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CIMES

Company presentation
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. . CIMNES
Pantograph-catenary interaction

Current collection quality Simulation

OSCAR @

Principes
MATLAB environment RESEAU

Pantograph
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EN 50367 EN 50318

A European railway standard that specifies | A European railway standard that specifies
the technical criteria for ensuring good current | the validation of numerical models used to  _

m collection quality between pantographs and | assess the dynamic interaction between v/
2026 opverhead contact lines. pantographs and overhead contact lines. g 5




Virtual certification in railway industry

CIMES

Research & Innovation program in collaboration with SNCF Réseau
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Variability analysis
with reduced order models
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Task 1: Integrate multiphysics
aspects to obtain high fidelity
models with a strong
predictive accuracy.

Task 2: Automate the
workflow, generate data and
develop ROMs to facilitate
design space exploration and
accelerate simulations.
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Case study



Rolling stock

REGIO 2N

CIMES

The Regio 2N is tamily of a double-deck, dual-voltage electric multiple unit trainsets built for French rail operator

SNCF to serve its regional rail routes (TER, Transilien, and RER).

Multiple Unit configuration dPto Pto 1 Pto 2
Faero=2.6 N | Faero=12.8 N
Pantograph force Eaa e CeEEa

“ s s forees) 1 %@ 79 m Knuckle downstream | Knuckle upstream

Faero=12.8N | Faero=12.8 N
110 m

Knuckle upstream Knuckle upstream

110 m Faero=2.6 N | Faero=2.6 N
Knuckle downstream | Knuckle downstream

nuee v 1a EEEEEE@ME 113 m | Faero=12.8N | Faero=2.6N
upstream gy downstream -] Knuckle upstream | Knuckle downstream

Train speed = 160 km/h (44.444 m/s)
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Catenary

Finite element model
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L Contact wire (CW)

CIMES

Static equilibrium

Static

1500
PK [m]

1000

2000 2500 3000

0 500

Load: gravity + wire tensions
— Result: sag wire (static contact wire height)
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Dynamic simulation

File Feplot Edit View Desktop Window Help

|

M- +R DSl raa et DL

Animation t=0 s )

A

Catenary deformation
(non-visible pantographs)

CONFIGURATION

dPto [m] 113
Faero_Ptol [N] 12.8
Faero_Pto2 [N] 2.6
Fstat_Pto [N] 70
T_CWIN] 11500
T_MW [N] 8500

Contact wire uplift

Sampling: 550 points

Contact force

Sampling: 51 750 points

CIMES
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Data generation
with modeFRONTIER



: : CIMNES
Process integration

Workflow Contact Messenger  Multiple unit  Pantograph Train HPC cluster configuration
wire tension  wire tension configuration static force speed
Z".".'i__j'-"ar h 8 __'.-'Hr f-.-1 I:'_ld Fstat Pto E:-[JEEEI T - i Q
= Bl oud
— = — — = Lé—‘ e If@
Q Q Q o o = . . . GPU
: MATLAB MATLAB PARALLEL SERVER %
- | e = PARALLEL COMPUTING
- w - TOOLBOX Multi-core CPU
OSCAR | Exit

Scheduling3tart [DOE Sequence)
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Run modeFRONTIER

T
|
|
|
|
I ) B - -
| Fe mean Plo1 |
WV v

W
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Uplit Supl max | Fc_sigma_Ptot

Maximum Std deviation Mean
uplift contact force contact force
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Validation

o e, 0 (32/140) | | CI mES
DO E defl N |t|0n Training CPU time: around 1 hour

(108/140) for each simulation

Training dataset Validation dataset
MR id Fstat Pto MWT var CWT var MR_id Fstat Pto MWT _var CWT_var
Multiple unit M i ) E 9 9 9 9 Multiple unit  MR_id
configuration =~~~ configuration
Pantograph Estat Pto - - - Pantograph Fstat_Pto
static force static force
- - - B
@ @ @ 5
Messenger MWT var - - 8 Mes Senger MWT _var
wire tension wire tension : ¢
@ @ @
ContaCt  cyyr yar Contact ST
wire tension wire tension
108 simulations 32 new simulations
m Full factorial Dok Full tactorial DoE with different bounds v/
2026 - no correlation between inputs - no correlation between inputs ° s
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Reduced order models
with nDAI 2026R1



Uplift: ROM creation with nDAI

# Uplift_ Supl m__1 1

% Encodings (1)

DATA

Uplift_Supl_m_
w 1D

f Regressors

f RBF

POD

Error

nD Modeler

ENCODER

16/78 - modes
POD

Compromise between
low training error & risk of overtitting

0.001

0.0001

=)~ validation dataset Train dataset

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76

2026

Modes

ES

View

View

Contact
wire tension

T s

SchedulingStart [DOE Sequence]

Prediction analysis

Uplift_Supl_m_

Relative error

4.00e-2

3.00e-2

2.00e-2

1.00e-2

0 -

-1.00e-2

-2.00e-2

CIMES

nD Predict

Messenger
wire tension

Distance between
pantographs

T_IwW dPto

Pantograph
static force

Aerodynamic
force 2" panto

Aerodynamic
force 1st panto

Fstat_Fto

Faero_Pto?2 Faero_Fto1l

NDPREDICT | Exit

®)c

= [falc ~@

i e L L < Validation design: 79 v H
Compare predicted and validation designs
i 2.34e-2 "
<O prediction actual
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Fast prediction (few seconds)
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Contact wire uplift: Results

