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Introduction

University of Applied Science AVL List GmbH IPG AUTOMOTIVE
2016 - today 2014 - 2016 2007 - 2013

S— . » Y
| My . — - |
Rhall = 7 -

Global Business Unit Manager
Calibration & Virtual Testing Managing Director
Solutions

Research Professorship
University of Applied Science / Research Center Allgaeu

Vehicle Dynamics Calibration Solution General Vehicle Dynamics, Integrated
ADAS/Highly Automated Driving Test Information Management Controls, ADAS, Fuel Efficiency & E-
Vehicle Efficiency Virtual Testing / Model Based Testing Mobility
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Introduction

TUV SUD AUTOMOTIVE 16 YEARS PRO RACE CAREER
1995 - 2007 1982 - 1997

e

250cc, Superbike, Supersport
GP, World, European, German
Championship

General Manager Chassis
Systems

Vehicle Dynamics, Tire & Wheels, Int. German Champion 1996
Brakes, Measurement & ProSuperbike Team Champion
Simulation 1993 / 1994

3/09.06.20 A drive iving Kempten University of Applied Sciences



e —

s —flA=titute For Driver
A\ g@h.c.@ & Connmected MoBilife

Tt o Ui - ‘," . ~ A " / .
—Welcome. | —




Scope of IFM Research

Driver assistance/automated driving
e Consistent development methods and technologies
* Human - Machine Interaction

&+ Functional Safety

= * Environmental sensors and algorithms

e Al - Methods of "Artificial Intelligence®
e Algorithms, IT products and their testing

. { =y ~
f— — — -  — : 4

Ny - Tests and Connected Mobility
4 ~ ~ \ ¢ Virtual testing of "embedded systems”

T3} ¢ Testing of e-drives on dynamometers |
* Positioning, maps, Car2x communication \
e Testing and trial of functions & reliability
Field and fleet tests




Scope of IFM Research

/+2  Professors

Prof. Bernhard Schick, Prof. Dr. Rolf Jung, Prof. Dr. Stefan Schneider,
Prof. Dr. Thomas Zeh, Prof. Dr. Andreas Stiegelmeyr, Prof. Dr. Andreas
Rupp, Prof. Dr. Ulrich Ghner

Prof. Dr. Werner Mehr, Prof. Dr. Michael Patt

Li+=  Research Groups

* |FM: Adrive, Safety, Sensor, Connect

* Inthe IFM building: TTZ, H2

Staff

* > 65 scientific employees

* > 35 research assistants / interns

Projects

e >10 publicly funded collaborative projects

e >10 Industry contract research
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Requirements for vehicles and their global attributes

Motor driven mobility chances our live

by Henry Ford
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Requirements for vehicles and their global attributes
Mobility as a system has efforts and side effects

Effort Benefits Effort

Negative Side Effects
=9
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Requirements for vehicles and their global attributes

Benefit of the vehicle mobility system.

Transportation
People & Goods

Vehicle

Mobility

Working Room
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Requirements for vehicles and their global attributes

What motivates humans to buy a vehicle?

Fuel Consumption Safety

Styling

Transportation

City Persons ‘
‘ ‘ Representation
Highway Goods ‘
Enjoy
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Requirements for vehicles and their global attributes

Major issue for customer values are the global vehicle attributes

Availability

Quality

S

Emission — . 7 »
B tééJ éd ,_..c_;—/’ Drlvablhty
- Cost of Ownership g7 =
\/ Styllng

"Fu nctlons
\
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Requirements for vehicles and their global attributes

How can we evaluate the global vehicle attributes?

Availability

Cost of Ownership
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Requirements for vehicles and their global attributes

How can we evaluate the global vehicle attributes?

Measurable
(sample)
Availability Millage Range Service Intervals Times for fuelling Interrupt times
Cost of Ownership Invest Fuel Service Insurance Money
g weight weight ghting
Quality Service intervals C(ss;acr;lc)e Defect rates Breakdown statistics Statistics
Seat position Seat pressure Accessibility reonomic
measurement
Styling Exterior Interior . Customer survey
Safety NCAP Rating Stability Controlability Brake distance Crash tests
measurement
. ops Acceleration . Tip In . I .
Drivability Tip In Jerk . Tip Out oscillation Vehicle measurement
performance Latency time
Handling Cornering behavior Steering behavior Braking behavior Straight running Vehicle measurement
Ride Comfort Primary Ride Secondary Ride NVH Noise Vehicle measurement

17 / 09.06.20 A drive living Kempten University of Applied Sciences



Overview of vehicle systems

The vehicle and its systems

. / Chassis System
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Overview of vehicle systems

Vehicle body and total vehicle
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Overview of vehicle systems

Vehicle body and total vehicle

l 1st Seat row 1 2nd Seat row

/ & '\
Q i 1364 1327 | -
T |§u A
R

All dimensions in mm

1478

1641

All dimensions in mm

" w

Interior Infotainment
" /d——R\ = .

1010 1613 917
| .

