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12th Feb
19th Feb
26th Feb
5th Mar
12th Mar
19th Mar
26th Mar
2nd Apr
9th Apr
16th Apr
23th Apr
30th Apr
7th May
14th May

21stMay T2R

T2
©
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Lecture (Wednesday)
General information, Tyre, Driving force
Longitudinal and lateral behaviour
Concepts and over/understeer
Weight transfer
Bicycle model
Midterm exam |.

Braking and brakes
Systems of the vehicle
Break
Quarter vehicle model
Break
Systems of vehicle 1l. ONLINE
Tyre management
Midterm exam I

Exam 2 - replacement

Lab (Wednesday)

1 Lab
2 Lab
3 Lab
T1R Exam 1 - replacement

Break
Break
4 Lab
11 Racecar engineering
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Functionality

Material , Material*

»

SICC/MN  B|ack box Energy* ,
Information Information*

«  functional structure

. main function, subfunction, elementary function
CAN
HV cables

mounting brace




General engineering approach

Function structure
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General engineering approach
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W EV system configuration 58 Normal charging connector
f (100V-200V)

]
On-board
charger

ﬁ,wpm,
Pawer wpmhﬂm

R )] ik charging b
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e ensure power
« store energy?
* energy transformation (fuel/electric to kinetic)
» keep itself in proper condition

— cooling system

— aero




Powertrain

Resistance

roll+slope+drag

The sum of the resistance forces acting on a flat-moving
vehicle:

1
Fres = Fron + Fgir :fmg+§pair'cd'14'v2
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Powertrain
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* Rolling

e Resistance forces acting on flat-moving vehicles:

RO”lng reS|Stance: FT'Oll= FT'Olll + FTOllZ - fFZ,F + fFZ,R - f(FZ,F + FZ,R) - fmg
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Powertrain
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« Slope

,;‘ff

1A

Froll? g mgcosa

mg

Interpretation of the slope percentage:

tga =e = a=arctg(e),where0 <e<1land0°<a <90°

Resistance forces acting on a vehicle moving on a slope:

Rolling resistance: Frou =Frou +Frou =fZ1+fZ, = f(Z, +Z,) = fmgcosa

Slope resistance:  Fgp = mgsina



Powertrain

Resistance R PomOYIVE
« Drag
Air resistance: Fu i = %pair vcq A2
where: Pair air density [kg/m3]
C4 vehicle resistance factor [-]
A front surface area of vehicle [m?]

' pmf-e-k-ﬁ_c}{sﬁé'c";jé-- —

v velocity of the vehicle [m/s]




Powertrain

Resistance R PomOYIVE
PR
Sematic view of air resistance (drag) red = thrust (shape), =

friction, green = internal resistance, turbulence, b/ue = induced
resistance )

(h) 6T with fins and diffuser
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Aero - CoP
Wind direction
Acrodynamic pressure (downforce)
Centre of Pressure (CofP)
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Fdrag:CD'AD' s Faown =CL"AL "
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Fdrag = Cp " Ap -







Powertrain

Resistance

Resistance [N]

drag

0 20 40 60 80 100 120 140 160 180
km/h

over 80 km/h the dominant effect is the drag
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powertrain efficiency



Powertrain
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THS — Toyota Hybrid System e e e

REAR-WHEEL DRAIVE AL
AR T

Battery

Generator ¢

Power split 210,
device D 4
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v . Inverter
Cﬁﬂ

Motor

Engine

[ Motive power path

. mmmmmm  Electrical power path
Reduction gear

Transmission
FRONT-WHEEL DRIVE

Internal Combustion
Transfer case

Clutch

-

Gearbox

Exhaust system ..+ differential

i Rear differential
and drive axes and drive axes




Powertrain

Powertrain general layout T
TECHNOLOGIES
fuel power Pm 1 propulsion unit sz powered »work”
—®T achine = /gearbox —=— machine T

mech. power usage

coal producing mechan_ical power work machine
oil steam engine mech. power transformation  transportation
natural gas steam turbine steam engine manufacturing
solar water turbine steam turbine vehicles
wind gas turbine water turbine
'_CE gas turbine
electric motor ICE

electric motor
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* Propulsion unit /Gearbox: the characteristics of (angular speed - torque) power and
powered machine has to be synchronized

a.) actual status b.) required status
a) b)

‘ powered machine power
i § need

‘ powered machine power
T need

power machine + propulsion

power machine unit
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Traction force diagram R romOTIVE
Fzm.::rx. B Fgmax S

o overload

constant P, = constant

Vp Vimar ¥ Yo Vimin Vimaxr ¥

a.) powertrain overload not possible  b.} powertrain overload
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Traction force diagram

15000

— — = Bedarfskraft fir Fahnt in der Ebene
= =—=|deale Zugkrafthyperbel
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10000
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Antnebskraft 6.

