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STELLANTIS AND DRIVING
SIMULATORS:
WHERE, WHAT, HOW



DRIVING SIMULATORS IN STELLANTIS { STELUANTIS
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THE APPROACH © STELUANTIS

Models in the Loop
Vehicle and Propulsion models development
Control & SW Requirements

Testing Data

Hardware in the Loop Extended Validation
ECU’s integration Customer Data
Real component integration

Driver in the Loop / Real Time
System virtual Validation
Virtual Calibration and Development
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HIL BENCHES L STELUANTIS

Functionalities development
: , and debug
Enhance simulator experience FuSa assessment
Virtual calibration
Simulation higher fidelity Fault injection
Virtual road release
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DAMPER HIL BENCH:
CHARACTERISTICS AND
INTEGRATION



DAMPERS HIL BENCH - CHARACTERISTICS :I STELL/\NTIS

@/I-GRADE S':' Standalone usage Full characterization

Load cell
Real-time integrated with simulator
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component 8
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Driver

inputs

Actuator
motion

Damper ‘

T

Damper speeds and
positions

DELAY

Speed request
(from simulator)

Bench commanded ims | Bench actuated speed
speed
2.4

Input ms

Output

AMPLITUDE ERROR

Speed request

Bench actuated speed
(from simulator)

Validation

v Delay and error depending on the request

v’ 4ms total input/output delay in worst case scenario

v 20mm/s maximum amplitude errorin  worst case scenario
v Delay not perceived by drivers
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DAMPER HIL BENCH:
OBJECTIVE VALIDATION



OBJECTIVE VALIDATION EI

Validation and performance assessment of Damper HiL bench across handling and ride comfort maneuvers

@‘ Comparison between MiL results and HiL results

Open loop maneuvers using VI  -driver on Simulator: more than 20 test cases

Ride Comfort maneuvers:

« Long Waves

- Positive and negative Steps
 Uneven Road

« High Speed Track

Handling maneuvers:
Slow ramp steer
Frequency sweep steer
Straight acceleration
Straight braking
Brake -in-turn
Tip-in-turn
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Damper force

HiL/MiL damper working region
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OBJECTIVE VALIDATION RESULTS © STELUANTIS

Damper force working region - English road

 Damper speed distributions differences due to real damper L —
behavior in HiL testing o f LA o wiL
sl

. 5

 Damper force differences and small delay due to damper £ [ 2
9 © . a

hysteresis ar i 8

 Perceivable variations in pitch, roll and chassis vertical Speed [mm/s]

accelerations

Damper force

Damper position Damper position

FL FR

Vertical acceleration FFT Pitch acceleration FFT Roll acceleration FFT

—HiL
—MiL

Percentage [%]

Percentage [%]

Damper speed Damper speed Frequency Frequency Frequency
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OBJECTIVE VALIDATION RESULTS © STELUANTIS

Roll angle / Ay
* Noticeable difference in roll angle amplitude ,
L Peak value / static value Peak frequency Peak value Delay
within 2 -3Hz frequency range
- [Hz] [deg/g] [s]
- g . Ref Ref Ref Ref
» Corresponding lateral acceleration profile
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DAMPER HIL BENCH:
SUBJECTIVE VALIDATION



SUBJECTIVE DRIVER VALIDATION { STELUANTIS

@ Understand driver subjective evaluation when switching from HilL to

Ride comfort

Axle Movement

Filtering "o sp e Roll

High Speed Track

Pitch - . Pitch
Waves
Axles Movement Impacs Rear
Phasing ’ P
Steps

Filtering Impacts Front

Drivers can recognize and

distinguish MiL from HiL
configurations

Reference (black line) is HiL
Relative marks in SAE scale

English Road
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MiL configuration using same dampers

Handling

Trajectory Steering
consistency effort global

Soft handling

Vehicle

Steering effort
Response -~

_ progressivity

Steering
Roll : On-f:enter
; feeling
Feeling of ----- : .
Rear Support Roll velocity
Sporty handling
Turn-in <" Throttle-on/off
promptness sensitivity
Understeer Stability during
overtaking
,z ------------------------------------------------------------ ~a

! Driver comments - MiL (with respect to reference Hil)
i * Increased perception of rear axle movement

i « Worse filtering

i + Faster response and reduced delays

| T —————

» Higher perceived chassis roll rate

———————————————————————————————————————————————————————————————
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DAMPER HIL BENCH:
TUNING SESSION



Perform damper tuning session on the Simulator with HiL bench and on track with real vehicle (2 configuration

sets)

Test sequence (Simulator & Track)

----------------------------------------------------------------------

DiL with configuration A - driver comments
Dampers change on HiL benches/Vehicle in workshop

DiL with configuration B - driver comments

Final driver report evaluation on relative differences between
Configuration A & B

