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Base information

Lab (Wednesday)Lecture (Wednesday)DateWeek nr.

Lab1General information, Tyre, Driving force112th Feb1

Longitudinal and lateral behaviour219th Feb2

Lab2Concepts and over/understeer326th Feb3

Weight transfer45th Mar4

Lab3Bicycle model512th Mar5

Midterm exam I.T119th Mar6

Exam 1 - replacementT1 RBraking and brakes626th Mar7

Systems of the vehicle-2nd Apr8

BreakBreak79th Apr9

Quarter vehicle model816th Apr10

BreakBreak23th Apr-

Lab4Systems of vehicle II. ONLINET230th Apr11

Tyre management97th May12

Racecar engineering11Midterm exam II.1014th May13

Exam 2 - replacementT2 R21st May14 Schedule 
change!
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• Brush model

• Degressivity of tyre

• Friction coefficient useage

• Lateral dynamics – slip angle

• Tyre behaviours

• Kamm-circle

• Tyres forces and torques

• Cornering stiffness, self-aligning torque

Content

Longitudinal and lateral behaviour
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Schedule of the semester
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Brush model
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Brush model
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Brush model
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Effect of factors to longitudinal force - SR

effect of different normal 
force while the friction 
coefficient is permanent

effect of different friction 
coefficient while normal 
force is unchanged

dry

damp

wet
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Effect of factors to longitudinal force - SR

effect of different normal 
force while the friction 
coefficient is permanent

effect of different friction 
coefficient while normal 
force is unchanged

Question: if the more weight effect is as advantageous as it seems 
here, why don’t we start building tanks?
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Grip or power limited?

Newton’s second law

F୶ = m ȉ 𝑎

Power limited

F୶ = m ȉ 𝑎

Grip limited

Keep low as possible

To have the best 
acceleration

a =
𝐹௫

𝑚
=

𝐹௭ ȉ 𝜇௫

𝑚
=

𝑚 ȉ 𝑔 ȉ 𝜇௫

𝑚

= 𝑔 ȉ 𝜇௫



64

64

Buliding tanks or not?

Linear characteristics: 

a =
𝐹௫

𝑚
=

𝐹௭ ȉ 𝜇௫

𝑚
=

𝑚 ȉ 𝑔 ȉ 𝜇௫

𝑚
= 𝑔 ȉ 𝜇௫
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Buliding tanks or not?

Linear characteristics: 

Degressive characteristics: 

a =
𝐹௫

𝑚
=

𝐹௭ ȉ 𝜇௫

𝑚
=

𝑚 ȉ 𝑔 ȉ 𝜇௫

𝑚
= 𝑔 ȉ 𝜇௫

a =
𝐹௫

𝑚
=

𝐹௭ ȉ 𝜇௫ − 𝐹௭
ଶ ȉ 𝜇௫,ଶ

𝑚
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Buliding tanks or not?

Tyre characteristics is degressive!

Linear characteristics: 

Degressive characteristics: 

a =
𝐹௫

𝑚
=

𝐹௭ ȉ 𝜇௫

𝑚
=

𝑚 ȉ 𝑔 ȉ 𝜇௫

𝑚
= 𝑔 ȉ 𝜇௫

a =
𝐹௫

𝑚
=

𝐹௭ ȉ 𝜇௫ − 𝐹௭
ଶ ȉ 𝜇௫,ଶ

𝑚
=

𝑚 ȉ 𝑔 ȉ 𝜇௫ − 𝑚ଶ ȉ 𝑔ଶ ȉ 𝜇௫,ଶ

𝑚
= 𝑔 ȉ 𝜇௫ − 𝑚 ȉ 𝑔ଶ ȉ 𝜇௫,ଶ

The more vehicle weight results less max. acceleration!
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Friction coefficient µx

Source: Zomotor Ádám: Gépjármű menetdinamika, 2003
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Friction coefficient µx

value of µx in F1?
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Friction coefficient µx

value of µx in F1?

1.5-1.7
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Friction coefficient µx
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Tread depth
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Day in the office – for tires
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Lateral dynamics – steady state condition
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Lateral dynamics - steady state condition
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Lateral dynamics - steady state condition

Centripetal force and acceleration

acp acp
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Lateral dynamics - steady state condition

Centripetal force and acceleration

Fc Fc
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Tyre forces, slip angle

α = SA=slip angle
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Slip angle definition

Slip angle defintion:

The angle between actual tyre velocity vector and the tyre midplane is the slip angle.
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Slip angle video
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Slip angle and lateral force
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Brush model for lateral behaviour

The deformation of one bristle. Source: C. Woernle
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Correlation of a tyre lateral force – SA 
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Different tyre charateristics – Fy - SA

SA [°]

Lateral force [N]

DCB
In theory the fastest

A

quickdifficult to driverequired good driverslowreaction

lessminimumbestgoodfeedback

lesshighestminimumhighenergy loss
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Tyre comparison

A B C D



84

84

Lateral force

What could the colours mean?
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Friction coefficient µy

Friction coefficient definitions

μ୶ =  
F୶

F୸

𝛍𝐲 =  
𝐅𝐲

𝐅𝐳

Different Friction Coefficient along 
Lateral and Longitudinal Axis

1.61.4

1.6

1.3Front

Rear
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Kamm circle

Circle of friction

𝜇௠௔௫𝐹௭ ≥ 𝐹௫
ଶ +  𝐹௬

ଶ  
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Kamm circle

Circle of friction
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Different tires

Tyre A

Tyre B

Lateral force

Longitudinal force
Braking

Braking + 
cornering

Accelerating 
+ cornering

Cornering
Distance

Vehicle 
speed
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Tyre forces

• weight of the car
• lateral G
• longitudinal G
• vertical aero
• longitudinal aero
• lateral aero
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Tyre moments

• Overturning moment Mx

• Rolling resistance My

• Aligning torque Mz
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Tyre forces and moments

• Tyre forces and moments are function of tyre compound and structure, ground and …

• slip angle
• slip ratio
• vertical load
• inclination angle
• speed

• pressure
• temperature
• rim design
• tyre wear…
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Source of yaw moment

• Fx, Fy and Mz
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Why slick?

?

F = 𝐹ே௬ ȉ 𝜇

F force is independent 
of the surface size.
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Lateral force and cornering stiffness
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Lateral force and cornering stiffness

The same tyre has different behaviour
on different vehicles, therefore the
value of Cα will be different as well.

Tyre: 175 HR 14
pressue: 2.3 bar
cornering stiffness:
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Lateral force and cornering stiffness

• calculation is easier – reason to
linearize

• the value of slip angle in that range
where we use tyre is low, so we are
allowed to linearize

m ȉ a୷ = F୷,୊ α + F୷,ୖ α

α = α(𝑣, 𝜔, … )
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Test example

Tyre test bench measurement data
can be seen on diagram.
a) What value is the cornering
stiffness?
b) Draw an approximately correct
graph with the same tyre as it is
marked in wet conditions! The nature
of the curve should be correct!
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Cornering stiffness distribution

Nissan Deltawing racecar

• Cornering stiffness scales roughly linearly with
tyre width

• Guessing WD of a particular car if you look at
the relative tyre width front to rear

• Good example: Deltawing sportscar
• 4 inch wide front tyres
• If far enough from CoG, reasonable yaw

moment if can be generated
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Self aligning torque
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• Main objective?

• Starting point - ending point?

• Complex parts?

• Less relevant part(s), could be omitted part(s)?

• Most useful part(s)?

• How could today’s material have contributed to your professional goals?

Q & A
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Thank you for your attention!