3540
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Overview of vehicle systems

Powertrain System

Exhaust system and
after treatment

ICE — Internal

Combustion Engine Differential

Gear Box / Transmission Clutch Shafts

21/09.06.20 A drive ivinglab Kempten University of Applied Sciences



Overview of vehicle systems

Electric & Electronics

The field of electrics/electronics covers a wide range. It includes electrical operating elements as well as assistance and safety systems,
multimedia systems and lighting technology. In all these areas, Audi leads the competition with innovative solutions.
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Overview of vehicle systems

Electric & Electronics

Audi A3 Sportback - Audi Q3 Sportback — Audi Q3 - Infotainment und Audi Al Sportback - Vernetzung Audi A3 Sportback - Audi Q3 Sportback — Audi A6 allroad quattro —
Bedienerlebnis Infotainment, Audi connect, 3D Sound Infotainment/Connectivity Assistenzfunktionen Fahrerassistenzsysteme Bergabfahrassistent

3D Sound und LED-Schweinwerfer
Verfligbare Medien: (03 Verfligbare Medien: =] Verfiigbare Medien: = Verfiigbare Medien: (53| Verfiigbare Medien: =) Verfiigbare Medien: =] Verfiigbare Medien: ™ Verfiigbare Medien: =
Quick View » Zum Artikel » Quick View » Zum Artikel » Quick View » Zum Artikel » Quick View » Zum Artikel » Quick View » Zum Artikel » Quick View » Zum Artikel » Quick View » Zum Artikel » Quick View » Zum Artikel »

Audi A8 — Matrix LED- Audi R8 - Innenraum und Neue Bedien- und Bedienung und Anzeige Audi Q3 — Audi Al Sportback — Audi Q8 — Anhangerassistent Audi A6 Avant —

Leselicht Bedienung Anzeigekonzepte Fahrerassistenzsysteme Fahrerassistenzsysteme Anhangerassistent

Verfiigbare Medien: [B]  Verfiigbare Medien: [®]  Verfigbare Medien: [Z)  Verfiigbare Medien: (3] Verfiigbare Medien: [B]  Verfigbare Medien: [B]  Verfigbare Medien: [B]  Verfigbare Medien: ™
Quick View » Zum Artikel » Quick View » Zum Artikel » Quick View » Zum Artikel » Quick View » Zum Artikel » Quick View » Zum Artikel » Quick View » Zum Artikel » Quick View » Zum Artikel » Quick View » Zum Artikel »

FIS/Multifunktionslenkrad Head-up-Display MMI touch Audi A6 Limousine — Audi A7 Sportback — Audi A7 Sportback — Audi pre Audi A8 — zentrales
adaptiver Fahrassistent Pradiktiver Effizienzassistent sense 360 Fahrerassistenzsteuergerat
(zFAS)
Verfiigbare Medien: (3] (@  Verfiigbare Medien: [E]  Verfiigbare Medien: Verfiigbare Medien: = Verfiigbare Medien: [B]  Verfigbare Medien: [B]  Verfiigbare Medien: [B]  Verfiigbare Medien: ™

https://www.audi-technology-portal.de/de/
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Overview of vehicle systems

Aerodynamics
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Overview of vehicle systems

Chassis Systems
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Requirement for chassis systems

Chassis is responsible for the interconnection between the vehicle and the
road including passengers and luggage. Furthermore is responsible to...

* transfer outer forces and moments via the tires to
suspension to vehicle inner forces.

* bring tires into a optimal position for the force and moment
transfer.

e control the full body motion for

 Vehicle dynamics attributes

* Driving comfort attributes

 Driving safety attributes

26 /09.06.20 A drive living Kempten University of Applied Sciences



Chassis systems their function and structure

Vehicle dynamics behavior is impact by numerous components

Chassis Systems

55
}= X Y PRt ~

Chassis Controls

Brake Control (ESC)
Steering Control
Suspension Control

Axle
Spring
Damper
Stabilizer
Bushing

Y

Brake System

e Actuation

Rack Hydraulic
Column Caliber
Wheel . Disk
Power Unit Valves

Tire
Wheel
TPMS
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Chassis systems their function and structure

Axle, Suspension, Kinematics&Compliance Characteristics
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Chassis systems their function and structure

Axle, Suspension, Kinematics&Compliance Characteristics

i |

- b .

ok il

- 4 . - A ~aEse ol Tohd
A
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Chassis systems their function and structure

Suspension components

Bushing . \yheel hub

Linkage

Buffer

Damper

Stablllzer

(-
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Chassis systems their function and structure

The tire is the “BLACK MAGIC” for transmission of forces between vehicle and track

31/09.06.20 A drive ivinglat Kempten University of Applied Sciences



Chassis systems their function and structure

The tire is the “BLACK MAGIC” — how tire works

‘-
o — :

CAR TECH

How Tires Work

https://www.youtube.com/watch?v=BPYxLeW6W|M
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Chassis systems their function and structure

Tire construction and component functions

Tread

* Force transfer
e Wear

¢ Handling.

¢ Noise.

¢ Aquaplaning.
e Comfort.

