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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
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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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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

Suspension Buffer
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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 alignhment

Toe-In Toe-Zero Toe-Out

R B S
EantRNC 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

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 /

285/ 09.06.20 A drive ivinglab 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

i ﬁ i Roll Center High
AN S 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

e ATy
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Pull Rod

Roll Bar
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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]
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Chassis components and functions — axle & suspension

Bumper the additional spring
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- Compression —— Release
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Chassis components and functions — axle & suspension

Damping curve and measurement
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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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rear right
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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
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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
- Ais =y R SPMM5000
< Roll Test } E ¢ \ N ;
) e [

< Side Force Test } X ] ! N
0.1Hz Kinematics Bounce Test
< Accel. & Brake Test } [x3 SPEED] |
K&C Variants

Validation

\ 4

Look-up Tables

Parametrization
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Chassis components and functions — axle & suspension

Suspension — Kinematics & Compliance
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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]
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Toe Change
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Chassis components and functions — axle & suspension

Kinematics & Compliance — Stroke or Bounce Test

Translation
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Chassis components and functions — axle & suspension

Kinematics & Compliance - Roll Test
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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

302 /09.06.20

Steer Test
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Chassis components and functions — axle & suspension

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

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

Constant Radius: 100 m
peed: 3

Y]

- E
>
°

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

303 /09.06.20 A drnive ivinglab Kempten University of Applied Sciences



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

fe] 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 Copabr. 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 =5
| \ 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)
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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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