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Research for Automated Driving 
Prof. Bernhard Schick, University of Applied Sciences Kempten
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How do people experience the driving of tomorrow and how 
can human and technology be brought into harmony?
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Advanced Driving Simulators to make new systems and functions
experienced in a virtualized development process.

We are really serious about virtualization, therefore we need …
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Chassis systems with chassis laboratory

BA -Vehicle Technology 
WS 20/21 Lecture 2 
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Motor driven mobility chances our live

Individual mobility was democratized 
through vehicles mass production 

by Henry Ford

individual mobility revolution starts with 
the first motor vehicle of Carl Benz

Vehicle as status symbol
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Mobility as a system has efforts and side effects

Mobility
Effort Benefits

Negative Side Effects

Mobility

Effort Benefits

Negative Side Effects
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Benefit of the vehicle mobility system. 

Status SymbolSport&Leisure

Working RoomLiving Space

Transportation
People & Goods

Vehicle
Mobility
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What motivates humans to buy a vehicle?

For who? Practitioner “Schlaumeier” Gourmets Business man

Fuel Consumption Safety Costs Styling Space

For what? Where driving? Transportation? What doing?

City

Highway

Persons

Goods

Transportation

Representation

Enjoy
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Major issue for customer values are the global vehicle attributes

Integrated 
Functions

WeightQuality

Emission

Cost of Ownership

Safety

Ride Comfort

Styling

Ergonomic

Handling

Drivability

Availability
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How can we evaluate the global vehicle attributes?

Weight

Quality

Emission

Cost of Ownership

Safety

Ride Comfort

Styling

Ergonomic

Handling

Drivability

Availability

Test Method

2

Target

3

Evaluation 
criteria 

(measureable)

1
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How can we evaluate the global vehicle attributes?

Invest

Total weight

NCAP Rating

Millage Range

Exterior

Cornering behavior

Seat position

Service intervals

Acceleration 
performance
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System
weight

Stability

Service Intervals

Interior

Steering behavior

Seat pressure
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Tip In Jerk
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Service

Component
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Controlability

Times for fuelling

..

Braking behavior

Accessibility 

Defect rates

Tip In
Latency time

NOx

Insurance

..

Brake distance

…

…

Straight running

..

Breakdown statistics

Tip Out oscillation

CO

Money

Weighting

Crash tests

Interrupt times

Customer survey

Vehicle measurement

Ergonomic 
measurement

Statistics

Vehicle measurement

Emission 
measurement
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Quality

Emission

Cost of Ownership

Safety

Ride Comfort

Styling

Ergonomic

Handling

Drivability

Availability

Primary Ride Secondary Ride NVH Noise Vehicle measurement

Measurable
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CO2
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The vehicle and its systems

Powertrain

Chassis System

Electric & Electronics

Global Vehicle

Interior

Body

Engine Transmission Drivetrain E-Motor Battery Controls

BrakesSuspension SteeringTire & Wheels Controls

Weights Passive Safety Fuel ConsumptionDurability NVH Exterior

Seats Dashboard Instruments

Infotainment Wiring ECU Network Body Control

Doors Roof Front body Floor

Cover panels

…

…

…

…

…
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Vehicle body and total vehicle
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Lightning

Passive Safety

Climatic System

Infotainment

Overview of vehicle systems

Vehicle body and total vehicle

Body work

Exterior

Interior
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Powertrain System

ICE – Internal 
Combustion Engine

Gear Box / Transmission Clutch

Differential

Shafts

E-Motor

Battery

Cooling system

Exhaust system and 
after treatment
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Electric & Electronics

The field of electrics/electronics covers a wide range. It includes electrical operating elements as well as assistance and safety systems, 
multimedia systems and lighting technology. In all these areas, Audi leads the competition with innovative solutions.
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Electric & Electronics

https://www.audi-technology-portal.de/de/

https://www.audi-technology-portal.de/de/
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Aerodynamics
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Chassis Systems
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Chassis is responsible for the interconnection between the vehicle and the 
road including passengers and luggage. Furthermore is responsible to…

• transfer outer forces  and moments via the tires to 
suspension to vehicle inner forces.

