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. CIMNES
Company presentation

W DATA ENGINEERING OFFICIAL PARTNERSHIP
) i Process automation, WITH IMPETUS

Impetus Conference — Paris, France

DoE, optimization
& surrogate models

TEST FACILITIES

Valenciennes, France

Integration of
laboratories & testing Distribution & integration
services in France and Belgium

1989 20 10 modeFRONTIER 202 1

1995 2019 2025

IMPETUS INTEGRATION

Simulations for military
land vehicles

CIMES CREATION

Valenciennes, France

Engineering expertise in
numerical simulation

CRASH & SAFETY TEAM

Lyon, France

Automotive, railway &
defense applications
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CIMES
Impetus solver

Impetus Solver is a versatile solution designed to meet the needs of both weapons and protective structures
developers.

At its core, Impetus Solver utilises an explicit Lagrangian Finite Element solver. This powerful foundation is
further enhanced by seamless integration with discrete particle (DP), smoothed particle hydrodynamics (SPH),
and computational fluid dynamics (CFD) modules.

Thanks to GPU acceleration, the Impetus suite can be run efficiently on a regular stand-alone desktop computer.

Graphical User Interface Computational modules

ﬁ | M P ETU S License manager Job manager Editor Templates FE Engine Surface SPH CFD Engine Particles Engine

driving precision

Reports Manuals Pre-processor Post-processor VAA Engine V/L tool

#44%, IMPETUS
¥ 7 MARKET

MARKET Assets Library

HIGH EXPLOSIVES & FRAGMENTATION > TERMINAL BALLISTICS > IED AMD MIME BLAST > SHAFED CHARGE >

Materials Meshes Explosives Projectiles
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Protection of armored vehicles

STANAG 4569

A NATO military standard that defines protection levels for occupants of armored vehicles.

Location

Level-1 Anywhere under the vehicle

Explosive

Hand grenades, unexploded artillery
fragmenting submunitions, and other
small anti personnel explosive devices

Under any wheel or track location

6 kg (explosive mass) Blast AT Mine

Under belly

6 kg (explosive mass) Blast AT Mine

Under any wheel or track location

8 kg (explosive mass) Blast AT Mine

Under belly

8 kg (explosive mass) Blast AT Mine

Under any wheel or track location

Level-4

10 kg (explosive mass) Blast AT Mine

Under belly

10 kg (explosive mass) Blast AT Mine

Engineered target
—

or relevant part of

vehicle lower hull

oo ad
Blast Charge %

CIMES
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Case study



Model description
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History Zoom Rotate Mesh Projection Item Control Files Render Process Other
€ Y WO
Name Id |On |View |Cir Opacity | Size ~
v & Pans
‘ Steel pot 1 @ 100
& Steel plate 1 @ w0
v @ O 100
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Threat
Level 3 +0%
Standoff distance = 0.7m
Scaled distance = 0.35m/kg!/

Target plate
Material: RHA #1

(Roller homogeneous armor)

5 Thickness: 20mm (157kg/m?)

CIMES

Parameters: initial values

Parameters B X
Parameter Expression Value Description

tend 3.0e-3 0.003 Termination time

|dce11 10e-3 0.01 CFD: cell size

| gec_update | 1 CFD: coupling geometry update interval (numbe
level 3 3 Threat level ]
af 1 1 Scale factor applied on charge

| zho_c4 1601 1601 Density of C4

| det_p 0.3 0.3 Top of charge
sod T00*1e-3 0.7 Stand-off distance
mid 11 11 Material 1D of plate
tp 20%1e-3 0.02 Thickness of plate y
1p 1.0 1 Side length of plate

|20 Shsod+ det_p 1 Z-coord of bottom of plate

| ax 20e-3 0.02 Element size of plate

| erode 2 2 Element erosion flag: = 0, 1, 2 or 3 (see object do

| reg 1 1 Fegularized damage accurmulation: = 0 -> Excluc

| I _ref 293.0 293 Reference temperature for thermal expansion [K]

