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From PSA In-house

= Main improvements versus in house code :
v~ Overall C code optimization for real time

All
capablllty i ySources, Sensars
v" Higher mechanical fidelity for Multibody dynamics S CEDC

(accelerations & gyroscopic effects, kinematics,

Lagrange multiplier)

Bushing compliance formulations and modul
Tire kinematics, formulations and modularity
Sources for individual elementary tests
Sensor models

Data Import / Export (FDV)

NENANENENEN
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Misc : aero, jacking effect, viscoelastic models ... . = =

= 10 years of knowledge and capitalization at PSA
using AMESim in house application

= PSA wishes a standard software solution, sharing
capability with suppliers and potentially with other
OEMs

= A software dedicated to functional design of the
vehicle
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Vehicle Dynamics Modeling with a component approach and several

-
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complexity level for each component : AMESim Philosophy

FMESm 3D engine model with
--*E'%JSignaL Control and Observers @ mounts

B £ Mecharical i Seurces & Sensor

-- :—;,_’:‘é_"'"-.-"e}'uic:le Dynamics

- 1 Pawertrain Chassis model &

i 43 Hydvaic Component 7 = " °

-- E Hydraulic Component Design
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H-4D Prieurnatic ME

--ﬁF’neumatic Cornponent Desi I 0 %‘ n
5" lana Mecharica PG R SR -
- 2 Themnal

| Themal Hyehaulic Compons » @=1 Simplified Chassis model
--.'ﬁ.Thermal Prieumatic

-- - Thermal Hydraulic ) @ =5 L R :

- Themal Hydraulic Resistan - 44:,{ oy " T ﬁ;“"‘" b
--;ﬁElectrD Mechanical iw’ !_'-"11 Ve l‘

--ﬂ-“_%ﬂEIectric Motors and Drives N ‘: " " ‘:‘ e :

-- %Electrical Bazics 'J ]H_'J.'_HI

[+~ ¢ Discrete Partitioning &, b

- g Filing bt

[+ Coaling System AAAA
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Vehicle Dyna

Vehicle Dynamics Reference tool

» Ride and Handling simulation :
* Road inputs sensibility
= Wind sensitivity / Aerodynamics
= Stability (Lane change, Braking in curves, ...)
= Comfort (low frequency analysis)
= For:
= Vehicle Dynamics Global Synthesis
= Specification / Validation (Masses, Axle ,...)
= Competitor analysis
= During :
= Car Development Projects
= Preliminary Projects
= Research Project / Pilot Studies

Reference models examples

& Full vehicle :
= Global Analysis (all open-loop / closed loop maneuvers)
= Sensitivity to lateral wind

& Kinematics & Compliance test bench « K & C »
% Flat-Track test bench
% Comfort test bench

5 copyright PSA Peugeot Citroén - 2009 PSA PEUGEOT CITROEN l




Conclusions
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= Full vehicle modeling (including Multibody chassis model with
15 DOF, compliance, modular tire models, advanced
suspension modeling).

= Open / closed loop for longitudinal and/or lateral driver inputs
= Sensors models facility (control loop & post processing)

= All Sources can be provided with AMESim Standard signal
library

= Open to model extension with other Imagine.Lab AMESIm
libraries (part and component elements — Hydraulic, Electric,

Powertrain,...) :
ROl ST

AMESIm

= Tire modular modeling (kinematics, belt, slip, stiffness):
= linear / non linear / viscoelastic vertical stiffness
= Relaxation length and scale factor even with Pacejka 92
formulae
= Van Der Jagt effect for car park maneuvers
= External solicitations :
= Lateral force (closed loop) or side slip (open loop)

_;’;",fg = Longitudinal force (closed loop) or longi. slip (open loop)
i Ll = Vertical force
P = Camber angle
Y i3 = Steering angle / steering velocity
= ' = Adherence (constant, variable)
- = Sensors models facility (control loop & post processing)
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Analysis and Porting PS/

Comfort test bench

= Advanced suspension modeling for comfort (damper masses,| .
viscoelastic models for bushings, dry friction model with
stick/slip phenomena, suspension ratio, non linear stiffnesses
and damping law)

= Using tire modularity with excitation sources (All Sources can
be provided with AMESim Standard signal library)

= Sensors models facility

= Frequency analysis capabilities with standard transferometer
models (response of non linear mechanical systems)

transferometer

5
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Kinematics & Compliance bench

= Carbody Fixed to the ground

= Functional modeling for excitation jack

= Controlled loop for suspension stroke

= Excitation Jack fixed to the spindle, allowing input forces at
= Wheel Center
= Base of wheel
= Base of wheel with offset, taking into account the
caster offset effect

= Input forces in all usual frame (Galilean, carbody, spindle,...)