¢ Roll Resistance

Side wall

- s e Damage protection.
4 ,gg_'@}!\,\_\_\\\\\\\\\[\\

o L 4

---------

LT -
vieq

Tods

Inner Liner

e Airtightness.
Textile cord Carcass

}

. / * Endurance
Stahl cord belt (2 layer) v f/' e Dimensional stability.
i /
StBeeIdCoret_ -, o Halrlmdlmg Apexes
[
cad seating Bandage : (I'\;gml:s:;stance 7 * Driving stability.
* High Speed Resistance. :.».:./ ’ zteherlpg & comfort
e Uniformity Gy ehavior

e Comfort 58 mm

high-strength steel cord
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Chassis systems their function and structure

Target conflicts (trade-off) for the development
Vehicle Dynamics & Safeﬁ

Lateral / Longitudinal Dynamic / Stabili

Dry Handling 1309 Straight running / rut

Weight 120
9 et Handling
Tire Weight J0% Aquaplaning
‘ 80 \
/\

Roll Resistance - Rim Roll Off

O

-~ Wear /"' ““Run flat Mileage

% (saw tooth) \‘~\\~\"’, \
< Mileage Roll Comfort

A1aJes

Referenz =
Flat Spot . . Roll Noise 100%
Uniformity 225/60 R 15 W
Comfort (Standard)
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Chassis systems their function and structure

Cause and effect chain / transfer path

Passengers Passengers (ear) Driver (hand)
t t
L Steering wheel
S t
Seat ," - #Airborne ngise~. s Steering column
’ SEIREEEES 4
e N Steering gear box
t
Seta rail - Vehicle body Tie rod
t t
Oscillation Suspension > Steer knuckle arm

Actuating forces
Oscillation
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Chassis systems their function and structure

Tires are the interface to the road environment

The behavior of the tire can be subdivide into 3 directions:

 Longitudinal Dynamic:
— F, = longitudinal force
— M, = Acceleration / Brake torque
— referred as ,longitudinal®.

 Lateral Dynamics:
— F, = lateral force
— M, = camber torque
— M, = Back alignment /toe torque
— referred as “lateral”

 Vertical Dynamics:
— F, = Wheel load
— referred as ,vertical®.

Coordinate system
according DIN 70.000

The overall performance is determined by the interdependence of disciplines

36 /09.06.20 A drive living Kempten University of Applied Sciences



Chassis systems their function and structure

Tires, some fundamentals

» When considering of forces, torques and speeds at the wheel must be made between different wheel radii:

M — Tire radius of the unloaded wheel (manufacturing radius).
[<tat — static tire radius (Used in considerations with forces and moments).
[ dyn — dynamic tire radius (Used for observations with peripheral speeds ).

» The static wheel radius is determined on a stationary, loaded wheel.

» The dynamic rolling radius is determined according to DIN 70020 with a towed wheel with a speed of 60
km/h. Predetermined inflation pressure in each case is according the load specification.

| U=2-7-1,,
U ... Rolling circumference of the towed gear
v ... Translational speed
w ... Rotational speed

37/09.06.20 A drive living Kempten University of Applied Sciences



Chassis systems their function and structure

Tires, some fundamentals

WA San \A QA
ey EARACE
AN~ BVRVR
WAV Vo

The viscous-elastic

material returns from
a deformation first
after a while back to

;?L \ the initial position
% ;X/ =

W el
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VERZAHNUNGSEF FEKT H MOLEKULARE HAFTUNG

Gumml Gummi

Gleitgeschwindigkeit "'Eleit

Etrafan- Abatand (d)
obarflachs In MElimessm

Sttat der Gummiblock gegen eine Erhebung und
verformt sich, so kehrt er hysteresebedingt nach

Die Molekilkette wird gedehnt: Aufgrund ihrer
viskosen Eigenschaften, symbolisiert durch den
der Entlastung nicht sogleich in seine Ausgangslage Dampferkolben, widerstehen die Molekile zunachst

Zunick. Diese asymmetrische Verformung erzeugt
ein Kraftfeld, dessen Tangentialkomponente X
dem Durchrutschen entgegenwirkt.

der Verformung und erzeugen eine Reibungskraft X,
die dem Durchrutschen entgegenwirkt.

Mikrorauigksit

Mormabsiand zwischan 0,007und 0,1 mm

u * Makrorauigkeit. Dieser Begriff wird gebraucht,
wenn der Abstand zwischen zwei "grolten"
Erhebungen zwischen 100 Mikrometern und 10
Millimetern betragt. Diese Grolle unterstitzt den
Verzahnungseffekt sowie die Wasserabfiihrung und
-einlagerung. Uber den Grad der Makrorauigkeit
bestimmt das verwendete Asphaltgranulat.

Makrorauigksit
Normabstand zwischan 0.1 und 10 mm

Kempten University of Applied Sciences



Chassis systems their function and structure

Tire slip mechanisms — shear, slide and slip

The soft tread compound of winter tires is still flexible even at low temperatures, so that
winter tires remain slip-proof and optimally toothing with the road surface.

