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Basic information

Lab (date+1;Tuesday)Lecture (Monday)DateWeek nr.

Lab1General information, Tyre, Driving force112th Feb1

Longitudinal and lateral behaviour219th Feb2

Lab2Concepts and over/understeer326th Feb3

Weight transfer44th Mar4

Lab3Bicycle model511th Mar5

Midterm exam I. ONLINET118th Mar6

Lab ONLINE4Braking and brakes ONLINE625th Mar7

Break-1st Apr8

Exam 1 - subsequent T1 RSystems of the vehicle78th Apr9

Quarter vehicle model ONLINE815th Apr10

BreakBreak22th Apr11

Midterm exam II. ONLINET229th Apr12

Exam 2 - subsequent T2 RTyre management96th May13

Racecar engineering1013th May14
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Cornering with different tires
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Cornering with different tires
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Cornering with different tires
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Cornering with different tires
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Cornering with different tires
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Cornering with different tires
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Cornering with different tires
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Cornering with different tires

ୖ ୫ୟ୶ ୸ ୶
ଶ

୷
ଶ

• Fx: longitudinal force; Fy: lateral force; Fz: 
normal force; FR: resultant horizontal force; 

• To which places can resultant horizontal force
point?

• A
• B
• C

• The tyre is able to accelerate and corner at
the same time. How much of the different
components can it use?
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GG diagram

Pure 
acceleration

* Zero lat axis sensor calibration issue corr

Acc+left 
turn

Pure left 
turning

Brake+ left 
turning Brake+ right 

turning

Braking

Pure right 
turning

Acc+right 
turn
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GG diagram

* Zero lat axis sensor calibration issue corr
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Question

What could be the modification from black (base) to blue electric racecar?

A - changed tyre with more lateral performance
B - electric drivetrain changed to a lower power mode
C - electric drivetrain changed to a higher regenerative braking mode
D – suspension adjusted to reach higher lateral acceleration
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Cornering with different tires
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Cornering with different tires
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Cornering with different tires
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Cornering with different tires
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Cornering with different tires

• What is the reason behind the elliptic shape of curves?

• Why the curves are asymmetrical to Fx=0 axis? 
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Cornering with different tires

• What is the reason behind the elliptic shape of curves?
Different values of friction coefficients to different directions.

• Why the curves are asymmetrical to Fx=0 axis? 
Tyre behaviour is different in case of accelerating and braking.
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Cornering with different tires
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Cornering with different tires
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Vertical load in static case

Notation

1 2

3 4
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• Acceleration and braking
• resistances: tyre,air, uphill –

power requirement;
• Engine characteristics and gears
• Braking and driving forces

• steering
• Lateral acceleration
• Self aligning torque
• Critical speed

• Vertical vibration
• Wheel loads
• comfort

Features

h – CoG height
G – gravity force
Fxf – front axle driving force
Fzf – tyre forces at front

l – wheelbase
lf – CoG distance
m – weight
v – vehicle speed
α – slip angle
δ – steering angle

ms – structural weight
mw – wheel weight
kt – tyre stiffness
ks – spring stiffness
kd – damping
u - movement

Parameters

Vertical load in static case

Dynam

vertical dynamics

longitudinal model

longitudinal dynamics

Bicycle model
Quarter vehicle model

lateral dynamics
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Vertical load in static case

Static load of axles:

௭,ி
௦௧ ଶ

௭,ோ
௦௧ ଵ

static load of tyres:

୸,ଷ ௭,ோ

୸,ଵ ௭,ி
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Longitudinal weight transfer
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Vertical load in static case

Law of motion:

୶,୊ ୶,ୖX direction:

୸,୊ ୸,ୖZ direction:

୸,୊ ଵ ୸,ୖ ଶ ୶,୊ ୶,ୖMoments:
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Vertical load in static case

୸,୊ ௭,ி
௦௧

௭,ி
ௗ௬௡

୸,ୖ ௭,ோ
௦௧

௭,ோ
ௗ௬௡

Dynamic load of axles:

?
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Vertical load in static case

୸,୊ ௭,ி
௦௧

௭,ி
ௗ௬௡

୸,ୖ ௭,ோ
௦௧

௭,ோ
ௗ௬௡

Dynamic load of axles:

௭,ி
ௗ௬௡

௭,ோ
ௗ௬௡
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Vertical load in static case

୸,୊ ௭,ி
௦௧

௭,ி
ௗ௬௡

୸,ୖ ௭,ோ
௦௧

௭,ோ
ௗ௬௡

Dynamic load of axles:

௭,ி
ௗ௬௡

௭,ோ
ௗ௬௡

Dynamic load of tyres:

୸,ଷ ௭,ோ

୸,ଵ ௭,ி
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Vertical load in static case

୸,୊
ଶ

୸,ୖ
ଵ

Dynamic load of axles: Dynamic load of tyres:

୸,ଷ ௭,ோ

୸,ଵ ௭,ி
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Longitudinal weight transfer

What does weight transfer depend on?