• bring tires into a optimal position for the force and moment 
transfer. 

• control the full body motion for

• Vehicle dynamics attributes

• Driving comfort attributes

• Driving safety attributes
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Vehicle dynamics behavior is impact by numerous components

Brake System

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

Chassis Systems 

Suspension, K&C

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

Steering System

• Rack
• Column
• Wheel
• Power Unit
• … Tires & Wheels

• Tire
• Wheel
• TPMS

Chassis Controls

• Brake Control (ESC)
• Steering Control
• Suspension Control
• …

Dr. Kersten / Hr. Scharpe

Hr. Scharpe

Prof. Schick
Prof. Schick

Prof. Schick
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Axle, Suspension, Kinematics&Compliance Characteristics
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Axle, Suspension, Kinematics&Compliance Characteristics
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Suspension components

Axle

Suspension

Spring

Damper

Stabilizer

Buffer

Sub-Frame

Bushing
Linkage Wheel hub
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The tire is the “BLACK MAGIC” for transmission of forces between vehicle and track



Kempten University of Applied Sciences33 / 09.06.20

Bild durch Klicken auf Symbol hinzufügenChassis systems their function and structure

The tire is the “BLACK MAGIC” – how tire works

https://www.youtube.com/watch?v=BPYxLeW6WjM

https://www.youtube.com/watch?v=BPYxLeW6WjM
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Tire construction and component functions

Bandage
• High Speed Resistance.
• Uniformity
• Comfort

Stahl cord belt (2 layer)
• Handling
• Roll Resistance
• Comfort.

Textile cord Carcass
• Endurance
• Dimensional stability.

Inner Liner
• Airtightness.

Side wall
•Damage protection.

Apexes
•Driving stability.
•Steering & comfort 

behavior 

Steel Core
•Bead seating

Tread 
• Force transfer
• Wear
• Handling.
• Noise.
• Aquaplaning.
• Comfort.
• Roll Resistance

high-strength steel cord
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Target conflicts (trade-off) for the development

130 %

120%

110%

100%

90%

80%

70%

100%

100%

100%

Lateral / Longitudinal Dynamic / Stability

Straight running / rut

Wet Handling

Aquaplaning

Rim Roll Off

Run flat Mileage

Roll Comfort

Roll Noise
Uniformity

Flat Spot

Mileage

Wear 
(saw tooth)

Roll Resistance

Tire Weight

Weight

Dry Handling

Comfort

S
a
fe

ty

Vehicle Dynamics & Safety

Referenz = 
100%
225/60 R 15 W
(Standard)
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Cause and effect chain / transfer path

Actuating forces

Oscillation

Oscillation

Airborne noise

Suspension

Vehicle body

Steer knuckle arm

Tie rod

Steering gear box

Steering column

Steering wheel

Driver (hand)

Seta rail

Seat

Passengers Passengers (ear)
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Tires are the interface to the road environment

Fx y

z
x

My

Fz

Fy

Coordinate system

according DIN 70.000

Mx

Mz

The behavior of the tire can be subdivide into 3 directions:

• Longitudinal Dynamic:

 Fx = longitudinal force

 My = Acceleration / Brake torque

 referred as „longitudinal“.

• Lateral Dynamics:

 Fy = lateral force

 Mx = camber torque

 Mz = Back alignment /toe torque

 referred as “lateral”

• Vertical Dynamics:

 Fz = Wheel load

 referred as „vertical“.

The overall performance is determined by the interdependence of disciplines
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Tires, some fundamentals

• When considering of forces, torques and speeds at the wheel must be made between different wheel radii:

r0 — Tire radius of the unloaded wheel (manufacturing radius).
rstat — static tire radius (Used in considerations with forces and moments).
rdyn — dynamic tire radius (Used for observations with peripheral speeds ).

• The static wheel radius is determined on a stationary, loaded wheel.

