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Week nr.  Date Lecture (Monday) Lab (date+1;Tuesday)
1 12th Feb 1 General information, Tyre, Driving force 1 Lab
2 19th Feb 2 Longitudinal and lateral behaviour
3 26th Feb 3 Concepts and over/understeer 2 Lab
4 Ath Mar 4 Weight transfer
5 11th Mar 5 Bicycle model 3 Lab
6 18th Mar T1 Midterm exam |. ONLINE
7 25th Mar 6 Braking and brakes ONLINE 4 Lab ONLINE
8 1stApr - Break
9 8th Apr 7 Systems of the vehicle T1R Exam 1 - subsequent
10 15th Apr 8 Quarter vehicle model ONLINE
11 22th Apr Break Break
12 20th Apr T2 Midterm exam Il. ONLINE
13 6th May 9 Tyre management T2R Exam 2 - subsequent
14 13th May 10 Racecar engineering
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* Please do not consider operative information from online lecture, it's an older
record.

« Bring laptop to lab course!




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

o0 w>

1-upright 2-rim, 3-wheel bearing, 4-tyre, 5- wheel nuts, 6-wheel stud
1-upright 2-rim, 3-wheel, 4-tyre, 5- wheel studs, 6-brake caliper

1-wheel hub 2-rim, 3-wheel bearing, 4-tyre, 5- wheel studs, 6-brake caliper
1-wheel hub 2-rim, 3-wheel bearing, 4-tyre, 5- wheel nuts, 6-upright
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What kind of car part can you see on the picture?

oNwp

1-upright 2-rim, 3-wheel bearing, 4-tyre, 5- wheel nuts, 6-wheel stud
1-upright 2-rim, 3-wheel, 4-tyre, 5- wheel studs, 6-brake caliper

1-wheel hub 2-rim, 3-wheel bearing, 4-tyre, 5- wheel studs, 6-brake caliper
1-wheel hub 2-rim, 3-wheel bearing, 4-tyre, 5- wheel nuts, 6-upright

BME

)
\

DEPARTMENT OF
AUTOMOTIVE
TECHNOLOGIES



drive shaft

Hub
carrier

Shoulder on
drive shaft

Tapered
washer

Rubber

Constant
velocity
joint
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Steady State Basics Y Orerie
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Z Fy - FyFL + FyFR + FyRL + FyRR = Mass - Lateral Acc

(F, +F, +F, + FyRR)/Mass = Lateral Acc T

YFL YFR YRL

Z M=0- (FyFL + FyFR) na- (FyRL + FyRR) =0 e e

Direction of rotation
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Af = Ar
(FyFL+ FyFR)/mF = (FyRL+ FyRR)/mR




Vehicle dynamics fundamentals

DEPARTMENT OF

Steady State Basics R romOTIVE

ZFx - Fyp  +Fypp+ Fxp, + Fxpp = Mass - Longitudinal Acc



Vehicle dynamics fundamentals
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Z Fy - FyFL + FyFR + FyRL + FyRR = Mass - Lateral Acc

Z Fy—  Fyp +Fyppt+ Fyp + Fypp = Mass - Longitudinal Acc

Tp Tg T Tg
2M= 0~ [(FYFL-I_FJ’FR)' a_(FyRL-I_FyRR).b]-I_ [(FxFR'7+FXRR.7)_<Fx”.7+FxRL'7)] =0
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Steady State Basics R romOTIVE

Z Fy - FyFL + FyFR + FyRL + FyRR = Mass - Lateral Acc

Z Fy—  Fyp +Fyppt+ Fyp + Fypp = Mass - Longitudinal Acc

Ty Tg Ty Tg
ZM =0~ [(FyFL +FYFR)' a- (FyRL +FyRR).b] + [<FxFR '3 1 Fare 7) B (Fx” 2 T .7)]

Mg, — Mypg = Mzp, — Mzpg =0
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: v
VxZHR LatG:?

ARVK
LatG = —
v
) LatG
0 =

Lateral dynamics - steady state condition 5
v §
X !
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Centripetal force and acceleration

2
me
Fop=—
r
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. v
Vx=9R LatG=?

Qv?

