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Abstract

The Variable Dynamic Testbed Vehicle
(VDTV) concept has been proposed as a tool to
evaluate collision avoidance systems and to per-
form driving-related human factors research. The
goal of this study is to analytically investigate
to what extent a VDTV with adjustable front
and rear anti-roll bar stiffnesses,  programmable
damping rates, and four-wheel-steering can emu-
late the lateral dynamics of a broad range of pas-
senger vehicles. Using a selected compact-sized
automobile as a baseline, our study indicated this
baseline vehicle can be controlled to emulate the
lateral response characteristics (including the ve-
hicle’s understeer coefficient and the 90% lateral
acceleration rise time in a J-turn maneuver) of
a fleet of production vehicles, from low to high
lateral acceleration conditions. Also, the roll gra-
dient of the baselined vehicle can be altered via
changes made to the torsional stiffnesses  of the
front and/or rear anti-roll bars to emulate the
roll stiffnesses of a fleet of production vehicles.

Introduction

To study the correlation between vehicle re-
sponse characteristics and driver commands rel-
ative to crash avoidance, the National Highway
Traffic Safety Administration’s Office of Crash
Avoidance Research (OCAR) has at its disposal
a comprehensive set of tools and facilities. These

‘To whom all correspondence should be sent.

include the Vehicle Research and Test Center,
and the (currently being developed) National Ad-
vanced Driving Simulator. To augment these
tools and facilities, OCAR has defined its concept
of a Variable Dynamic Testbed  Vehicle (VDTV).l
This vehicle will be capable of emulating a broad
range of automobile dynamic characteristics, al-
lowing it to be used in development of collision
avoidance systems, and conducting of driving-
related human factors research, among other ap-
plications.

Vehicles with “programmable” response char-
acteristics have been proposed and developed in
the past. In the 1970’s, an experimental vehicle,
called Variable Response Vehicle, was developed
by the General Motors Corporation for vehicle
handling research.22It had independent electro-
hydraulic controlled front and rear steering actu-
ators and a front steering feel system. These ac-
tive systems enabled it to emulate a variety of di-
rectional control characteristics. In the 1990’s, a
similar research vehicle, called Simulator Vehicle,
was developed by the Nissan. Motor Company.3
Both yaw rate and lateral acceleration response
characteristics of this vehicle were varied indepen-
dently. It was used to study the relation between
driver’s perception and vehicle handling quality.

To emulate both the lateral and longitudinal
response characteristics of a broad range of vehi-
cles, the “mechanical” steering, suspension, and
braking sub-systems of a “passive” vehicle must
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cles, the “mechanical” steering, suspension, and
braking sub-systems of a “passive” vehicle must
all be made “programmable”. With regard to em-
ulating the lateral response characteristics of ve-
hicles, an earlier study4 indicated that the VDTV
must have the following active sub-systems: (1)
steering: steer-by-wire, programmable steering
feel as well as four-wheel-steering, and (2) suspen-
sion: semi-active suspension as well as variable
front and rear anti-roll bar systems. Other active
sub-systems, considered in Reference 4 (such as
the brake-by-wire and throttle-by-wire systems)
were not included in this study.

Equipped with the above mentioned actively
controlled systems, the lateral response charac-
teristics of the VDTV can be conveniently altered
via the governing control algorithms. However,
it was not clear what range of production vehi-
cles could be emulated by such a variable dy-
namic vehicle. One objective of the dynamics
analysis was to gain a quantitative understand-
ing on the “emulability” of such a variable dy-
namic vehicle. The second objective was to gen-
erate quantitative information for the functional
requirements document14 that accompanied the
VDTV Request for Proposal.

Scope and Approach of Dynamics Analysis

The scope and approach taken in the dynamics
analysis are as follows:

1.

2.

3.

A vehicle dynamics simulation program,
called Vehicle Dynamic Analysis, Nonlinear
(VDANL) was selected as the simulation tool
to perform all the vehicle dynamic computa-
tions.

The VDANL program has parameter files for
about twenty passenger vehicle models. Only
five models were selected to represent a broad
range of production passenger vehicles.

A vehicle dynamics simulation program, de-
veloped by Systems Technology, Incorporated,
called “Vehicle Dynamics Analysis, Non-Linear”
(VDANL) was used in this research. This pro-
gram was originally developed to study the per-
formance of vehicle/driver systems in a variety
of driving scenarios and conditions, and to study
vehicle lateral control and stability.5

Three performance metrics were selected to A signal flow diagram of the program VDANL
characterize both the steady-state and tran- is depicted in Figure 1 (from Reference 6).
sient lateral responses of these production The program VDANL has a total of seventeen
vehicle models in “representative” cornering degrees-of-freedom (DOFs) . The block labeled
maneuvers. “Vehicle Dynamics” (in Figure 1) has six DOFs

4. One of the five models studied was selected as
the baseline VDTV. However, to account for
the added weights of the data acquisition sys-
tem, four-wheel-steering system, etc., several
vehicle and tire parameters of the selected ve-
hicle model were modified accordingly.

5. Two sensitivity analyses were made to assess
to what degree vehicle performance metrics
selected in step (3) are influenced by the fol-
lowing vehicle parameters: (a) the torsional
stiffnessess of the front and rear anti-roll bars,
and (b) the damping rates of the suspension
shock absorbers.

6. A simulation study was made to assess to
what extent the understeer coefficient and
speed of lateral response of the five produc-
tion vehicles selected in step (2) can be emu-
lated by a four-wheel-steered VDTV.

7. The Consumers Union obstacle avoidance
course (to be described latter) was used to
objectively evaluate the handling qualities of
passenger vehicles during emergency double
lane change maneuvers. The performance of
the baseline VDTV in making double lane
change maneuvers using different combina-
tions of tires and four wheel steering control
algorithm were compared.

Results obtained from these seven steps are given
in the following sub-sections.

Vehicle Dynamics Simulation Program
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Table 1

Estimated Values of
Vehicle and Tire Parameters+

+ Detailed information on these and other vehi-
cle/tire parameters are available in Appendix E
of Reference 10.