• The dynamic rolling radius is determined according to DIN 70020 with a towed wheel with a speed of 60 
km/h. Predetermined inflation pressure in each case is according the load specification. 

dynrU  2

 

v vdynr
0r

statr

U … Rolling circumference of the towed gear

v … Translational speed

w … Rotational speed
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Tires, some fundamentals

Hysteresis:
The viscous-elastic
material returns from
a deformation first
after a while back to
the initial position
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Tire slip mechanisms – shear, slide and slip

The soft tread compound of winter tires is still flexible even at low temperatures, so that winter
tires remain slip-proof and optimally toothing with the road surface.
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Target conflicts (trade-off) for the development
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Tire longitudinal slip behavior
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Tire longitudinal characteristics: slip behavior

%100



u

u

v

vv
S %100




u

u
A

v

vv
S %100




v

vv
S u

B

Slip Acceleration Slip Brake Slip

Treat

Belt

Deflection
Slide

Slip

Deflection

Slide

R
el

at
iv

e 
Sp

ee
d

The longitudinal force Fx causes

a shear deformation of the tire

tread. When transferring this

circumferential force between

tire and road a slip (S or κ)

occurs. The overall slip is put

together as a deformation

portion (deformation slip) and a

sliding portion (sliding slip).
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Tire longitudinal characteristics: slip behavior

• Transferable force are defined by the adhesion 

coefficient m.

• m is at rubber friction a function of the slip

• mh defines the maximum traction, defined al 

friction coefficient.

• The corresponding slip is defined as “critical slip” 

Sc and ~10%.

• At 100% slip the traction is decreased to the 

sliding frication mg.
Deflection

Pure
sliding

partially sliding

Critical slip

slip

traction

z

x

F

F
m
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Tire longitudinal characteristics: slip behavior

K
ra

ft
s
c
h

lu
s
s
 m

critical slip

dry

wet

0% Slide

1-50% Slide

51-75% Slide

75-99% Slide

cκ

Fx,max

ScFx  

For small longitudinal

forces, there is a linear

relationship between S
and Fx.

cκ = slip stiffness

 z
x Ff

dS

dF
c 

Influences:
• Tire pressure
• Temperature
• Local friction

zhx FF  mmax,
The maximal longitudinal force is depended on 

the friction (e.g. μh ≈ 1,1)
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Tire longitudinal characteristics: slip behavior
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Tire Rolling Resistance (RR) - Sources

Bend - Sheer

Side wall and bead areaTire surface and environmental 

air

Air turbulence

Tread of the tire

Slip to the ground

Bend - Strain - Sheer

Energy loss dissipation based on deformation 

< 15 % 60 up to 70 % 20 up to 30 %
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Tire Rolling Resistance (RR) - Sources

zRrollR FfF ,

4

100100
410 






























h
km

v

h
km

v
RRRR ffff

FR is often assumed to be constant and at a value of 0,01. 

for HR-tires: fR0  0,009

fR1  2,0·10-3

fR4  0,25·10-3

Roll resistance is depended of:

• wheel load

• tire pressure

• Tire temperature
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Correct inflation pressure for a good foot print

Influence to the brush, tooth and molecular adhesion effect is obvious.  
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Tire lateral characteristics: side slip behavior
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Tire lateral characteristics: side slip behavior
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Tire lateral characteristics: side slip behavior

Longitudinal velocity Vx

Lateral velocity Vy

Drift Angle β = -arctan Vy / Vx

Velocity 

V

VR,y

VF,x

VH

VR,x

VF,y

VF

𝛼𝐹 = −arctan
𝑉𝐹,𝑦

𝑉𝐹,𝑥

𝛼𝑅 = −arctan
𝑉𝑅,𝑦

𝑉𝑅,𝑥
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Tire lateral characteristics: side slip behavior

Direction of 
motion

V

Vy

Vx

𝐹﷮𝑦

Conicity Ply steer

𝛼 = −arctan
𝑉𝑦

𝑉𝑥

Tire side force generated by:

• Rolling diagonal to the direction of motion (side slip angle α).

