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Composition of a radial-ply tire
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Tire labeling

265/50 R 14 101 V:

Radial-ply tire (R)
Tire width: 265 mm
Wheel-rim diameter : 14”

Tire-wall height : 0,50 * 265
mm

Load index: 101

Velocity index: V (maximum
velocity = 240 km/h)

« 6,40-13/6 PR:

Bias-ply tire
Tire width: 6,40”
Wheel-rim diameter: 13”

Tire-wall height: 0,95 (super
balloon for D) * 6,40

Loading index: PR6

Velocity index: no index
(maximum velocity = 150
km/h)
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Tire labeling

* Production date: DOT xxyy
— XX => Week;
— Yy => year.

o Tire load index:

Load Load in Load Load in Load Load in Load

index Kg per index Kg per index Kg per index

tyre tyre tyre
62 265 75 387 88 560 101 825 114 1180
63 272 76 400 89 580 102 850 115 1215
64 280 77 412 20 600 103 875 116 1250
65 290 78 425 91 615 104 900 117 1285
66 300 79 437 92 630 105 925 118 1320
67 307 80 450 93 650 106 950 119 1360
68 315 81 462 94 670 107 975 120 1400
69 325 82 475 95 690 108 1000 121 1450
70 335 83 487 96 710 109 1030 122 1500
71 345 84 500 97 730 110 1060 123 1550
72 355 85 515 98 750 111 1090 124 1600
75 365 86 530 99 775 112 1120 125 1650
74 375 87 545 100 800 113 1150 126 1700




Tire labeling

L] « Tire velocity index:

P => 150 km/h

Q => 160 km/h

S => 180 km/h

T =>190 km/h

H => 210 km/h

V => 240 km/h

W => 270 km/h

Y => 300 km/h

VR => above 210 km/h
ZR=> above 240 km/h



Difference between radial and bias tire
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Difference between rolling and sliding

Effective frictional force
as fraction of vehicle weight

On a dry road, it may

not matter so much

ok if your tires lock and

: slide.
09rF
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O7p: """ k.netn ?
z-: static friction H k- °
0'4 I friction Conditions

’ where
03} Y\ static friction
0.2} exceeds
0.1 Dry kinetic.

Increasing force on brake pedal
Indicates critical zone where you lose
braking force if your tires lock and slide.

Rolling tire Locked tire
(static friction) (kinetic friction)

© ©

Contact point of Contact point of
rolling tire is locked tire is
instantaneously "skiing" on road
at rest with respect at full velocity
to roadway. of the vehicle.
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On a wet road, there may
be a dramatic difference
in braking force if your
wheels lock!

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

static
friction

Conditions where
Wet? static friction exceeds
) = kinetic.l

Increasing force on brake pedal

It may be even worse!
Your best braking may
be half of the dry road
case, and you may

hydroplane if the brakes lock.

........ Wet?

Conditions where

static friction exceeds

kinetic. — )
lJ' k 4

Increasing force on brake pedal



Traction diagram for radial-ply tires and bias-ply tires

Bias-ply tyre (new)

/

HH
" Radial-ply tyre (new)

Radial-ply tyre (old)




Traction diagram for accelerating and braking
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Micro-contact between tire and driving surface during
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Micro-contact between tyre and driving surface during
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4x4 wheel drive
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L] » Central power splitter without differential gear on a hard
surface:

® Power splitter

without central
differential
gear

» Theoretical tangential velocities:

Vio =W Ty € R, > Voo =Wy 0T

St

ocR2

t
» Actual tangential velocities:

v,=Vv, ; M, #M,



4x4 wheel drive
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. » Central power splitter without differential gear on a hard
surface:

+M1 I\/Imot>0 O 'Mz
V10; V2,0 ... theoretical velocities
~ V1. Vo ... actual velocities
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4x4 wheel drive
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. » Central power splitter with a differential gear on a hard
surface:
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4x4 wheel drive
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L] » Central power splitter with a differential gear — hard surface
under the rear axle, soft surface under the front axle, straight
driving:




4x4 wheel drive
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. « Central power splitter without differential gear — hard surface
under the rear axle, soft surface under the front axle, straight
driving:
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Automatic self-locking differential gear - ASD
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Torque vectoring differential

Agile cornering

Steering torque o J;
traction wheels

% Gear-box
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Torque-vectoring
differential gear

Safety — vehicle
stabilisation

ICE

Gear-box

Steering torque
on traction wheels
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Torque-vectoring
differential gear

Improved traction
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Bigger torque to
a wheel with a
5 better traction

Torque-vectoring
differential gear
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Torque vectoring differential
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[ « Operation during cornering:

Influence of torque vectoring on the selfe-steering effect

standard vehicle

torque vectoring
supported vehicle

steering angle [°deg]

TTIN

improved lateral acceleration

lateral acceleration [m/s?]

5 Praktischer Entwurf mechatronischer Systeme, Karlsruhe 13.12.2013

Granzow 2013, str. 5.