Gang
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Antriebskraft [N]

5000

D__”__—f'-_-’r- ] :
0 50 100 150 200 250

Geschwindigkeit [km/h]




Powertrain

Traction force diagram R romOTIVE
15000 . P=F-v
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Traction force diagram Y Orerie
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Engine Torque and Power vs Engine Speed

Engine Speed : Engine Torque " , .

(rpm) | (N.m) : ' ~ — &
3500 450,00 - il
4500 500.00
5500 550,00
6500 580.00 5
7500 610.00
8500 630.00
9500 650,00
10500 660.00
11500 670.00
12500 660.00
151 540.00 o wom w0 Sm0  mho ool om0 7o 7o e0h om0 9o o M0i0n 1050 TG0 M0 TE0n izhe0 13e0 1Ra0 eaon 140

14500 610,00 Engine Speed [rpm]

|—Engmeanque | Engine Power ‘. Peak Torque 0utpul|
|O Peak PuwerOumull ‘

Engine Power [hp]
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Engine Torque and Power vs Engine Speed

680, 1200

QN3 S
14500 o)

o0

Tractive Force at Wheel

Engine Torque [N.m]
Engine Power [hp]

42000

400004

38000+

360004+ /

340004 /

20
3500 4000 4500 5000 500 6000 6500 7000 7500 8000 00 9000 9500 10000 10300 00D 11300 12000 12500 13000 13500 14000 14500 S
Engine Speed [rpm] 2 T

[—Egine Toraue | — Engine Power @ Peak Toraue Outpul]
|O Peak Power Output

300004+

280004 /
260004+

240004

Force [N]

220004

Gear Ratios oy

P Gearl 2.8750 st
. Gear 2 1.8490
| 1 120004
Gear 3 1.6707 p—
8000 +

Gear4 1.2886

....... == | EDUUQO 30 40 50 60 70 80 90 100 10 120 130 140 150 160 170 180 180 200 210 220 230 240 250 260 270 280 290 300 310 320 330 340
Gear b 1..1452 Vehicle Speed [kmfhl
Gear b _ 0.9919 Qe ey — P iy
Gear 7 0.8778

Gear 0 (0,992) |mmm Gear 0 (0,678) |[—— Gear 0 (0,769)
Gear 8 0.7686

TI835
259.8 km/n
)

What else is missing?




Powertrain

Traction Model

Engine

Vehicle Type
|Open Wheeler Car |- |

a0l
=

L |
0 40 4500 500

Torque and Power vs Engine Speed
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% T30 a0 Tai 1atw0 i

Maszs Dnven Type
743.000| L] * 2WD AWD
DACRERNGS I
® Drag-Lift Efficiency-Lift
Drag Coeficient Downforce Coefficent
| | 1.000| - 2.000| -
Front Area Air Density
| 2200 m*2 | 1.200| kg/m"3
| Tire Data |

Tire Radius

| | 2100 -
: [ 3 GE;_ I |

Gear 2
Gear 3
Gear 4
Gear5
Gear 6
Gear 7
Gear 8

Rolling Resistance

[ [ 0330m | 0.025] -
Longitudinal Fricion  Lateral Friction ios
| 1950 -

1.8490
1.6707
1.2886
1.1462
0.9919
0.8778
0.7686

1300

1200

1100

1000

Engino Powor [hp]

Force [N]

45000 —
400004
350004
300004
250004
20000+
15000 1
10000 +

5000 +

Traction Model

6674 N
200 km/
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14831 N
224 8 kmih
12835 N
259,8 kmih T
293.8 km/h GI5 T
3353 km/h

~(Aoaa N
310,1 kmh
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Vehicle Speed [km/h]

|OTDp Speed |@ Ideal Shift Paints |——Tractive Force al ‘Nhee\sl

Drag  |——Traction Limit | 3 Traction Limited




Powertrain

Traction Model

Aem Data -
| Drag-Lift ¢ Efficiency-l ift
Efficency D ownforce Coeficent
200 | 2000

| Front Area Air Density

2200/ m2 | 1.200 kgim3

C
ef ficiency = il
Ca
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Chassis

