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Introduction

Vehicle model development and distribution
for System/SW verification/validation(V&V)/performance development
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The Model and Its Understanding

Reduced Order Model based on CAE Model and Test Measurement

4
Lumped Parametric Model Multibody Dynamics Model
Planar model e =) (CI23| S48t oY)

Generation of
curves,

Result depth

t Measurement '
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“ADAMS/Car-AT in The Chassis Development at BMW” Ewald Fischer, BMW, 14. November 2001
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The Model and Its Understanding

(D Planar Models using MATLAB/Simulink
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The Model and Its Understanding

For example, 14DOF vehicle dynamics model + MF-SWIFT using Simscape
Vehicle Body(6DOF) + Wheel vertical (4DOF) + Wheel spin (4DOF)

[Chassis Simulink Model Structure]
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The Model and Its Understanding P
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2 Lumped Parametric Model O @carsm,

A vehicle model that configures the Kinematic/Compliance characteristics of a suspension system in the form of

a function through wheel relative motion (displacement, speed, acceleration) equation for a vehicle body based
on 17 DOF model

Ywsp = f(8r,61) + sy
Yw = Yo +ApYwsp
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Vehicle Body 6DOF + (Wheel Vertical 1DOF + Wheel Rotation 1DOF) x 4 = 14 DOF Steering system 3DOF
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The Model and Its Understanding
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Kinematic/Compliance Modeling from MBD simulations LocelSunes @ Tralng ooy
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The Model and Its Understanding

Simulink based Vehicle DvnamiCS Model bV VDL (On-QOinCI) VDL(&E 0/ ] Z) from Kookmin Univ. Vehicle Dynamics Lab.

Development of a vehicle model suitable for SW Virtual Testing using Powertrain Blockset in Simulink and developed vehicle
dynamics model for around 10 years with HMC

Vehicle Dynamics Model w/o Powertrain system

1
Ll 1 1 Steering Steering 1
Rack Force/ Steer Wheel Angle
Steering Controller Steering System
rivi ut

A — Powertrain Blockset
Drive Input > 1 1 > 1 P o ]Poweriain
Drive Torque
Powertrain Controller Powertrain System lI)_,:w:mam Switch
R e
Brake Input 1 1 » 1 Brake Brake e .

—_— = _ R
Brake Torque "‘/’} '_-!',_
Brake Switch
Brake Controller Brake System Ergzn 2 ey
LT

Driver Inpi
8
Active
Susp Ci Il Active Suspension g::::n
16
Other ¥ Other Inputs.
Other Input Ports
08 Vertical Displacement - Pitch Angle
TESTFL
06 A A seseee TESTRL
B f\ cFSM FL
04 I
02 \
0 -
LYo
02
04 ;
. \
08 -—
y . . . .
N B Lo ... <= Validation with HMC chassis test teams
time (sec) time (sec)




MathWorks AUTOMOTIVE CONFERENCE 2023

The Model and Its Understanding

Simulink based Vehicle Dynamics Model

This is why...
MBD method is strongly required by SDV (Software Defined Vehicle) development strategy

The Capabilities for integration and simulation of various controllers and development platform

Benefits
Integration of various controllers using Native Simulink and Legacy Code and FMI

Open environment that can be used as a common development tool for model readability and collaboration
Applicable to optimization and controller development in connection with useful MATLAB/Simulink Toolbox

Continuous use from MIL to HIL level through code generation support
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Environment of Model Development

Modeling Automation Tool using Useful MATLAB Toolbox
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Environment of Model Development

Tire Modeling, generally.. Test based FEM Based

Test based method
: HMC, Tire Suppliers

FEM Based (just started..)
. Tire Suppliers

MF-SWIFT, FTire
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Environment of Model Development

Tire Modeling, In case we cannot acquire tire model from previous method..