= Sensors models facility

= All Source can be provided with AMESim Standard signal
library
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Validation example of PSA Sy

\alidation scheme

= Validation scheme Referential Definition: : Model camparisen

= Validation on 3 maneuvers :
= Steady state cornering (measurement at 0,3 g and

Zoq POSsItiON VS. Ay

0’7 ‘:ﬁ wsswj_?l;?i::: :Z:TDSRP:Z::E': nZ - ads [c Pour Ay = -3mlfsis _
o o5 - SR
’ e T -
» Step steer 0,8 g 15 D\‘?““’}’* XV
. 06640 & SMASH 0.671214 m
= Measurement variables : GBI CONCNE w=v  .15
= Steady state cornering : Tire motor (F,, F,, F,, M,), Roll. Pitch. Yaw Velocit A _ S
Z.., Yaw & Roll velocity, steering rack position, of, Fiteh, Yaw veloct 'esf' 3y " Tire motor & side slip vs. Ay
. —— VOSSEUVA 1 Caboc ol Vlsiy kgl ] Ay = -Sakiy .
Force on Steerlng rack. - 2.ccees CARFENITESSE DE AOULISbudl | v ] 0260105 gegs Eé (\ b e
H o N IR g
= Step steer : yaw and roll velocity overshoots (max i \ | e | B
value and phase) ~_ r‘ T R —— e W
an T — SMASH | -0 0M70E degis i
= Referential definition (starting point) : Differences less than
. " . . :
:re]glsjldlﬁggel with all PSA modeling assumption 0.05% on all observed
= Definiton of a model architecture where both : \ > it Va”ables
modeling (former in-house code and new VD N e S O | ey v L
implementation) lead “exactly” to the same results e — :( Bt
(differences less than 0.05% on all observed . o [ i e
variables) . Dl e e
= In this reference case, 60 operating points are ul T e R e e . *',g;;;",,l
evaluated i3 b e a v“:‘x:u:l:cj..::agh:ﬂuwnum Ecart Lam4% ;u 70 g8 an ';mm%‘% ‘-:u _.I‘.?hm:dm ‘o | Eewt 19035
"ﬂ oS8 ) ) } N e . e
o = Force on steering rack vs. Ay = Steering rack position vs. Ay
g - TN 0.005 1_ Pour A4y = -3mfsfs
M | o 1% 024 1 oo 2DV [ -3607168 mm
wo B i Bem| g | |l T e
. et - [CTE re——— X T T . 00204 {2 ----- CARFDV-1 Captewr ’ our &y = - mis/s
ﬁ B B e e ! e | | s S D0
g & & B e e e ey ey —
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Modeling imprevements
Quantification of the differences

Example # 1 : Multibody model

Modeling Improvements : s

= Axle Kinematics formulation

= Accelerations & Gyroscopic effects l
= Interpolation algorithm

Only this improvement is considered here

Steady state cornering

RGP i 3 minis Ecarts [%) RGP & 7 mishs Ecarts (%)

[FPsip (ossn o0 Lacol) 43t lPsip (vBessh 06 Lace])
TPhip (viesss 08 Rows) .75 [ (vassse de Reuis
¥ (posiiion eremalere] 3% ETE T CTeTaTETe

4635
1.2 % {dcari abs ge 54 Gegi)

— Neglected at 0.3g

carl aby de i

T REET Impact at 0.7g (average
(it abs de 15N}

semssi— > of 1%, i.e. 20N on tire Fy

T (Fcar abs dn

P st and 10on F

2l ===

steering)

1% Surtension ala
mise en virage

Ecarts (%)

ECHA.1
| Psip rilesse de Laset | 0.048% | Ay | 0.057% | Pep | Aucun |

Phip vitesse de Rouls) | 0.062% |
‘ No significant impact

Step steer 0,8 g

1% Surtension a la

mise envirage Ecarts (%)
ECH 4.2
| Paip (vitesse de Laceh | 0.063% | Ay | 0.26 % Peip_ | Aucun |
[

Phip flesse de Rodlis) | 0.065% |
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Example # 2 : Tire kinematics

Modeling Improvements :

= Side slip computation

= Longi. slip computation

= Tire motor formulation at wheel center

Only this improvement is considered here

Steady state cornering

RGP a3misis Ecarts (%) RGP & 7 misis Ecarts (%)

Psip fvitesse de Lacet) 2.57° 4% Psip fvitesse de Lacet) 016 %

Phip vitesse de Roulis) 95244 % Phip vitesse de Roulis) .288

W {position crémaillere) 1.6%-3 % N {position cremaillere) .062 %

Fyn (effort sur crérailere) 0.0211% Fyn (effort sur créraillere) 255 b
| Zedg RO 7.6554 % Zrdo RO 954 %
| Fy pneu AVG 3283 % Fy pneu AVG 011 %
| Fy pneu AVD 8.2°-4 % Fy pneu AvD 034 %

