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The chassis provides the link between the vehicle body and the tyres/road. 
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Vehicle dynamics behavior is impact by numerous components

Brake System

• Actuation
• Hydraulic
• Caliber
• Disk
• Valves
• …

Vehicle Dynamics

Vehicle Bodies

• Masses
• Dimension
• Inertia
• Stiffness
• …

Suspension, K&C

• Axle
• Spring
• Damper
• Stabilizer
• Bushing
• …

Steering System

• Rack
• Column
• Wheel
• Power Unit
• …

Tires & Wheels

• Tire
• Wheel
• TPMS

Powertrain System

• Engine
• Clutch
• Transmission
• Driveline
• …

Controls

• Brake Control 
(ESC)

• Steering Control
• Suspension 

Control
• Drivetrain Control
• Engine Control
• …

Aerodynamics

• Vehicle area
• Coefficients
• Wings, under-

floor
• …
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• Outer forces  and moments are transferred via the tires via the suspension to the vehicle 
inner forces.

• The suspension is responsible to bring the tire into a optimal position for the force am 
moment transfer. 

Chassis is responsible for the interconnection between the vehicle - including

passengers and luggage - and the road
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Important suspension characteristic behavior

e.g. compression

e.g. compliance under side 

forces

Bushing

Description the change in the 3D wheel position which occur due

to suspension compression, rebound and by steering

movements.

Kinematics

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.

Compliance (elastokinematic)

sz

Fy
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Axle, suspension, kinematics & compliance characteristics



Kempten University of Applied Sciences277 / 09.06.20

Bild durch Klicken auf Symbol hinzufügenChassis components and functions – axle & suspension

Suspension components

Axle

Suspension

Spring

Damper

Stabilizer

Buffer

Sub-Frame

Bushing

Linkage

Wheel hub
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Suspension components

Subframe Bushing
Axle Linkage

Linkage Bushing



Kempten University of Applied Sciences279 / 09.06.20

Bild durch Klicken auf Symbol hinzufügenChassis components and functions – axle & suspension

Static axle alignment

Toe-In Toe-OutToe-Zero

Camber positive Camber negativeCamber zero
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Important geometrical suspension characteristic values

Castor Offset

Castor Angle

Wheel Center
Steering

Axle Center

 Bigger caster leads more wheel stability but higher steering torque. 
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Important geometrical suspension characteristic values

King-Ping Offset (Lenkrollhalbmesser) King-Ping Inclination
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Important geometrical suspension characteristic values

C
as

te
r 

o
ff

se
t

Kingpin offset

Fy

Fx

Fy

Kinematics

Elasto-Kinematics (Compliance)

Steer axle

Kingpin offset

CoG

Roll Center 

Mz

Mz

Mz

Mz
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Important geometrical suspension characteristic values

CoG high (Center of Gravity)

Roll Center Front
Roll Center Rear

Roll Axle

CoG high (Center of Gravity)

Roll Center High

Fy

TRoll = Roll Moment
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Suspension types

• McPherson Axle
• Double Wishbone Axle
• Rigid axle
• Strut Axle
• …

• Rigid axle
• Twist Beam Axle
• Double Wishbone Axle
• 4-Linkage Axle
• Multi-Linkage Axle
• Sword Linkage Axle
• Strut Axle
• Longitudinal Linkage Axle
• Semi Trailing Arm Axle
• …

Front Suspension Rear Suspension
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Roll Bar

Pull Rod

Wheel Hub

Chassis components and functions – axle & suspension

Suspension types: MacPherson Front Axle

Sub-Frame Control Arm

Shock

Spring

Top Mount

Bushing
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Bushing for force reactive wheel position and isolation 
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Bumper the additional spring

Damper

Spring

Buffer

Top Mount
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Spring & Damper & Buffer

Kennlinie Schraubenfeder hinten links
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Figure 1: Test configuration 

 

Figure 2: Upper and lower reinforcement 

 

F, s Coil Spring Air Spring Leaf Spring Torsion Spring Buffer
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Bumper the additional spring 
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Damping curve and measurement 
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Damping curve and measurement 

F, v

-

+
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K&C (kinematic & compliance) behavior 

Track Width

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

Parametrization Parametrization

Validation

Look-up Tables Look-up Tables

K&C Variants

Virtual K&C Test Bench
MBS-Model

Real K&C Test Bench
Sample ABD SPMM 5000

Steer Test

Roll Test

Side Force Test

Bounce Test

Accel. & Brake Test

K&C Variants
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Suspension – Kinematics & Compliance 
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Suspension – Kinematics & Compliance 

