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Chassis components and functions — Tire & Wheels

Vehicle dynamics behavior is impact by numerous components

Vehicle area
Coefficients

Masses

Vehicle Bodies
L] |- A\ L]

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

Brake Control

Axle (ESC)

Spring Steering Control

Damper Suspension

Stabilizer Co.ntrol .

Bushing - *  Drivetrain Control
~ ~ Engine Control

Steering System ' Brake System

Rack Actuation
Column Hydraulic
Wheel Caliber
‘ Valves
- ¢ Engine
. ' . Transmission
* Tire Driveline
Wheel
TPMS
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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

Tire History

1839: The American chemist Charles Goodyear manufactures rubber-sulfur mixtures and
accidentally discovered the vulcanization (patent application 1844).

1888: Scottish veterinarian John Boyd Dunlop building a pneumatic tire for his son's
tricycle and reports this to the first bicycle tire for a patent.

1895: The French Industrielen Edouard and André Michelin build the first pneumatic tire
for an automobile (L'Eclair - the flash).

1904: The company Continental (founded in Hanover in 1871) builds the first profile tires
for automobiles.

1943: Continental patented the tubeless tire.

1946: The Michelin brand (founded in 1889 in Clermont-Ferrand) patented the radial tire.

GOODSYEAR &> poNLOP

(nfinental =

2

3

ST MICHELIN
S

E. Michelin  A. Michelin
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Chassis components and functions — Tire & Wheels

Tire History

1960: Discovery of the aquaplaning effect.
1970’s: Production of the first steel-belted tires.

1990’s: New Materials

» Silica replaces partially carbon black (enhanced wet performance,
rolling resistance is reduced).

* ,Run-on-Flat“-Systems.

» Lightweight tires (mass and rolling resistance reduced).

- 1 .
CONVENTIONAL TIRE RUN-FLAT TIRE ﬂ
4 f e shape in ca N\
of puncture \‘l\
2 <
\
shape in case

unctus /i

J

P /™

SELF-SUPPORTING-
TIRE CROSS-SECTION

HOW RUN-FLATS DIFFER FROM CONVENTIONAL TIRES

2001: New Materials
« BioTRED technology - Goodyear replaces carbon black and silica

partially cornstarch (Reduction of rolling resistance, wear, and weight).
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Ranking of Tire Manufacturer

Updated: 20. May 2015
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Chassis components and functions — Tire & Wheels

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 components and functions — Tire & Wheels

Global requirements for tires

* High speed strength

:é‘_ 7 d’ld- *  Durability i.b * Roll resistance
4 dd * Force transfer *  Purchase cost
‘ (dry, wet, snow, ice) ‘ *  Wear
i " * Straight running, corning stability * Mileage
* Handling, steering precision

* Mass

_ &V"'AUE 54'% * Partial emission (rubber) ' .
& “\  + Energy demand for the * Uniformity (Rundlauf)
1 production *  Rolling noise
"o@# (’\5 * Resources saving and : Rglling behavior
NIMwe 115/ protection. *  Vibration

* Recycling
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Chassis components and functions — Tire & Wheels

Tire construction and component functions

Tread

* Force transfer
e Wear

¢ Handling.

¢ Noise.

¢ Aquaplaning.
e Comfort.

¢ Roll Resistance

---------

LT -
vieq

Tods

Inner Liner
e Airtightness.

Stahl cord belt (2 layer)

Steel Core ¢ Handling

* Bead seating ¢ Roll Resistance
Bandage e Comfort.
¢ High Speed Resistance.
e Uniformity
e Comfort ¥

high-strength steel cord

225 /09.06.20 A drive livinglasb

Apexes

e Driving stability.

e Steering & comfort
behavior

Side wall
e Damage protection.

Textile cord Carcass
e Endurance
e Dimensional stability.
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Chassis components and functions — Tire & Wheels

Tire types
Diagonal Tires Radial Tires
» Cords of each carcass plies are laid each other at » The carcass cords are laid at an angle of 90 ° to the
an acute angle. running direction.
« Advantage: good comfort. » Advantage: driving stability, better role resistance.
« Disadvantage: worse driving stability, higher role » Disadvantage: comfort.
resistance.