• Inclination of the tire from its vertical position to the road (camber ).

• Tire conicity (geometrical)

• Ply steer (tread/belt construction)

Side slip 𝛼:

• Angle between direction of motion and direction of wheel plane.

Side force as result of side slip angle:

• Wind, centrifugal or gravity forces requested tire forces.

• The vehicle must apply side slip.
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Tire lateral characteristics: side slip behavior

• For side slip angle to approximately 4°, there 

is a linear relationship between α and Fy. 

• c is called side slip stiffness.

 z

y
Ff

d

dF
c 




• The maximum transferable 

lateral forces are dependent on 

maximum adhesion in lateral 
direction.

  cFy

zyy FF  max,max, mc
Fy,max

Side slip

S
id

e
 f
o
rc

e

• Influences to c:

 Tire pressure.

 Temperature.

 Local friction

 Wheel load
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Combined tire characteristics: dynamic load distribution

Dynamic wheel load and side force 
demand at one axle.

 Total side forces are reduced

Vehicle Dynamics Rule No. 1:

Avoid wheel load variation

𝐹𝑅 ≤ 𝜇 ∗ 𝐹𝑁 Coulombsche Friction Rule, but 𝜇 for
tire & road are strongly non-linear
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https://www.audi-mediacenter.com/de/technik-lexikon-7180/fahrwerk-7185

https://www.audi-technology-portal.de/de/

https://www.audi-mediacenter.com/de/technik-lexikon-7180/fahrwerk-7185
https://www.audi-technology-portal.de/de/
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Hydraulik Brake system and brake control systems

https://www.youtube.com/watch?v=ugtrRmyPSfE

Classification of braking systems

• Service brake system (BBA - Betriebsbremsanlage)
The service brake system must be operated in steps can and 
usually consists of two brake circuits. 

• Auxiliary braking system (HBA-Hilfsbremsanlage)
The deceleration achievable with the secondary braking system 
must be at least half the size of the BBA.

• Parking brake system (FBA-Feststellbremsanlage)
The parking brake system must be able tocan maintain a slope of 
20%. 

• Continuous braking system (DBA -Dauerbremsanlage)
Continuous braking systems are wear-free brakes for longer 
steady-state braking of commercial vehicles and buses.

https://www.youtube.com/watch?v=ugtrRmyPSfE
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Hydraulik Brake system and brake control systems

https://www.youtube.com/watch?v=GHt0u_7abvs https://www.youtube.com/watch?v=CzEBVdZeyQs

https://www.youtube.com/watch?v=GHt0u_7abvs
https://www.youtube.com/watch?v=CzEBVdZeyQs
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External and internal force ratio of a brake system

External force ratio

𝑖𝑒𝑥𝑡 =
𝐹𝑆𝑃
𝐹𝑃

Wheel brake force

𝐹𝐵𝑅 = 𝐹𝑃 ∗ 𝑖𝑒𝑥𝑡 ∗ 𝐶
∗
𝑟𝑤
𝑟𝑑𝑦𝑛

External force ratio

𝐶∗ =
𝐹𝐵𝑆
𝐹𝑆𝑃

Brake disk characteristics

𝐶∗ =
𝐹𝐵𝑆
𝐹𝑆𝑃

=
2µ ∗ 𝐹𝑆𝑃
𝐹𝑆𝑃

= 2µ
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ABS – Antiblockiersystem (Antilocking System)
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Electronic Stability Program (ESP)
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Electronic Stability Program (ESP)

ECU and Hydraulic Actuator

Wheel Speed Sensor

Steering Wheel Sensor

Yaw Rate
Lateral Acceleration

Sensor 
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Electronic Stability Program (ESP)
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Electronic Stability Program (ESP)

Counteract understeer
• Brake is applied to the inner side
• Brake reduction of the outer side
• Torque reduction of the engine

Counteract oversteer
• Brake is applied to the outer side
• Brake reduction of the inner side
• Torque reduction of the engine

