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Nr. | Datum | Inhalt Ort Von Wem
0 Virtual Test Driving (VTD) T314 | Self-study
CarMaker Quick Start Guide T318

1 07.10. | Requirements for vehicles and their global T314 | Schick
attributes T318

3 14.10. | Vehicle dynamics attributes and their target | T314 | Schick
conflicts T318

3 21.10. | Test and evaluation methods for vehicle T314 | Schick
attributes (1) with practical simulation T318

4 28.10. | Test and evaluation methods for vehicle T314 | Schick
attributes (2) with practical simulation T318

5 04.11. | Basic vehicle dynamics calculation and T314 | Bohle
vehicle models with exercise T318

6 11.11. | ADAS DRIVING EVENT IFM | Gunther/Riedimuller/
Measurement Tech. Introductions Schwandke
PSA - Introduction
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7 18.11. | Chassis components and functions (1) T314 | Schick
Tire & Wheels with practical simulation T318

8 25.11. | Chassis components and functions (2) T314 | Schick
Axle & Suspension w. practical simulation T318

9 02.12. | Chassis controls and functions (1) T314 | Schick
Qverview & Brakes & Steering Taike

10 | 09.12. | Chassis controls and functions (2) 1314 | Albert Lutz (BOSCH)
ESP-Functions & Application & Process T318

11 16.12. | Chassis controls and functions (3) T314 | Albert Lutz (BOSCH)
ESP-Application & Hands-On Workshop T318

12 | 13.01. | Chassis controls and functions (4) T314 | Albert Lutz (BOSCH)
ESP-Application & Hands-On Workshop | T318

13 | 20.01. | TEND: ADAS Development for a sports car T314 | Manuel Hofer
manufacturer T318 | (Porsche)
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Chassis components and functions — axle & suspension

The vehicle motion dynamics is a result of external forces & moments
and leads to internal forces & moments!
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Chassis components and functions — axle & suspension

Lateral Dynamics: Stationary and transient behavior

ldw,| Ida,| 1d3,|

dt a0 @
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Chassis components and functions — axle & suspension

Lateral response tests to evaluate transient behavior
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sprung winkels: Gierwinkelgeschwindigkeit ¥ :
100 %
DIN I5O 7401 C" 1 o N 5 |
A 14 -
'.':li\lf f
t T / INTERNATIONAL IS0
. /3\_\; STANDARD 7401
Lenk-Einzel- Lenkradwinkel-Vorgabe: (Bestimmung von Zeitverziigen) . ] — ““';,:-‘;’::I
|
Sinus - . i | -
&y| =05 Hz i';%&r v w8 kA '
[ A m '
J\ \n, \\.‘ -
DIN ISO 7401 T — M Tie
[ Road vehicles — Lateral transient
|—] response test methods — Open-loop test
methods
Lenk-Sinus Lenkradwinkel-Vorgabe: (Auswertung im Frequenzbereich) e o '
& bRy N\ VAR 7N T
DN IS0 7401 H i ! PR , 2 e, e
\ - P 2 S I
17 tmdo 4 HF b ot e
l r V‘_BD‘ I‘im/h\qoff mas reapones e
Figure & — Resposss Hime asd prak resposss Bme
B33 Tiew bistori

Thoi tirves hislodla of varlables sed bor dils svalislon atal b plofed H e cifve & S0ed 1o &y el of dabs
B melteed of cutve BEIng shall be described in D prasantslicn of rsulls in Annex B

Time Domain:
- Step Steer

Frequency Domain:
- Step Steer

Nt rurta

- Sinus Steer (one cycle) - Stochastic Steer Input

- Triangle Impulse N PPRES—
- Sine Steer (continuous cycles, sweep)

10

0 300 — Al g naaris

310/ 09.06.20 A drive living Kempten University of Applied Sciences



Chassis components and functions — axle & suspension

Lateral response tests to evaluate transient behavior

Parameter Symbol Unit Left turn Right turn Average

100 % ) .
[ Steady-state yaw velocity response gain

Lateral acceleration response time T,y 5

Yaw velocity response time T, s

Lateral acceleration peak response time Tarmax s

Yaw velocity peak response time Ty max s

Overshoot value of lateral acceleration Uar —
\/ Overshoot value of yaw velocity Uy —

