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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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Note

• Please do not consider operative information from online lecture, it’s an older 
record.

• Bring laptop to lab course!
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Quiz

What kind of car part can you see on the picture?

A. 1-upright 2-rim, 3-wheel bearing, 4-tyre, 5- wheel nuts, 6-wheel stud
B. 1-upright 2-rim, 3-wheel, 4-tyre, 5- wheel studs, 6-brake caliper
C. 1-wheel hub 2-rim, 3-wheel bearing, 4-tyre, 5- wheel studs, 6-brake caliper
D. 1-wheel hub 2-rim, 3-wheel bearing, 4-tyre, 5- wheel nuts, 6-upright
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Quiz

What kind of car part can you see on the picture?

A. 1-upright 2-rim, 3-wheel bearing, 4-tyre, 5- wheel nuts, 6-wheel stud
B. 1-upright 2-rim, 3-wheel, 4-tyre, 5- wheel studs, 6-brake caliper
C. 1-wheel hub 2-rim, 3-wheel bearing, 4-tyre, 5- wheel studs, 6-brake caliper
D. 1-wheel hub 2-rim, 3-wheel bearing, 4-tyre, 5- wheel nuts, 6-upright
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Quiz
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Vehicle dynamics fundamentals
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Vehicle dynamics fundamentals
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Vehicle dynamics fundamentals

Steady State Basics

෍ 𝑭𝒚 →      𝑭𝒚𝑭𝑳
+ 𝑭𝒚𝑭𝑹

+ 𝑭𝒚𝑹𝑳
+ 𝑭𝒚𝑹𝑹

= 𝑴𝒂𝒔𝒔 ȉ 𝑳𝒂𝒕𝒆𝒓𝒂𝒍 𝑨𝒄𝒄

(𝑭𝒚𝑭𝑳
+ 𝑭𝒚𝑭𝑹

+ 𝑭𝒚𝑹𝑳
+ 𝑭𝒚𝑹𝑹

)/𝑴𝒂𝒔𝒔 = 𝑳𝒂𝒕𝒆𝒓𝒂𝒍 𝑨𝒄𝒄

෍ 𝑴 = 𝟎 →      𝑭𝒚𝑭𝑳
+ 𝑭𝒚𝑭𝑹

ȉ  𝒂 − (𝑭𝒚𝑹𝑳
+ 𝑭𝒚𝑹𝑹

) ȉ 𝒃 = 𝟎

TR

ab

TF
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Vehicle dynamics fundamentals

Steady State Basics

𝑨𝒇 = 𝑨𝒓

(𝑭𝒚𝑭𝑳
+ 𝑭𝒚𝑭𝑹

)/𝒎𝑭 =  (𝑭𝒚𝑹𝑳
+ 𝑭𝒚𝑹𝑹

)/𝒎𝑹

TR

ab

TF
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Vehicle dynamics fundamentals

Steady State Basics

෍ 𝑭𝒙 →         𝑭𝒙𝑭𝑳
+𝑭𝒙𝑭𝑹

+ 𝑭𝒙𝑹𝑳
+ 𝑭𝒙𝑹𝑹

= 𝑴𝒂𝒔𝒔 ȉ 𝑳𝒐𝒏𝒈𝒊𝒕𝒖𝒅𝒊𝒏𝒂𝒍 𝑨𝒄𝒄

෍ 𝑴 = 𝟎 →       𝑭𝒙𝑭𝑹
ȉ

𝑻𝑭

𝟐
+ 𝑭𝒙𝑹𝑹

ȉ
𝑻𝑹

𝟐
− 𝑭𝒙𝑭𝑳

ȉ
𝑻𝑭

𝟐
+ 𝑭𝒙𝑹𝑳

ȉ
𝑻𝑹

𝟐
= 𝟎

TR

ab

TF
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Vehicle dynamics fundamentals

Steady State Basics

෍ 𝑭𝒙 →       𝑭𝒙𝑭𝑳
+𝑭𝒙𝑭𝑹

+ 𝑭𝒙𝑹𝑳
+ 𝑭𝒙𝑹𝑹

= 𝑴𝒂𝒔𝒔 ȉ 𝑳𝒐𝒏𝒈𝒊𝒕𝒖𝒅𝒊𝒏𝒂𝒍 𝑨𝒄𝒄

෍ 𝑴 = 𝟎 →  𝑭𝒚𝑭𝑳
+ 𝑭𝒚𝑭𝑹

ȉ  𝒂 − 𝑭𝒚𝑹𝑳
+ 𝑭𝒚𝑹𝑹

ȉ 𝒃 +  [ 𝑭𝒙𝑭𝑹
ȉ

𝑻𝑭

𝟐
+ 𝑭𝒙𝑹𝑹

ȉ
𝑻𝑹

𝟐
− 𝑭𝒙𝑭𝑳

ȉ
𝑻𝑭

𝟐
+ 𝑭𝒙𝑹𝑳

ȉ
𝑻𝑹

𝟐
 ]  = 𝟎

෍ 𝑭𝒚 →      𝑭𝒚𝑭𝑳
+ 𝑭𝒚𝑭𝑹

+ 𝑭𝒚𝑹𝑳
+ 𝑭𝒚𝑹𝑹

= 𝑴𝒂𝒔𝒔 ȉ 𝑳𝒂𝒕𝒆𝒓𝒂𝒍 𝑨𝒄𝒄

TR

ab

TF
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Vehicle dynamics fundamentals