Torque vectoring differential
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] * Functional assembly of a ZF Vector drive differential gear:

Multi-disc brake Multi-disc brake
E F . F F
S [ aame

ol ol
- 1

Left unit for torque-

vectoring Right unit for torque-

vectoring

Conventional differential
gear with the angle
bevel gear



Torque vectoring differential
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System assembly:

ZF Vector Drive
Unit-Layout

8 Praktischer Entwurf mechatronischer Systeme, Karlsruhe 13.12.2013
Granzow 2013, str. 8. . 25




Torque vectoring differential
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« Assembly cross-section:
ZF Vector Drive
Design-Layout

Planetary-drive Open differential
ratio ~ 0,9 P \ with welded ring-gear
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Multi-plate disc brake :

incl. actuation Seals to separate oil compartments

15 Praktischer Entwurf mechatronischer Systeme, Karlsruhe 13.12.2013
Granzow 2013, str. 15.




Torque vectoring differential
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] « Principle of operation without torque-vectoring function:
MKG
Fa=0 Fa=0
Fi 1 ||_|_|_|_| || | | ) |J_|_|_|| || | | Fr2=Fk 1

M1=Mkg /2 % % Mo=Myg /2

Granzow 2013, str. 9. J’
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Torque vectoring differential
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. » Principle of operation by applying the torque-vectoring

function:
Myc =2000 Nm
F,=0 F.>0
rﬁTﬂ rﬁTﬂ Fo,>F
- i RO M R (1100 Nim b=
k,1
T O 900 Nm i@ L’gso Nm |
|
M=480 Nm i@ 1@ 420 Nm |
$=1400 Nm

Granzow 2013, str. 10.
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Torque vectoring differential
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. » Principle of operation by applying the torque-vectoring

function:
Myc =0 Nm
F.=0 KG F.>0
= RV2 RO T | =, 1100 Nm %
1 ’_L |
Fk,2
o 1900 Nm i 980 Nm) T
|
l M:=510 Nm @) % :_599 Nm |
>=390 Nm
Fk1

Granzow 2013, str. 11. J’
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Torque vectoring differential
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| ] * Activation of a multi-disc brake of a planetary shaft:

ZF Vector Drive
Actuator-System

‘ 18 Praktischer Entwurf mechatronischer Systeme, Karisruhe 13.12.2013
Granzow 2013, str. 18. 30
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Torque vectoring differential

 Activation of a multi-disc brake of a planetary shaft:

ZF Vector Drive
Ball-Ramp with Variable Slope

Rotational displacement

| _

\ .
Axial displacement B e .
! —— 7
A 0
Axial displacement A 1 _
Rotational displacement B
Rotational displacement A Axial displacement

19 Praktischer Entwurf mechatronischer Systeme, Karlsruhe 13.12.2013

Granzow 2013, str. 19.
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Torque vectoring differential
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. » The torque-vectoring differential is a mechatronic system:

. ZF Vector Drive
@ Block diagram E/E-System

27 Praktischer Entwurf mechatronischer Systeme, Karlsruhe 13.12.2013

Granzow 2013, str. 27. o 32
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M =Y-e

o ... side-slip angle dY/dx(@>0), reaisti
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U, ... lateral traction coefficient
Hs

aS
M

c, ... cornering stiffness of a tire

c, =tgf, =




Steering angle during cornering
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A ... Steering angle ’~..;.;.%-:,;

A= f(R) —

35



Univerza o jubljani Influence of side-slip rolling during cornering
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Influence of side-slip rolling during cornering

R,R,>0=>R ~R,~rR=F,~= F%FczzFé
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Under-steered vehicle: c_,>c,
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Increase of velocity
for constant R.

R=I/[A—ps*(Cs1-Cs2)]

R=v"/(1s*g)

If a vehicle's velocity is
increased during cornering,
the steering angle A should

be increased.

Hs

38
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Over-steered vehicle: c,<c,

e > ' >
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> N\ 1S | f velocit
¢ p <\ @ ncrease of velocity
o & ' : for constant R.
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%, R=v"/(11s*q)
\ /é
R=I/[A—ps*(Cs1-Cs2)] \‘, l/\\é‘o
47,7 Y
s

be reduced.

If a vehicle's velocity is
increased during cornering,
the steering angle A should

39



Influence of a side wind
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[] » Under-steered vehicle (c,>C,):
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The centrifugal force
stabilizes the wind force.




Influence of a side wind
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[] » Over-steered vehicle (c 4 <C,):

® —

The centrifugal force de-
stabilizes the wind force.
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Vehicle stabilization during cornering

Under-steered vehicle:

=)

Stabilisation

Stabilisation
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Actual corering = wish

Fast Actual cornering = wish
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wee Critical velocity of over-steered vehicle

. « A critical velocity of the over-steered vehicle is the velocity at
which the vehicle can negotiate curves with a zero steering
angle, if subjected to a lateral disturbance (e.g. wind blow):




Position of steered wheels
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L]  Camber angle:

>0 |
L y=+0,3/41,5°

— Nullifies bearing clearance.
— Positive camber angle reduces lateral forces during cornering.
— Negative camber angle increased grip during heavy cornering.



Position of steered wheels
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L] » Lateral slope of a pivot line:

A s=5410°
— It causes a raise of the vehicle's front part during a steering

maneuver.

— A consequence is self-alignment of the steering wheels if a
driver releases a steering wheel.



Position of steered wheels
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N » Caster angle:

£=1-3°

N ANLSY SN

— Positive caster will make
the vehicle more stable at
high speeds, and will
increase tire lean when
cornering.



Position of steered wheels
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L] « Joe angle:
Smer voznje /

Direction of
driving

,,,,,,,,,,,,,,,,,,,,,,,,,

Pogon na zadnja kolesa /
Rear-wheel drive

Smer voznje /
Direction of
driving

,,,,,,,,,,,,,,,,,,,,,,,,,

Pogon na sprédnja kolesa /
Front-wheel drive

— The angle derived from pointing the tires inward or outward from
a top view.

— The steering mechanism is pre-stressed to nullify clearance.

— Reduces lateral wheel twisting.
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