2 <

steering wheel input
vehicle response motion
steady state

90 % steady state

50 % level

Response time

Peak response time

ra Time

>0 wNPE
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Chassis components and functions — axle & suspension

Slowly increase steer test (SIS) an option for steady state circular driving and

identify maneuver parameter
=

V= 80/100 kph constant SWA Gradient < 13,5°/s

s
80 0

SWA at 4m/s? used for steering angle identification
Step steer (4m/s?)
Sine steer (4m/s?)
20 * Sine with Dwell (3m/s?)
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Chassis components and functions — axle & suspension

Lateral response tests to evaluate transient behavior

—mee —
— l— . - ~

~ Test Condition
" Speed: 100 kph
Steer Input: Sine 0.2 -4 Hz

CH 04¢g
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Chassis components and functions — axle & suspension

Lateral response tests to evaluate transient behavior

2,5

— work.bs_Praxisseminar_Boxberg_SineSteer_005730.erg
>2o04dt-|_—— work.bs_ Praxisseminar_Boxberg_SineSteer_005747.erg
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Chassis components and functions — axle & suspension

Lateral response tests to evaluate transient behavior

Lateral Acceleration Gain ( Yaw Gain
57 : : : : : : ‘ : : 0,30 7 : : :
E— rk.bs_Praxisseminar_Boxberg_Si | . ‘ ‘
L bs_ 2 " .

e ,: I ,3, L 0.24 I - rk.bs:Praxisseminar:Boxberg_SineSteer 00000000000
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Chassis components and functions — axle & suspension

Bode Diagram: Amplitude Gain

0,33

0,31

0,30

0,28

0,27

0,25

0,24

0,22
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0,19
0,18
0,16

0,15
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Chassis components and functions — axle & suspension

Bode Diagram: Yaw Rate Phase

50 —

Yaw Rate Pha

04

-50 -

-100 —

YawRatePhase [deg]

“Yaw Rate Output
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Frequency [HZ]

Simulation

Measurement
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Chassis components and functions — axle & suspension

Parameter Study for K&C, spring, damper, roll bar

Steady Circular Driving o
| Find the sensitivity of parameters such as
Test Condition * Roll bar stiffness

Constant Radius: 100 m
peed: 3

Y]

- E
>
°

Spring, buffer

Toe change front / rear (K&C)

Camber change front / rear (K&C)

" Find the sensitivity of parameters such as
* Mass/Mass distribution / inertia

| *Roll bar stiffness

* Damper

* Tire side slip stiffness
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Chassis controls and functions (1)

Vehicle dynamics behavior is impact by numerous components

Vehicle Bodies

Vehicle area

Masses Coefficients
Dimension . . Wings, under-
Inertia Vehicle Dynamics e
Stiffness S~
~Sh
)
Suspension, K&C Brake Control (ESC) Chassis control
. y Steering Control
gr))dr?ng - Suspension Control SYSte ms are th S
Drivetrain Control
SDtaant;]IFl)li;r Engine Control actuato rS Of ADAS/AD
Bushing w
~
~
~
Steering System ' Brake System
*  Rack ‘ : *  Actuation
*  Column Hydraulic
*  Wheel Caliber
Power Unit Powertrain System Disk
. Valves
o ¢ Engine
Tires & Wheels K Clutch
] i " Transmission
©  Tire Driveline
Wheel
TPMS
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Chassis controls and functions (1)

Chassis control principle and systems

Control deviation

Actuating value
(calculated)

Actuating value d(t)

Disturbance variable

Reference
Input e(t) Control value
‘ u(t) Control Path
L 4 Controller Actuator Fahrer — Fahrzeug - > >
w(t) - Umgebung y(t)
Feedback loop Yml(t)
—
* Antilocking System (ABS) —— longitudinal control Air Suspension Control ( — \Vertical control
* Traction Control (ASR) — longitudinal control Continuous Damper Control (CDC) — Vertical control

* Electronic Stability Program (ESP) ——
* Steering Control (EPS) —
* Roll Bar Control (ARS) —

320/09.06.20

lateral control
lateral control

Vertical / lateral control

A drive ivinglab

Electronic Differential (EDC) — Long/ lat control

Torque Vectoring Control (TVC) — Long/ lat control
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Chassis controls and functions (1)

