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TYRES

= Where are the forces to accelerate a vehicle generated?
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WHY ARE TYRES IMPORTANT?

= Whatever you do to improve the vehicle performance, the forces go through the tyres
= Acceleration
= Braking
= Cornering
= Tyre selection is critical
= Performance verses wear
Handling feel - feedback

Comfort — ride and noise

Economy — fuel consumption

= Tyre properties and dynamics are an important area of study
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CONTACT PATCH

= The area of the tyre in physical contact with the ground

= The contact patch changes shape and size depending on various factors, such as

TYRE STRESS ON ROAD

CNET On Cars - Car Tech 101: How tires work (6 Mins)
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= The area of the tyre in physical contact with the ground

= The contact patch changes shape and size depending on various factors, such as

Tyre dimensions

Disribution

Pressure — internal air (gas) pressure.

Vertical loading

Tractive effort
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BASIC TYRE FORCES - TRACTION

= Sidewalls in shear due to traction / drive forces
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BASICTYRE FORCES - TRACTION

Dragster slow motion tire wrinkle

BASIC TYRE FORCES - CORNERING

= Sidewalls in bending due to lateral forces

= Beads react moments as well as forces

tyre deflection.wmy

CARCASS DISTORTION

= The tyre does distort and deform when reacting the forces we demand of it.

= |n a performance event the continual stretching and relaxing of the rubber can lead to
heat build up. In extreme causing a blow out.

= However there is an ‘optimal’ temp for the tyre to work at.
= Summer tyres/winter tyres

= Race tyre warm up and monitoring

Overlay of Tire Temperature and Wheel Loads at VIR = lzze-Racing




FRICTIONAL FORCES

. L. Horizontal force (push) Kg
Coefficient of friction - Mu H'= "Vertical force (weight) Kg
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FRICTIONAL FORCES

= Several mechanisms for generating ‘frictional’ forces
= hysteresis
= adhesion

= tearing

FRICTIONAL FORCES

Hysteresis

dominates “real world” tyre grip on uneven (textured)
surfaces
Vertical Load

generates pressure differential between loading and

i Difterential Pressure Across
unloading faces of rubber Lortile)

also known as “mechanical keying”

high level of damping (hysteresis) in compound promotes
grip on textured surfaces

sensitive to sliding velocity and road texture

insensitive to lubrication (liquid, powder)
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FRICTIONAL FORCES

= Adhesion

= “momentary molecular bonding” between tyre and
road Vertical Load

= uses “residual electrostatic forces”

= primary mechanism for “rubber on glass” friction

= “tops up” grip for dry, unlubricated surfaces =

Road Surtace
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= highest at very low sliding velocities

FRICTIONAL FORCES

= tearing

Vertical Load

= physical limit of rubber cohesion i g i
from the tyre surface (wear)

surface of rubber dragged away from body

Rubber

-

Road Surface

deposits on road (“skid marks”), rubber dust on
bodywork, tyre graining

responsible for tread wear, always occurring to some
extent
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SLIP ANGLE - CORNERING
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= Slip Angle

= When cornering the rubber tyre is deformed
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Slip Angles - Tire Traction - Explained
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Explained: Tire Slip Angle

SLIP RATIO — LONGITUDINA|

= Slip Ratio Definition
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SLIP RATIO — LONGITUDINAL

= Slip Ratio Definition
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Slip Ratio = (“’XRT - 1) x 100da
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TYRE CHARACTERISTICS

Tire Longitudinal Friction Coefficient Variation
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LATERAL FORCE

Tire Force Test

800 lbs 0.8 g of force
1000 Ibs load
800 lbs load
600 lbs
600 lbs load
100 lbos 1.0g of force
400 lbs load
200 lbs
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FRICTION

Range of control

8raking force coef ficient

COMBINED FORCES

> Combined braking and comering

COMBINED FORCES

mm’scher Circle ,Egg*

oy -sa OJe

srfde .

@ Friction coefficient p of surfaces
determines the residual forces,

® The residual longitudinal
and lateral forces are not

the size of circle respectively independent R SR u“{s;:’ ¥ 10 Nel
o Ratio
Fricion Eipse
0 " o i
w0 ’:‘L#\ :/
a0
H
Zm
2
' ¥ ¥
i E J — ‘
P ‘«.Y‘ /|
£ W 4 /
W/
200 W/
an .} \/

£y

3 f
Sl Angle (54) - deg

£

W

Lateral Forcn () - Mt

1 =17308bih=871
XuOoHdae1fAP.

COMBINED FORCES
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