| m_ ot 8 8 Mass of TNT

| hd c4 0.3634040865072634 0.363404086507263  Height-to-diameter ratio of C4 charge

|m_ca Sarn_TMT*%asf*0.84 6.72 Mass of C4 including scale factor

| r_cd (Fom_cd/(Z*pi*%ehd_cd*%erho_cd))"(1/3) 0.1225 Radius of C4 charge

| h c4 Sehd_cd*2*%6r_cd 0.0890340011942795 | Height of C4 charge
Z SYesod/(Fem_THT %) *(1,/3) 0.35 Reduced distance

4

(&7

o
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: . CIMES
Blast simulation

Restart and mapping from fine to coarse grid

| l
Step 1: Detonation Step 2: Blast wave propagation
& initial blast wave formation r oo . r

_ No failure ~
Y . Max Dz: 143.06mm 4 .
3 | Max Vz: 216.74m/s in

Simulation time: 0.1ms Simulation time: 3ms

CPU time: 51min (GPU) CPU time: 4min30s (GPU)

lm Quarter symmetry Quarter symmetry &!
o

2026 CFD cell size: 2.5mm CFD cell size: 10mm
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: CIMNES
Process automation

Workflow Plate material
%% MARKET
Threat Threat Standoff Plate Plate .
level scale factor distance thickness .materlal RHA - Impetus (2018)
level sf sod tp mid
J J J J J Material
SchedulingStart [DOE Sequence] Impetus_Solve lmpetus_!lDOSl

@ ,3 EXIT -3 EXIT @

Z Mass | Dz ! ' Vz Iz Crack |
Min_Mass ___Ma'n_Dz_plus_sod Max Z No_Failure

2 P velocity 3

o g *

Final crack

10
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Data pre-processing



Statistical analysis

. . Failure
Correlation matrix |
No failure
level mid sf sod tp Crack Vz
Threat _ ’ '
level level B g
Plate - 5
material '
Threat s NG
scale factor ' '
g;‘;’;ﬂi‘: sod 0.000 0.000
Plate
, t 0.000 0.000
thickness it
Flnglr;:;ack Crack | 0367 -0.019
VI;/'&(: i%y vz [ 031 0019

Full factorial DoE: 1050 simulations

um

2026 High correlation between crack area and Vz

No correlation between inputs

Design summary

Real & Unfeasible [49.14%]

CIMES

Material RHA #1

Cesigns Jummary

B r=al & Feasible

B Real & Unfeasible
B virtual & Feasible
Evirtual & Unfeasible
M=zl Errer

B virtual Errer

Real & Feasible [50.85%]

Real & Unfeasible [43.81%)]

Nominal stress [MPa]
B @ @

] 8
Nominal strain [%]

Material RHA #2

Cesigns Jummary

B r=al & Feasible

B Real & Unfeasitle
B virtual & Feasible
Evirtual & Unfeasitle
M=zl Errer

B virtual Errer

Real & Feasible [56.19%)]

L ess failure: softer
material grade

J
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. CIMES
Material database

Material RHA #1 Material RHA #2
Critical thickness to ensure no failure Critical thickness to ensure no failure
Threat Standoff distance [m] Threat Standoff distance [m]
level | 05 06 07 08 09 1 11 level | 05 06 07 08 09 1 1.1
2 25 20 20 15 15 15 10 2 20 20 20 15 15 15 10
—30~30 25 20 20 15 15 3_+30—>25 20 20 20 15 15
>30 >30 30 25 20 20 20 >30 >30 30 25 20 20 15

Threat level 3 Threat level 3

Highlighted ID: no failure Highlighted ID: no failure
g Thickness [mm] s Thickness [mm]
E g
8 . ' E e
& 22 S o =
= g < . = .
e o 2 . s . s ® e ‘
w .. ‘" , & ° g I . . D._.: L] = ® g I-:
e : T B § g = - -
v

