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Requirements for vehicles and their global attributes

Continuous attribute validation during the development

QPE* 3

e eia *-———— - - a—————— <«-----—===- - -
Target Definition Validation
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Vehicle dynamics attributes and their target conflicts

Vehicle character is a result of well integrated system & functions.

70-80% of the components
exist at the start of the
production development of
a derivate (BOM - Bill of
Material)

_Integrated

. 4 Functions ...
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Vehicle dynamics attributes and their target conflicts

What will be the impact of any change in terms of agility, safety, comfort, emission
and costs? Which global vehicle attributes cab lead to a target conflicts?

Handling Performance / Driveability
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Vehicle dynamics attributes and their target conflicts

What is the difference between verification and validation?

Verification = Have we done the things right?

“ 4
mp Fulfillment of specification without errors. *i(

Validation = Have we done the right things?

D) N

mp |s the customer happy with the driving behavior of the car?
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Vehicle dynamics attributes and their target conflicts

Subjective Language Objective Language

Customer Wishes
Objective

measurement data

Subjective evaluation

Subjective evaluation
criteria in a rating system

Characteristic values for
vehicle behavior

Center Point Feeling Yaw Gain

Force Feedback Understeer Gradient
Road Surface Contact Roll Stiffness

Roll Behaviour Frequency Response
Spring / Damper Balance Maximum Force

Steering Effort Linearity

Correlation and linkage between both languages are important
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Vehicle dynamics attributes and their target conflicts

KPIl and target matrix within a consistent development process

Criteria Veh1l Veh?2
= oo EEENEESRIEN T Brand specific
a2 | [ a5 | | . || >36>a0
= "~ BEEEREEE
R
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Vehicle dynamics attributes and their target conflicts

Subjective Customer Level

Subjective Expert Level

Objective Level
Linkage Subjective & Objective
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Vehicle dynamics attributes and their target conflicts

Subjective Customer Level

\ \ \ \ Subjective Expert Level

Ll Bl Bl Bl
—— Bl : 3
!—»Eﬂ3 3
m—*ﬂns 3

Objective Level
Linkage Subjective & Objective
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Vehicle dynamics attributes and their target conflicts

KPI’s as an enabler for simulation use, efficient development & comparison

Model-in-the-Loop Hardware-in-the- Driving Cube Public Road Test

! Proving Ground Test .
Software-in-Loop Powertrain Test Bed (Test Field)

Objective Objective Objective Objective Objective
Evaluation Criteria's Evaluation Criteria's Evaluation Criteria's Evaluation Criteria's Evaluation Criteria's
Expected Result Expected Result Expected Result Expected Result Expected Result
(passed/failed) (passed/failed) (passed/failed) (passed/failed) (passed/failed)
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Vehicle dynamics attributes and their target conflicts

Continuous attribute validation during the development

S
Vehicle Target Behavior Su bjective Vehicle Target Behavior
in realistic driving situation . in realistic driving situation
Customer Wishes

Driving Maneuver Driving Maneuver

- Driver li
ol | fag = .

Driving Maneuver
i
N ES;(!.}_;
Track Driver Track

‘3

Driver  ©
=

-

Virtual Vehicle

Virtual Vehicle with real systems Real Vehicle
— Objective — Objective — Objective
— Evaluation Criteria's — Evaluation Criteria's S Evaluation Criteria's
@ Expected Result @ Expected Result - ) Expected Result
(passed/failed) (passed/failed) (passed/failed)
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Practical Seminar: Vehicle Road Testing

Vehicle dynamics simulation

~ = Data Processing

Vehicle Dynamics Model

Iz

Trailer Model

Road Model &

Driver Model . Maneuver Control
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Practical Seminar: Vehicle Road Testing

CarMaker command center give access to all functions

Access menu to all functions
extendable by user

—

"B CarMaker - ‘atgrzwn310368" online . o S
File Application Simulation Parameters Seftings  Help . 41PG
Car.  ExamplosiDomocar saec
Control display e FronDie ) Selection of parameter files
of vehicle loads D O- e _soed || Vehicle — Trailer — Tires — Loads
Maneuver
oo el T s | Online Start & Stop function
Online display of Cor | (e omers | of the simulation
maneuver status | | Detance: yons7 _sav | stop |_avort |

Simulations speed and status
0.2,0.5,1, 2,5 x RT up to max
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Interactive storage functions and
buffer view
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Practical Seminar: Vehicle Road Testing

