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Nr. | Datum | Inhalt Ort | Von Wem

1 01.10. | Virtual Test Driving (VTD) T314 | Self-study
CarMaker Quick Start Guide

2 08.10. | Requirements for vehicles and their global T314 | Schick
attributes Zoom

3 15.10. | Vehicle dynamics attributes and their target T314 | Schick
conflicts Zoom

3 22.10. | Test and evaluation methods for vehicle T314 | Schick
attributes (1) with practical simulation Zoom

4 29.10. | Test and evaluation methods for vehicle T314 | Schick
attributes (2) with practical simulation Zoom

5 05.11. | ADAS DRIVING EVENT Living | Gunther/Riedimuller/
Measurement Tech. Introductions Lab | Schwandke

6 12.11. | Basic vehicle dynamics calculation and T314 | Schick
vehicle models with exercise Zoom

7 19.11. | Chassis components and functions (1) T314 | Schick
Tire & Wheels Zoom

A drive living

8 26.11. | Chassis components and functions (2) T314 | Schick
Axle & Suspension e

9 03.12. | TEND: ADAS Development for a sports T314 | Manuel Hofer
car manufacturer Zoom | (Porsche)

10 | 10.12. | Chassis controls and functions (1) T314 | Schick
Overview & Brakes & Steering Zoom

11 17.12. | Chassis controls and functions (2) T314 | Herr Lutz (BOSCH)
ESP-Functions & Application & Process Zoom

12 | 07.01. | Chassis controls and functions (3) T314 | Herr Lutz (BOSCH)
ESP-Application & Hands-On Workshop | Zoom

13 | 14.01. | Analysis of international standards and T314 | Schick
application into the simulation Zoom

14 | 21.01. | Exam preparation T314 | Schick
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Chassis components and functions — axle & suspension

The chassis provides the link between the vehicle body and the tyres/road.

—_
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Chassis components and functions — axle & suspension

Vehicle dynamics behavior is impact by numerous components

Vehicle Bodies

Masses
Dimension
Inertia
Stiffness

Suspension, K&C

Axle
Spring
Damper
Stabilizer
Bushing

Steering System ‘

Rack
Column
Wheel
Power Unit
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Vehicle area
Coefficients
Wings, under-
floor

Vehicle Dynamics

Brake Control
(ESC)

Steering Control
Suspension
Control
Drivetrain Control
Engine Control

' Brake System

Actuation
Hydraulic
Caliber
‘ Valves
g * Engine
. « ' Transmission
e Tire Driveline
Wheel
TPMS
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Chassis components and functions — axle & suspension

Chassis is responsible for the interconnection between the vehicle - including

. . 4 -:‘ . . : , :/ . .
* Outer forces and moments are transferred Viathe tires: suspension to the vehicle
inner forces. -\

-

* The suspension is responsible to bring the tire into a of
moment transfer.

position for the force am
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Chassis components and functions — axle & suspension

Important suspension characteristic behavior

Description the change in the 3D wheel position which occur due
to suspension compression, rebound and by steering
movements.

Compliance (elastokinematic)

Description the change in the 3D wheel position, which occur due
to the forces and torques on the wheel / tire under targeted
elastic interpretation of suspension parts.
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S e.g. compression

z

7))
Bushing
F *‘J

Y e.g. compliance under side
forces
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Chassis components and functions — axle & suspension

Axle, suspension, kinematics & compliance characteristics
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Chassis components and functions — axle & suspension

Suspension components

Wheel hub

y

Suspension

Buffer

/ ~< Damper
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Chassis components and functions — axle & suspension

Suspension components

Axle Linkage

Subframe Bushing
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Chassis components and functions — axle & suspension

Static axle alignment

Toe-In Toe-Zero Toe-Out

R B S
EntRNC e s

Camber positive Camber zero Camber negative

\;\’ 1 [ L

P,

_../ &.:

neutraler Sturz
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Chassis components and functions — axle & suspension

Important geometrical suspension characteristic values

gEtR. Nachlaufwinkel

M fas

Steering

gl xle Center

NACHLAUF NACHLAUF

Castor Offset

—> Bigger caster leads more wheel stability but higher steering torque.
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Chassis components and functions — axle & suspension