38°-40° 30°-35° 26°
Standard Tire High Speed Tire Race Tire
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Chassis components and functions — Tire & Wheels

Tire construction and specification

O.E. Size Plus One Plus Two Plus Three
16" x 7" WHEEL 205/55R 16 17" x 7" WHEEL 215/45R17 18" x 8" WHEEL 225/40R18 19" x 9" WHEEL 235/35R19

215mm 225mm 235mm

.-—-""'-.-_
________,.mm N A _‘-"‘":‘-.: Radial
3 construction g
% (the tyre
load
Aspect Ratio capacity)
Section (the tyre Speed Rating
Width height as a Rim Diameter (the tyre
(tyre width ~ percentage of (the tyre speed
in MM) the width) diameter) indicator)
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Chassis components and functions — Tire & Wheels

Tire types

All Season All Terrain
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Chassis components and functions — Tire & Wheels

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

Lateral / Longitudinal Dynamic / Stabili

Dry Handling 1309 Straight running / rut

Weight 120
9 et Handling
80 \

Tire Weight ‘ Aquaplaning
7,

Roll Resistance - Rim Roll Off

®

-~ 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 components and functions — Tire & Wheels

Cause and effect chain / transfer path

Passengers Passengers (ear) Driver (hand)
t t
L Steering wheel
P el t
Seat ,+7 .- Airborne ngisé~. Steering column
y e N t
e N Steering gear box
i
Seta rail - Vehicle body Tie rod
i i
Oscillation Suspension > Steer knuckle arm
I Actuating forces
Oscillation
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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

» 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
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Chassis components and functions — Tire & Wheels

Tires, some fundamentals

Vabe S A A
AV VA NN
= EVETR
VWA Som

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
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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

236/ 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 livinglsb

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

237/ 09.06.20 A drive living Kempten University of Applied Sciences



Chassis components and functions — Tire & Wheels

Tire longitudinal characteristics: slip behavior

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

\ T slide The longitudinal force F, causes

o 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

3 vV, —V V—V together as a deformation

S= -100% S, = -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 ;.

239 /09.06.20 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

| _ 13
O F,=c.-S
I:x,max 1,2
6000

For small longitudinal 1 ///)’y?

) forces, there is a linear 0 Vv/é{/’é /
5000 A relationship between S ’ ~ dry
B O o N and Fx. 03 ﬁg / 77 >
%4000 | A ) : ; 08—t ‘(% %
g -75% Slide j___j_!.._ YA C. = slip stiffness  gEg. \\ wet N
g 08 ! B AEARY SRR ARRRI RN AN

75-00% Side C = dF, — f(FZ) s i

e —— critical slip
|

0% Slide Influences: 03 I

Slide

N | e Tire pressure 0 I ol
0 6 9 12 15 18 21 24 27 * Temperature "1/ (EA L AT R 7' % 7'
Langsschlupf « [%] e Local friction 01 :{ﬂ% -LZAEEQWPDEG..LZZ/ZL./ZZ/:
e
0 18 : 0 % 4 % 60 M0 8 90 100

The maximal longitudinal force is depended on

Fx,max = luh . |:Z the friction (e.g. p, = 1,1) Sehlupt $ %]
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Chassis components and functions — Tire & Wheels

Tire longitudinal characteristics: slip behavior

Dehnfester Gortel Dehnfester Glrtel T

r
E i — ; Der Block kemmt in
Veabrroug Kontakt mit der Strale.

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

Schlupfwreg und Scheringe
—ilh

: VEahrzaug
m
Es tritt Scherung eim.
mmg

- -

- 4 Es tritt Schiupf ein

: Veakrzoug umd der Block rutscht
3 ! durchi.

241/09.06.20 A drive ivinglab

wT {= Radumfangsgeschwindigkeait)
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%

242 /09.06.20

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

243 /09.06.20

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 ivinglab

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

VF’L(; VF,x
\\K

N
N
N

IV ' N

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

ap = —arctan—=

\\
[
F.,x .’A
Vv > ]
. % A
Lateral velocity Vy ‘
_Eth

Drift Angle B = -arctan Vy / Vx

_ VR»J’
adp = — arctan ——
R,x

245/ 09.06.20 A drive ivinglab
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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

A 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 ).
 Tire conicity (geometrical)

|
\
§ Clockwi .
Coumercgf,k;f.lzi \ Riii‘f?;i?e » Ply steer (tread/belt construction)

— —Plysteer | 4 Plysteer
Force ‘-~ |

—_——l

\Q 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

- -

Side

247 / 09.06.20

8

slip v

10 Grad

14

A drive ivinglst

» 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

s a[]
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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]

249 /09.06.20
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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

F, IN] |

E, [N]
withmv_______:_ _____

[
w 6 =—-4+Aa - |la., —«a

with IM H

at ay =4 m/s?

ar4q — Apy > 0 (understeer)

al’]
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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]
arq — dpy > 0 (understeer)
Linear Area
Qy
— — o
Aa = apy — gy a ]
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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)

(043

ao
Aa=aFA—CZRA []
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Tire lateral characteristics: side slip behavior

Straight running Drlylngwlth small Dr_|vmgIW|th big Definition
side slip angle side slip angle
" K 4
! TR el e - The lateral force Fy and the rolling
resistance Fy, effect to the CoG of the
=~ | o) .
deformation area.
5 | » The x-distance from the center of foot
2 . print is called pneumatic trail.
| G %W G
L |  The y-distance to the rim plane is
R denoted by m.
m
Back alignment torque: |\/|Z Simplified: |\/|Z = Fy . nR
(37) (38)
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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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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 e/l £ \\
v /4 £ / AN
4000 : c 80
//A Sturzwinkel ~ a0 \ \\
3000 /VO“’ Sy % 20 Sturzwinkel ~ \ Q&
// @ k o
2000 ////’ o % 0
__40
'10[!]/ 30 — 8°
00 oo 4° a° ge 10° T B S ls i o 0 oo 4¢° 6° g8°  10°
Side slip angel v o Side slip angel «

A negative camber angle allows for the same side slip angle slightly greater lateral forces.
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XY combined tire characteristics: Kam’sche Cycle

Frax1 = Mn" Fz1

——
- ‘\

S~ -

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.
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Kurvenmittelpunkt
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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.