Relative error [%]

1.8

CIMES

Uplift Support 1 - All dataset
I I

Uplift Support 1 - All dataset

:

Uplift Support 1 - Design ID = 10

_<ID=1O | — —> ) Relative error = 1.81 %\
Training Validation 60 w RMSE =0.24 mm |
| | ;\
55 | 301 |';Jh || I
_ || ||"| Al
Eau- 20 .'”|| |1|J | |
= E | || H ILII| | |
ﬂg 45 % 10 |I / |r'| | 1l"'1 'II uﬂﬂ
2 : fﬁ [ W .
40 0™ \ IIILI \I |~'|_ || l'"I II'l, / H'ql |
NS It'll [ \ || I,P‘ LA
|/ | V
35 10t \ | _
0 20 40 60 DESign D 80 100 120 140 30 35 40 i DataSEtﬁme] 55 60 65 i 0 2 4 Tlmi [S] 8 10 12
Dataset: max =45.28 mm
ROM: max =45.66 mm (+0.84%)
Max relative Mean relative Min relative
2
CoefR RMSE [mm] error [%] error [%] error [%]
All dataset 0.9987 0.1421 1.8075 0.9670 0.4229
Training 0.9987 0.1365 1.8075 0.9172 0.4229
Validation 0.9982 0.1596 1.3952 1.1348 0.9230 &/
4
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Contact force: ROM creation with nDAI

# Fc Ptol N_ 11

B Encodings (1)

DATA

Fc_Ptol_N_
w 1D

f Regressors

f RBF

POD

nD Modeler

ENCODER

15/96 - modes
PCD

Compromise between
low training error & risk of overtitting

= Validation dataset

Train dataset

0.1
0.01
0.001
° 0.0001
L
0.00001
0.000001
0.0000001 x
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85 89 93
Modes
Murnber of modes Error on valid data fo ] odes Error on train a
15 1.14e-2 9.28e-3

& View

View

Contact

wire tension

T s

SchedulingStart [DOE Sequence]

Prediction analysis
Compare predicted and validation designs

Fc_Ptol_N_

Relative error: 2.04e-2

120
100
so AL ALYV _ LY N
60
40

20

CIMES

nD Predict

Distance between
pantographs

Aerodynamic
force 1st panto

Aerodynamic
force 2" panto

Pantograph
static force

Messenger
wire tension
Fstat_Pto Faero_Pto?2 Faero_Pto

T_IwW dFto

a a a d d

NDPREDICT [ Exit

< Validation design: 39 v ¥

<O prediction actual

0

Fast prediction (few seconds)

] 2256 4512 6768 9024 11280 13536 15792 18048 20304 22560 24816 27072 29328 31584 33840 36096 38352 40608 42864 45120 47376 49632
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Contact force: Results

b — < ID'=134 12: - Relative error = 1.54 % o
14 Training Valigdation 110 [RMSE=1.33 N
Wi
=
U
N 2 “M bL JM " |
; | ‘|
: . W] | |

Fc Pantograph 1 - All dataset
I I

CIMES

Fc Pantograph 1 - All dataset

]
&

L

Fc Pantograph 1 - Design ID = 134

o R Dataset: 0 = 10.:;: ;\Sl]
ROM: 0=9.84 N (-2.39%)
Coetire | RMSEINI | VERITEA | NN | ermor 6l
All dataset 0.9904 0.7498 1.5402 0.9360 0.5593
Training 0.9926 0.6939 1.3092 0.8730 0.5593
UMY  |validation 0.9691 0.9134 1.5402 1.1488 0.8510 &!
2026 y
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Conclusion



. . CIMES
Conclusion & Perspectives

Current status
v' Successful ROM creation with the new module nDAI (nD Modeler + nD Predict).
v Excellent prediction level for contact wire uplift and contact force (max relative error < 2%).

v Reduce calculation times from one hour (OSCAR) to seconds (ROM).

What to do:

» Add more input variables (different catenary geometries, different rolling stocks, train speed, ...)
» Create ROM for more outputs (uplift in different locations, contact force for each pantograph, ...)

» Perform complex stochastic studies (a new opportunity enabled by AI-metamodels)
Exampmle of 500 000 random draws :

m_Pant-ogréph
static force (N)

il ‘H “““H“
64 66 a8
Stalic

- Contact wire Messenger wire
~tension (N)

T T T T T T
. 10000
= tension (N)
T 7000
HHHHH r
6000 — —
= =
g 3
5 5
2 5 2 8000
o o
< o
w [
4000 — -
4000
3000
2000 — B
2000
‘ ‘ - H“
H HHHHHIIIH - o il |||| [ o il [
70 72 74 76 78 21 22 23 24 25 28 27 2.8 29 3 15 18 1.7 1.8 19 2 21 z2 23 24 25
force (M) Contact wire tension (N) ®104 i i 4

© 2026 ESTECO SpA



Let’s discuss
your challenges!

Thank

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