Important geometrical suspension characteristic values

S

L
- '.:.:
I ¢ E
|
-

King-Ping Offset (Lenkrollhalbmesser) King-Ping Inclination
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Chassis components and functions — axle & suspension

Important geometrical suspension characteristic values
7~ ¢ Kingpin offset

Caster offse

O

—— — — —
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/

Kingpin offset :/

282 /09.06.20 A drive ivinglsab Kempten University of Applied Sciences



Chassis components and functions — axle & suspension

Important geometrical suspension characteristic values

CoG high (center of Gravity)

Roll Center Rear

Roll Center Front

RN

P ‘ B N ® e COG high (Center of Gravity)

i ﬁ | i Roll Center High
AN T Y
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Chassis components and functions — axle & suspension

Suspension types

Front Suspension Rear Suspension

* McPherson Axle * Rigid axle
* Double Wishbone Axle * Twist Beam Axle
* Rigid axle * Double Wishbone Axle
e Strut Axle e 4-Linkage Axle
° .. e Multi-Linkage Axle
* Sword Linkage Axle
e Strut Axle

* Longitudinal Linkage Axle
e Semi Trailing Arm Axle
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Chassis components and functions — axle & suspension

Suspension types: MacPherson Front Axle

285 /09.06.20

Pull Rod

Roll Bar

A drive ivinglab

Top Mount

Spring

Shock

Wheel Hub

Sub-Frame

Bushing

Control Arm
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Chassis components and functions — axle & suspension

Bushing for force reactive wheel position and isolation
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Chassis components and functions — axle & suspension

Bumper the additional spring

Opering
Top Mount | il

/ \
/ / \
/ \
Buffer [ 3 :
\ \\ //
Free : 3 \\

Mtg

Hole

. Base
Spring Diameter

| FreeBulge |
Diameter

— Bulge @ Solid Height ———
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Chassis components and functions — axle & suspension

Spring & Damper & Buffer

2
%

Air Spring Leaf Spring  Torsion Spring  Buffer

Coil Spring
@ n

Kennlinie Schraubenfeder hinten links

[Federrate: 36,27 KN/m |

Kraft [kN]

Weg [mm]

Kempten University of Applied Sciences
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Chassis components and functions — axle & suspension

Bumper the additional spring

450000
405000 -

- -

360000 - " ——

315000 - ‘

270000 -

225000 -

180000 -

135000 -

80000 - ‘ -
II]—-»—-#F=r :

0 191 381 572 762 953 1143 1334 1524 1715 180.5

Force in Newtons

Travel in Milimeters

- Compression —— Release
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Chassis components and functions — axle & suspension

Damping curve and measurement

150
100

30 -

-50

Force (M)

-100
-150
-200

-250
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Dampingcurve

50 100 150 200 250

- ——{ompression
300

N\

e R 2 00LING

\

X

--._____-‘

Velocity (mm/s)
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DAMPING FORCE

Conventional valve increases
damping force as impact speed
increases preventing bump absorbtion,
and causing whee! deflection

’,,/'/iiugh speed impacts opens ™,

e | Spike Valve to allow max lravel o)

- X ) /
- Spike Vaive increases low ™ “_maich max bump force_-~

( speed damping eliminating ) -

S_yaw for increased contol_~

Range of
Adjustment

SHAFT SPEED (STROKE VELOCITY)
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Chassis components and functions — axle & suspension

Damping curve and measurement

----------------------------------------------------------------------

Damper Characteristic: positive welocity for pull, negative for push

front left front right rear left
Wehicle: 'DemoCar’

______________________

_______________________
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________________________________
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500* """"""""""""""""""""""""""""""""""""
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'5007 """"""""""""""""""""""""""""""" ,2000_______________§ _______
—'IDOO— ------------------------------------------------------------

i —3000—--------------% -------
—1500*"""”"”"% '''''''''' """"""""""""""""""""""""""""""""""""

: ; —4000—--------------% -----
—2000—--------------f ------------------------------------------------------------- :
-2500 i 1 i 1 i -5000 i