Standoff distance [mm] Standoff distance [mm] © 2026 ESTECO SpA



L CIMNES
Variability on threat

Threat level 3 +/- 10%
Material RHA #1 Standoff distance 0.7m Material RHA #2

Crack area [mm?] Crack area [mm?]
35000 40 000
30 000 35000
25 000 30 000
25000
20000
Faily 20 000 Fallure
15000 Nofailure No failure 15 000 Nofailure No failure
10 000 10 000 no fa|
5000 5 000
0 ——— — 0 ——— —
10mm 15mm 20mm 25mm 30mm 10mm 15mm 20mm 25mm 30mm
Hlevel3-10% MLevel3-5% Level3d MLevel3+5% MLevel3+10% Hlevel3-10% ®ELevel3-5% Level3 ®Hlevel3d+5% ®ElLevel3+10%
20mm-thick plate: non robust configuration 20mm-thick plate: non robust contiguration
Level 3 -10%: no failure Level 3: no failure
m“ Level 3 -5%: failure Level 3 +5%: failure &!
A
2026 14

© 2026 ESTECO SpA



Accelerate simulation
with Al



CIMNES
Methodology

Step-by-step procedure RSM Tool

. N °
Step 1: Training dataset (~82 hours) _.

SELECT DEFINE CREATE AND Training table:

DoE: Full Factorial (1050 simulations)

TRAINING VALIDATION CONFIGURE RSM DOE_FF_1030_Results
TABLE TABLE MODELS
. ' ' Validation table:
Ste p 2 ° \/a |' I d at I O n d atas et (N 23 h O u rS) Create RSMs and configure the training model for each RSM DOE_ULH_250_Results
DoE: Uniform Latin Hypercube (250 simulations)
Outputs Selected output: Crack SUMMARY

Step 3: RSM creation (~2 minutes) | B Mo B nows

O v level i « Crack
RSM algorithm: Neural Networks ) e e o Neural Networks

- Polynomial SVD

. . Mass _J_Sg _ Stepwise Regression
Step 4: RSM validation (few seconds)
How to trust RSM predictions? (validation tools, performance index) o
Underfitting Appropriate capacity Overfitting e Anisciropic Kniging

+|MNeural Networks

Weights o
Eveluticnary Design
. E <7 /
A4

<

Sl ocesses
ul
e® Output Smecthing Spline AN
O w ¥
e {, %2 2 2
. / . . nputs Advanced
5 Radial Basis Functions
(@ (® x, O——w 1
\ " y=flwx+b
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: : CIMES
RSM - Maximal Z velocity

Training Validation

Max Abs. Error 2.1 Max Rel. Error Max Morm. Ermor 0.3 Max Abs. Emmor 0 Max Rel. Error 52 Max Marm. Error 5
Mean Abs. Error 04 Mean Rel. Error [%] 02 Mean Norm. Error [%] 0.0 Mean Abs. Error 2.3 Mean Rel. Error [3] 1.1 Mean Norm. Error [%] 0.3
Regression 1.0 Error Mean 0.0 Regression 0 Error Mean 0.4
: Excellent RSM quality Good prediction level
- based on training dataset . based on validation dataset
%5: Ere %52 Ere
200 300 A0 E;iSign - 600 700 80O 300 1000 -0 30 60 a0 ';;Sign 5 150 180 210 240
9001 900
B00T 800 1
700] R?=0.99999 e R2=0.99933
600 T 500
& 5007 o = 500 .
or ] alues
n 4007 e = 400 Real
- Virtua T .
3007 e e — Virtua