Audi Talk — Chassis technologie from rigid axle to intelligent chassis
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https://www.audi-mediacenter.com/de/audi-techtalk-13047

Chassis controls and functions (1)

Hydraulik Brake system and brake control systems

Classification of braking systems

Backing Plate

Master Cylinder
Assem

Vacuum

* Service brake system (BBA - Betriebsbremsanlage)
The service brake system must be operated in steps can and
usually consists of two brake circuits.

s AN
* Auxiliary braking system (HBA-Hilfsbremsanlage) Huband oz Rear Drum
. : . , Rotor Brake
The deceleration achievable with the secondary braking system Assembly

must be at least half the size of the BBA.

* Parking brake system (FBA-Feststellbremsanlage)

The parking brake system must be able tocan maintain a slope of Caliper Asscmbly

20%. et G -
y o&o Semwx L e v i b
« Continuous braking system (DBA -Dauerbremsanlage) e S S P s | e o
Continuous braking systems are wear-free brakes for longer
steady-state braking of commercial vehicles and buses. https://www.youtube.com/watch?v=ugtrRmyPSfE
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https://www.youtube.com/watch?v=ugtrRmyPSfE

Chassis controls and functions (1)

External and internal force ratio of a brake system

External force ratio

1 o — 1Bs
\ Fsp

Brake disk characteristics Wheel brake force
FBS 2 * Fep
C* = = = 2y FBR_FP*lext*C*
FSP FSP rdyn
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Chassis controls and functions (1)

ABS — Antiblockiersystem (Antilocking System)

Abbremsvorgang mit ABS

Fahrzeuggeschwindigleit

Antiblockiersystem ABS

@ Hydroaggregat mit Anbausteuergerit

@ Raddrehzahlsensoren Radgeschwindigle

Eremsdrucl

et
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Chassis controls and functions (1)

Hydraulik Brake system and brake control systems

Achsschenkel

https://www.youtube.com/watch?v=GHtOu 7abvs https://www.youtube.com/watch?v=CzEBVdZeyQs
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https://www.youtube.com/watch?v=GHt0u_7abvs
https://www.youtube.com/watch?v=CzEBVdZeyQs

Chassis controls and functions (1)

Electronic Stability Program (ESP)

Critical manoeuvre with / without ESP

4

without ESP ‘ with ESP

7N
!
//9,
Y%

R Low DOES

Vehicle approaches

Vehicle without ESP an obstacle

Vehicle approaches Vehicle threatens to

an obstacle break away. ESP inter- STAB I LITY c 0 NTRO L
venes and restores full

Vehicle goes off course, steerability

enters oncoming traffic
lane and driver loses Countersteer results in
control threat of renewed

breakaway. ESP inter-
Countersteering causes venes again Footage courtesy of Bosch.

the vehicle to go into
a skid Vehicle is stabilized
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Chassis controls and functions (1)

Electronic Stability Program (ESP)

[ ——— -

 Steering Wheel Sensor ~

_ ECU and Hydraulic Actuator =

-7

Sample “Added Value Functions”

Yaw Rate

I Lateral Acceleration
3 Sensor Wheel Speed Sensor
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Chassis controls and functions (1)

Steering System
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Chassis controls and functions (1)

Steering system — Electrical Power Steer (EPS) EPS apa (axle parallel)

Permanent AC Motor with
positioning sensor

Steering wheel

Cardanic joint

Power Assist Module Steering column T
Moment and Angle
ECU Sensor Motor gear disc
( Steering Rack
Track rod = Pinion Gear belt
A — Bolt circular gear box
ghn —
Ball joint Bellows Steer rack
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Chassis controls and functions (1)

Steering system — Electrical Power Steer (EPS)

EPS Column

__— Torsion bar and angle sensor

Power Assist Motor

\\ | EPS Dual Pinion
Steering wheel
ECU — Electronic Control Unit % ‘ Non-contact Style

| J ) Sensor with Hall IC Assist side

Pinion gear
Steering side Mechatronics g :
Pinion gear integrated motor ; A M
\-— \
! :
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Chassis controls and functions (1)

Rack an pinion steering system
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https://www.youtube.com/watch?v=DC6Opx_3EUo

Chassis controls and functions (1)

EPS Basic Functions

Steerin

T & > Boost Curve

orque

Steering - Inertia

Speed Compensation

Steering R Yaw- / Steering

Speed Damping >a . Assist
— Limiter >

Steering ~ .