Vehicle dynamics simulation

File A P Seftings Add-ons Help 2'PG
Car: - Release Notes
CarMaker 8.0 E__.A
VIRTUAL TEST DRIVING Quick Start Guide
Trailer: - B Select
Product Examples !
\ #E) Reference Manual
y — Tires: - Reference Manual (Motorcycle) Sele
- a = — N Reference Manual (TruckMaker)
— Load: OKg Programmer's Guide Select ’
- Installation Guide
| S | RARIERNON  SITL ) Performance Report
-l Report )
Start Quick Start Guide Version 8.0.2

Perf |m:  Performance Report (TruckMaker)

e Status IPGDriver CarMaker®
= IPGMovie Stop
v e Additional Documents »
EiolzetReleer =l | Distance: Send Bug Report ‘ Bl carmaker - New Project N X
e About CarMaker "
License Info New iject

Project Folder
C:JCM_PrcjectsfFA201_Vorlesung201q Q

Included Features
¥ Sources / Build Environment

¥ Sources: Extra Models
¥ FMI Examples

[v CarMaker for Simulink Extras
W Simulink Coder (RTW) Examples Selectal

[¥ Concerto Work Environment Default
Cancel
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Practical Seminar: Vehicle Road Testing

Vehicle dynamics simulation

Bl carMaker (localhost) 8.0.2 2019-8-30 (CM-15727) - C:/CN [ CarMaker - Browser - o x
Eile lication Simulation Parameters Settings 2
_Elle App 2 = etling Load TestRun
New Car: g! SI ! = 3ExamgIesNemcIernamlcs/Handlm%SgeedOvaI \ + OK J
Open..k Ctrl-o ) Name : = % cancel ‘
Save Ctrl-s s
ailer: Project LapTimeOptimization
Save as... Racetrack_Hockenheim
* Racetrack_Nurburgring
Project Folder r (=5 Product SinusSteering
Data Pools... Tires: Examples SinusSteering.ts
SinusSteering_preTest
Encrypt Data... e Slalom18m
) Load: Slalom18m_AMS
IPGMovie Slalom36m
IPGCont Start SpeedOval
SteadyStateCirculard2m
Instrugnent ) SteadyStateCircular100m
IPGKirfemati B Simula SteadyStateVariation ts
) Steerimpulse
Eclipsq Workspa Perf.. Stop QlaarinnPalasca Y
: - b Kl 2|
Quit ¥ Information about selected item
" : /DemoC ~
Time: Vehicle: Examples/DemoCar J
. Banked Oval File
Distanc (Read more...) annunges
B ipcMovie 8.0.2 2019-8-30 - o X 13
File View Scene Camera Help 2'PG

Dl iestrurnen . x r
e =
am Sating-Nyge 8. v, [x. #. #. &,

(3 | vata Sources 0%

[ Koy Doscription

s

G
smnm«anﬂ 0l

LY. | Quantiies
m u Search &
- Quanlity Narme
=l = 5 Car =
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75/ 09.06.20 A drive ivinglsab Kempten University of Applied Sciences



Practical Seminar: Vehicle Road Testing

Exercise 1: Loading a Predefined Virtual Vehicle Environment

1. Run simulation s |
2. Select and deselect trailer run simulation and analyze V, ay, ax...
3. Modify road
1. Width and integrate middle Line
2. Change banking (lateral slop in curves)
4. Modify driver
1. Cruising speed to 50 kph and back to 200 kph
2. Cornering cutting

3. G-G diagram lateral acceleration to 2 m/s?
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Practical Seminar: Vehicle Road Testing

Exercise 2: Test Run from the scratch

......

xxxxxxxxxxxxx

Select Vehicle: DemoCar
* Build Road

* Define Maneuver and Driver
e Conduct Test

* Analyze Quantities
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Practical Seminar: Vehicle Road Testing

Exercise 2: Test Run from the scratch

1. Select vehicle DemoCar
2. Build Road
1. 500m straight, 90° left corner, 90° right corner, 500m straight
3. Build maneuver
1. Accelerate until Carv>80/3.6
2. Drive constant 80 kph for 1s
3. Brake with 6 m/s?
4. Save Test Run and simulating start
5. Change left hand and right hand driving (road) and driver parameter curve cutting

6. Extend the road as you want
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Practical Seminar: Vehicle Road Testing

Exercise 3: Creating u-Split braking test

Chapter 5 Quick Start Guide
1. Building a Road Network Using the Scenario
~ Editor

Defining the Maneuver

Saving Your TestRun .