LatG = —
v

Clatc—— latG sensor

B v Lateral dynamics - steady state condition ?ME
X \ ‘.‘
speed sensor | ===

Centripetal force and acceleration

(~ r.dyn ? ) m-o!

yaw rate sensor = vpm T miter
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Transient Basics: Yaw Moment Equation T
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I;; : moment of inertia [kgm?]

d?0/dt? : Yaw acceleration
: d(yaw rate)/dt

:d(gyro)/dt

T Tg Ty Tg
z M > |(Fy,, +Fy.) a—(Fy,, +Fyp) b+ [ (FxFR 5+ Fapg -7) - (Fx” S+ -7)]

-M M M M,,, =1I;; -d* 0/dt?

zpr, ~ "™zpr — "™zRpL — " zZRR



E-Car design

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

Where to place the last module of the newly designed battery for RWD car? DEPARTMENT OF
TECHNOLOGIES
A — suggest to improve standing starts . . ,
B — suggest to improve standing starts & keep inertia C —suggest to keep mgrtla .IOW’ good compromise for CoG
D — suggest for lowest inertia and best option for CoG
low . ; ,
E — suggest lowest CoG and good improvement of inertia

& HYUNDAI




BME
Analysis: 180° turn :
)

,to use yaw moment’ Y Orerie

TECHNOLOGIES
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"L\ﬁ exit t |§'L%H
0 @7 entry [[ él\il ,'




Analysis: 180° turn

Conclusions Y Orerie
TECHNOLOGTES
« 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 at corner entry and more
relative at corner exit required for the red car.

Izz : moment of inertia [kgm?]

d2?e/dt? : Yaw acceleration
: d(yaw rate)/dt

:d(gyro)/dt

ZM - [(F,," +Fy,) a- (F,,m + F“" ] [( +F,H : %") - (F,,,L-%+Fm %)]
— My,

Mgy — Mypp — My,

i 1 Tr Tg Tf Ty
ZM_’ Fyp t JFR)-R ()RL+FJRR)-b1+[(FXFR'?+F-“RR'?)_(F-‘FL'?-I_FTRL'?)]

My — Mapg— My, — My = lgz -dZ 0/d0?

ZFL ZFR ZRR




Analysis: 180° turn

Conclusions - example

entry

[(FyFL4_F&FR). a__(FyRL+-FyRR).b]
+3% +2%

apex
[(FyFL t FyFR) na- (FyRL t FyRR) ' b]
+4% +4%

exit

[(FyFL4_F&FR). a__(FyRL+-FyRR).b]
+2% +3%




Tyre model
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from experimental| | using similarity| |through simple | [through complex
data only method physical model physieal model
fitting full scale  distorting, using simple describing tyre
tyre test data rescaling and mechanical in greater detail,
by regression combining representation, compiuter simulation,
techniques basic possibly closed finite element method
characteristics form solution
e.g. €. e.q.
Magic Formula Brush model RMOD-K. FTire

degree of fit

number of full y
scale tests |

complexity of formulations

effort

insight in tyre
behaviour
number of
special experiments

approach more
-a—— cmpirical theoretical ———p

2 Classification of tire models according to H.B.Pacejka




BME
Tyre model \
Y\

\

DEPARTMENT OF

AUTOMOTIVE
TECHNOLOGIES
A - Narn Lmene i1n:
Model Info
Create b | % NewFolder |
Import » & Mew Constant Friction Tire i
Paste | NewFull Tire Model v || Pacejka 2002
E ; i i Impid Data
Expand All = MNew Tire String Tire Pacejka 2002 with Pressure Effects L2 e
T Uz : File Design Fy Scafing Fector[]  1.000
Py Collapse &ll Pacejka 2006 Mz ScalingFector [ 1.000
is Incl f & AR = 4 04- General
4 Expand Incl Pacejka 96 Mode| et Fz0 0.000
Incl . Shffimess  Force 0.000
b Collapse ¢ Spring S“C Fiala Model 7 0.000
- pe . 4 05- Pure Likeral
4 Torsion Bars Tire Harty Model DESIGN wPaebs 200 Tae |~ New Tae St M oyl 0000
2 MewLinear Torsion Bar Brush Model e B oo 0.000
a New Library ~ pOy2 0.000
4 Bump Stops Magic Formula 5.2 4 | Tire Stiffness pOy3 0.000
B Mows: | inaar Rismn Sian - TF pre— ) New Conatant Siifiness Tire e 0.000
a Tire Fomcs pEy2 0.000
o Mew Can: & SAE pEy3
o NewTire i pEyd
" New Pacesin 2002 Time Coordingte Syatem 50 pHy1
d Tires per pHy2
@ HewTire s ;-H-,-S
4 . Chassis pky1 0.000
2 New Chasss py2 0.000
- Sprngs pky3 0.000
3 blewLinesr Spring iyl 0.000

