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Advanced Ride Comfort Development on the Driving Simulator
- Ride & Comfort Evaluation with Parametric models

- Replay of Pre-recorded data from Multibody Offline Simulation

- Multibody RealTime Simulation for High Fidelity evaluations
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IDIADA Driving Simulator lab

VI-grade DiIM250 & Compact

The best setting for Driving Simulator development projects
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IDIADA Overview IDIADA
IDIADA Driving Simulators

Proving ground

Turn-key modadel build and validation
Active systems integration

Chassis testing [KEC, Full vehicle, etc)
ADAS testing & developrment

CAV scenarios generation

XIL support
Human Factor

Real Time simulation
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IDIADA Virtual Proving Ground
Integration of Physical & Virtual Proving Ground
* Immediate correlation with reality
* Fast learning process for drivers
« Validation of models and cueing parameters
*  “Does it feel like the real vehicle?”
 "Hybrid” scenarios
 Combination of physical and virtual testing

* Logistic of testing and engineering teams
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IDIADA Virtual Proving Ground

General Road (Track #0)

Dry Handling (Track #5)

Ride comfort A (Track #3)
Ride comfort B (Track #7)
IDIADA Ride (Tracks #3 & #7)

La Juncosa

www.vi-grade.com/en/solutions/graphic_scenarios/




Leading Edge Applications for Ride & Comfort Evaluation
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dvanced Ride Comfort Development on the Driving Simulato
Ride & Comfort Evaluation with Parametric models
Replay of Pre-recorded data from Multibody Offline Simulation
Multibody RealTime Simulation for High Fidelity evaluations
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Advanced Ride Comfort on the Driving Simulator

The essence of vehicle dynamics
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The essence of vehicle dynamics

Steering

[Conﬁbrt] Handling

Stability
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What is required to develop ride comfort on a driving simulator?

4 N [ N N [ N\
Motion Platform Tyre model Vehicle model Digital road model

Need for Accurate Need for realistic Need for validated Need for accurate
motion in all relevant interaction with road model in ride comfort model of existing
directions and in wide surface (enveloping scenarios road inputs

range of frequency and frequency resp) (reference)

- O\l N\ N\ J
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What is required to develop ride comfort on a driving simulator?

Motion Platform

- Requirements related with the motion platform
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Motion platform validation: methodology

-----------------------------------------------
*

. . : Simulator with
[ Pre-Recorded Data } >{ Motion Cueing } - >( :
: L Intrumentation
Specific replay
procedure
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What is required to develop ride comfort on a driving simulator

Tyre model

- Requirements related with the tyre model
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MF-Tyre Vs FTire (positive step)

) Accvs Time ; Acc vs Time « Better correlation with
reality in longitudinal

20

( - accelerations

o

e Some difference also in
vertical dynamics

-20

5
Wheel Acc RL Z [m/s2]

40 |

FTIRE 60
M

Wheel Acc RL X [m/s2]

N
o
T

1wl | » Physical tyre model is
— 1 - : the preferred choice
e o for ride comfort
evaluation

PUBLIC



Advanced Ride Comfort on the Driving Simulator m

Tyre modelling and validation at IDIADA (MF-Tyre and FTire)

N 2
J Validation for DS use
, — ~ (stability, RT capability, ...)
Model fitting > N J
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What is required to develop ride comfort on a driving simulator

Vehicle model

- Vehicle model options
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Vehicle modelling strategies

N\

Vehicle model
- Parametric

Tyre model
- Magic Formula

Solver
- 0On-line

Advanced Ride Comfort on the Driving Simulator

A
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IDIADA

\

Vehicle model
- Parametric

Tyre model
- FTire

Solver
- On-line

Vehicle model
- Full-MBS

Tyre model
- FTire

Solver
- Off-line

Vehicle model
- RealTime MBS

Tyre model
- FTire

Solver
- On-line
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Vehicle modelling strategies

N\

Vehicle model
- Parametric

Tyre model
- FTire

Solver
- On-line

Ride Comfort evaluation with parametric models

v
v

Easier to integrate and less computing demanding

Integration of a physical tyre model such as FTire improves significantly the
subjective perception

Vi-CarRealTime offers the possibility to partially close the gap with
additional modelling features (longitudinal DOF, engine suspension)

Possibility to run set-up changes live for some components

Lower fidelity in comparison with a Full MBS model, especially in longitudinal
dynamics and high-frequency domain

Set-up changes difficult for some parameters [e.qg. bushings require model
export)
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Vehicle modelling strategies

Implementation of scaling factors through Simulink for main tuning
parameters.