39/09.06.20 A drive livinglab Kempten University of Applied Sciences



Chassis systems their function and structure

Target conflicts (trade-off) for the development

(1) Ruhelage |(2) Druck ]
z
Schlupfentstehung
Kraft &
Schiupf-Baginm
__________________ - e W
0 L
-
Schenueng Schiupd
Infe  Beicher geringen Radlsten wie im Plow-Bereich
kann man davon ausgehen. dass die Reibungsh raft
X mine lneare Funktion der Gewichitskraft I ist.
e F 3
X =T (Z)
= =
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Chassis systems their function and structure

I} VOR BREMSBEGINN

Mehmen wir an, in Rad lege eine Umidrehung (360°) inner-
halb einer Zeit t = 0,1 s bei einer Fahrgeschwindigkeit v = 70
km/h zurlick. Die In dieser Zeit vom rollenden Rad {und
gleichzeitly vom Fahrzeug) zumickgelegte Strecke ent-
spricht genau einer abgewickelten Radlinge oder, mathe-
matisch ausgedriickt, 2-mr.

0,1 Sekunden

Vq Fi‘IIH.Ig= Vpag = @1

Definitionen:

= =Winkalgeschwindigheit des Rades, in 1/5
r = Radradius, in m

wt = Radumfangsgeschwindigkeit, in m/s
Mpgr = Bremsmoment, in Km

41 /09.06.20

Tire longitudinal slip behavior

EJ WAHREND DES BREMSVORGANGS

Sobald der Fahrer das Bremspedal niedertritt, fallt die Rad-
umfangsgeschwindigkeit (w-r) unter den Betrag der
Fahrzeuggeschwindigkeit. Von diesem Moment an, wenn

das Fahrzeug eine Strecke entsprechend 2.mr zuricklegt,
viollfubrt das Rad keine vollstindige Umdrehung mehr. Lim

der Vorwirtsbewegung des Fahrzeugs folgen zu kinnen,

Vi Fahizeug
e

l+g=2n

V1 pahrzeug > @27

A drive ivinglsb

rodit das Rad unter Schiupf ab. Dieser Radschiupf aktiviert
die bekannten Haftungsmechanismen wie molekulare
Haftung und Verzahinung. Die Reaktionskraft X wirkt dem
Schiupf entgegen und das Fahrzeug verlangsamt sich:
Vrahrzag nimmt bis auf wr ab. In besagten 0,1 s legt das Rad
nun eine Strecke vom weniger als 2= zuriick.

0,1 Sekunden

Wenn der Fahrer den Druck auf das Bremspedal beendet,
nimmt die Fahrzeuggeschwindigkeit den Wert von wr an:
Der Schlupf nimmt ab.

Kempten University of Applied Sciences



Chassis systems their function and structure

Tire longitudinal characteristics: slip behavior

_________ e mm e
Belt .. o
S O
Treat A
.E o
< { Deflection

p—— Slide The longitudinal force F, causes

o 0w o @ %o a shear deformation of the tire

_ Slip tread. When transferring this

Deflection circumferential force between

tire and road a slip (S or K)

“ Acceleration Slip Brake Slip occurs. The overall slip is put

together as a deformation
V-V V-V ;

S = .100% SA — .100% S U.100% portion (deformation slip) and a
V V, B V sliding portion (sliding slip).
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Chassis systems their function and structure

Tire longitudinal characteristics: slip behavior

» Transferable force are defined by the adhesion
coefficient wu.
« uis at rubber friction a function of the slip

* M, defines the maximum traction, defined al
friction coefficient.
» The corresponding slip is defined as “critical slip”

S. and ~10%.
» At 100% slip the traction is decreased to the
sliding frication ;.

43 /09.06.20 A drive iving

traction 4
l“,';/Fz

Hq

Bhf—
\\\
~
N SN ..

Deflection

|

| .
0 S ] slip S
| ; o
: partially sliding : Pure
: ,“* sliding
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Chassis systems their function and structure

Tire longitudinal characteristics: slip behavior

Langskraftkennlinie bei 6000N Radlast

7000 ‘ - . 13
p— F,=c_-S
I:x,max 1'2 m
2000 — For small longitudinal R
) forces, there is a linear 0 / /}V/ /
5000 . . , .
| ‘ relationship between S KN/é/’é dry -
o N and Fx. 03 ﬁ% /
§4ooo /’ 2 08 TERRS ‘(% /7
£ 7% Slide | W c, = slip stiffness =g NN e Ny 9
LC“ 3000 o ‘ z I | : ) ~\\\\h\ ‘%
| dFX g 0f ] B PRV INRN AR ARIR AN
Slide 75-99% Slide CK = dS = f (FZ) 05 +—:— critical slip
I
| _ 04—
- |
'\ | 0% Slide Influences: 03 :
] : |
0 CK3 6 s 12 15 1‘8 21 24 27 . gri;)::::s 02 /‘ :‘W -E' 77(17371; e, WWWi //7/7-
Langsschlupf « [%] . Local friction 011 ,7’}[."4/ inlﬂu./nee LY TLL AL L LIV L LLNEL LA
0 —

0 W, N N L w60 0 80 N w00

The maximal longitudinal force is depended on Selpt § %]

|:x,max = /uh . |:z the friction (e.g. y, = 1,1)
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Chassis systems their function and structure

Tire longitudinal characteristics: slip behavior

Dehnfester Gortel Dehnfester Glrtel T

T
E i — ; Der Block kemmt in
Veabrroug Kontakt mit der Straie.