𝑾𝒊𝒕𝒉 𝑬𝑺𝑷 𝑾𝒊𝒕𝒉𝒐𝒖𝒕 𝑬𝑺𝑷

𝒀𝒂𝒘𝒎𝒐𝒎𝒆𝒏𝒕 𝒄𝒐𝒎𝒑𝒆𝒏𝒔𝒂𝒕𝒊𝒐𝒏𝒀𝒂𝒘𝒎𝒐𝒎𝒆𝒏𝒕 𝒄𝒐𝒎𝒑𝒆𝒏𝒔𝒂𝒕𝒊𝒐𝒏

dH dH

Electronic Stability 
Program

Measurement of 
Steering angle and 

wheel speed

Measurement of 
Lateral acceleration

Measurement of Yaw 
rate

Recording of the 
intended vehicle 

direction

Recording of the 
actual vehicle 

behavior

Calculation of the deviation
between desired (vehicle model) and 

actual vehicle behavior 

Decision whether the ESP should intervene 
to stabilize the vehicle

Counteract understeer
• Brake is applied to the inner side
• Brake reduction of the outer side
• Torque reduction of the engine

Counteract oversteer
• Brake is applied to the outer side
• Brake reduction of the inner side
• Torque reduction of the engine

𝜶𝑭𝑨 − 𝜶𝑹𝑨 > 0 𝜶𝑭𝑨 − 𝜶𝑹𝑨 < 0

𝑺𝒆𝒏𝒔𝒆

𝑷𝒍𝒂𝒏

𝑨𝒄𝒕
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Audi Talk – Chassis technologie from rigid axle to intelligent chassis

Audi TechTalk: Fahrwerk 
In der zweiten Ausgabe des "Audi TechTalk" beleuchten die Audi-Experten das Thema Fahrwerk. Die Arbeit an einem 
Fahrdynamik-Prozessor der Zukunft und Rekuperationsmanagement als neuer Aspekt des Fahrwerks sind nur zwei 
Aspekte dieser Ausgabe des online Dialogformats.
https://www.audi-mediacenter.com/de/audi-techtalk-13047
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Steering System
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Steering System

M0

A

Center pivot plate

steering

articulated steering
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Steering System

Front Steer Rear Steer

Wheel Side Steer thru different wheel speed
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Steering system – Electrical Power Steer (EPS) EPS apa (axle parallel) 
dH, MH

Steering wheel

Steering column

Cardanic joint

Pinion

Steering Rack

Power Assist Module

ECU

Ball joint Bellows

Track rod

Moment and Angle 
Sensor

12

2

Permanent AC Motor with 
positioning sensor

Motor gear disc

Gear belt

Bolt circular gear box

Steer rack

1
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Steering system – Electrical Power Steer (EPS)

EPS Column 

EPS Dual Pinion

Power Assist Motor

ECU – Electronic Control Unit

Torsion bar and angle sensor



Kempten University of Applied Sciences71 / 09.06.20

Bild durch Klicken auf Symbol hinzufügenChassis systems their function and structure

EPS Basic Functions

Boost Curve

Inertia 
Compensation

Yaw- / Steering
Damping

Active Return

Road Disturbance

Rack End Stop

+ Limiter
Assist

Steering 
Torque

Steering 
Angle

Steering 
Torque

Steering 
Speed

Steering 
Speed

Steering 
Angle
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Rack an pinion steering system

https://www.youtube.com/watch?v=DC6Opx_3EUo

https://www.youtube.com/watch?v=DC6Opx_3EUo
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All Wheel Steering System
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All Wheel Steering System

Front Steer

All Wheel Steer

Front SteerAll Wheel Steer

Steering in the opposite direction of rear wheels to achiev

a small turning circle
Steering in the same direction of rear wheels to achiev stability
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Active suspension control with CDC – Continuous Damping Control

Acceleration 
Sensors

Active Damper

Damper 
Valve
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Active suspension control with CDC – Continuous Damping Control

Roll Bar / Stabilizer

ECU

Electro mechanic Actuator

Air Suspension

Buffer

Rebound Spring

Air Volume

CDC System

Air Valve
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What is vehicle dynamics? It describes the full vehicle motion dynamics.