15 -0 05 0o 05 1.0 15 -1.5 -1.0

Velocity Damper [m/fs]

rear right

05 0o 05 10 15

Velocity Damper [m/fs]

CarMaker 3.0pre11
Model Check

Damper Forces (component related)
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Chassis components and functions — axle & suspension

K&C (kinematic & compliance) behavior

Camber and Camber Change | _ Toe and Toe Change

Track Width

& » &
il » -
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Chassis components and functions — axle & suspension

Virtual and real K&C test benches in a modern development

Virtual K&C Test Bench Real K&C Test Bench
MBS-Model Sample ABD SPMM 5000
: = " N R SPMM5000
4 Roll Test } ¢ ‘ . .
)| e [

4 Side Force Test } g =] N =
0.1Hz Kinematics Bounce Test
4 Accel. & Brake Test } [x3 SPEED] ,

K&C Variants

S{
rd

Validation

Look-up Tables

Parametrization
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Chassis components and functions — axle & suspension

Suspension — Kinematics & Compliance
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-2.0 -1.5 -1.0 -0.s oo o= 1.0 1.5 2.0 -0.73 -0.s0 -0.25 o.oo 025 o.so R i B | B n.z s
rx leftfright [deg) ry leftiright [deg] rz leftiricht [deg]

front left front right
Front Suspension: §
Vehicle 'DemoCar

CarMaker 32.0pre11

Model Check Kinematics & Compliance: Parallel Compression Kinematics

Thas, 25052009, 1627 S+ Ve s kunop Aslsche Nomalzell, Page 1
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Chassis components and functions — axle & suspension

Suspension — Kinematics & Compliance

Chamber Change

Track Width Change

SuspFL.a0 [mm]

e
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rx leftiright [cdeg)]
front left front right
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Toe Change

tz leftiright [mm]

75

50

SuspFL.g0 [mm]
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o
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Chassis components and functions — axle & suspension

Kinematics & Compliance — Stroke or Bounce Test

Translation

TN

1x leftivight [mm] i 1y leftright [mm]
/ X ¢ Rotation e £ <<

\
-
]

nnnnnnnnnnnnnnnn
eeeeeeeeeeeeeeee

eeeeeeeee
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Chassis components and functions — axle & suspension

Kinematics & Compliance - Roll Test

E E
£ E
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o =
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E
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3 R
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eeeeeee '‘DermoCar’
Kinematics & Compliance: Antiparallel Compression Kinematics

Kempten University of Applied Sciences
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Chassis components and functions — axle & suspension

Suspension — Kinematics & Compliance

inclination

Vehicle Dynamics Rule No. 2:

Produce a harmonic foot print
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Chassis components and functions — axle & suspension

Suspension — Kinematics & Compliance

Steer Test
/g
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Chassis components and functions — axle & suspension

Parameter Study for K&C, spring, damper, roll bar

Steady Circular Driving o
el - | Find the sensitivity of parameters such as
Test Condition * Roll bar stiffness

Constant Radius: 100 m
peed: ~ 3

)
,;(\l

T EXR
>
°

Spring, buffer

Toe change front / rear (K&C)

Camber change front / rear (K&C)

" Find the sensitivity of parameters such as
* Mass/Mass distribution / inertia

| *Roll bar stiffness

* Damper

* Tire side slip stiffness
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Chassis components and functions — axle & suspension

Linear 2DOF kinematic model (bounce &steer) parameter

Spring

Secondary
Spring

Damper

Buffer

Stabilizer

Kinematics

Compliance

Wheel
Bearing

External
Forces

Vehicle Data Set

Front| Rear|

ﬁ CarMaker - Vehicle Data Set: Compact.car

Wehicle Body I Bodiesl Engine] SIISPQHSiOHSI Steering ] Tiresl Brake ] Powertrai

o] B s

Aerodynamics ] Sensorsl Misc.