We are using design specifications/performance based tire modeling method using MATLAB Optimization
Toolbox / Python(GPR ML)

» Descriptions are available for the three steady-state modes of slip
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MATLAB Multi-objective genetic algorithm 12



Environment of Model Development

Moule 1
(7 design variables)

B A

MathWorks=
Its Front-end 4\ MattWorks

using
App designer

Functional Tire Charateristic Predictor

Input : E}O

C Precichon Mode win A1 TOPs | FTC Precicion Mode! with 7 TDPs

Tire Design Parameters
TDPs_struct_1 = struct(
"Mold_Tread_Depth", 7.0,
“Belt_Angle", 24.0,
"Cap_Ply_Material", 0.815,

Tire Dimension and Test Condition

NSWimm) 265 v Aspect Rato(%) (45 v RmDa(in) 19 v

Tire Profite
“Beadfiller_Height", 35.0,
“Vertical Load”. 760.5 OD(mm) | 771 v SWimm) [280 v | Tread Radus(mm) 960490260 v | Moid Depmimm)
'Tread_Hardnﬂess , 0.86885, Tread Geometry and Property
Belt_Material”, 1.0
é Hardness(s) |55 v Under auge(mm) (17 v Sub gaupa(men) | 1 g
MOdUIe Carcass Geometry and Material
TU Heghtimm) | 56 v Capply mat | Aramid Hybrd v Capply type | JFS

Direct FTCinput
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Input :

TOPs_struct_2 = struct(
- 27150,

550,

Module 2

RimWiotn(J)| 60 v Inflatonipsl) | 34 v Loaong 0
Sidewall and Tread Geometry

5 v |Tread Widthimm) 228 v Lo SWGaimm) 35 v | LoSWGamm) 60 v
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T | ] e [ MF 5.2/6.2

Kay Funconal Tre Characteristcs  Detals  MF Tire Modeling

F Tie Modelng

* Functional Tire Characteristics

Spider chart

Detail Tire Performance Values

Predicted Characteristics Reference Character

ZFTC Values N e—

FTC Values Difference
Rolling Resishgce Coeft 08284 01515 |Rollimg Resistance Coett 25800
Comering Sutf (NNeg) | 09827 01788 | Cornering Suft (Nideg) 2458
|Max Lateral Fre | 07 04228 | Max.Lateral Fre 1013
Rebaxation Lenghim) 0343 00882 |Relaxation Lengthim) 1000
G-function 05841 05085| | G-function 02315
Slip stffness 01078 04708] | Sp suftness 321408+03
Max Long Fre 09083 06959  |Max Long Frc 11188
Dynamics Vert Sut (Nmem) | | 08797 0699 | Dynamics Vert SOft (Nmm) | 308
Fx Peak to Peak I | 08388 Fx Poak 10 Poak | o072
F2 Poak 10 Pesk 00335 |F2 Peak to Pesk w5
Avg Long FrofiLow freq 05344 00862 | Avg Long Fre@Low teq 148900
Avg LatFro@id froq 00228 03195 |Avg LatFro@Md freq 17300
Avg VerLFro@atd freq 04253 05308 [Avg VerLFre@mid treq 16087
Avg VerLFrc due to Ax cavity| 03127] 06544 | Avg VertFrc due to Alr cavity| 20590

To configure F tire model

10— G - 1P s FIC e

g Rewstanes ot
Cormemng 308 >

L o |y Ve ooe 0 A cavey
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P Prediction Model

Environment of Model Development

Functional Tire Charateristic Predictor Tire Design variables
Its Back-end ~ — " (GPR ML)
using = PYTHON  on the way to improve accuracy
. _ ———— Tire Performance Values Of machine learning GPR model
Optimization e — with much more FEM tire simulations
Toolbox, B (by Hankook Tire)
Curve fitting o C:x‘? 4\ MATIAR Qbtimization function
Toolbox o
and so on @\MATLAE  App-designer - -
User Interface | e, o T
Tire Performance Values =E. 8 T 5 ;

F tire model parameter

MF Tire Model Parameters

Function
To create MF Tire model

Function

to create F tire model @\ MATLAB

&\ MATLAB

MF 6.2 Efojo] 2 &
F Elojoj 2 &
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Environment of Model Development

How to create prediction model for FTC (Functional Tire Characteristics)

Tire Design Variables(26)/Simulation Conditions Sensitivity Analysis to select effective tire design parameters
B IERET . R ¥ T R =" o .-lr . [
T e - _r:-!!;.-'-" 7 --yh_ e _". . = :H Ir L 'Hﬂ.i
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. - AN - .1 l:.-'. “ o -I'. -h‘ H.. f =
e Cmw e [ Clat PR FLE N B N
® RidgeMean
® larsMean
®  SVRMean
Machine learning algorithm selection using MAPE as ETEET———
evaluation index . |
Candidates L;EQ 2 S RBSBabaR SRER FOL SRR R ar.
1. Ridge Regression g o RISIRRRBRRRE PouvaBRRY JRVSRRR Jund %
2. Least-Angle Regression 5 :‘3' SPC PORSHNCIPPIRRY MIBL NS b ' 3
3. SupportVector Regression S . e ole JANNRSELLANHL
4. K-nearestNeighbors Regression R A o ° 3 e [ 3selellg
5. Gaussian Process Regression s s L. b *0% .t
2 . A §3° ¢
W 2 LR 384 |
: o - ' 15
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Model V&V Process

VERIFICATION S8 HE (Physical Plausible Check)

Is the model properly configured according to the vehicle
specifications/design specifications?

