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1. Introduction

The experiments of vehicle stability control per-
formances commonly use the road test method [1-4],
which can truly reflect the actual effects of the vehicle sta-
bility control performances, is a necessary and effective
test verification method in the developing process of the
vehicle ESP system. Limited by safety condition, test field
and technical equipment, the road test is usually only done
on the specific conditions, it is difficult to fully test the
vehicle stability control performance. Especially the road
test on vehicle stability control performances under the tire
adhesion limit is still hard to be done fully and effectively
at the present because it is very dangerous, and the traffic
accidents easily occur under the tire adhesion limit, so it is
more significant that the vehicles have reliable and effec-
tive stability control performances under the tire adhesion
limit. It is an important method of researching and testing
the vehicle stability control performances to do experi-
ments based on safe test platform system, wealth of re-
search has been done at home and abroad [5-8], but tech-
nology is not mature enough and it still can not meet the
needs of system development and test for vehicle stability
control.

To solving these problems, we establish the sta-
bility control dynamics system equivalent with independ-
ent vehicle system based on the unsteady constraints vehi-
cle dynamics system using the artificial neural network, it
can effectively prevent vehicle instability and avoid occur-
rence of dangerous working conditions to test the vehicle
stability control performances based on the equivalent sys-
tem. Using the ESP control principle based on the inte-
grated control of brake and drive, based on the Mat-
lab/Simulink establish the stability performances simula-
tion test system of the vehicle dynamics equivalent system
for the Chery A3 car. Using the simulation model, we re-
spectively simulate the stability performances of the vehi-
cle dynamics equivalent system and the independent vehi-
cle system on steady-state conditions of neutral steering,
under steering and over steering. The study results indicate
that the stability performances of the vehicle dynamics
equivalent system based on the unsteady constraints and
the independent vehicle system show remarkable consis-
tency, it will provide a theoretical basis and technical sup-
port for establishing the safe and efficient test platform for
vehicle stability control based on the unsteady constraints
vehicle stability control dynamics equivalent system to
research the vehicle stability control performances.

2. The unsteady constraints vehicle dynamics system

The test system for vehicle stability control per-
formances based on the unsteady constraints, shown in
Fig. 1, consists of the experiment table system and the test
vehicle system. The experiment table system mainly con-
sists of fixed axis, traction bar, traction rope, tie rod, the
fifth wheel, front/rear tension gauge, front/rear pull rod,
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Fig. 1 The test system for vehicle stability control per-
formances based on the unsteady constraints

front/rear liner displacement sensor and spring. The test
vehicle system consists of the vehicle fixture, the gyro and
the vehicle with the ESP system. The traction bar and the
fixed axis are connected by a bearing, the traction bar and
the tie rod are vertically articulated in the place of the ve-
hicle’s centroid, the fifth wheel is fixed in the tie rod; one
end of the rear pull rod is fixed in the vehicle fixture by
two tension gauges that could measure the pull rod’s pull
force; the other end of the rear pull rod connects with the
tie rod by vertical pin; the front tension gauge is fixed in
the pull rod, one end of the front pull rod connects to tie
rod and the other to the vehicle fixture by vertical pins; the
front and the rear pull rod which can stretch and pull back
to change its length go through the horizontal holes of ver-
tical pin that connects with the tie rod, preloading by the
spring; the liner displacement sensor that fixed between the
pull rod and the tie rod can measure the length of the front
and the rear pull rod; the vehicle fixture make that the two
pull rods are above the vehicle front and the rear wheels on
the high of the vehicle’s centroid; the pull rod’s variable
length makes it easy to revise the turning radius. The test
system by using the relationship of the experiment table
system’s location and test vehicle system’s location, com-



bined with the signals of the fifth wheel, the steering angle
of the front wheel and the gyro can measure the longitudi-
nal and lateral speed of the vehicle centroid and the four
wheels’ center, side slip angle ,etc. The parameters of the
vehicle body state are helpful to test vehicle stability con-
trol performances and study the control strategy.

The dynamics analysis of the test system for vehi-
cle stability control performances based on the unsteady
constraints is shown in Fig. 2. The dynamics model of test
system for vehicle stability control performances based on
the unsteady constraints can be built by adding the pull
forces of the front/rear pull rod Fj, F, F,, F,, in the inde-
pendent vehicle system dynamics model. The pull forces of
the front/rear pull rod Fg, Fj, F,, are flexible constraint
forces, so the test system for vehicle stability control per-
formances is unsteady constraints vehicle dynamics sys-
tem.
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Fig. 2 The test system dynamics model for vehicle stability
control performances based on the unsteady con-
straints

The test table dynamics equation is

lay=M, +M, +M, e
where ; is the rotational inertia of the experiment table
system around the fixed axis, kg~m2; w, 1s the rotation ve-
locity of the experiment table system around the fixed axis,
it can be calculated according to the wheel speed signal
measured by the fifth wheel, rad/s; Mis the torque of the
front pull rod’s forces Fy, Fy, to the fixed axis, N-m; Mp, is
the torque of the rear pull rod’s forces F., F), to the fixed
axis, N'm; the torque arms that the forces Fj, Fy, F., F), to
the fixed axis can be calculated according to the location of
the experiment table system and the test vehicle; M;is the
friction torque in kinematic pairs of experiment table sys-
tem, it can be tested, N-m.