• CoG height
• weight of car
• amount and direction of acceleration
• wheelbase

nothing else!

௭,ோ
ௗ௬௡
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Longitudinal weight transfer

What does weight transfer depend on?

• CoG height
• weight of car
• amount and direction of acceleration
• wheelbase

nothing else!

௭,ோ
ௗ௬௡

With increased wheelbase, the longitudinal weight transfer will be ….
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Longitudinal weight transfer

What does weight transfer depend on?

• CoG height
• weight of car
• amount and direction of acceleration
• wheelbase

nothing else!

௭,ோ
ௗ௬௡

With increased wheelbase, the longitudinal weight transfer will be ….

less
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Longitudinal weight transfer

dynamic loads (and forces)
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Longitudinal weight transfer

help me!

I’m going on a motorway with my own car, Waze warns of a pothole but 
it’s too late, inevitable to go through, what should I choose?

should be 0, go through with constant speed
should be negative, braking
should be positive, accelerating

D. none of the soultions above helps, damage will be the same
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Longitudinal weight transfer

help me!

I’m going on a motorway with my own car, Waze warns of a pothole but 
it’s too late, inevitable to go through, what should I choose?

should be 0, go through with constant speed
should be negative, braking
should be positive, accelerating

D. none of the soultions above helps, damage will be the same
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Lateral weight transfer
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Lateral weight transfer

Steady state case

௖௣ ௬

ଶ
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Lateral weight transfer

Steady state case

௭,ଵ
ଶ

௖௣
ଶ

௭,ସ
ଵ

௖௣
ଵ

௭,ଷ
ଵ

௖௣
ଵ

௭,ଶ
ଶ

௖௣
ଶ
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Lateral weight transfer

What does weight transfer depend on?

• CoG height
• CoG distance from front/rear axle
• weight of car
• amount and direction of acceleration
• wheelbase
• track

nothing else!

௭,ସ
ଵ

௖௣
ଵ

௖௣ ௬
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Lateral weight transfer

What does weight transfer depend on?

• CoG height
• CoG distance from front/rear axle
• weight of car
• amount and direction of acceleration
• wheelbase
• track
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Lateral weight transfer

What does weight transfer depend on?

• CoG height
• CoG distance from front/rear axle
• weight of car
• amount and direction of acceleration
• wheelbase
• track
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Lateral weight transfer

What does weight transfer depend on?

• CoG height
• CoG distance from front/rear axle
• weight of car
• amount and direction of acceleration
• wheelbase
• track
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Lateral weight transfer

What does weight transfer depend on?

• CoG height
• CoG distance from front/rear axle
• weight of car
• amount and direction of acceleration
• wheelbase
• track
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Lateral weight transfer

What does weight transfer depend on?

• CoG height
• CoG distance from front/rear axle
• weight of car
• amount and direction of acceleration
• wheelbase
• track



203

203

Effect of weight transfer…

…with tyre degressivity
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from previous lecture…

video comments
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Lateral weight transfer

https://www.facebook.com/photo?fbid=956
716504863645&set=gm.13478623222297
03
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• know concepts and definitions – you are able to give definitions of :

– different type of tyre radius

– contact patch

– tyre structures

– slip ratio

– slip angle

– aware of the different characteristics of tyre behaviour and able to distinguish 
one from other

– friction coefficient

– brush tyre model and explanation of tyre force

– able to orientate in the coordinate system of a vehicle

– cornering stiffnes of a tyre

– self aligning torque

– pneumatic trail

– friction ‚cirle’

– steady state basics equations

– transient basics equation

– characteristics of transient basics diagrams

Midterm tests and exams

1
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– assymetric tyre behaviour to acceleration and braking

– static vertical tyre loads

– longitudinal weight transfer with the help of longitudinal model

– lateral weight transfer in steady state cornering

– understanding the effect of tyre degressivity and weight transfer

Midterm tests and exams

2
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Thank you for your attention!


