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Agenda

Nr. Datum Inhalt
1 19.03. Introduction Vehicle dynamics
2 26.03 Practical Training Vehicle Dynamics Simulation and Evaluation
3 09.04. Test and evaluation methods for vehicle attributes with practical simulation
4 16.04. Chassis components and functions with practical simulation
5 30.04. Basic vehicle dynamics calculation and vehicle models
6 18.06 Track Day
7 25.06. ESP—Functions & Application & Process
8 02.07. ESP—-Application & Hands-On Workshop
9 09.07. Project Day
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Test and evaluation methods for vehicle attributes

Discussion Exercise 7: Lateral response behavior

Test Condition

* Speed: 100 kph
© ay 4 m/s?
Visualize:

e SteerWhlAng, Car.ay, CarYawRate, Car.Re
Carv :

Parameter Left turn Right turn Average

Steady-state yaw velocity response gain

Lateral acceleration response time

Yaw velocity response time

Lateral acceleration peak response time

Yaw velocity peak response time

Overshoot value of lateral acceleration

Overshoot value of yaw velocity

A drive ivinglab

1. Change & Analyze Inertia Sensitivity:
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Test and evaluation methods for vehicle attributes

Discussion Exercise 9: Frequency response behavior

Test Condition 1. Change & Analyze Tire Sensitivity:
Speed: 100 kph 1. Basic Tire
Steer Input: Sine 0.2 -4 Hz
ay: 4 m/s? e
Visualize: fia Sensitivity:
* SteerWhlAng, Car.ay, Car.YawRa ~

Car.v
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Chassis components and functions — Tire & Wheels

Vehicle dynamics behavior is impact by numerous components

Vehicle area

Vehicle Bodies
L] |- A\ L]

Masses Coefficients
Dimension . . Wings, under-
Inertia Vehicle Dynamics e
Stiffness

4. — — — —
Suspension, K&C Brake Control
. Axle S (ESC)
Sprin f i ‘;’z‘ Steering Control
DZm ger : { Suspension
Stabi’I)izer Control
i Drivetrain Control
Bushing - :
~ ~ Engine Control
~

' Brake System

Rack / \ Actuation
Column / Hydraulic
Wheel Caliber
Power Unit Powertrain System Disk
. Valves
) ¢ Engine
Tires & Wheels Clutch
. Transmission
Tire Driveline

Wheel
TPMS
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Chassis components and functions

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 — Tire & Wheels

The tire is the “BLACK MAGIC” for transmission of forces between vehicle and track
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Chassis components and functions — Tire & Wheels

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
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Chassis components and functions — Tire & Wheels

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 components and functions — Tire & Wheels

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.
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Chassis components and functions — Tire & Wheels

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 components and functions — Tire & Wheels

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

163 /15.03.21

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.
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Chassis components and functions — Tire & Wheels

Tire longitudinal characteristics: slip behavior
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Chassis components and functions — Tire & Wheels

Tire longitudinal characteristics: slip behavior

_________ e mamee
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 components and functions — Tire & Wheels

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 ;.

166 / 15.03.21 A drive iving

traction 4

l“,';/Fz

Hn

Hq

T ~
\\
\\
. — ] - it

Critical slip

|

| .
) S ! slip
| ; -
: partially sliding : Pure
: ,H sliding
—
Deflection
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Chassis components and functions — Tire & Wheels

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 -
_ . N and Fx. 09 ﬁ% /
Z. 4000 /’ 2 08 TERRS ‘(% /7
£ 7% Slide | W c, = slip stiffness =g NN e Ny 9
LC“ 3000 o ‘ z I | : ) ~\\\\h\ ‘%
o dFX g 08 ] 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. p, = 1,1)

167/ 15.03.21 A drive ivinglat Kempten University of Applied Sciences



Chassis components and functions — Tire & Wheels

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.

