 value + KPI é&'
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Conclusion




SUMMARY & NEXT STEPS P STELEANTIS

Summary

Unitorm setup for any MDO application

Leverage the combined power of modeFrontier (the brain) and HPC (the muscles)

Robustness Proven over 6 years, adapting to evolving HPC and software environments

Leverage the combined power of modeFrontier and Python to meet user needs

C

pyCONSOLE .
gutomation Generate synthesis reports for any number of inputs and outputs
Next steps
pyCDN.SDLE \ pyCDN.SDLE

Extend automated reports

© 2026 ESTECO SpA
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https://www.esteco.com/corporate/esteco-copyright-policy
https://www.facebook.com/ESTECO-166776810033909/
https://twitter.com/esteco_mF
https://it.linkedin.com/company/esteco-s-p-a
https://www.youtube.com/user/estecosrlsoftware/featured
https://vimeo.com/channels/1050665
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