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

Fpr < u *xFy

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

Das entstehende Bremsmoment verursacht eine hohe Achslastverschiebung von der Kurvenauften- auf die S
dynamische Achslastverschiebung von hinten nach -innenseite, so dass fliehkraftbedingt innenseitig eine LR
vorn, so dass kurzfristig vorne eine Uberlast (+AZ), hin- Oberlast (+AZ), an der Aullenseite eine Unterlast (-AZ)
ten eine Unterlast (-AZ) entsteht. So scheint die entsteht. Die Summe der unterschiedlichen vier Seiten- +AS
Vorderachse schwerer, die Hinterachse leichter als im krifte fallt geringer aus als fiir den hypothetischen Fall R
ungebremsten Fall. Ohne ABS kann dies dazu filhren, gleichmaliger Kraftverteilung. === mm s oo e - g
dass die entlasteten Hinterrader vor den Vordemadern Seitliche Gewichtsverlagerung fiihrt somit zur Abnahme L= OR= const.
blockieren, was sich in punkto Fahrstabilitat sehr des Querhaftungspotenzials. 81
unginstig auswirken und zum Schleudem fihren kann.
Um diesen unerwinschten Effekt zu reduzieren. kann _ASL

Bremskrafiregler verhindemn dieses instabile
Oberbremsen der Hinterrader und erfiillen so

der Konstrukteur z.B. die Spur verbreitern oder die
Schwerpunkththe verringem.

Dynamic wheel load and side force

das Fahrstabilitatskriterium. | .
e i Entastng dor ! demand at one axle.
IR i __ Kurveninnenasi : .
hintes = = ™ ! - Total side forces are reduced

o 5
& L

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

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

'PZL +PZR

Vehicle Dynamics Rule No. 1:

Avoid wheel load variation

a = Beschleunigung in Langsrichtung, in my's? Druckfehler PZL,RO iPZL,R

a = Beschleunigung in Querrichtung, in m/s*

/ Pz ro

I = Gewichtskraft {= Summe der 4 Radlasten), in N Innen: - AZ Z = Gewichtskraft (= Summe der 4 Radlasten), in N
h = Schwerpunkthiihe Gber der Strale, in m h = Schwerpunkththe dber der Strafe, inm
Iy = Radstand des Fahrzeugs, in m AuBen: + AZ  i; - Spurweite des Fahrzeugs, inm. Kurveninnenseite KurvenaulRenseite
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Calculation of CoG — Center of Gravity

— CoG height (Center of Gravity)
‘Q\‘ +

n
»

Wheel Base (1)

@ >
>

0 l m* g Mpy * 8 e Vehicle weight (with driver) =1.970 kg
e Mg, (front axle) = 1100 kg
e Mg, (rear axle) =870 kg
— . e Wheel base = 2.807 mm,
m*g * lRA — Mpy * 8 * l lFA = [ — lRA e Center of gravity =0,65m
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Dynamic Wheel Load Calculation

> X
FZ,HA
F _ Mm*g* lpg—M*ax*Sp
ZFZ=0 O0=m % g — (FZ,FA + FZ,HA) Zpa L
ZMy=O O=m*ax*Sh—m *g*lFA+FZ,HA+l FZ,VAZm*g_FZ,HA
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Tire vertical characteristics: dynamic wheel load

F,(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).

v

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
 140mm to the formation of a contact area A between the road and tread - the tire contact area (foot print).
» " About this all forces must to be transferred.
1 7
E VA Influences to the effective foot print:
o —— * Wheel load.
a3 \“ « Tire inflation pressure
S\ « Tire construction.
 Tire dimension.
 Brutto foot print & 230 cm? e Profile.
» Netto foot print = 150 cm?
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Tire characteristics measurement

Flat Belt Test Rig
Measurement Vehicle

Inner Drum Test Rig

= e e

Roller Drum Test Rig

264/ 09.06.20 A drive ivinglsab Kempten University of Applied Sciences



Chassis components and functions — Tire & Wheels

265/ 09.06.20 A drive ivinglsab Kempten University of Applied Sciences



Chassis components and functions — Tire & Wheels

Aguaplaning effect

Copvright MICHELIN

20MPH 40MPH 60MPH
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