Fy pneu ARG 3.203% Fypneu ARG 012% |
Fy pneu ARD _
i No significant impact -
Fz pneu ARD -3 Y FZ pneu ARL. v |
Mz pneu AVG T.1%-3 % Mz pneu AVG 0.056 %

Mz pneu AVD 8.9%-3 % Mz pneu AVD 0.2%

Mz pneu ARG 5.6%3 % Mz pneu ARG 0.054 %

Mz pney ARD 0.013 % Mz pneu ARD 0.26 %

Step steer 0,5 g

Impact on roll
velocity
overshoot : 4%

Step steer 0,8 g

Impact on yaw velocity
overshoot : 1%
and phase shift : 0.01 sec

Bl
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Validation examg

Modeling imprevements

Quantification of the differences Example # 4 : All modifications

- Coupling all the effects

Example # 3 : Axle Compliance
Including previous modifications

Modeling Improvements:

= Chassis (Multibody, Compliances)

= Tire formulation (kinematics, coupling
effects, motor formulation at wheel center)
= Aerodynamics

= Suspension

= Overall Interpolation algorithms / methods

Modeling Improvements :
= Lagrangian multiplier
formulation

= Bushing modeling

) Steady state cornering
Steady state cornering

RGP & I mas Ecans (%) RGP & 7 mas Cearts (%)

RGP &3 mas Cearts (%) RGP 07 man Ecarts (%)

[ Phip tritesse de Roulisy | 2.74 % | |

s s o Low impact at 0.3g Impact at 0.3g (1%
[P ivbesse de Foum) | m:» o alsey oo Fodr | 200 % (rcar ok de 007 deaks) | » . 5 0,
o i omaore—| 097 s JF o S oot 1% (115 3 By oo 510 (1% ontire fOfCGS, on tire forces,. 3% T ; .30 % (L abe Qe T6 ]
e E—1 o SEmT 5 AT 2% on roll velocity) on roll velocity) LR AR TR
Ty pneu AVDD (A3 ¥ o AV S (ecart gk de 816 M) Fy pniw ARD A0 % pbran abe gu 0.2 1)
Tmﬁ—_:'ﬂ"f wuuum; mutormub;- u_;:r__ me:m lﬁ::.mg«z:gnm
Fy oneu T Fvones T (Ecar abs de 4TH) £l 1L E 'l-’e': : : Lk
riomue H 2T — Impact at 0.7g (average Impact at 0.7g (average i : it
B2 preu ARG wann ey ARG DU % (ocart an du 588 M . 1 Z I % (drarlabede |
L (T S 1_99_:‘%,!“_, T '_ Of 25% on tire ForCeS, Of 4% on tire ForceS, 4% Wiz o A0 :. s mtnneu:\w_ ?ﬁ:.::g%ﬁ%‘ﬁ—
:zu:::m: u: .:: ’:::n\m (AR uu:.v,:a:-..efmu; '_’ . ape 0 = priu ARG AEE _r_nm:um.ll_; k] 'rdal "a‘“;;mm
Lot 5 Ei‘i" et 3% on roll velocity and on rack position, 7% on L
Mz pneu ARD 1015 2 gy ARD b ks de 14 N . 1
1.5% on rack position) steering force)
Step steer 0,59 Step steer 0,59
™~ S.l._::n::lllc-ﬂ |!Ila Ecans (%) 1™ Surtension a la
mise envirage Ecarts (%)
Tacol) | 288% | Ay ECH11.1
Fho (esse 08 o) | 323% | | | Pl (vftesse de Lacely | 3.66% | Ay | 945 [ Feip | oO0zsec |
. . Phip (vitesse de Roulis) 318 %
Global impact on transients : remmmsin L
roll  velocity overshoot
Step steer 0,8 g (mainly ~ due to tire Step steer 0,8 g
[ kinematics) and yaw prr—
velocity overshoot (mainly mseenviage €04
R ECHTT 2 _ ~ _
due tO Compllance) | Peip (itesse de Lacef) | 503% [ Ay | 1.76 % I Psin } 0.0Zsec

Global impact on phase shift
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Suspension Modeling

Modeling the damper subsystem technology

Mono Tube

D

AMESim

Hydraulic

Friction

Hydraulic
Comp. Design

2] =
9

b
)

Pneumatic
Comp. Design

D
[b=4]
T

W
-

Advanced suspension

interface for jacking effect

Equivalent
Brouilhet effect
for suspension

Simple

Functional Modeling of the
suspension for comfort analysis
(including Dry Friction and
Viscoelastic models)

o A

AMESim )
Mechanical

= ... from very simple
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according to analysis :

suspension
modeling

Spring, end stop,
damper in their
proper direction

» Modularity for suspension modeling...