Track Width Change Toe ChangeChamber Change
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Kinematics & Compliance – Stroke or Bounce Test

Translation

Rotation



Kempten University of Applied Sciences297 / 09.06.20

Bild durch Klicken auf Symbol hinzufügenChassis components and functions – axle & suspension

Kinematics & Compliance  - Roll Test

Translation

Rotation
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Suspension – Kinematics & Compliance 

xM

yF

z

z

w

M
yF

inclination

side slip

0 ° 3 °

Vehicle Dynamics Rule No. 2:

Produce a harmonic foot print
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Suspension – Kinematics & Compliance 
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Parameter Study for K&C, spring, damper, roll bar

Test Condition
Constant Radius: 100 m
Speed: 0 – max kph
day: 0,1 m/s²/s

SWA, ay , Yaw, Radius: steady state condition

Find the sensitivity of parameters such as

• Roll bar stiffness 

• Spring, buffer

• Toe change front / rear (K&C)

• Camber change front / rear (K&C)

•…Analysis Steady Circular Driving

Steady Circular Driving 1

Test Condition
Speed: 80 kph
Steer Input: Sine 0.2 – 4 Hz
ay:  0.4 g 

Find the sensitivity of parameters such as

• Mass/Mass distribution / inertia   

• Roll bar stiffness 

• Damper 

• Tire side slip stiffness

• …
Analysis Sine Sweep

Sine Sweep 2
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Linear 2DOF kinematic model (bounce &steer) parameter 

Toe In (stroke)

Static Toe of axle alignment

Camber In (stroke)

Static Camber of axle alignment
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Linear compliance model parameters

Side Force Steer
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Lateral Dynamics: Stationary and transient behavior

Stationary Behavior

ax = 0 Vx = const.

ay = const.

ax ~ 0

ωz = const.Transient behavior

Stationary behavior dH = const.

IddHI

𝑑𝑡
> 0

IdayI

𝑑𝑡
> 0

IdωzI

𝑑𝑡
> 0

Vx = const.
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Lateral response tests to evaluate transient behavior 

Frequency Domain:
- Step Steer
- Stochastic Steer Input
- Triangle Impulse
- Sine Steer (continuous cycles, sweep)

Time Domain:
- Step Steer
- Sinus Steer (one cycle)
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Lateral response tests to evaluate transient behavior

1. steering wheel input

2. vehicle response motion

3. steady state

4. 90 % steady state

5. 50 % level

A. Response time

B. Peak response time

Key
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Slowly increase steer test (SIS) an option for steady state circular driving and 
identify maneuver parameter
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V= 80/100 kph constant SWA Gradient < 13,5°/s

SWA at 4m/s² used for steering angle identification
• Step steer (4m/s²)

• Sine steer (4m/s²)

• Sine with Dwell (3m/s²)

• …
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Lateral response tests to evaluate transient behavior

Test Condition
Speed: 100 kph
Steer Input: Sine 0.2 – 4 Hz
ay:  0.4 g 
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Chassis components and functions – axle & suspension

Lateral response tests to evaluate transient behavior
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Lateral response tests to evaluate transient behavior
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Yaw GainLateral Acceleration Gain
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Bode Diagram: Amplitude Gain

Project: TME Research Study

Vehicle: Auris_Suspension.car

Test: Sinus Sw eep 0.2-3Hz

Date: 2011/05/04
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Simulation Study - Using Suspension from Golf

Yaw Rate Gain vs. Frequency

Delta Yaw Gain Peak 

Yaw Gain (steady)
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Eigenfrequency
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Bode Diagram: Yaw Rate Phase

Project: TME Research Study

Vehicle: VW_Golf_Reference

Test: Sinus Sw eep

Date: 2011/05/03
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Parameter Study for K&C, spring, damper, roll bar

Test Condition
Constant Radius: 100 m
Speed: 0 – max kph
day: 0,1 m/s²/s

SWA, ay , Yaw, Radius: steady state condition

Find the sensitivity of parameters such as

• Roll bar stiffness 

• Spring, buffer

• Toe change front / rear (K&C)

• Camber change front / rear (K&C)

•…Analysis Steady Circular Driving

Steady Circular Driving 1

Test Condition
Speed: 80 kph
Steer Input: Sine 0.2 – 4 Hz
ay:  0.4 g 

Find the sensitivity of parameters such as

• Mass/Mass distribution / inertia   

• Roll bar stiffness 

• Damper 

• Tire side slip stiffness

• …
Analysis Sine Sweep

Sine Sweep 2