Angle > Active Return /

Steering .

Torque » Road Disturbance

>teering > Rack End Stop

Angle
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Chassis controls and functions (1)

EPS functions and test maneuver for validation

\ 4

— EPS EPS-Functions

\—> Basic
|

Test Maneuver (sample)

\ 4

Boost Curve Slowly Increase Steer (20 — 160kph

\ 4

Inertia Compensation Sine Sweep (0 — 120 kph)

\ 4

Yaw Damping Sine Sweep/Step Steer (0 — 120 kph)

\ 4

Active Return Bending Curve

\ 4

Road Disturbance Uneven Road /Single Events

Rack End Stop

\ 4

Steer at Standstill

— > Enhanced Features

Torque Overlay Interface

\ 4

u-Split Test

Pull/Drift Compensation

Weave Test (40 — 120, 2,5 — 40°)

v

\ 4

Park Assistance Parking Tests

v

Active Nibble Compensation Road Shake Test (uneven/even)

Lane Keeping Tests

v

Lane Assistance
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Chassis controls and functions (1)

EPS functions and test maneuver for validation

FailSafeTests Function Tests Performance Tests

High/Low Voltage

Controller stability in different
situations

Sensor signal cut / interrupt
Sensor offset / drift error
Sensor noise error

Sensor signal jump

Failure moment

CAN failure

Starting condition

Short cycle

Loose contact

Diagnostic messages

Interface and (lost) communication

334 /09.06.20

end stop control

high speed damp control
motor save function

on- center control

active friction controller
active return control

active inertia comp.

pull & drift control

active road slope control
side wind control

road disturbance rejection
active nibble compensation
active steering support (e.g. W split)
park assist functions...

A drive living

Power tests of steering support
Turn-in ability

On-center handling

Pull behavior

Drift behavior

Straight running precision
Steering wheel return ability
Torque cut off

Parking comfort

Slalom performance

Lane change performance
Nuerburgring test (Fuchsrohre)
Catch-up behavior

Starting behavior

Kempten University of Applied Sciences



Chassis controls and functions (1)

Sample Function and Test: Catch-up during virtual vehicle test 2 Slalom

= c . ¥
K = iy y
E e : /
=4 o '
=] o s ¥
= = . i
= E 1 .
q on | _ [
= £ T
@ o I :
& & :
- w : il
1 i . |
T T T T T T T T T
0 1 2 3 4 [ ] 10 11 12 13 14 1
Time [s]
—— Measurement —— HIL Simulation IPGDriver —— HL Simulation InputFromFile —— Measurement —— HIL Simulation IPGDriver —— HIL Simulation InputFromFile
Lateral Acc Mode: & User parameterized Driver " Racing Driver Steering Wheel Torque vs. Time

SiL Validation Phase lll - Com Sil Validation Phase lll - Comparisen Slalom 10x138m StrByAng

Standard Farameters I Traffic ] Race Criver | Misc. / Additional Parameters

lana. lateral
Tolerated Deviation 0.0 krmih 00 m
Reaction Time 00 s 00s
Max. Steering Yheel Angle 630 deg
Wax. Steering Wheel Welocity 1200 degis
Max. Steering Wheel Accel. 4000 degis®
Additional Parameters
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Chassis controls and functions (1)

Sample Function and Test: Pull-Drift Compensation (PDC)

P MH, Compensation PN MH, Compensation

- MH, Initial - MH, —
(?) Control Steer ( v )

PULL
SWT = Steering wheel torque SWA = Steering wheel angle
* The driver has to pull steering torque to drive * The vehicle is drift off the center line. The
straight ahead vehicle response with a yaw rate
* This steering torque is measured and * The yaw rate is measured and a steering angle
automatically supported to reduce the drivers support is applied to reduce the yaw rate to
effort zero.
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Chassis controls and functions (1)

On-Center Steering Behavior

SWT = Steering wheel torque SWA = Steering wheel angle
COMFORT SAFETY
* Subjective: Steering Effort Center Point * Subjective: Straight running behavior
* Objective: SWT / SWA Effort at YawRate =0 * Objective: YawRate Response at SWT =0