: Der Block wird unter e
. . Veshrroug  der Radlast gestaucht. Is + legp,
i —_——
- Gesamtverschiebung aus

Schlupfereg und Scherlinge
~=igf

; VEahrzaug
m
Es tritt Scherung eim.
mmg

- -

- 4 Es tritt Schiupf ein

: Veakrzaug umd der Block rutscht
3 % durch.

45/ 09.06.20 A drive ivinglat

wT {= Radumfangsgeschwindigkeit)
i

il I
Schiupfphase Scherphase

lep, & Scherlinge
I : Schiupfaeg

Die Gesamtverschiebung des Gurtels Uber
die Linge der Kontaktfliche im Relation zur
StraBenoberfliche setzt sich aus
Scherlinges und Schiupfereg zusammen.

® Betrachbungspunkt auf dem Gortel,

s Betrachitungspunkt in der Laufflache in
Kontakt mit der Strakenoberflackhe,

w Fixpunkt in der Stralkencberfliche.
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Chassis systems their function and structure

Tire Rolling Resistance (RR) - Sources

Tire surface and environmental
air

Tread of the tire

Side wall and bead area

Air turbulence

Slip to the ground

Energy loss dissipation based

Bend - Strain - Sheer

N

Scherung und Stauchung

on deformation

Bend - Sheer

<15%
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60 up to 70 %

A drive ivinglab

20 up to 30 %
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Chassis systems their function and structure

Tire Rolling Resistance (RR) - Sources

|:R,roll — 1:R -F

Z

o
o
=

I T

Reifentyp s/

N
© 0.03
% / |/
S 0.02 % =
'.8 A____.——— //
Z oot —
1y
0
0 40 80 120 160 km/h 240

f
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Fahrgeschwindigkeit v

R fRoJr le'{W}r fR4'[W}

Fr Is often assumed to be constant and at a value of 0,01.

Rollwiderstandsbeiwert f

Roll resistance is depended of:

0.009
0.008
0.007
0.006
0.005
0.004
0.003
0.002
0.001

wheel load

tire pressure

Tire temperature

~
~
i O

< ety
s S
b ey ~ oI~

—

'\-i’_}“‘-' *,z

11R225

60 km /h

—-— 8 bar

—— 7 bar
--=-=6 bar

—==5har

I

5 10

for HR-tires:

A drive ivinglat

15 20 25 kN
Radlast F;

foo ~ 0,009

35
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Chassis systems their function and structure

Correct inflation pressure for a good foot print

VERZAHNUNGSEFFEKT §-f

Gummi

“,

Strase Abstand (d)
cberfiache In MElimetsin

Under-inflation Correct Over-inflation

Influence to the brush, tooth and molecular adhesion effect is obvious.
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Chassis systems their function and structure

Tire lateral characteristics: side slip behavior
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Chassis systems their function and structure

Tire lateral characteristics: side slip behavior
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Chassis systems their function and structure

Tire lateral characteristics: side slip behavior

Ve

'Ly\’r VF,x
NS

N
N
N

IV ' N

F,y
_-v e
Velocity ‘: Longitudinal velocity V,

ap = —arctan—=

\\
[
F.x e
\Y > ?
. % A
Lateral velocity Vy ‘
_Eth

Drift Angle B = -arctan Vy / Vx

‘ R,y - ]
VR,y Vy
ap = —arctan—=

R,x
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Chassis systems their function and structure

Tire lateral characteristics: side slip behavior

Side slip a:

* Angle between direction of motion and direction of wheel plane.

W
a = — arctan—=
Vi

AN Tire side force generated by:

* Rolling diagonal to the direction of motion (side slip angle a).

* Inclination of the tire from its vertical position to the road (camber y).
 Tire conicity (geometrical)

|
\
§ Clockwi .
Coumercgf,k;f.lzi \ Rlii‘f.‘élfe » Ply steer (tread/belt construction)

[
— — Plys k 1o Plysteer

Force “-- Force Side force as result of side slip angle:

» Wind, centrifugal or gravity forces requested tire forces.

» The vehicle must apply side slip.

Conicity Ply steer
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Chassis systems their function and structure

Tire lateral characteristics: side slip behavior

Radlast F,

I /
L
N

n‘""# Iﬂ""'—

-
-,

5 kN
4

Side force

o e
______________________________________ T
:ﬂ? _i"#

=

3

i - —

Side
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8

slip v

10 Grad

A drive living

14

» For side slip angle to approximately 4°, there
— Ca 0 Is a linear relationship between a and Fy.
» c, Is called side slip stiffness.

- Influencestoc,:
— Tire pressure.
— Temperature.
— Local friction
— Wheel load

F * The maximum transferable

lateral forces are dependent on
maximum adhesion in lateral
direction.
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Chassis systems their function and structure

Combined tire characteristics: dynamic load distribution

m GEWICHTSVERLAGERUNG IN H
LANGSRICHTUNG

MNehmen wir an, die Schwerpunkthohe eines Fahrzeugs
ist bekannt und die Reibungskraft X greift beim Bremsen
an der Schnittstelle Reifen/Stralte an.