— Facilitate subjective evaluation

- Speed-up decision making

4 B
Arplus® .
A LiveSetUpChenges (L Vrcanmanrve

ARB Gains
Front 1.00 L z h
| Rear  1.00 L) @

Vehicle model
- Parametric

Damper Gains

|
Tyre model
- FTire Front 1.00 -
[ Rear 1.00 0 |
Solver Spring Gains -
- On-line Front 1-90 - E E
S ) ‘Rear  1.00 > |
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Vehicle modelling strategies

\

Vehicle model

- Full-MBS

Tyre model
- FTire

Solver
- Off-line

>

~N

Replay of pre-recorded data from Multibody Offline Simulation

v’ Highest Fidelity from Complex Multibody Model [including flexible bodies)

X Post and Pre-processing of data required
X Long time to run set-up changes

X No possibility to “drive” the simulator
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Vehicle modelling strategies

S

Vehicle model
- Full-MBS

Tyre model
- FTire

Solver
- Off-line

[ Pre-Recorded Data

A (C]
IDIADA

Data from Virtual
Sensor (no
differentiation /
integration)

Simulator

Specific Motion
Cueing settings
(as close as possible
to 1:1)

PUBLIC

Target on platform
to be the same
reference point (no
transformations)
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Vehicle modelling strategies

Vehicle model
- RealTime MBS

Tyre model
- FTire

Solver
- 0On-line

\

Multibody RealTime simulation for High Fidelity driving evaluations

v

ANERNERN

x x

High Fidelity from Multibody Model RealTime (DoF reduction)
Set-up changes can be done quickly at component level for any component
Possibility to run set-up changes live

Allows to drive the simulator [ride and handling on the same model)

Requires RT capable MBS mode/

Requires extra computing power

...Is It possible?
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Multibody RealTime simulation for High Fidelity driving evaluations

Objective - Implementation of a technology demonstrator

4 N
VI-grade DiM250

"\\
@w-GRADE
N

J

FTire

cosin
scientific software

J

/

Multi-Body model

N

IDIADA PG
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Multibody RealTime simulation for High Fidelity driving evaluations

Step 1 - Integration of Simpack model on RealTime machine to work with VI-Grade
environment system.

4 N 4 . N

oncurrent @SIMULATION meme DiM 250
EAL-TINME WORKBENCH
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Advanced Ride Comfort on the Driving Simulator IDIADA
Multibody RealTime simulation for High Fidelity driving evaluations

Step 2 — Real Time model validation running on DiM250.

Measurement Simulation
U-shape impacts
o = . i\ f\\ A0\ Pen _ U1 uz U3 U4 us
< \/ v YA Y " ol ol e sl T
5 la J0m
: '

s s y8a88 38

PUBLIC



A (C]

Advanced Ride Comfort on the Driving Simulator IDIADA

Multibody RealTime simulation for High Fidelity driving evaluations

Step 3 — Subjective back to back comparison in IDIADA proving ground

A

U-shape impacts

Badly Maintained Road

v
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Multibody RealTime simulation for High Fidelity driving evaluations

Simpack RT model is valid for ride comfort evaluation:
* Acceleration Z is well correlated up to 25 Hz

« Acceleration X is correlated well up to 20 Hz (Expected due to lack of Flex.
bodies]

* Pitch Acceleration is well correlated up to 20 Hz

Subjective against real vehicle:

* Very accurate and realistic feeling for Primary and Secondary Ride
* Appreciation of Impacts and After-shake
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Conclusions

A (C]
IDIADA

IDIADA has worked on a complete and unique set of solutions for ride comfort development
on their VI-grade DiM250 simulator.

4 N
%/Iotion Platform

DiM250 provides best-
in-class motion fidelity
for primary and
secondary ride.

/
/ Tyre model

-

Experience in
generation, integration
and validation of
physical models (FTire)

\

4 I
/Vehicle model

Wide variety of
solutions, including full
scale MBS

4 N
/Digital road model

Synergy of digital and
physical tracks
provides reliable

reference for advanced

ride validation

- J
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Next steps
« Extend MBS RT simulation to further SW packages (MSC ADAMS RT)
e Consider further tyre models (depending on market request)

* Improve cockpit attachment for longitudinal dynamics
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Thank you very much for your attention
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T+322719 02 45 (Brussels)
e-mail:idiada_belgium@idiada.com

Applus IDIADA Brazil

T +5511 4330 9880 (Sao0 Paulo)
T +55 31 3591 6832 (Betim)

T +55 41 3373 0411 (Curitiba)