Longitudinal Dynamics
• Driving Resistance
• Acceleration behavior
• Braking behavior

Vertical Dynamics
• Body movement

• Primary Ride
• Secondary Ride

• Body acceleration
• Harshness
• Vibration

• Wheel Load Oscillation 

Lateral Dynamics
• Stationary behavior
• Transient behavior
• Steering behavior

Yaw

Roll

Pitch

6 DOF - Degree of Freedom
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“Driver – Vehicle – Environment” – a closed loop!

Driver

Vehicle

Environment
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“Driver – Vehicle – Environment” – a closed loop!

Primary

Course control

Speed control

• Navigation

• Route selection

• Route correction

Secondary

• Phone call

• Multimedia

• ....

Tertiary

Driver

Environment

Vehicle
Closed Loop

Predictability – Effortless – Safety Feeling – Fun to Drive 

Goal



Kempten University of Applied Sciences83 / 09.06.20

Bild durch Klicken auf Symbol hinzufügenInfluence of chassis systems on the driving characteristics



Kempten University of Applied Sciences84 / 09.06.20

Bild durch Klicken auf Symbol hinzufügenInfluence of chassis systems on the driving characteristics

Main vehicle characteristics behavior 

Lateral Dynamics: Handling and Agility Behavior

Descriptions of the way vehicles perform transverse to their direction of motion, particularly during cornering 
and swerving. It also includes their stability when moving in steady state as well as in transient conditions. 
Vehicle dynamics are one major component of a vehicle's "active" safety. 

Vertical Dynamics: Ride & Comfort Behavior

Descriptions annoying driver or passenger impact dynamic due to driver effort, road excitation and vehicle 
vibrations, which negative influence the work load, effort, comfort feeling and healthiness. 

Longitudinal Dynamics: Drivability Behavior

Descriptions the longitudinal vehicle behavior and performance which results due to driver control input of 
acceleration, speed and shifting. 
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Different groups of ride & handling behavior

Vehicle Dynamics
Impact Harshness

Primary & Secondary Ride
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Lateral Dynamics: Handling and Agility Behavior

Straight Running Behavior

ax = 0 Vx = const.

Acceleration Behavior

ax > 0

Braking Behavior

ax < 0

IayI > 0

Cornering Behavior

IdHI > 0

ax ~ 0

Vx > 0

IωzI > 0  

ax ~ 0

Vx = const.

Steering Behavior

IddHI

𝑑𝑡
> 0

IdωzI

𝑑𝑡
> 0
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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 Dynamics: Steering Comfort
dH = high effort

MH = high effort

dH = high effort

MH = high effort

dH = high effort MH = high effort

dMH

𝑑𝑡
≫ 0

𝑎𝐻, 𝑧 ≫ 0
(𝑆𝑡𝑒𝑒𝑟𝑖𝑛𝑔 𝑣𝑖𝑟𝑏𝑟𝑎𝑡𝑖𝑜𝑛)
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Vertical Dynamics: Ride & Comfort Behavior

az < 0

Sz (HA > 0
Sz (VA) < 0

IdθzI

𝑑𝑡
< 0

IdθzI

𝑑𝑡
> 0

az > 0

Body Movement (Primary & Secondary Ride)

Body acceleration (Harshness, Vibration)

daz

𝑑𝑡
≫ 0
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Subjective and objective evaluation language

Subjective Language Objective Language

Subjective evaluation Objective 
measurement data

Subjective evaluation 
criteria in a rating system

Characteristic values for 
vehicle behavior

Correlation and linkage between both languages are important

Boxberg

100 km/h

Opel Astra

Radius 100 m VW Golf

Toyota Corolla

Audi A3

BMW 316i

0

1
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N
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]

0 20 40 60 80 100 120

Resultant velocity [km/h]

Steady state circular driving 

0.1 0.25 0.5 0.75 1 2.5 5
Frequency [Hz]

0

0.005
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0.015

0.02

0.025
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2 3 4 5 6 7 8 9
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]

-2

-1

0

1

2

R
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 [°

]

Phase angle

Gain

Vehicles:

dry

A - Astra
Version:Manoeuvre: Sine sweep test

Loading: unloaded + meas. equip.