4 Torsion Bars
¥ MewLinear Torsion Bar

4 Bump Stops
5 New Linesr Bump Shop
4 o Coilovers

#" Hew Cailowar
& hew Coilover (1)
4 ARBs
™ New Linear ARE
4 Suspensions
“8 How Linsar Suspension
4 Agrodynamics
o Mew Constant Asrodynames
- Powertmin
W' blew Simpis Combstion Engine
o Gearboxes
¥ New Conatant Risduction Gearba:
a Differentinlks.
# e Simple Cifferentd
4 Brakes
0 Mew Sinpés Brakes
o Drivetrmn
L MewInboard Birrvetran

Toggle Gragh Type

Vextical Load 1 [N]
Viertical Load 7 [N]
Vertical Load 2[N] -3 000,00
4 03 - Ovorall Scaling Faclors
x Scaling Factor ] 1000
¥ Scaling Factor |-
Mz Scalimg Factor |
4 M - Genesal
Fzl

RO

iy 0.000
0.000
0.000

Mz Scaling Facior |-
4 04 - General

Fz0

RO

Vo
4 05- Pore Lateral

pCy1

pOy1

pOyZ

pOy3

PEx1

pE¥2

pEy3

pEyd

pHy1

pHyZ

pHy3

Py

phy2

SE

P
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Tire model —
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o
of Wheel heading Py

£ F
Direction

of Wheel travel '




Vertical load, lateral force and slip angle diagrams
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slip angle o vertical force F.
tyre 175HR 14
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tread depth 9 mm
vehicle speed 14 m/s
tyre prESEUI'E 1’8 bar Guele, Wallentowitz 1997




Vertical load, lateral force and slip angle diagrams
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Vertical load, lateral force and slip angle diagrams
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Circle of friction

Different tires

TECHHOLOGTES

Lengitudinal force

Vehicle Braking
Tyre A speed by

VE+ B <ps F, Tyre B

Accelerating
+ cormering
|

Lateral force i
Braking +
comering

Cormiering

Distance




Case study
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Circle of friction s
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A K <puky
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Circle of friction s

TECHNOLOGIES

A K <puky




Case study
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Circle of friction s
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VBB < pna T




Case study
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Circle of friction

VPR <p . F
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OS/US

video comments

Understeer
« predictable
 easier to correctirreduce steering
angle, lift off throttle
« RWD: more throttle
« Lift off oversteer”
* road cars

UNDERSTEER
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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

OVERSTEER



video comments

INCREASE CAMBER
ANDTOE-IN

L
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r
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SOFTEN
SUSPENSION
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FIT WIDER TYRES

SOFTENING SWAY BARS
AND SPRING RATES
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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
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*  https://www.google.com/url?sa=i&url=https%3A%2F %2Fwww.ebay.com%2Fitm%2FTOYOTA-HILUX-Genuine-2012-RHD-ESP-
YAW-RATE-SENSOR-89183-60030-1901191-
%2F192782917144&psig=A0OvVaw3fQLFfTvbjW6tIvidOWAIH2&ust=1614098511238000&source=images&cd=vfe&ved=0CAIQjRxq
FwoTCPjyvOT3_e4CFQAAAAAJAAAAABAN

*  Optimum G Seminar by Claude Rouelle 2016 — Graz

*  https://www.youtube.com/watch?v=S0TIRKNWheQ

*  https://www.sciencedirect.com/science/article/pii/S156849461500650X
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Thank you for your attention!




