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» Panel Test: non professiona drivers in
free driving conditions

» Questionnaire: subjective assessments
expressed on different levels coherent with
the performance tree
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Reference Vehicles:
Alfa Romeo 147, Lancia Lybra, Fiat Stilo, Fiat Stilo Abarth, Volkswagen Golf

Reference Maneuvers:

» Obstacle 100x25mm passing in curve at constant radius R = 40m:
- at different vehicle velocities
- symmetric and asymmetric (internal/external wheels) passing

* Double Lane change on “English Road”

» Constant radius R = 60m on “English Road” at different velocities

Vehicle instrumentation:
» Standard handling (see ISO 15037-1)

Note: As the obstacle passing
resulted the most significant and
meaningful maneuver, in following,
for a matter of space, it is taken as

the reference maneuver.
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Obstacle Passing

Steady State | ATERAL ACCELERATION Symmetric
R =40 m - different velocities

First Peak

The data processing consists
In a peak analysis, in terms of

amplitude and of time

The peaks are
considered as a function

of the steady condition
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Fiat Group integrated virtual environment,
based on multi-body modeling technique, for
suspension K&C analysis and for handling &

NVH full vehicle performance evaluation

#-| \VB-SHARC® is

developed by CRF
on the basis of the
Adams/Car module

vibration response

handling output

suspension curves

The experimental data collected in the previous phase
of the activity are used to validate the simulation
environment
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MF tire 5.2:

It is the tire model most frequently used for handling analyses. In terms of longitudinal and lateral
slip, the MF5.2 is a functional model based on the most recent version of the Pacejka Magic
Formula. Its vibrational behaviour depends only on a vertical stiffness and a vertical damping.

SWIFT tire;

In terms of longitudinal and lateral slip it is very close to the MF5.2. Its vibrational behaviour
depends on a 6-dof physical model with concentrated parameters. It can be easily converted to
the more simple MF5.2 by a dedicated keyword into its property file.

F-tire:

It is completely a physical model with concentrated parameters both for the vibrational and for the
slip behaviour.

RMOD-K tire Flexible Belt:

It is completely a physical FEM model both for the vibrational and for the slip behaviour.

Thanks are due to Bridgestone Technical Center Europe for the
collaboration in the supplying of the tire models coefficients.
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Steady State Analysis at constant velocity V = 100 km/h
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The vehicle model with MF 5.2 and SWIFT seems very well correlated with the experimetal

data, while using the F-TIRE the differences are rather important. With RMOD-K there are

slight differences on the side slip angle and a satisfying behaviour for the understeer curve.

Some stability problems of the model don’t allow to reach high lateral acceleration.
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Lateral acceleration [g]

Time [s]
The differences between the tire models
shown in the Steady State Analysis are
confirmed also by the time histories of the
step steer.

Considering the calculation time, the
handling-comfort tire models present higher
values than MF 5.2. In particular with SWIFT
the step steer simulation takes 6 times
longer, F-TIRE 20 times longer and RMOD-K
135 times longer.
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PC characteristics:
Intel PENTIUM IV 1500 MHz
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— Experimental
— F-TIRE

— MF TIRE 5.2
SWIFT TIRE
— RMOD-K

Time [s]

Calculation time [s] per

512 Mb RAM second of maneuver
MF TIRE 5.2 10
SWIFT TIRE 59
‘ F-TIRE 190
RMOD-K 1342
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Symmetric Obstacle Passing - R=40m -V =30 km/h

Lateral Acceleration Yaw Rate

— Experimental data
— Simulation — SWIFT TIRE

Time Time

The behaviour of the vehicle model using the SWIFT TYRE is

very close to the experimental data.
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A parametric simulation plan is performed in order to understand the influences of the most
important vehicle design parameters on this phenomenon. These are the main clusters in which the
sensitivity analysis is divided:

* Inertial parameters

» Damping characteristics parameters

» Tire parameters (see the example below)

* Vertical stiffness suspension parameters

» K&C suspension parameters

Yaw Rate

Tire vertical stiffness

parameterisation:

- KV =146 N/mm
— KV =183 N/mm
— KV =220 N/mm

Obstacle Passing
Symmetric .
R =40m -V =50 km/h Time

KV
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Yaw Rate - oscillation amplitude variation [%] Vs NP configuration

60

0] single design

parameter

-

— _/

. Y
vehicle parameter cluster
-40 -

The final result of the parametric analysis is a group of diagrams (see example
above) which summarize the influence of the single design parameter on the
vehicle behaviour in the handling performance on uneven roads.

Vehicle Dynamics Expo — Handling on Uneven Roads — 1 June 2005 17/18



CENTRO Vehicle Engineering
RICERCHE . .
EIAT Vehicle Dynamics

) #
) * %  # (9 # ( ( # #
& #" " # # (% & (7
) # ) ( # ) # # (% & (
# & ( ( %( ( 7
) & ) ) # ( ( ( ( # "
# ! &#" (% ## ( % &
(7
* &'
) % # _* ( % o
) % # ) & #" ( (
& % # &#" # & # # ( % & (7

Vehicle Dynamics Expo — Handling on Uneven Roads — 1 June 2005 18/18