TYPICAL UNIBODY STRUCTURE

Rear Strul Tower
C Pillar Inner Quarler

D Pillar

Rear Rail

‘-. .-'II 4 e
. | #, W
Ll E —
@ 1 . o f Inner Wheelhouse

Apron/Sint | 4 inner Quarier
TE‘HEF A / B Pillar
Rockar Panal
Assambly
Frant Rail (inner & outer)
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Tailgates

Header & KRR R

Nose Pmnfs

:."a'ﬁ'
Radiator Lights
Supports
| Sfﬂp
¢ Bumpers

Grilles 2 \ \y
Bumpers “ & ﬂ
Headiights  Fenders

Radiators



Function

base for mounting

— powertrain

— suspension

— steering ...

* passenger zone

» let passengers in/out, ergonomics
« safety

» ensure proper torsional stiffness
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Types - Conventional B
« Conventional Corvette’s body is largely handmade.

Solid frame, all independent suspension, disc brakes.

« open/ non-load carrying type

» separate frame to carry the load from
suspension

* bodywork can be manufactured stiff
or either flexible material, it is
separated by deflection rubber
mountings

 obsolete because of concentrated
load at mounting points

CAR HEIGHT MANUAL
LEVELING DE

ANTIBRAKE
DIP MOUNTING

TORSION BAR
SPRINGS

NEW RUBBER-ISOLATED
FRONT SWAY BAR
HINGE

BALL JOINT

LOWER CONTROL SUSPENSION

ARM STRUT

https://fengineeringlearn.com



Types - Semi integral

* Semi integral

* bodywork mounting points are stiff

« some of the load transferred to bodywork
* road noise can be eliminated
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Types - Integral T
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* Integral
* bodyshell is designed to carry all the load as a framework
« eliminates heavy load-carrier elements

4-Door Upper View

« front and rear extensions, reinforcements
« lighter than any other solution
* widely used in road cars

Steel Tensile
Strength Legend

4-Door Lower View

T e G- AW Important Information

uses 61% high-tensile

steelswith front and rear These illustrations are for general referance only.
bumper beams made Some body parts are constructed from multiple
from 1,800MPa UHSS layers of different tensile sirength steels. Refer to the

body service information’s body construction section
for specific steel tensile strength information




Torsional stiffness B
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Torsional stiffness B
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—Welded to the pad

AT

Apphied weight
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CoG height — Method 1 s
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CG Truck Combined CG CG Load




Chassis

CoG height — Method 2 s

TECHNOLOGIES

Sensors:

« steering angle
« throttle, brake pedal =
* rpm T
* accelerations (x,y)
* brake pressure

« speed - GPS
 wheel speed
 wheel travel

©
>
< 5
g™

o o = - s
; 1 ; 684 €99 |105 105
i tel I IpS B 7 Sz e Ty

¢ gear




CoG height — Method 2

Sensors:

. steering angle 1.Normal force from spring stiffness
« throttle, brake pedal F,qa= Kz4

* rpm

« accelerations (x,y)
* brake pressure

« speed - GPS
 wheel speed
 wheel travel
 temps

* (gear

BME
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CoG height — Method 2

Sensors:

« steering angle
 throttle, brake pedal
* rpm

« accelerations (x,y)
* brake pressure

« speed — GPS
 wheel speed
 wheel travel
 temps

 gear
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1.Normal force from spring stiffness
FZ,d= k’Zd

VS
2. Normal force from the equation of

weight transfer, assumed CoG height ,h’

1 a, h
FZ,WT=§-m-g-W+m- v-;
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CoG height — Method 3 s
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Chassis

CoG height — Method 3

VY.

\/

')

AR
a = arcsin —
w

Ah
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Chassis

CoG height — Method 3

Ah
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m-g(a,-cosa+z-sina) = Fp - w - cosa

7 =

Fp-w-cosa

~ = "'?f\ 3
FF \\\ o .!}l }H_
m-g y l
Fr
—aq*Ccosx

sina



CoG height — Method 3
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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

2

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
braking system components

optimal brake force distribution

specific braking force

EBD basic working principle

Motorsport relevant braking aspects

Function structure

Powertrain: Types of resistance

CoP

Gearbox/Propulsion unit: power and powered machine tuning
Traction force diagram

3 main type of chassis structure

CoG determination methods

BME
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* Main objective?

« Starting point - ending point?

« Complex parts?

» Lessrelevant part(s), could be omitted part(s)?

* Most useful part(s)?

 How could today’s material have contributed to your professional goals?
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Thank you for your attention!