Das entstehende Bremsmoment verursacht eine hohe
dynamische Achslastverschiebung von hinten nach
vorn, so dass kurafristig vorne eine Uberlast (+AZ), hin-
ten eine Unterlast (-AZ) entsteht. So scheint die
Vorderachse schwerer, die Hinterachse leichter als im
ungebremsten Fall. Ohne ABS kann dies dazu fihren,
dass die entlasteten Hinterrader vor den Vordemradern
blockieren, was sich in punkto Fahrstabilitat sehr
unginstig auswirken und zum Schleudem fihren kann.

Bremskrafiregler verhindemn dieses instabile
Oberbremsen der Hinterrader und erfiillen so

das Fahrstabilitatskriterium.
Entlastung SV
hinten

o 5
& L

X = Lingsreibungshraft vorne (X,) und hinten (Xg), in M
5 = Schwerpunkt des Fahrzeugs,

m = Masse des Fahrzeugs, in kg

a = Beschleunigung in Lingsrichtung, in m/s*

I = Gewichtskraft {= Summe der 4 Radlasten), in N

h = Schwerpunkthiihe Gber der Strale, in m

Ig = Radstand des Fahrzeugs, in m

54 /09.06.20

m GEWICHTSVERLAGERUNG ZUR SEITE

MNehmen wir an, die Schwerpunkthdhe eines Fahrzeugs
ist bekannt und die seitliche Reibungskraft ¥ greift in der
Kurve an den Schnittstellen Reifen/Stralle an. Das ent-
stehende Rollmoment verursacht eine dynamische
Achslastverschiebung von der Kurvenauflen- auf die
<innenseite, so dass fliehkraftbedingt innenseitig eine
Uberast (+AZ), an der Aultenseite eine Unterlast (-AZ)
entsteht. Die Summe der unterschiedlichen vier Seiten-
krafte fallt geringer aus als fir den hypothetischen Fall
gleichmaliger Kraftverteilung.

Seitliche Gewichtsverlagerung fiihrt somit zur Abnahme
des Querhaftungspotenzials.

Um diesen unerwinschten Effekt zu reduzieren. kann
der Konstrukteur z.B. die Spur verbreitern oder die
Schwerpunkththe verringem.

Entiastung der
1__\Kuruminn9maaibe

¥ = Quer-Reibungskraft vorne (Yy) und hinten (¥g), in N
5 = Schwerpunkt des Fahrzeugs,

m = Masse des Fahrzeugs, in kg

a = Beschleunigung in Querrichtung, in m/s*

£ = Gewichtskraft (= Summe der 4 Radlasten), in N

h = Schwerpunkthidhe Uber der Strafte, inm

Iy = Spurweite des Fahrzeugs, im m.

SLR

S

A drive ivinglab

Fpr < u *xFy

'PZL +PZR

Coulombsche Friction Rule, but u for
tire & road are strongly non-linear

o= ar= const.

Dynamic wheel load and side force
demand at one axle.

- Total side forces are reduced

Vehicle Dynamics Rule No. 1:

Avoid wheel load variation

/‘ P2t Ro \

KurvenaulRenseite

Kurveninnenseite

Pz ro £PzL R
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Chassis systems their function and structure

https://www.audi-mediacenter.com/de/technik-lexikon-7180/fahrwerk-7185

https://www.audi-technology-portal.de/de/

=
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Chassis systems their function and structure

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.

AN

Rear Drum
Brake
Assembly

Beake
Waming Light \

* Auxiliary braking system (HBA-Hilfsbremsanlage) “52{;’,?" i e
The deceleration achievable with the secondary braking system
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 Asscmbl)

20%. - & N
oﬁo Secvv.vﬂ ‘ e > i
« Continuous braking system (DBA -Dauerbremsanlage) o ',,,,,, TR - i | ey 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 systems their function and structure

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 systems their function and structure

External and internal force ratio of a brake system

External force ratio

1 o — 1Bs
\ Fsp

/ t'\ 3
<
! FRY r
L
= Brake disk characteristics Wheel brake force
[ |
= FBS 2u* Fgp
— C* = — = 2u FBR—FP*lext*C*
FSP Fsp rdyn
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Chassis systems their function and structure

ABS — Antiblockiersystem (Antilocking System)

Antiblockiersystem ABS

@ Hydroaggregat mit Anbausteuergerit
@ Raddrehzahlsensoren

59/ 09.06.20 A drive ivinglab

Abbremsvorgang mit ABS

Fahrzeuggeschwindigleit

Fadgeschwindiglei

Eremsdrucl

et
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Chassis systems their function and structure

Electronic Stability Program (ESP)

Critical manoeuvre with / without ESP

4

without ESP | with ES

7N
!
//9,
Y%

R Low DOES

Vehicle approaches

an obstacle break away. ESP inter- E S I STAB I LI I Y c 0 NTRO L
venes and restores full

Vehicle without ESP an obstacle
Vehicle approaches Vehicle threatens to
Vehicle goes off course, steerability

enters oncoming traffic

lane and driver loses Countersteer results in
control threat of renewed

breakaway. ESP inter-
Footage courtesy of Bosch.