03.08.2004 / 11:22:03

ESP on

Weather conditions:

B - Golf

C - Corolla Place:

RES_09A0A_R Angle.dat

Boxberg (Germany)

Date/ time

Record:

D - A3

E - 307

Project: Toyota XiL Phase 2

Assessment: Onroad driv. Dynamics

Result no.: Overall result

Date: 2012-04-22

Lenkverhalten

Steering behavior

5

6

7

8

9

10

Anlenkverhalten
Turn in ability

Lenkungsansprechen
Steering response on center

Lenkungsansprechen 
Steering response of f  center

Grabenef fekt
Ditch ef fect

Nachlenken
Yaw increase

Lenkgefühl im Mittelbereich
Steering impression centre range

Zielgenauigkeit
Precision

Überschwingen
Overshooting

Lenkungsrücklauf
Steering wheel return ability

Lenkkraf tverhalten unter Vortrieb
Steering forces, propulsion

Fahrbahnkontakt
Road surface contact

Toyota Yaris

VW Polo

Target

Center Point Feeling
Force Feedback
Road Surface Contact
Roll Behaviour
Spring / Damper Balance
Steering Effort
....

Yaw Gain
Understeer Gradient
Roll Stiffness
Frequency Response
Maximum Force
Linearity
....

Customer Wishes
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KPI and target matrix within a consistent development process 

Driving Maneuver

Steady Circular Driving

Power Off

Sine Steer

…

Objective Evaluation 
Criteria 

Ackermann Angle(SWA)

Understeer Gradient

ay,max

Yaw Gain Max

Roll Stiffness

SWT max

Ay rel at SWT 

Side Slip Max

…

4,2

28

2,6

8,5

13,5

Benchmark Result

4,6

25

0.8

8,9

14,5

..

..

..

..

..

Veh 1 Veh 2 …

4,5

70

1,8

…

5,2

85

2,1

…

..

..

..

..

Target

> 3,6 > 4,0

25

> 2 < 2,2

> 9

> 14,5

> 4,8 > 5,2

> 80 < 90

< 1,8

..

Brand specific
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The accomplishment of a given task measured against preset 
known standards of accuracy, completeness, costs, acceleration 
and speed.

Agility is the ability to change the direction of the vehicle based 
on drivers steering input. 

The vehicle ability of being enduring on the driver given path 
and free from non-desirable change or variation.

Descriptions annoying driver or passenger impact dynamic due 
to driver effort, road excitation and vehicle vibrations, which 
negative influence the work load, driver effort, comfort feeling 
and healthiness.

Safety is the condition of being protected against physical, 
social, spiritual, financial, political, emotional, occupational, 
psychological, educational or other types or consequences of 
failure, damage, error, accidents, harm or any other event which 
could be considered non-desirable.

Performance

Agility

Stability

Comfort

Safety
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Customer key requirements to vehicle dynamics

City Cross Country Autobahn

Normal Driving

Sporty Driving

Driving at the 
performance limit

Driving Comfort at uneven roads with low passenger movement and acceleration 

Steering Comfort

• Low steering forces

• Low steering angle

• Small turning cycles

Agility

Corner driving pleasure

Dynamics and agility

Low roll perception

Driving Stability /Safety

Safety feeling

Low driving work load

Straight driving precision

Lateral Dynamics Performance and Stability

Controllable driving behavior at the physical limit.

Longitudinal Performance and Stability
High acceleration and short brake distance –
controllable and predictable

Handling /Agility

C
o

m
fo

rt

Best possible isolation of any 

road & environment excitation

„Soft Suspension”

Sporty, agile and safe vehicle 

control at the limit

„Hard Suspension”