Selecting a Vehicle and Simulatin P |
Analyze Car.ax, SteerWhlAng, CarYawRate in
IPGControl _

4

U1 R
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Practical Seminar: Vehicle Road Testing

Exercise 4: Steady State Circular Driving

Test Condition

* Constant Radius: 100 m

e Speed: 0 —max kph
« dag 0,1 m/s%/s

» SWA, a , Yaw, Radius: steady state condition

Analyze:

* C(Carv
* C(Caray

e (CarSideSlipAngle ' | L
Change & Analyze:
* Vehicle load 200 kg rear axle / front axle
* Vehicle roof mass 200 kg
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Vehicle dynamics attributes and their target conflicts

Typically, vehicles must address a bunch of global attributes

_r - -

Availability

75 ~ Quality

Ergonomic

|nt‘e?grated\ ~ Drivability

Cost of Ownershnp | ' “’FU ngtions
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Vehicle dynamics attributes and their target conflicts

What motivates humans to buy a vehicle?

Fuel Consumption Safety

Styling

Transportation

City Persons ‘
‘ ‘ Representation
Highway Goods ‘
Enjoy
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Vehicle dynamics attributes and their target conflicts

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

'a ——
e, )
N - DA 46 Vehicle
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Vehicle dynamics attributes and their target conflicts

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

Primary Secondary
* Navigation
* Route selection

* Route correction

Course control

Speed control

Tertiary

* Phone call
* Multimedia

~ Goal

Predictability — Effortless — Safety Feeling — Fun to Drive
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Vehicle dynamics attributes and their target conflicts

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

Reference variable

U

Driver

T

Actuating variable

vEan== E

88 Disturbance
| variable

85 /09.06.20

Control
variable
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Vehicle dynamics attributes and their target conflicts

Cause and effect chain of the human processing

Situation Situation Action Action
Recognition Analysis Decision Execution

86 / 09.06.20 A drive ivinglat Kempten University of Applied Sciences



Vehicle dynamics attributes and their target conflicts

Cause and effect chain of the human processing

Situation Situation Action Action

Sample Recognition Analysis Decision Execution

Estimation of own time

Slower front vehicle on a0. Estimates of the Decision: Motorized
highway. Approaching gap. : =» Enoughtime »>o0ass =¥ implementation of the

. ) time gap of oncoming ) .
oncoming traffic : Little time —> follow. maneuver.

traffic.
Pedestrian steps on the REERI:
road ahead of fhe Estimation of own time * Enough time > Motorized
: : =» gap. Estimating the =»  brake =» implementation of the

vehicle. No traffic on : : :

: braking effect. * Too little time - maneuver.
the adjacent lane. :

evasion.
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Vehicle dynamics attributes and their target conflicts

Sensorial modality of the human organism

==

» color. |
Visual * contrast. - Eye
» 3D vision =

» Amplitude of tone signal.
Audio * Frequency von tone signal.
» 3D hearing.

Ear

Haptic (mechanical recognition)

Pressure.
Tactile contact.
vibration.

skin
(mechanical-receptors)

Kinesthetic (proprioception)

: acceleration. :
vestibular — Balance organ
balance.

Relative position and motion of body parts. —— neuromuscular spindle,
Forces. % tendon waist sensors

proprioceptive
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Vehicle dynamics attributes and their target conflicts

Sensorial modality of the human organism

Sensorial modality Recognition of...

olfactory « Smell. ! Nose

Gustatory * Taste. ¢ Tongue

. Skin
(Thermo-receptors)
_— o - Skin
Nociceptive Pain. (Nociceptors)
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Vehicle dynamics attributes and their target conflicts

Sensorial modality — Visual Recognition

180-220°

A
A 4

20

Peripherie: Bewegungswahrnehmung >

" ¥ovealer Bereich

peripherer Bereich

Fovea centralis

,Scharfes”,
objektbezogenes Sehen
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Vehicle dynamics attributes and their target conflicts

Relevant sensorial modality for the vehicle development

Vehicle Dynamics

* Vehicle evaluation
» Design of suspension and chassis controls (Closed-

loop).
r‘,‘\ _ Taktil
Ay :

Comfort
Vibration Acoustics

Climatic

Thermal

91/09.06.20

A drive ivinglab

Energy Efficiency

* Fuel consumption optimization based on driver

profile.

» Design of information systems (HMI).

Active Safety

» Design of alert and recommendatory systems

ADAS.