168 / 15.03.21 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 components and functions — Tire & Wheels

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%

169 /15.03.21

60 up to 70 %

A drive ivinglab

20 up to 30 %
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Chassis components and functions — Tire & Wheels

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

170/ 15.03.21

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 components and functions — Tire & Wheels

Tire lateral characteristics: side slip behavior
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Chassis components and functions — Tire & Wheels

Tire lateral characteristics: side slip behavior

e e e .. Oberseite der Gummiblkscke m ENTSTEHUNG VON QUERKRAFTEN
------- = Profilgrund IN DER KONTAKTFLACHE 0
Scherlinge
Schlupflinge
+ Projektion der Blockoberseiten auf die StraBenoberfliche Stellen wir uns also einen Reifen vor, der mit einer
« Fixpunkt auf der StraRenoberfliche definierten Last beaufschlagt ist und mit einem
Tangente an die Fahrtrichtung bekannten Schraglaufwinkel abrollt. Im Moment des

Einlaufs in die Kontaktflache steht jeder Gummiblock
senkrecht auf der StraRenoberflache. Nahert sich der
Gummiblock nun dem Ende der Kontaktflache, wird
er einer seitlichen Storung ausgesetzt, wahrend er
versucht, in einer Ebene mit der des Rades

zu verharren. Erreicht die Gummiblock-
5 Storung dann ihren Maximalwert,
_ beginnt der Block seitlich zu gleiten
— was bedeutet, dass Scherung
und Schlupf auftreten, bevor
. der Block die Kontaktflache
. wieder verlasst.

S
=
k2
k.
5
i
5
!
§
3
§
g

Um die komplexen Vorgange zu
vereinfachen. zeigt obiges Schaubild nur die
Verformungen in der Laufflache. Der
Gurtelverband stelle in obiger lllustration
eine Einheit mit dem Rad dar.
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Chassis components and functions — Tire & Wheels

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 components and functions — Tire & Wheels

Tire Iateral characteristics: side slip behavior

Side slip a:
Direction of * Angle between direction of motion and direction of wheel plane.
motion
Y
a = — arctan—
Vx

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 components and functions — Tire & Wheels

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

175/ 15.03.21

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 components and functions — Tire & Wheels

Tire characteristics for understeer behavior (qualitative)

Fy,max [N]

Tire Pressure high

Race Tire

Fy IN]

Tire Pressure low

e.g. Winter Tire

/ al’]
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Chassis components and functions — Tire & Wheels

Tire lateral characteristics: side slip behavior

Vertical Load Frc_W.z: 2000 N .. 6000 N, mu: 1.00

75007

5000

2500

Side force

max

-2500

-5000]

/

7500+
-30

-20

0] 20 30
Side Slip Angle [ded]

177/ 15.03.21
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Chassis components and functions — Tire & Wheels

Tire characteristics measurement

Flat Belt Test Rig
Measurement Vehicle

Inner Drum Test Rig

= e e

Roller Drum Test Rig
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Chassis components and functions — Tire & Wheels
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Chassis components and functions — Tire & Wheels

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 components and functions — Tire & Wheels

Case 1: Understeer behavior with wheel load distribution

/ Front and Rear Tire

E, IN] |

F, [N]
withmv______J_ _____
| [
| w 6 =—+4+Aa - |la., —«
I
RN r [ FA RA]
with M

at ay =4 m/s?

ar4q — Apy > 0 (understeer)

Ay

a[’]
A(X — aFA — aRA
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Chassis components and functions — Tire & Wheels

Case 1: Understeer behavior with wheel load distribution

/ Front and Rear Tire

Fy [N]

Fy Limit [N]

with M,
" | —_— mla .hs_hr In'\ln r_:Bo berg_SteadyCircle_100m_Golf_235243 el I erg : I a— h ||. 'I
110 waork.bs_Praxisseminar_Boxberg_SteadyCircle 100m Golf_235359.erg ad l--llr 1
! ! | . ' : Lomax.

Fy,Limit [N] 100 : : : Ijll
_ o AR O T O S S O i
with M [N - S b R J
w0 . [N .-,T,\f-u
— i i : ; A
atay = LIMIT g o ,_;?h ''''''' e A A __/,/_J/JV]'
; 80 Roll Bar Modification ' : P o A |
o Front softer, Rear harder i G e T}‘,
g 50 ! | 4:;2_:__,:;:;’* : I,
o j — | E [;]—;*d—m,‘da,, ---------------
“1 . _ "" ! _ """"" i
odl o1 el L | R i et T

1

o .'