337/ 09.06.20 A drive living Kempten University of Applied Sciences



Chassis controls and functions (1)

Steering On-Center Evaluation: On-Center Handling Test (I1SO 13674)

wmx External plot O

dde | RKO9L|0E

3 J I 1 T || 1 |l L
Criteria: Steering \
Torque Build-up &
2+ | Turn-in Feeling 1
1F i
E
£
@
0 3 < 1. :
S| | criteria: Stiffness — Criteria: Steermg Effort
= at Center Point
o Comfort Criteria A
-2 _ -
3 [ S Golf_GTD__Weave__121%6.ergl -
\ : I .| SW Angle [deg] | . l 1 \
-20 -15 -10 5 0 5 10 15 20
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mx External plot - O X

Ede oD@ 0E

| [ Yaw Rate [deg/s] |

I 1 I T | T

Criteria: Straight Running Behavior = Drift
1 Saftey Criteria

[ —— Golf_GTD_weave_121906.erg] |
!SW Torque [Nm I ! I 1

| 1 1

3 2 -1 0 1 2 3
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Chassis controls and functions (1)

EPS Steering Model and related parameter

mCarMaker - Vehicle Data Set

Vehicle Data Set

Vehicle Body ‘ Bodies | Engine Maunt‘ Suspensions | Steering| Tires | Bri

Steering Model: g Pfeffer with Power Steering
Steering Gear Ratio
Steering
Gear Ratio

Mode: ¥| Characteristic Value
Mechanical

Module

Rack travel to Steering pinion angle [rad/m] 100.0

Power Assist
Module
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il CarMaker - Vehicle Data Set

Vehicle Data Set

Steering Model: ¥/ Pfeffer with Power Steering

Steering
Gear Ratio

Steering Column‘ Intermediate Shaft H Torsion Bar| Steering Rack H Misc.|

File » Close

Vehicle Body | Bodies | Engine Maunt| Suspensions steeling‘ Tires | Brake | Powertrain ‘ Aerodynamics ‘ Sensors | é 4

Inertia of upper column [kgm?]
Inertia of lower column [kgm?]
Stiffness [Nm/deg]

Friction torque gradient [NmJ/rad]
Friction torque min/max [Nm]
Damping coefficient [Nmsirad]
Damping torque min/max [Nm]

Mechanical
Module

Power Assist
Module

0.026

0.001
20 /
7000.0

Friction torqﬁ max = 0.2 Nm

-0.2 02
0.06
0.1

/a...,i

——

Friction torque min = -0.2 Nm

powered by

A
~

}%} Torsion Bar

Steering Rack

Friction
Element

X

LA

A drive ivinglab

nCarMaker - Vehicle Data Set - X

Vehicle Data Set

File = Close

Vehicle Body | Bodies | Engine Mount | Suspensions | Sleerinn| Tires | Brake | Powertrain | Aerodynamics | Sensors | § »

Steering Model: g Pfeffer with Power Steering |ﬁ

Mechanical

Module

Power Assist
Module

powered by

e

General Power Assistance Options
Power Assistance: g EPS to Rack

Assistance torque at & Column € Pinion

Electrical Power Steering
Motor torque constant [Nm/A] 03

Ratio electrical motor to tie rod [-] 25
0.0016

Ratio recirculating ball system [mirad]
Boost #| 2D Look-Up Table

’vm romuel OImltil
[km/h] [Nm] a1

0.0 43 30.00
0.0 42 2000
0.0 41 1510
0.0 -390 10.00
0.0 -35 510 «|

Amplification [-] 1.0

¥ Extensive model electrical power steering
Electrical motor

0.00015 j

Inertia [kgm?]