Steady State Basics

෍ 𝑭𝒙 →       𝑭𝒙𝑭𝑳
+𝑭𝒙𝑭𝑹

+ 𝑭𝒙𝑹𝑳
+ 𝑭𝒙𝑹𝑹

= 𝑴𝒂𝒔𝒔 ȉ 𝑳𝒐𝒏𝒈𝒊𝒕𝒖𝒅𝒊𝒏𝒂𝒍 𝑨𝒄𝒄

෍ 𝑴 = 𝟎 →  𝑭𝒚𝑭𝑳
+ 𝑭𝒚𝑭𝑹

ȉ  𝒂 − 𝑭𝒚𝑹𝑳
+ 𝑭𝒚𝑹𝑹

ȉ 𝒃 +  [ 𝑭𝒙𝑭𝑹
ȉ

𝑻𝑭

𝟐
+ 𝑭𝒙𝑹𝑹

ȉ
𝑻𝑹

𝟐
− 𝑭𝒙𝑭𝑳

ȉ
𝑻𝑭

𝟐
+ 𝑭𝒙𝑹𝑳

ȉ
𝑻𝑹

𝟐
 ] 

෍ 𝑭𝒚 →      𝑭𝒚𝑭𝑳
+ 𝑭𝒚𝑭𝑹

+ 𝑭𝒚𝑹𝑳
+ 𝑭𝒚𝑹𝑹

= 𝑴𝒂𝒔𝒔 ȉ 𝑳𝒂𝒕𝒆𝒓𝒂𝒍 𝑨𝒄𝒄

−𝑴𝒛𝑭𝑳 − 𝑴𝒛𝑭𝑹 − 𝑴𝒛𝑹𝑳 − 𝑴𝒛𝑹𝑹 = 0

TR

ab

TF
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Vehicle dynamics fundamentals

Steady State Basics - SkidPad
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Vehicle dynamics fundamentals

Steady State Basics

௫

ଶ

ଶ

௫
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Vehicle dynamics fundamentals

Steady State Basics

௫

ଶ

ଶ

௫

latG sensor

speed sensor 
(~rdyn ?)

yaw rate sensor
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Vehicle dynamics fundamentals

Transient Basics: Yaw Moment Equation

          𝐈𝐙𝐙   : moment of inertia [𝒌𝒈𝒎𝟐]

𝐝𝟐𝛉/𝐝𝐭𝟐 : Yaw acceleration
: d(yaw rate)/dt

:d(gyro)/dt

෍ 𝑴 →  𝑭𝒚𝑭𝑳
+ 𝑭𝒚𝑭𝑹

ȉ  𝒂 − 𝑭𝒚𝑹𝑳
+ 𝑭𝒚𝑹𝑹

ȉ 𝒃 +  [ 𝑭𝒙𝑭𝑹
ȉ

𝑻𝑭

𝟐
+ 𝑭𝒙𝑹𝑹

ȉ
𝑻𝑹

𝟐
− 𝑭𝒙𝑭𝑳

ȉ
𝑻𝑭

𝟐
+ 𝑭𝒙𝑹𝑳

ȉ
𝑻𝑹

𝟐
 ] 

−𝑴𝒛𝑭𝑳 − 𝑴𝒛𝑭𝑹 − 𝑴𝒛𝑹𝑳 − 𝑴𝒛𝑹𝑹 = 𝐈𝐙𝐙 ȉ 𝐝𝟐 𝛉/𝐝𝐭𝟐
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E-Car design

Where to place the last module of the newly designed battery for RWD car?
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E-Car design

Where to place the last module of the newly designed battery for RWD car?

E
C

A B
D

A – suggest to improve standing starts
B – suggest to improve standing starts & keep inertia 
low

C – suggest to keep inertia low, good compromise for CoG 
D – suggest for lowest inertia and best option for CoG
E – suggest lowest CoG and good improvement of inertia
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Analysis: 180° turn

‚to use yaw moment’

apex

entryexit
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• To be ‚red car’ we need more yaw velocity in less time -> greater yaw acceleration 
-> which means more yaw moment. Positive at corner entry and negative at 
corner exit. As a conclusion, more relative front grip at corner entry and more 
relative rear grip at corner exit required for the red car.

•

Analysis: 180° turn

Conclusions
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Analysis: 180° turn

Conclusions - example

𝒚𝑭𝑳 𝒚𝑭𝑹 𝒚𝑹𝑳 𝒚𝑹𝑹

entry

apex

exit

𝒚𝑭𝑳 𝒚𝑭𝑹 𝒚𝑹𝑳 𝒚𝑹𝑹

𝒚𝑭𝑳 𝒚𝑭𝑹 𝒚𝑹𝑳 𝒚𝑹𝑹

+3% +2%

+3%+2%

+4% +4%
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Tyre model
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Tyre model
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Tyre model

α

κ

γ

Fz

Fx

Fy

Mx

My

Mz

Tire model
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Vertical load, lateral force and slip angle diagrams
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Vertical load, lateral force and slip angle diagrams
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Vertical load, lateral force and slip angle diagrams

Conclusions - example
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Case study

BMW
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Case study

BMW
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Case study

KIA
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Case study

KIA
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OS/US video
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Oversteer
• better becasue you not see tree

kills you
• reasons: throttle is too big at

corner entry/ shift down /
handbrake

• more difficult to handle

OS/US

video comments

Understeer
• predictable
• easier to correct:reduce steering

angle, lift off throttle
• RWD: more throttle

• „Lift off oversteer”
• road cars
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OS/US

video comments
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OS/US

video comments

?
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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 ‚circle’

– steady state basics equations

– transient basics equation

– characteristics of transient basics diagrams

Midterm tests and exams
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Thank you for your attention!