Countersteering causes venes again
the vehicle to go into
a skid Vehicle is stabilized

60 / 09.06.20 A drive living Kempten University of Applied Sciences



Chassis systems their function and structure

Electronic Stability Program (ESP)

Yaw Rate
Lateral Acceleration
Sensor
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Chassis systems their function and structure

Electronic Stability Program (ESP)

Blockschaltbild des Steuergerats.

1 Drehzahlsensoren, 7 Batterie, 15 Magnetventile fir das

2 Drehratensensor mit 8 Eingangsschaltung, Hydroaggregat (Ansaug-
Querbeschleunigungssensor. 9 Spannungsstabilisator. ventile, Umschaltventile,

3 Lenkradwinkelsensor, 10 digitaler Regler, EinlaBventile, AuslaBventile),

4 Schalter Zundschlof3, 11 CAN-Schnittstelle, 16 Diagnoseanschluf3,

5 Vordrucksensor (Brems- 12 Endstufen, 17 Kontrolleuchte,
drucksensor), 13 Fehispeicher, 18 Warnleuchte.

6 Schalter flir Bremspedal- und 14 stabilisierte Versorgungs-
Feststellbremsensteliung, spannung,

i

1 -{\ A
.y . =5815
. 8 10 12 | =E|

b < T

Sam——— =4
. 11 le=——»CAN
@l . < » 16
5 4.. 13 : g};
¢ = :
7£'.==.. ° s 0
= :
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Chassis systems their function and structure

Electronic Stability Program (ESP)

Electronic Stability
Program

————— P I

Measurement of
Steering angle and
wheel speed

Measurement of
Lateral acceleration

rate

Recording of the
—> intended vehicle
direction

behavior

Recording of the
actual vehicle

Apg — O0pa >0

| Plan

Calculation of the deviation
between desired (vehicle model) and
actual vehicle behavior

Decision whether the ESP should intervene
to stabilize the vehicle

Apg — Apa <0

Counteract understeer Counteract oversteer
e Brake is applied to the inner side e Brake is applied to the outer side
* Brake reduction of the outer side * Brake reduction of the inner side
e Torque reduction of the engine e Torque reduction of the engine
63/09.06.20 A drive ivinglasb

Counteract understeer
Brake is applied to the inner side
Brake reduction of the outer side
Torque reduction of the engine

Yaw moment compensation

With ESP

Counteract oversteer
Brake is applied to the outer side
Brake reduction of the inner side
Torque reduction of the engine

Without ESP

&

\
‘ \
Yaw moment compensation
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Chassis systems their function and structure

Audi Talk — Chassis technologie from rigid axle to intelligent chassis
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Chassis systems their function and structure

Steering System
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Chassis systems their function and structure

Steering System

Center pivot plate
steering

Vw

o |
articulated steering
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Chassis systems their function and structure

Steering System

Wheel Side Steer thru different wheel speed
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Chassis systems their function and structure

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 systems their function and structure

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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Plastic rack bushing
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Chassis systems their function and structure

EPS Basic Functions

Steerin
T & > Boost Curve
orque
Steering - Inertia
Speed Compensation
Steering R Yaw- / Steering
Speed Damping >G . Assist
— Limiter >
Steering ~ .
Angle > Active Return /
Steering .
Torque » Road Disturbance
Steeri
cering > Rack End Stop
Angle
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Chassis systems their function and structure

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

Chassis systems their function and structure

All Wheel Steering System
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Chassis systems their function and structure

All Wheel Steering System

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

Front Steer 7N

73 /09.06.20 A drive living

Steering in the same direction of rear wheels to achiev stability

All Wheel Steer Front Steer
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Chassis systems their function and structure

Active suspension control with CDC — Continuous Damping Control

Active Damper Acceleration

SENSOrs

Variable Damping
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Chassis systems their function and structure

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 ..
=~
=i |ii}| '
= l: & 4
HE CDC System
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Influence of chassis systems on the driving characteristics

What is vehicle dynamics? It describes the full vehicle motion dynamics.

Longitudinal Dynamics * Body movement

* Driving Resistance * Primary Ride

* Acceleration behavior e Secondary Ride
* Braking behavior * Body acceleration

e Harshness
e Vibration
e Wheel Load Oscillation

iz A drive ivinglab

Lateral Dynamics

Stationary behavior
Transient behavior
Steering behavior

Kempten University of Applied Sciences
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Student Driving Event
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Student Driving Event

Handling and comfort routes around measured as digital twin

- 7lolzgiinz
5 J P ~
~ "‘\?

-
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Student Driving Event

82 /09.06.20 A drive living Kempten University of Applied Sciences



Influence of chassis systems on the driving characteristics

“Driver — Vehicle — Environment” — a closed loop!

'a ——
e, )
N - DA 46: Vehicle

83 /09.06.20 A drive living Kempten University of Applied Sciences



Influence of chassis systems on the driving characteristics

“Driver — Vehicle — Environment” — a closed loop!