£

Model: #| Linear 2 DOF

Translation
Translation ty
Translation &z
Rotation rx
Rotation ry
Rotation z

Deflection I1Spring
Deflection IDamp
Deflection IBuf
Deflection I5tabi

Static Copafr. Oppos, Steer
| 0.0 0023 00| 0.3
| 000/  00[ 0018
4 00| 0| 0o/ 0033
[ o001z 0241 00[ 0473
| 00| -0.05 | oo 1293
| \-0.0| 0.131 {55 =
| \ 10| 00| 0.0
| 0.0 10| 00| 0.0
| 00| \(10/ 00| 00
| 00| \ 00| 0.0
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Static Camber of axle alignment
Camber in (stroke)

Toe In (stroke)

Kempten University of Applied Sciences



Chassis components and functions — axle & suspension

Linear compliance model parameters

=
@ CarMaker - Venicle Data Set: Examples/DemoCar o B (e

Vehicle Data Set File w \ Close \

Vehicle Body I Elodiesl Enginel Suspensions] Steering l Tiresl Elrake] Powertrain I Aerodynamics l Sensors[ Misc.l

spring | | Front] Rear| 4 / Side Force Steer
- | Maodel: ﬁ Linear Frame Fr1
Secondary Y/
Spring it dy dtz drx dry drz /
|| Foreex 1 . 0.0 00| 00| 00| 00| 0.0/
Damper Force Y mmn | 0.0 00| 00| 00| 00| 0.0
Force Z 1 0.0 00| 00| 00| 00| 0.0
Buffer Torque X radiNm] | 0.0 0.0| 0.0| 00| 00| 0.0
Torque Y [rad/mm] | 00| 00| 00| 00| 00| 0.0
e Torque Z [radiNm] | 0.0 00| 00| 00| 00| 0.0
Force opposite X [mm] | 0.0 00| 00| 00| 00| 0.0
Kinematics Force oppositeY  [mm] | 0.0| 00| 0.0| 00| 00| 0.0
Force opposite 2 [miN] | 0.0 00| 00| 00| 00| 0.0
Torque opposite X [rad/Nm] | 00| 00| 00| 00| 00| 0.0
Torque opposite Y [rad/Nm] | 0.0 00| 00| 0.0 00| 0.0
Wheel Torque opposite Z [radiNm] | 0.0 00| 0.0| 00| 0.0| 0.0
Bearing
External
Forces
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Chassis components and functions — axle & suspension

Lateral Dynamics: Stationary and transient behavior

ldw,| Ida,| 1d3,|

dt ax >0 @
N2

i R Tl
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Chassis components and functions — axle & suspension

Lateral response tests to evaluate transient behavior

Lenkwinkel- Sprungfunktion des Lenkracd- | Querbeschleunigung a,, 120 7801 -208HE)
sprung winkels: Gierwinkelgeschwindigkeit ¥ :
100 %
DIN I5O 7401 C" 1 o N 5 |
A 14 -
'.':li\lf f
t T / INTERNATIONAL IS0
. /3\_\; STANDARD 7401
Lenk-Einzel- Lenkradwinkel-Vorgabe: (Bestimmung von Zeitverziigen) . ] — ““';,:-‘;’::I
|
Sinus - . i | -
&y| =05 Hz i';%&r v w8 kA '
[ A m '
J\ \n, \\.‘ -
DIN ISO 7401 T — M Tie
[ Road vehicles — Lateral transient
|—] response test methods — Open-loop test
methods
Lenk-Sinus Lenkradwinkel-Vorgabe: (Auswertung im Frequenzbereich) e o '
& bRy N\ VAR 7N T
DN IS0 7401 H i ! PR , 2 e, e
\ - P 2 S I
17 tmdo 4 HF b ot e
l r V‘_BD‘ I‘im/h\qoff mas reapones e
Figure & — Resposss Hime asd prak resposss Bme
B33 Tiew bistori

Thoi tirves hislodla of varlables sed bor dils svalislon atal b plofed H e cifve & S0ed 1o &y el of dabs
B melteed of cutve BEIng shall be described in D prasantslicn of rsulls in Annex B

Time Domain:
- Step Steer

Frequency Domain:
- Step Steer

Nt rurta

- Sinus Steer (one cycle) - Stochastic Steer Input

- Triangle Impulse N PPRES—
- Sine Steer (continuous cycles, sweep)