___________ . Front shock absorber - characterization test
\ . g . 1 :
\
1
H L
L8
: s ——Configuration A| |
1 ': —Configuration B
-
i o
1 £
1 L8
1 o
1
1
1
]
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Damper force

Rear shock absorber - characterization test

[ |— Configuration A

—— Configuration B

Speed
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TUNING SESSION - RIDE COMFORT RESULTS I STELUANTIS

' SIM +HiL / Track g Axte Movement

i Driver marks of configuration B relative to i ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ P,

L configuration A (reference) on both environments i Filtering e S .. Roll

_______________________________________________ ' English Road

/ Driver comments ‘\: High Speed Track

i RIDE COMFORT ;

! i Pitch : // [/ - % i S 0 NN NG Pitch

i Configuration A (Reference) i

i+ Significant front motion and limited rear ] Waves

i involvement i

i+ Substantial pitch perception !

i Configuration B i |

i+ Improved front to rear phasing leading i Ax':‘:’] Movement ¢ Impacs Rear

i to better balance i asing

i * Subjectively pleasant response !

\ + Slightly worse filtering on steps ,/' Steps
Driver confirms same perception on simulator Filtering ................. Impacts Front
andontrack P o
Different amplitude > SIM+HiL emphasize Pitch —e—HiL
dampers contribution, with much more clear —®—Experimental
understanding 18
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SIM +HiL / Track

Driver marks of configuration B relative to
configuration A (reference) on both environments

-----------------------------------------------------------------

[
1
1
1
1
1
1
1
1

-,

Driver comments
HANDLING

Configuration A (Reference) i
* High steering angle demand i
* Excessive understeer perception i
* Poor turn -in response i

Configuration B

* Improved feeling on the rear axle
* Improved turn -in response
Improved front/rear phasing

o

\ °
\

Driver confirms same perception on simulator
and on track
Different amplitude

- SIM+HIiL emphasize
dampers contribution, with much more clear
understanding

7

N e

Vehicle R . R . Steering effort
Response progressivity
Soft handling Steering
Roll : S/ [/ & & el F 0\ v\ G On-.center
"""""""""" feeling
Feeling of ----- ]
Rear Support Roll velocity
Turn-in " Throttle-on/off
promptness sensitivity
............................. Sporty handling
. HiL ...........................

Stablllty during
overtaking

Understeer

—&— Experimental
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TUNING SESSION -TELEMETRY DATA

STELLEANTIS

(T S 3 2
i Configuration B improves handling w hile i g
{_combining pleasant comfortresponse P
. o T T
g-g diagram £ {m M ﬁ' 'ﬂ
£
- [=
1 1 1
\_/ —— Configuration A
—— Configuration B
T T T ' T T
oo E
m
L\ RO R SIAG L ot .. ~—__—
e Configuration A »
Increased vehicle ¢ _Configuration B —!
performance in Distance
combined dynamic ay
Configuration B
RMS of 9%
(+]
Track section under throttle [%] channel
analysis RMS of active o
(+]
brake [% ] channel

20
UNRESTRICTED



TUNING SESSION ~-TELEMETRY DATA $ STELLEANTIS
(T T )
i Configuration B improves perceived ride i
1
i comfort through better front to rear phase !
i alignment E
e e e e e ’
Vertical chassis acceleration FFT Roll acceleration FFT Pitch acceleration FFT
FL FR
< I Configuration A — - - i
% I Configuration B I _gonf!gurat!on A
g onfiguration B
f: I
c
[«V] L
o
[)
o
S
(]
o)
8
[
8
o Frequency Frequency Frequency
o
Damper force Damper force RMS chassis vertical RMS roll RMS pitch
acceleration acceleration acceleration
Reduced damper Increased damper Configuration A REF REF REF
force in rebound compression force Configuration B -259% -329% - 1.2%
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CONCLUSIONS © STELUANTIS

Objective validation

v Completed full damper characterization test

v Checked bench-simulator layout integration and existing closed loop delay

v Completed objective validation in standard comfort and handling driving scenario

.

-~

Subjective driver evaluation

Drivers can clearly identify differences between MiL and HilL in terms of delay due to damper hysteresis and vehicle response
Drivers can successfully identify differences between HiL configurations
Driver comments points in the same direction of experimental test

HiL testing allows to reduce waiting time between consecutive damper test session with respect to experimental testing

HiL testing allows to effectively isolate damper tuning from the rest of vehicle setup

/\\\\\

AN

-
Next steps

** Install top-mount to enhance consistency

J . . .
*%* Introduce active valves electric drives

** Introduce thermal monitoring

.

J
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STELLENANTIS

CONTACT

Andrea Spicuglia
Global Core Simulator Process development and execution responsible — SE/CE Simulators Lead

andrea.spicuglia@ maserati.com

Matteo Eugenio Sacchi
Fellow vehicle dynamics
matteoeugenio.sacchi@ stellantis.com
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