» Interaction wit autonomous systems.

Tactile

Kempten University of Applied Sciences



Vehicle dynamics attributes and their target conflicts

Cognitive hierarchy model based on

Three-Level-Model of vehicle control
(Edmund Donges, 1976)

Navigation Level
Possible routes

o

Selected routes
chronological sequence.

"Area safe command variables

-

Performance indicators, target tracking, target
speed

Stabilization Level

Dynamical vehicle reaction.

Actual track, actual speed.

92 /09.06.20

A drive living

Rasmussen

Target oriented behavior of the human
(Jens Rasmussen, 1983)

Knowledge base behavior

Control based behavior

Kempten University of Applied Sciences

Discretization

Minutes up to hours

(before drive or during driving
interupts)

1s up to 10s

Smaller as 1s

(often assumed as continuously)




Vehicle dynamics attributes and their target conflicts

Transfer to everyday situations in closed loop

Vehicle Longitudinal control Vehicle Lateral control

Typical  Following driving. « Corning driving.
ypica * Free travel. « Lane change maneuver.
maneuver * Brake maneuver. » Turn-off maneuver.
: : .  curvature of the vehicle trajectory.
Control DISEEE (el g Mg, 9B E)  Lateral deviation of the target curve
: » Speed (free travel).

variable : * Yaw error

» Acc-/Deceleration. . Lateral distance
Actuating
variable
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Vehicle dynamics attributes and their target conflicts

Open and Closed Loop Principle

CLOSED LOOP Principle

Driver Tasks Vehicle Response

>® DRIVER VEHICLE >T

t

\ 4

L/f/\\ OPEN LOOP Principle

Steering Input Vehicle Response
>-m >
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Vehicle dynamics attributes and their target conflicts

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

Lateral Dynamics

e Stationary behavior
* Transient behavior
» Steering behavior

Longitudinal Dynamics * Body movement
* Driving Resistance * Primary Ride
* Acceleration behavior e Secondary Ride
* Braking behavior * Body acceleration
* Harshness
e Vibration

e Wheel Load Oscillation
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Vehicle dynamics attributes and their target conflicts

e

{

2 N — =
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Vehicle dynamics attributes and their target conflicts

Main vehicle characteristics behavior

Longitudinal Dynamics: Drivability Behavior

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

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.
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Vehicle dynamics attributes and their target conflicts

Different groups of ride & handling behavior
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Vehicle dynamics attributes and their target conflicts

Analysis of drivers input

Analysis of Driver Input /Wish
(Steering, Braking ...)

Steer Angle (SWA) S,
Steer Moment (SWT) } M

Brake Force F

Most relevant Gas & Clutch Position, Gear
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Vehicle dynamics attributes and their target conflicts

Analysis of Vehicle Response

Roll Angel ¢
(Vehicle Rotation x-Axle)

Pitch Angle 6
(Vehicle Rotation y-Axle)

Yaw rate dy / dt
(Vehicle Rotation z-Axle)

Longitudinal acceleration a,
Lateral acceleration a,
Vertical acceleration a,

Longitudinal velocity V,

Lateral velocity V,

translational derivations (x,y,z) Drift Angle B = -arctan V, / V,

O tvanicio oty
of vehicle body Most relevant Position Xx,y,z
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Vehicle dynamics attributes and their target conflicts

Lateral Dynamics: Handling and Agility Behavior

—&N W — ”W—(i) | €D

a. >0

X = const. a, <0

Acceleration Behavior Straight Running Behavior Braking Behavior
la,| > 0 V.>0 Cp '

S > 0
V, = const. T 0 dt \ x N
Steering Behavior Cornering Behavior
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Vehicle dynamics attributes and their target conflicts
Lateral Dynamics: Stationary and transient behavior

(i) Id;;zl - Iddatyl - |dd5tH| -,
| | \

a,=0 V, =const.

Stationary Behavior }

V, = const.

w, = const.

a,~0

X

Tran5|ent behawor

ay = const.