T +5515 3205 2952 (Tatui)

e-mail: idiada_brasil@idiada.com

Applus IDIADA China

T +86 (21) 6210 0894 (Shanghai)

T +86 10 8446 3317 (Bejjing)

T +86 431 8190 9680 (Changchun)

T +86 23 6756 8060 (Chongging)

T +86 20 2282 9202 (Guangzhou)

T +86 (772) 3166 619 (Liuzhou)

T +86 (772) 0532 66019017 (Qingdaa)
T +86 (755) 29184532 (Shenzhen)

T +86 0535 8933658 (Zhaoyuan)

e-mail:idiada_china@idiada.com

Applus IDIADA Czech Republic

T +420778 430 095 (Brno)

T +420 493 654 811 (Hradec Krélové)
T +420 482 424 243 (Liberec)

T +420 326 736 860 (Mladé Boleslav)

e-mail:info@idiada.cz
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Applus IDIADA France
T +33(0) 141 146 085 (Paris)
e-mail:idiada_france@idiada.com

Applus IDIADA Germany
T +49(0) 841 88538-0 (Ingolstadt)

T +49(0) 69 97503116 (Frankfurt)

T +49(0) 89 309056-0 (Munich)

T +49(0) 711 67400108 (Stuttgart)

T +49(0) 5374 920606-0 (Wolfsburg)

e-mail:idiada_germany@idiada.com

Applus IDIADA India

T +91994 0679 933 (Chennai)
T +91124 4028 888 (New Delhi)
T +9120 6605 6800 (Pune)

e-mail:idiada_india@idiada.com

Applus IDIADA Indonesia
T +62212939 1143 (Jakarta)
e-mail: idiada_indonesia@idiada.com

Applus IDIADA Iran
T +98 21 26650719 (Tehran)
e-mail:idiada_iran@idiada.com

Applus IDIADA
Headquarters and Main Technical Centre
L’Albornar — PO Box 20

E-43710 Santa Oliva (Tarragona) Spain

T +34 977 166 000 F +34 977 166 007
e-mail: idiada@idiada.com

www.idiada.com

Applus IDIADA Italy
T +39 011 016 0205 (Turin / Maranellio)
e-mail:idiada_italia@idiada.com

Applus IDIADA Japan

T +81(0) 42 512 8982 (Tokyo)
T +81(0) 56 464 3463 (Aichi)

e-mail:idiada_japan@idiada.com

Applus IDIADA Malaysia

T +603 92077018 (Kuala Lumpur)
T +60124107686 (Penang)

e-mail: idiada_malaysia@idiada.com

Applus IDIADA Mexico
T +52(1) 222 170 6722 (Puebla)
e-mail:idiada_mexico@idiada.com

Applus IDIADA Poland
T +48 616226 905 (Poznan)
e-mail: idiada_polska@idiada.com

Applus IDIADA Russia

T +7(831) 297 94 32 (Nizhny Novgorod)
T +7(831) 261 37 06 (Togliatti)

e-mail: idiada_russia@idiada.com

Applus IDIADA Saudi Arabia
T +966 53 4147 301 (Riyadh)
e-mail:idiada_GCC@idiada.com

Applus IDIADA Scandinavia
T +46(0) 31 320 1844 (Gothenburg)
e-mail:idiada_scandinavia@idiada.com

Applus IDIADA South Africa
T +27 83 450 8925 (Pretoria)
e-mail: idiada_southafrica@idiada.com

Applus IDIADA South Korea
T +8231 478 1821 (Seoul)
e-mail:idiada@idiada.co kr

Applus IDIADA Spain

T +34 977166 000 (Santa Oliva)
T +34 928 587 447 (Las Palmas)
T +34 915 095 795 (Madrid)

T +34 950 473 256 (Mqjécar)

T +34 868 912 179 (Murcia)

T +34 948 292 921 (Pamplona)
T +34 986 900 300 (Vigo)

e-mail: idiada@idiada.com

Applus IDIADA Taiwan
T +886 47 810702 (Lukang)
e-mail:idiada_taiwan@idiada.com

Applus IDIADA Thailand
T +66 86 7917 071 (Bangkok)
e-mail:idiada_thailand@idiada.com

Applus IDIADA Turkey
T +90 216 250 6050 (Istanbul)
e-mail:idiada_turkey@idiada.com

Applus IDIADA UK

T +44 1223 441 434 (Cambridge)
T +44 2476 328 083 (Nuneaton)
e-mail:idiada_uk@idiada.com

Applus IDIADA USA
T +1248 978 0111 (Detroit)
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