40

Car.ay [mis"2]
apq — dpy > 0 (understeer)
Linear Area
Qy
— — o
Aa = apy — gy a ]
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Chassis components and functions — Tire & Wheels

Case 2: Oversteer behavior with tire pressure difference

/ Tire Pressure high

Fy [N]

AN

Tire Pressure low

F,[N] — |- ——

at ay =4 m/s?
with m,, = my,

ary — Apy < 0 (oversteer)

ao
Aa=aFA—CZRA []
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Chassis components and functions — Tire & Wheels

Exercise 10: Steady State Circular Driving with modified Tires

—

Test Condition

* Constant Radius: 100 m

* Speed: 0 — max kph

« dag 0,2 m/s%/s ) )
Yaw, Radius: steady state condition Build your own

ange
-/ Basic Tire rear
t / Tire +50%

. Fy cornerln% Stlff 7 6
ﬁ

Car.Roll, e

B CarMaker - Tire Data Set: Michelin_Energysavers V2

1 Tire Data Set

Magic Formula5.2  File v | Close
General Parameter: ]Md\F’ ameter: }Sﬂﬂl ﬂF&]Addt nal Parameter: ]
— Scaling factor:
Mominal loa d[]

ﬂ

Offs 1r sidual torque [ 0
Fx shape factor [ Camber for Mz[-] 1
Fx peak friction coefficient [ 1 Alpha influence on Fx[-]
Kappa influence on Fy [
Kappa induced Fy [-]

Mz moment arm of Fx [-]

Fx curvature factor [
Fx slip stiffness [
Fx horizontal shift [-]

g
Rolling resistance torque [-]

i

Fy horizontal shift [-]
Fyvertical shift[-]
Camber for Fy [

eak of pneumatic trail [-]

1L
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Chassis components and functions — Tire & Wheels

Tire lateral characteristics: side slip behavior

=~ N . . q)‘ Nm /_k
8 6000 /7/ - ] g 120 r \
S / 7z § a0 é‘ /“'\k N,
o 5000 7 3 = / \\\
o — 8o/ : @ \\
v /4 £ / A\
4000 : c 80
//A Sturzwinkel ~ a0 \ \\
3000 /VO“’ Sy % 20 Sturzwinkel ~ \ Q&
// @ k o
2000 ////’ o % 0
__40
'10[!]/ 30 — 8°
00 2° 4° 6° 8° 10° N B S R S | | = 0 2¢ 4° 6° 8  10°
Side slip angel - S — Side slip angel «

A negative camber angle allows for the same side slip angle slightly greater lateral forces.
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Chassis components and functions — Tire & Wheels

XY combined tire characteristics: Kam’sche Cycle

Fraxt = Hh Fz1

—
- - -

SNS_m_—-

The sum of these forces is at most as large as the maximum transferable
force between tire and road, which is the product of coefficient of adhesion
and wheel load.

So that the vehicle in the longitudinal and lateral direction can be performed
stably, i.e. the wheel moves without high sliding, the limit of adhesion
between the wheel and the road must not be exceeded.

186/ 15.03.21 A drive ivinglab Kempten University of Applied Sciences



Chassis components and functions — Tire & Wheels

Kurvenmittelpunkt

\“‘II"['
\' 120 140 ///

100 160 /

ﬁ:: km/h :;,
~ 80 11807 -
~ -
— —
—s0 200 =
= -
— 220 —
‘_4Cl

-

// 26 - 24a0 N

187 /15.03.21

Bremse

A drive ivinglab

*
0‘.
'0
&
&
&
&
&
L
&
L
[
[
]
[
[
]
—a——
n
|}
L]
)
L)
L)
L)
.
.
.
‘t
L)
.’
’0
A4
4
*
&
)
R
L
a
L
»
L
-
L
-
__________
-
.
-
.
L
.
.
.
*
*
L J
*
*

...........