Statlonary behavior ' L 5H = const.
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Vehicle dynamics attributes and their target conflicts

Acceleration Behavior

Steering drift @T,

TS
R |
=0 |

.‘i:,- » AR e« Start swing
a,>0
» Start retracting (@ﬁ";
 Traction N D adl-X
« Wheel hopping *@:ﬁ\,\,\j\_
. . (D
* Steering wheel reaction @ &
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Vehicle dynamics attributes and their target conflicts

Straight Running Behavior

: (Y) Stability even road { ‘. -
——————— [C o .

a,=0 V,= const. * Power-off reaction Ty s
Straight Running Behavior

* Steering swing

* Self-steering

e Cross wind behavior /ﬁ—:ru— ------------
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Vehicle dynamics attributes and their target conflicts

Braking Behavior

(D

- b=

T ——— -ty

a,<o0

Braking Behavior

105/ 09.06.20

Brake drift

Braking stability straight

Braking behavior cornering

Braking swing

Brake pitch

Steering wheel reactions

A drive ivinglab
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Vehicle dynamics attributes and their target conflicts

Steering Behavior

* On-Center Feeling

a [ . .__®

a,"~0 . -
Vo \ * Turnin ability

Steering Behavior

e Precision

* QOver-shooting

* Steering wheel return ability fi®

4 U
* Road surface contact @9-@
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Vehicle dynamics attributes and their target conflicts

Cornering Behavior

Cornering Behavior

107 / 09.06.20

Understeering behavior

Power-off reaction

Tracking stability

Controllability at the limit

Absolute roll angle

Rolling behavior

Self steering during cornering

A drive ivinglab
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Vehicle dynamics attributes and their target conflicts

Lateral Dynamics: Steering Comfort
O, = high effort

€D -/

\MH = high effort

AN N @)

O, = high effort
M,, = high effort

dM, > 0
) dt

Ay > 0

(Steering virbration)

&

O, = high effort M, = high effort
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Vehicle dynamics attributes and their target conflicts
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Vehicle dynamics attributes and their target conflicts

Vertical Dynamics: Ride & Comfort Behavior

Body Movement (Primary & Secondary Ride)

IdGI
S, ua>0
f % z(VA)<0
a, <O

Sprung Mass (M;)

Oy |
Spring ] _|_ ]
Stiffness (K;) % 'L i Damper (C2)
Y

Tire Stiffness (K;)
J Xo
Ground
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Body acceleration (Harshness, Vibration)
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Vehicle dynamics attributes and their target conflicts

Open and Closed Loop Principle

N Vibrationen >{Reuig|  Gerausche

100
0/0 - - [} .
Ubergangskereich Power off reaction
horbare
Schwinguni

gen

VEIHE N |
[fuhibare » Brake
Schwingungen litter

@
(=]

[+
(=]

Wahmehmungsanteil
H
=

N
=3

Steering I
Vibration

-

0" 1 10 10 10* Hz

2 10)
Frequenz

Freeway Axle Roarin
Hop Osc. &

Body
Movement / Oscillation

Axle
harshness

Primary

Ride Secondary Ride

Vibration

[y
N
D
(0]

16 32 64 128 256 512 Hz
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Vehicle dynamics attributes and their target conflicts

Vehicle dynamics behavior is impact by humerous components

Masses
Dimension
Inertia
Stiffness

Vehicle area
Coefficients
Wings, under-floor

Brake Control (ESC)
Steering Control

Axle Suspension Control
Spring Drivetrain Control
Damper Engine Control
Stabilizer

Bushing

, Brake System

Actuation
Rack

Col e Hydraulic
olumn e Caliber
Wheel P train Svst e Disk
; owertrain System
Power Unit e Valves
; * Engine .
Clutch
. Transmission
Tire iveli
Driveline

Wheel
TPMS
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Vehicle dynamics attributes and their target conflicts

Performance 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

Agilit
2L on drivers steering input.
The vehicle ability of being enduring on the driver given path
Stability and free from non-desirable change or variation.

Descriptions annoying driver or passenger impact dynamic due

Comfort 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.
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Vehicle dynamics attributes and their target conflicts

Customer key requirements to vehicle dynamics

Longitudinal Performance and Stability
High acceleration and short brake distance —

controllable and predictable #8 Best possible isolation of any “

g road & environment excitation
Driving at the '

- Lateral Dynamics Performance and Stability
performance limit

:3:f ,Soft Suspension”

Controllable driving behavior at the physical limit.

Steering Comfort Agility Driving Stability /Safety
* Low steering forces Corner driving pleasure Safety feeling
Sporty Driving | .| 5y steering angle Dynamics and agility Low driving work load
* Small turning cycles Low roll perception Straight driving precision Sporty, agile and safe vehicle

control at the limit

»Hard Suspension”

Normal Driving

City Cross Country Autobahn Handling /Agility
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Vehicle dynamics attributes and their target conflicts

Which target conflicts do you know?

Steering Feeling Performance XX
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