Viscous friction coefficient [Nms] 0.02
Current controller

Proportional gain [-] 5.0

Integral gain [-]

01 |-
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Chassis controls and functions (1)

Lateral Control Function: Lane Keeping Assistance Systems

ACC Interface

I_ —_—_———————————
Pirake
Tire Force Teake brak I Relevant
reguest .
a, request I Object Object List
e Tire/Wheel <3 Brake |
_ Object _ . . _ Radar picture
A ESCECU o I Control o <alaction < Object Tracking [«
1
Powertrain < Engine ! A Object RADAR
Terzine I | Detection
request | I —— — — | DrivingTube [
- —— | N Identification |
i o |
| Vehicle |
Rack T | state .
Position Tsteerng Isotor Stesring Trajectory lane Vehiclestate | Video image |
| r— v_ = Observer - |
Steering . Steering Control Trajectory Image
— Mot <} & Q—' i CAM
Column/Rack |~ & otar - ECU Il PR —— - Planning | Fusion Processing :
[ — —
2 | H & F Road Mark . |
| | Road Detection - |
Torsion Bar l Intervention | ark |
Toes e r_ Driver— Vehicle- Environment | '_ LKA Module |
Steering Wheel Investigation Focus | Object List e.g. polynomic coefficient ortable,
l lane mark types, colors... ™
* | m Position
L e q_' GPS
Driver Path w
Vehicle Motion

340/ 09.06.20

A drive ivinglasb Kempten University of Applied Sciences



Chassis controls and functions (1)

Lateral Control Function: Lane Keeping Assistance Systems

A

Departur Desire  Departure
d right

Departure Desired  Departure
left path right
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Chassis controls and functions (1)

LKAS driving maneuver catalogue for public road and proving ground

Road Catalogue & Maneuver Definition Vehicle Measurement

—1,2—{ 37 AT —— —1,2—{ 27 T ——

z i 3s
( i@g LKAS
- =4
LKAS ‘@{ W\ 2n '@"
on 2)
— o
— — 3s —
LKAS l © -
= = ]
. on ‘@" LKAS ‘@{
(1) on
— e 3s
Legend
D2BL <'0,2m
- Driver intervention  LKAS intervention  Variation Procedure Step
' (Nr)

Free Ride Test

Lane Change Test

Transient Test

Hands-Off Test at FSB

Driver Feedback Test

Stationary Cornering as Drop and
Performance Test

On-Center Handling Test

Step Steer Test
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Benchmark vehicles w/o bus

dCCess.

* Genesys ADMA IMU

* Kistler Steering Measurement
Wheel

* System Status at Instruments

Vehicles with bus access:

* CAN/FR Bus Signals
e.g. Object List
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maneuver catalogue_LKAS_V2-1_KR.pdf

Chassis controls and functions (1)

Accurate location of the vehicle in the lanes and vehicle motion evaluation

4772

Conception of Objective Evaluation Criteria

¥ S
47.7195 [— ’ﬁ:l : i _-__ fwa‘k)’max_:@: . . é
Tmin,r.nax,mean g
ol L ~\ =
79 T - . @ - ) -
1\1{{1{71:/,1 nglg,svﬁean a d da :
» IRLE i
£ - R
§ max ymax
a7 7176 — CURVE-CUTTING-GRADIENT
€ €
... Driving behavior with active LKAS. e Tl
4 SgH 88 o
Drifting around the midline and PRI Ve R OCEN
“7  breaking through the right lane ] ]
el b O u n d a ry. Mean Lateral Accelerali [mis?] Mean Lateral Acceleration in [m/s?]
| | | | |
10.3604 10.3606 10.3608 10.361 10.3612 10.3614 10.3616

Longitudinal [*]
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Chassis controls and functions (1)

All Wheel Steering System
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Chassis controls and functions (1)

All Wheel Steering System

Steering in the opposite direction of rear wheels to achiev Steering in the same direction of rear wheels to achiev stability
a small turning circle

All Wheel Steer Front Steer

Front Steer
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Chassis controls and functions (1)

All Wheel Steering System - Principle of Action

M P M '""_":: _________________________
-——/’/— ————————————————————————————————————————— ® /
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Chassis controls and functions (1)

Active suspension control with CDC — Continuous Damping Control

Active Damper Acceleration

SENSOrs

Variable Damping
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Chassis controls and functions (1)

Active suspension control with CDC — Continuous Damping Control

Roll Bar / Stabilizer =1 Air Valve
' ECU 0 Air Volume
4 7 e B
Rebound Spring '- | §
Air Suspension Tk
§ Buffer
Electro mechanic Actuator ﬁ ==t ..
fu N
=i |ii}| /'
= l: & 4
HE CDC System
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Chassis controls and functions (1)

Groundhook principle for longitudinal & lateral dynamics
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Chassis controls and functions (1)
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