Is it normally simulated in straight/brake/drive/steering/reverse/stop
conditions?

MODEL CHECK A| AR pE Mot HE (System Model Feasibility)

- 3 (Aero) - Drag, Lift, Side §7| M=

- MYER|QI (PT) - AT ET, HE KX, H& I}E(Shift/Lock up)

- M5 (Brake) - HZ2 HX|, Mz E3, MF &=, OtAE MEHE ¢

- E}O|O{ (Tire) — EtO|9f F&M (Fx, Fy, Mx, My, Mz)

- Bi7L YA A (Susp. Force) — 22 (Fspirng, Fdamp, Fstab, Fbps/rbs)

- {7t K&C (Susp. K&C) — Toe, Camber, Caster, Wheelbase, Tread B33t

VALIDATION 1. %A vs ASZH FEE AE (VP Quality)
- Transient, Steady sate, Acc/Braking, Coastdown (13 maneuvers)
—_— T - - 1S0O4138, 1S022140/7401, 1SO19364, I1ISO 19365
~ | 2. BiA vs SiA(MBD) e ZE (VP Quality)
’ ’%M:ﬂ - Longitudinal / Lateral Behavior
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Model V&V Process

250 0.5 35
—&S— Upper Boundary —&— Upper Boundary
—&— Lower Boundary oF 3 I'|—&— Lower Boundary
200 | |=—*— Simuation ~—&— Simulation
Tolerance Area
" Tolerance Area
o ——Test 1 _.05 - 25“_6_,r
7] est 1
k=) I Test 2 i g Test 2
150 T ° - es|
o est3 o= o 2H—=—Test3
2 —o—Test 4 o 2
S [=2} =) —+—Test4
f = Test5 2 Z +—Test 5
2 100 S -15F —&6— Upper Boundary : 15+
é 3 —&— Lower Boundary ch_’
'S —o— Simulation @
g’ S -2r Tolerance Area S 1
9 501 é —s—Test 1 é
o Test 2
w x
251 Test 3 05
or —o—Test 4
v i Test 5 or
50 A i i A i A 35 i i 1 1 1 1 05 i : L . : X
2 0 2 4 6 8 10 12 2 0 2 4 6 8 10 12 2 0 2 4 6 8 10 12
Lateral Acceleration (g) Lateral Acceleration (g) Lateral Acceleration (g)
[1ISO 19364 A|& : Counter Clockwise]
Maneuver list Behavioral Characteristics Result XT =X-AY 8~(2 / D XB =X+ AY 8\;2 / D

Yr=Y+AXey2 /D Yp=Y-AXey2 /D
-\ /—J Valid

= Table 1 — Offsets and gains used to define tolerances £y and ¢y for constant-radius tests
o cm— Not valid
o — Variable on Y-axis X offset (m/s2) X gain Y offset (deg) Y gain
Not tested Steering wheel angle (deg) 0,1 0,06 1,0 0,03
Sideslip angle (deg) 0,1 0,06 0,3 0,04
Roll angle (deg) 0,1 0,06 0,2 0,2
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Summary

The demand for vehicle/system model for SW virtual verification/validation(V&V) and
calibration is significantly/remarkably increased for SW development efficiency.

«  MATLAB/Simulink is widely used in HMC vehicle dynamics modeling process thanks to
useful and powerful toolbox and MATLAB/Simulink is very open/efficient tool to connect the
different models and to operate different tool chain.

= Hyundai is on the way to develop Simulink based vehicle dynamics model including PT/PE
systems in Powertrain Blockset to easily integrate control models.

= Current vehicle model quality (fidelity of system model) and qualification process need to be
improved for SW virtual calibration at high long./lat. acc range. But vehicle models are
widely used across many application areas for function validating, fail safe, fault diagnosis,
regulation certification, virtual calibration (at low~mid acc range)

Objective model validation index is under investigation and its criteria will be quantified in
order for consistency of model quality especially for SW virtual calibration in terms of

vehicle behaviors
18
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