10

0 300 — Al g naaris
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Chassis components and functions — axle & suspension

Lateral response tests to evaluate transient behavior

Parameter Symbol Unit Left turn Right turn Average

100 % ) .
[ Steady-state yaw velocity response gain

Lateral acceleration response time T,y 5

Yaw velocity response time T, s

Lateral acceleration peak response time Tarmax s

Yaw velocity peak response time Ty max s

Overshoot value of lateral acceleration Uar —
\/ Overshoot value of yaw velocity Uy —

2 <

steering wheel input
vehicle response motion
steady state

90 % steady state

50 % level

Response time

Peak response time

ra Time

>0 wNPE
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Chassis components and functions — axle & suspension

Slowly increase steer test (SIS) an option for steady state circular driving and

identify maneuver parameter
)
i

V= 80/100 kph constant SWA Gradient < 13,5°/s

s
80 0

SWA at 4m/s? used for steering angle identification
Step steer (4m/s?)
Sine steer (4m/s?)
Sine with Dwell (3m/s?)
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Chassis components and functions — axle & suspension

Lateral response tests to evaluate transient behavior

T ——— —
- RS - —

~ Test Condition
" Speed: 100 kph
Steer Input: Sine 0.2 -4 Hz

CH 04¢g
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Chassis components and functions — axle & suspension

Lateral response tests to evaluate transient behavior

2,5

— work.bs_Praxisseminar_Boxberg_SineSteer_005730.erg
>2o04dt-|_—— work.bs_ Praxisseminar_Boxberg_SineSteer_005747.erg

1,5

1,0

Car.ay [deg]
(@]
(@]
]

0,0 0,4 0,8 1,2 1,6 2,0 2,4 2,8 3,2 3,6 4,0
DM.Steer.SinusFreq [Hz]
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Chassis components and functions — axle & suspension

Lateral response tests to evaluate transient behavior

Lateral Acceleration Gain ( Yaw Gain
57 : : : : : : ‘ : : 0,30 7 : : :
E— rk.bs_Praxisseminar_Boxberg_Si | . ‘ ‘
L bs_ 2 " .

e ,: I ,3, L 0.24 I - rk.bs:Praxisseminar:Boxberg_SineSteer 00000000000

——————————————————————————————————————————————————

,,,,,,,,,,,,,,,,,,,

***************************************************************

**********************************************

’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’

””””””””””””””””””””””””””””””””””””””””””””””””””””””
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Chassis components and functions — axle & suspension

Bode Diagram: Amplitude Gain

Agility / Safety

0,33 —

0,31 —

0,30 —

0,28 — el -
. L
0,27 —l®----- - 1
| 1
o ] S | e —————————————————
: 1

0'24 I ____________________________Ir___-I ______
o - I

U (R Agility I S
I
1
I
1
I

-— -k

-——

Yaw Rate Gain [deg/s/deg]

1
]
! 1
O R e A T N &
| [
O | i i e S
018 __________________________________________________________:____________I ________________
’ : [ I
| | 1
O o i A
1
0,15 - . . . . . . —
0,1 0,2 0,3 0.4 0,5 0,6 0,8 1

Frequency [HZ]
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Chassis components and functions — axle & suspension

Bode Diagram: Yaw Rate Phase

50 —

Yaw Rate Pha

04

-50 -

-100 —

YawRatePhase [deg]

“Yaw Rate Output

T T T T T T T T T
0,1 0,2 0,3 0,4 05 0,6 0,8 1 2
Frequency [HZ]
Simulation

Measurement
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Chassis components and functions — axle & suspension

Parameter Study for K&C, spring, damper, roll bar

Steady Circular Driving o
el - | Find the sensitivity of parameters such as
Test Condition * Roll bar stiffness

Constant Radius: 100 m
peed: ~ 3

)
,;(\l

T EXR
>
°

Spring, buffer

Toe change front / rear (K&C)

Camber change front / rear (K&C)

" Find the sensitivity of parameters such as
* Mass/Mass distribution / inertia

| *Roll bar stiffness

* Damper

* Tire side slip stiffness
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