to complex approach,

» Ride and handling, vehicle stability

= Comfort

= Damper  analysis, design and

optimization

{LMS
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Modularity : Senso

. Traffic detection /ACC
= Current mechanical

4 _ _ guantities _ N _ y
- = Current OEM trade = Using sensor facility and simplified
_ = &2 2 quantities models for traffic and vehicle detection

= All quantities available for
: _ post-processing and/or
STl = control loop

1l F

traffic

vehicle #1 2 ﬁ___

Detection

Simplified Chassis
moedels

& Yaw plane model
k » = Connection for

U Subsystem design
(Power Steering,...) Main vehicle

No Detection

& Several Yaw plane
model with roll motion

T » Traffic modeling

1

> o =
.1

]

= Vehicle dynamics
understanding

= Educational ’v‘ '_ M S®

ENGINEERING INNOVATION
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Modularity : Ready

Powertrain : Series & Parallel Hybrid architecture

= Connection with chassis to analyze the control strategies
(tip in and back out in curves, slip u, interaction with the ESP
system...) e
= All electric motor types available for real time. w m m wm wm  om wm w
[Paratie! tybrid venicte |  yoq LM S Electric Motor Torque (N.m)

Hybrid strategy control & ICE control DI‘IVGI’
Brake throtile ( p— -, Calculate the torque request at the wheel in function

Waheel_teq +{_p— . olthe acceleration and the velocity profiles

(R
;
e Torque requast

o = . " -
el tor_ieq RO = - 5 % . Simulation statistics |.t%+.
Tempersture (S - cewwenl Y .. 4 O \Lﬂy& =
506+ —" i K [ SO0 S Lo Q) i >§ o =
e o ! . 1. . Animation
Wiee +_p— -1 ICE loed | >
combuston mods | =

overhesting coefficient |

idle speed
-}
= | condition
GEAR SHIFT CONTROL ;| tornaurel ELECTRIC MOTOR CONTROL
r3 made
Shittthe geer infunction of the primary shafivelociy g ! Caleulats the torque of the slectical motor in function of the ICE torque and the torque request at the wheel
g i Geormatio s used o 0o from the wheelorque 1o the GMP torqus
2 Saturation are ot taken into account ==> No mecanical brake when electiical mator s saturated or 100 slow ta breake
rimery sheft spead (- ear consign
. prme e e . {1 ) Tice_max
o (> engine speed request R
Powertrain <ignalto svoid gear shit when gearbox s ot the nautal ICE_CONTRO. |—<)Tica LI {4 Tice_min requaet Twhaal )
of seversl gears i (eenbe setethe idle speedin (", e = gesr (P EW_CTRL
: the supercomponen) v P e = 3 .
- [ +- ——Cr
. j" JTCHCTR..| & ICE control Tiea T ; o

clutch =0 when close, 1 else

CLUTCH CONTROL

I
\
i
‘ -
Detectthe gear shiftand open the clulch during 1s ‘ 3
r i bk torqe
hot ICE fuel consumption [g/kWh] @ i X o)
! GASOLINE ENGINE : " :: Tk
1.2L, 42kw Lf f'\ Clueh &) Gearbox T \ =

MT 5gears
= =
e

—_ﬂ = }F}jﬂ

torque [Nm]

3000 4000
rotary velocity [rpm]

Eneray

300 325 350 375 400 425 450
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Modularity : Powertrain relatec

Powertrain: : Drivalility

* Modeling Complex interaction between 3D engine
block, carbody and driveline : vehicle comfort,
engine harmonic filtering, Drivability

= All engine block topology available

Tip out : CoG Acceleration - Tests
Tip out : CoG Acceleration - Simulations

Powertrain

|
= Torque Vectoring : Wheel \L
torque management, piloted
differential and all wheel L‘D:LT
drive

R

Snon
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Vehicle Dynamics

Transmission

-

nnnnn

L i T | Steering systems
Suspension

Braking circuit

Active roll bar

Sensors

RN

[ i

0
=]

Suspension System (front axles)

m:vx :\-: v :-a" ®
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From PSA in-house software to AMESIm standard solution

Analysis, Porting and Validation of PSA models

AMESIm : Open platform & modular approach for vehicle design

o -MS
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PSA wishes to share a standard software solution with its suppliers and potentially other OEMs
PSA reference frame for simulation has been improved

High fidelity models, Robustness, CPU time reduction, Real time capabilities, links with
optimization and PSA internal data management

A unique platform for a system approach in Vehicle Dynamics :

= System view : Chassis, Steering, Suspension and Transmission modeling with all
AMESIm libraries

= Process integration : functional specification & design and functional validation

(LMS

ENGINEERING INNOVATION

Open platform with modular approach for vehicle design

... from simple functional to advanced & detailed modeling for subsystems

Actuator Dynamics System

2

sensor

—)O— Controller
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