1
|
|
.
““ ! ....
Py 1 LR
1 .
.
1 .
1 .
0 3
1 *
| -
.
I .
1 .
| .
.
tl .
1 .
1 .
1
1
1
_________ e —
- L]
L] L]
- Ll
.
1 . k
1 . ¥
1 H g
1 . :
| : o
Q
r -------- .‘ K
H 0
O
1 **
1 o
‘e, i o*
L7998 1 os®
"innub wust®
1
1
1
1
1
-----
os®® F '....
.* l Ce
. -
0 1 S
1 S
»
f *
1 -
; -
.
1 -
| .
.
! .
1 .
| .
h .
.
: .
______________________
I
1
L]
! »
1 »
1 a
| Q
i g
g
1 Q
| Q
i Q
R
| R
1 ‘.’
. 1 .
'0.. 1 “‘
gy 1 {3
I
1
1

Kempten University of Applied Sciences



Chassis components and functions — Tire & Wheels

Kurvenmittelpunkt

N ULEY 2
\\\‘130 140'/ /,
W\Joo 160° 7/
~ km/h /,
_‘: 80 180 ;
~&0 aoo:::_
= -
—;4° EEO:
—~ ~
// 26 2490 N

voo
/ electronic \\
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Test and evaluation methods for vehicle attributes

Exercise 11: Brake in Cornering at different lateral and longitudinal acc.

Test Condition
Constant Radius: 100 m

Speed: 0 —max kph
a: 4,6, 8 m/s?
a.: 4,6, 8 m/s?

y
. SWA, a , Yaw, Radius: steady state condition
Visualize:

* SteerWhlAng, Car.y, Car.ay, Car.ax,
CarYawRate, Car.Si i

. time
tx vs. ty for path visualization
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Chassis components and functions — Tire & Wheels

Tire vertical characteristics: dynamic wheel load

0]

The acting vertical tire force (wheel load) shall be composed of:
> - Static wheel load F, ., = constant (Gravity and vehicle mass).
« Dynamical wheel load F, 4, = f(t) (Relative motion of the body related to the ground).

Sample:
245/40 R18, 2,2 bar, F, =4.700 N Due to the elasticity of the rubber and the air in the tire, it comes to vertical defection. This leads
140 mm to the formation of a contact area A between the road and tread - the tire contact area (foot print).
n . About this all forces must to be transferred.
|
E VA Influences to the effective foot print:
o ——y * Wheel load.
3 \“ « Tire inflation pressure
S\ - Tire construction.
 Tire dimension.
 Brutto foot print ® 230 cm? « Profile.
* Netto foot print ® 150 cm?
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Chassis components and functions — Tire & Wheels

Exercise 12: Uneven Road

Test Condition
Golf_GTD_Kempenich
+ e Speed: 80 kph
Closed Loop

) g fV mEm mms _ _ T b
8, Change & Analyze Tire Sensitivity: o
2. Damper + 100%

. RollBar+100%
4.?_ Analyze Wh;éliel’- Il_qad difference and

Visualize:
e (Cary, Car.Roll, Car.FzFL, Car.FzFR, Car.FzRL,
Car.FzRR
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Chassis components and functions — axle & suspension

Virtual and real K&C test benches in a modern development

Virtual K&C Test Bench Real K&C Test Bench
MBS-Model Sample ABD SPMM 5000
- Ais =y R SPMM5000
< Roll Test } E ¢ \ N ;
) e [

< Side Force Test } X ] ! N
0.1Hz Kinematics Bounce Test
< Accel. & Brake Test } [x3 SPEED] |
K&C Variants

Validation

\ 4

Look-up Tables

Parametrization
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Chassis components and functions — axle & suspension

Suspension — Kinematics & Compliance

E E E
E E E
= = =
] i i
w [y ey
=3 =3 =3
=) 5 =)
= = =
L] [ =]

-100 t t t t t t {

-10.0 -7.S -5.0 =25 oo 2.5 S.0 e 10.0
Ty lettivight [mm]

T . e e B
E E ] E
E E i E
= = SO oo m e T =
= = B =
—i — q —
ey ey ] [y
=3 =3 =3
& = B =
= e O =
L] [ =]

S S S | S . S

-100 t t t t t t 1 -100 t t t i t 1
-2.0 -1.5 -1.0 -0.s oo o= 1.0 1.5 2.0 -0.73 -0.s0 -0.25 o.oo 025 o.so R i B | B n.z s
rx leftfright [deg) ry leftiright [deg] rz leftiricht [deg]

front left front right
Front Suspension: §
Vehicle 'DemoCar

CarMaker 32.0pre11

Model Check Kinematics & Compliance: Parallel Compression Kinematics

Thas, 25052009, 1627 S+ Ve s kunop Aslsche Nomalzell, Page 1
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Chassis components and functions — axle & suspension