2
[
[

+4 LELY)
i 1 1 1 1 1 1 Il 1 1 1 I 1 1 1 1 1 1 ]
Ll . y . ! ¥ T T ' . T . ) ! . " . X - el ' ' y ' ' ' ' ' ' ' ' ' y ' ' ' ' 1
y y y y y y y y y y y y y y y y y i
E ¥ ala! SIRR = raral AM = Tl T =Tata O L
L] Fan e LY ) et bt A e TR [PV LT §US UL =L i EEata’ M 2N} A =MW [ it QNN OO}
L= L . et it B TR L bt R R -'I'\_'U

W= ] i 11 b k.
VZ (Impetus) VZ (Impetus)
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. . CIMES
Failure prediction

Failure criteria from Impetus velocity Failure prediction from RSM velocity

I — o

VZ_NMN_0

O T O R 7 B 7 A S o
-l £ W o O 2
50 O =1

tp 20
WZ_MM_0 235
derivative-1.2361E1

PO . . - T T
uuuuu k . 0 12 14 16 18 20 22 24 26 2
Unknown v .
L O e e I I I B |
g Bt A i mid 12 B
. -
[
= f 40 1000 Ty
Rea i . No
100000000 00000000 ] 310 k 315
E\Fi‘.jiﬂ': g 933‘\\‘ : 00
o b Feasible o e i 700 .‘\0\ failure =
- I v 27 70
e e Tl nta Hla N A A A I A I Z e VZNN.D 1293 2 a00 L\\& £ Ser
uNTeEgsinie . =250 derivative-4. 644561 @ e NAE 700 258
! 240
T E ?CS'A.

5 No
m

| e ERrmn e ™
Failure :

Unknowniim |5Tg

— e . . . . . S S . e . e . .

135
| o — 1o
i R 600 0 | Ny .
5 failure T I Failure RSN
L 130 ' 500
| Wvilrtua 500 600 700 800 300 1000 1100 0 12 14 16 18 20 22 24 26 28 30
= sod tp
P Y .y 1
000 | () Feasible
| = 2.3518E2
I ) L e Input Names Input Values Derivative
.II'-._"l Err:_r level 3.0000E0 -1.6473E7
| mid 1.1000E1 -1.1120E2
| sf 1.0000ED 46912E2
sod 7.0000E2 -4 8AASE-T
| tp 2 0DDOET -12361F1
(! E Faa! I mi ! e A ENd I:. (] _ ﬁﬁﬁﬁﬁﬁﬁ
(%] (¥R Euu Euu S Sl e SR Euu i Status

!
Li &

90% good predictions (221/250)
10% no prediction (29/250)

um v 0% bad prediction (0/250)
2026

Good prediction = Bad prediction No prediction

18
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Conclusion



CIMES
PoC — Current status

Step 1: Accurate numerical model

— IMPETUS solver has demonstrated its good performances for blast simulations with advanced coupling
between finite elements and CFD domain.

Step 2: Process automation & data generation

- modeFRONTIER offers to CAE engineers a user-friendly platform to automate complex workflows which avoid
repetitive manual tasks.

Step 3: Data pre-processing

— A lot of charts are available to pre-processing data and highlight valuable information.

Step 4: Surrogate models

— RSM tool is a convenient way to produce simple surrogate models, but sometimes the prediction capability is
not at the expected level.

2026 =
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, CIMES
Perspectives

To go further

— Reduce number of simulations of the training dataset to be applied this method in industrial applications.
— Create metamodels for other outputs (displacement, crack area).
— Integrate physical test data to increase confidence level and also integrate variability.

— Use the new module nDAI from ESTECO for metamodel creation. It allows to produce Reduced Order Model
(ROM) which attempts to model scalar (OD variable) but also signal (1D variable).

I) nDAI
aaaaaaaaaa diction errors
Import data
m = = = = =
ML architec / sign pred
ROM
CNN o, g o ;
Mool o ) S
KRB
LBy : l
Jg
&
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Let’s discuss
your challenges!

Thank

y0u O 0327416271
C I m E S @ christopher.george@cimesfrance.fr

@ www.cimesfrance.com

esteco.com
fHingo
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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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