Primary Secondary
* Navigation
* Route selection

* Route correction

Course control

Speed control

Tertiary

* Phone call
* Multimedia

~ Goal

Predictability — Effortless — Safety Feeling — Fun to Drive
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Influence of chassis systems on the driving characteristics

o
Ny ¢ Ih

{

2 N — =
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Influence of chassis systems on the driving characteristics

Main vehicle characteristics behavior

Longitudinal Dynamics: Drivability Behavior

Descriptions the longitudinal vehicle behavior and performance which results due to driver control input of
acceleration, speed and shifting.

and swerving. It also includes their stability when moving in steady state as well as in transient conditions.
Vehicle dynamics are one major component of a vehicle's "active" safety.

Vertical Dynamics: Ride & Comfort Behavior

= Descriptions annoying driver or passenger impact dynamic due to driver effort, road excitation and vehicle

—

= vibrations, which negative influence the work load, effort, comfort feeling and healthiness.
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Influence of chassis systems on the driving characteristics

Different groups of ride & handling behavior
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Influence of chassis systems on the driving characteristics

Lateral Dynamics: Handling and Agility Behavior

—&N° W f?g_u(g) GfF_(R)

X = const. a, <0

Acceleration Behavior Straight Running Behavior Braking Behavior
la,| > 0 V.>0 Cp '

S > 0
V, = const. T 0 dt \ x N
Steering Behavior Cornering Behavior
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Influence of chassis systems on the driving characteristics

Lateral Dynamics: Stationary and transient behavior

- Idw,| Ida,| Id3,|
= z >0
€D o1 g 1l 10

Stationary Behavior }

V, = const.

w, = const.

a,~0

X

Tran5|ent behawor

ay = const.

Statlonary behavior ' L 5H = const.
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Influence of chassis systems on the driving characteristics

Lateral Dynamics: Steering Comfort
O, = high effort

&, -/

O, = high effort
M,, = high effort

dM, > 0
) dt

Ay > 0

(Steering virbration)

®

O, = high effort M, = high effort
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Influence of chassis systems on the driving characteristics

Vertical Dynamics: Ride & Comfort Behavior

Body Movement (Primary & Secondary Ride)

Ide I a >0
>0
z(HA
l{l % S: (v <0 é»
=
®
. L ;% ,g» : _
a, < 0 1de,| .
dt
Body acceleration (Harshness, Vibration) Sprung Mass (M) ;
::;If:iss(Kz]g EL_l:IjJ-l___E Damper (C;)
Tire (M;)
I x

Tire Stiffness (K;)
J Xo
Ground
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Influence of chassis systems on the driving characteristics

.J‘(
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Subjective Language

Subjective evaluation

Subjective evaluation
criteria in a rating system

Center Point Feeling
Force Feedback

Road Surface Contact
Roll Behaviour

Spring / Damper Balance
Steering Effort

Customer Wishes

Influence of chassis systems on the driving characteristics

Objective Language

Objective
measurement data

Characteristic values for
vehicle behavior

Yaw Gain
Understeer Gradient
Roll Stiffness
Frequency Response
Maximum Force
Linearity

Correlation and linkage between both languages are important
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Influence of chassis systems on the driving characteristics

KPIl and target matrix within a consistent development process

Driving Maneuver

Steady Circular Driving

Power Off

Sine Steer

Objective Evaluation
Criteria

Ackermann Angle(SWA)

Understeer Gradient

Roll Stiffness

Side Slip Max

94 /09.06.20

Benchmark Result

Veh1l Veh?2

28 25 25
- 0.8 >2<2,2

8,5 8,9 >9

13,5 14,5 > 14,5

4,2 4,6 >3,6>4,0

4,5 5,2 >4,8>5,2
- 85 >80<90

1,8 2,1 <18

A drive ivinglab

Brand specific

Kempten University of Applied Sciences



Influence of chassis systems on the driving characteristics

Performance

Agility

Stability

Comfort

Safety

95 / 09.06.20 A drive iving

The accomplishment of a given task measured against preset
known standards of accuracy, completeness, costs, acceleration
and speed.

Agility is the ability to change the direction of the vehicle based
on drivers steering input.

The vehicle ability of being enduring on the driver given path
and free from non-desirable change or variation.

Descriptions annoying driver or passenger impact dynamic due
to driver effort, road excitation and vehicle vibrations, which
negative influence the work load, driver effort, comfort feeling
and healthiness.

Safety is the condition of being protected against physical,
social, spiritual, financial, political, emotional, occupational,
psychological, educational or other types or consequences of
failure, damage, error, accidents, harm or any other event which
could be considered non-desirable.
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Influence of chassis systems on the driving characteristics

Customer key requirements to vehicle dynamics

Longitudinal Performance and Stability
High acceleration and short brake distance — = : e
controllable and predictable g8 Best possible isolation of any w

g road & environment excitation
Driving at the '

- Lateral Dynamics Performance and Stability
performance limit

:3:f ,Soft Suspension”

Controllable driving behavior at the physical limit.

Steering Comfort Agility Driving Stability /Safety
* Low steering forces Corner driving pleasure Safety feeling
Sporty Driving | .| 5y steering angle Dynamics and agility Low driving work load
* Small turning cycles Low roll perception Straight driving precision Sporty, agile and safe vehicle

control at the limit

»Hard Suspension”

Normal Driving

City Cross Country Autobahn Handling /Agility
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