Suspension — Kinematics & Compliance

Chamber Change

Track Width Change

194 /15.03.21
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Toe Change
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Chassis components and functions — axle & suspension

Kinematics & Compliance — Stroke or Bounce Test

Translation

TN

1x leftivight [mm] i 1y leftright [mm]
/ X ¢ Rotation e £ <<

\
-
&

nnnnnnnnnnnnnnnn
eeeeeeeeeeeeeeee

eeeeeeeee
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Chassis components and functions — axle & suspension

Kinematics & Compliance - Roll Test

E
£ E
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr v &

tx leftiright [mim]
o =
= E
E
s Y R R t s03
E 3 R

p—

— front left
SSSSSSSS pension:
\\\\\\ e 'DermoCar’
CarMaker 3.0pre11 - - - R - - - -
Model Check Kinematics & Compliance: Antiparallel Compression Kinematics

Kempten University of Applied Sciences
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Chassis components and functions — axle & suspension

Suspension — Kinematics & Compliance

inclination

Vehicle Dynamics Rule No. 2:

Produce a harmonic foot print
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Chassis components and functions — axle & suspension

Suspension — Kinematics & Compliance

198 /15.03.21

Steer Test
/g

...................

i _{Translat

..........

..........

Side Force Test

iennan wen)

Fyte g pren]

= leman) wenl

A drive ivinglab

Kempten University of Applied Sciences



Test and evaluation methods for vehicle attributes

Exercise 13: Brake in Cornering at different lateral and longitudinal acc.

F Test Condition 2. Change & Analyze Com Se
Constant Radius: 100 m

o ___S[J_e_@_(a;___d___‘___ﬁ 0 — max kph
e dag  0,2m/s%s

SWA, ;f;ﬁw Radius: steady state condition

Visualize:

* SteerWhlAng, Car.v, Car.ay, Car.Roll,
Car.SideSlipAngle
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Chassis components and functions — axle & suspension

Linear 2DOF kinematic model (bounce &steer) parameter

Spring

Secondary
Spring

Damper

Buffer

Stabilizer

Kinematics

Compliance

Wheel
Bearing

External
Forces

Vehicle Data Set

Front| Rear|

ﬁ CarMaker - Vehicle Data Set: Compact.car

Wehicle Body I Bodiesl Engine] SIISPQHSiOHSI Steering ] Tiresl Brake ] Powertrai

fe] B s

Aerodynamics ] Sensorsl Misc.

£

Model: #| Linear 2 DOF

Translation
Translation ty
Translation &z
Rotation rx
Rotation ry
Rotation z

Deflection I1Spring
Deflection IDamp
Deflection IBuf
Deflection I5tabi

Static Copabr. Oppos, Steer
| 0.0 0023 00| 0.3
| 000/  00[ 0018
4 00| 0| 0o/ 0033
[ o001z 0241 00[ 0473
| 00| -0.05 | oo 1293
| \-0.0| 0.131 (55 =5
| \ 10| 00| 0.0
| 0.0 10| 00| 0.0
| 00|  \{10/ 00| 00
| 00| \ 00| 0.0

200/ 15.03.21

A drive ivinglab

Static Camber of axle alignment
Camber in (stroke)

Toe In (stroke)
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Chassis components and functions — axle & suspension

Linear compliance model parameters

=
@ CarMaker - Venicle Data Set: Examples/DemoCar o B (e

Vehicle Data Set File w \ Close \

Vehicle Body I Elodiesl Enginel Suspensions] Steering l Tiresl Elrake] Powertrain I Aerodynamics l Sensors[ Misc.l

spring | | Front] Rear| 4 / Side Force Steer
- | Maodel: ﬁ Linear Frame Fr1
Secondary Y/
Spring it dy dtz drx dry drz /
|| Foreex 1 . 0.0 00| 00| 00| 00| 0.0/
Damper Force Y mmn | 0.0 00| 00| 00| 00| 0.0
Force Z 1 0.0 00| 00| 00| 00| 0.0
Buffer Torque X radiNm] | 0.0 0.0| 0.0| 00| 00| 0.0
Torque Y [rad/mm] | 00| 00| 00| 00| 00| 0.0
e Torque Z [radiNm] | 0.0 00| 00| 00| 00| 0.0
Force opposite X [mm] | 0.0 00| 00| 00| 00| 0.0
Kinematics Force oppositeY  [mm] | 0.0| 00| 0.0| 00| 00| 0.0
Force opposite 2 [miN] | 0.0 00| 00| 00| 00| 0.0
Torque opposite X [rad/Nm] | 00| 00| 00| 00| 00| 0.0
Torque opposite Y [rad/Nm] | 0.0 00| 00| 0.0 00| 0.0
Wheel Torque opposite Z [radiNm] | 0.0 00| 0.0| 00| 0.0| 0.0
Bearing
External
Forces
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Chassis components and functions — steering

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 components and functions — steering

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 components and functions — steering

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

204 /15.03.21

nCarMaker - Vehicle Data Set

Vehicle Data Set

Steering Model: ¥/ Pfeffer with Power Steering

Steering
Gear Ratio

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

File » Close

Vehicle Body | Bodies | Engine Mount| 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

Friction torqﬁ

0.001
20 /
7000.0

max = 0.2 Nm

-0.2 02
0.06
0.1

/a...,i

——

Friction torque min = -0.2 Nm

powered by

o

}%’ 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

|

General Power Assistance Options
Power Assistance: g EPS to Rack

stance 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

’mau romuel Ourmltil
[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

Inertia [kgm?]

Viscous friction coefficient [Nms]

Current controller

Proportional gain [-] 5.0
Integral gain [-] 01 |-

0.00015 j

0.02

Kempten University of Applied Sciences



Chassis components and functions — steering

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 components and functions — steering

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 components and functions — steering

On-Center Steering Behavior

SWT = Steering wheel torque SWA = Steering wheel angle

-
<

v
A
v

COMFORT SAFETY
* Subjective: Steering Effort Center Point * Subjective: Straight running behavior
* Objective: SWT / SWA Effort at YawRate =0 * Objective: YawRate Response at SWT =0
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Chassis Controls and Functions

On-Center Handling Test - Weave (I1SO 13674-1)

V =60-80-100-120-140- 160 km/h

Ty
L ——— 4

\ Steer Input: Sine 0.2 +/- 10%

@m

ay: <0.2g

SW Torque [Nm]
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Chassis components and functions — steering

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

Mx External

plot

mx External plot - O X

Ede oD@ 0E

Criteria: Steering Effort
at Center Point
Comfort Criteria A

1 ! 1 1

dde RRO9L|0E
|| I I
3 -
Criteria: Steering
Torque Build-up & \
2+ | Turn-in Feeling
1 -
E
£
@
08
2| | Criteria: Stiffness
=
wn
A
2F
3F
A A | | SW Angle [deg] |
-20 15 -10 0

209/ 15.03.21

5 10 15 20

A drive ivinglab

I 1 I T | T

Criteria: Straight Running Behavior = Drift
1 Saftey Criteria

| [ Yaw Rate [deg/s] |

- |
I}

1

H

[ Se— Golf_GTD__Weave__121%6.ergl - I )

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

| 1 1

3 -2 -1 0 L _ s

Kempten University of Applied Sciences
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Chassis components and functions — steering

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

210/ 15.03.21

SW Torque [Nm]

Golf 7 GTD

Performance Tire

— Golf_GTD_Weave_121906.erg
Golf_GTD_Weave_122158.erg
Golf_GTD_Weave_122901.erg ||

Golf_GTD_Weave_123149.erg

| | |

SW Angle [deg]

A drive ivinglab

10 15 20
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Chassis components and functions — steering

Exercise 14: On-Center Handling Test - Weave (ISO 13674-1)

Test Condition 1. Change & Analyze Tire Sensitivity:
* Speed: 80, 100, 120 kph 1. Basic Tire
* Steer Input: Sine 0.2 Hz
© ay 2 m/s?
Visualize: | ia Sensitivity:
* SteerWhlAng, Steer.WhlTrg Car.' J
CarYawRate

* SteerWhlAng vs. Steer.WhITrq
e Steer.WhITrq vs. Car.YawRate, h
5
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Chassis components and functions — steering

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

o E o
K = y
£ g o
< g

k=] 5 A
= = .
s H -
@ [!
g £ ¥
<L - i
= £ !
o o | .
& & :
— w i '

18 : : 3
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: v User pararmeterized 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 components and functions — steering

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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