3. The vehicle dynamics equivalent system based on the
unsteady constraints

The establishment method of the vehicle dynam-
ics equivalent system based on the unsteady constraints is
shown in Fig. 3. Respectively using the same stability con-
trol system and input in the unsteady constraints vehicle
dynamics system and the independent vehicle dynamics
system to get the state-spaces of two systems, obtain the
equivalent state-space with the independent vehicle dy-
namics system from the unsteady constraints vehicle dy-
namics system using the artificial neural network mapping
algorithm, and use it as the output state feedback of the
unsteady constraints vehicle dynamics system to establish
the vehicle stability control dynamics equivalent system.
On the same conditions of the stability control system and
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input, the vehicle stability control performances of the
equivalent system are same as the independent vehicle
stability control performances, then it will provide a theo-
retical basis and technical support for establishing the safe
and efficient test platform for vehicle stability control
based on the unsteady constraints vehicle stability control
dynamics equivalent system to research the vehicle stabil-
ity control performances.
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Fig. 3 The establishment method of the vehicle dynamics
equivalent system based on the unsteady constraints

We establish the vehicle equivalent system using
the artificial neural network and the ESP control based on
the integrated control of brake and drive. The vehicle ESP
control principle based on the integrated control of brake
and drive uses the hierarchical control, the upper controller
is the state controller of car body, which uses the PID con-
troller, the lower controller is including the ABS controller
to the nondriving wheel and the ASR controller to the driv-
ing wheel [9, 10]. We use the BP neural network to re-
search the state-space mapping algorithm from the un-
steady constraints vehicle dynamics system to the inde-
pendent vehicle dynamics system. The architecture of
mapping neural network is shown in Fig. 4, which is two
layers BP neural network. The hide layer transfer function
is the hyperbolic tangent sigmoid (tansig) function and the
output layer transfer function is the linear (purelin) func-
tion. The inputs and outputs of mapping neural network are
two same parameters, the vehicle centroid slip angle and
yaw rate, so neurons number of output layer is 2 same as
network inputs layer. Number of neurons in hidden layer is
selected as 500 by comparing different number. Use the
Matlab/Neural Network Toolbox to train the mapping neu-
ral network, the network training inputs P and the target
outputs 7 are the output state parameter values of the un-
steady constraints vehicle dynamics system and the inde-
pendent vehicle dynamics system using the same stability
control system and input on three simulation conditions of
neutral steering, under steering and over steering.
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Fig. 4 The mapping neural network architecture



4. The stability control performances analysis of the
vehicle dynamics equivalent system based on the
unsteady constraints

To verify the consistency of the stability perform-
ances between the vehicle dynamics equivalent system
based on the unsteady constraints and the independent ve-
hicle system, based on the Matlab/Simulink establish the
stability performances simulation test system of the vehicle
dynamics equivalent system for the Chery A3 car. Using
the simulation model, we respectively simulate the stability
performances of the vehicle dynamics equivalent system
and the independent vehicle dynamics system on steady-
state conditions of neutral steering, under steering and over
steering. Use the vehicle centroid slip angle and yaw rate
to measure the control effect of vehicle ESP system,
Figs. 5, 7, 9 show the slip angle change of the vehicle cen-
troid, where X-axis represents the time and Y-axis repre-
sents the slip angle of the vehicle centroid. Figs. 6, 8, 10
show the yaw rate change of the vehicle centroid, where X-
axis represents the time and Y-axis represents the yaw rate
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Fig. 5 The vehicle centroid slip angle on neutral steering
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Fig. 6 The vehicle centroid yaw rate on neutral steering

of the vehicle centroid. In Figs. 5-10, the thin dashed line
is characteristic curve of the independent vehicle dynamics
system; the thin solid line is characteristic curve of the
vehicle dynamics equivalent system based on the unsteady
constraints; the thick solid line is the absolute error curve
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between the vehicle dynamics equivalent system and the
independent vehicle dynamics system.

4.1. The neutral steering characteristic analysis

Simulation condition: the steer angle of vehicle
left-front wheel is 15°; the initial vehicle velocity
vo=5km/h, the stop simulating vehicle velocity
v, = 60 km/h; bisectional road, the ground adhesion coeffi-
cient of inside two wheels is 0.8, the ground adhesion coef-
ficient of outside two wheels is 0.2; the front pull rod stift-
ness K,.=100N/m, the rear pull rod stiffness
K,;= 10000 N/m; the initial length of front/rear pull rod
Ly.= L,;=0.785 m; through strength design and press pole
stability design, the rotational inertia of the experiment
table system around the fixed axis 7, = 3000 kg'm>. The
vehicle dynamics equivalent system and the independent
vehicle dynamics system are controlled by ESP.

Fig. 5 shows the vehicle centroid slip angle on
neutral steering; Fig. 6 shows the vehicle centroid yaw rate
on neutral steering. It can be seen that, on the same simula-
tion condition, the characteristic curves of the vehicle dy-
namics equivalent system and the independent vehicle dy-
namics system are very close, the maximum errors of the
vehicle centroid slip angle and yaw rate between the two
systems respectively are 0.084° and 0.025 rad-s”, the mean
square errors respectively are 0.029° and 0.01rad's”, so the
vehicle dynamics equivalent system can well reflect the
ESP control performances of the independent vehicle dy-
namics system.

4.2. The under steering characteristic analysis

Simulation condition is same as the neutral steer-
ing characteristic test, the vehicle dynamics equivalent
system and the independent vehicle dynamics system are
not controlled by ESP.

Fig. 7 shows the vehicle centroid slip angle on
under steering, Fig. 8 shows the vehicle centroid yaw rate
on under steering. It can be seen that, on the same simula-
tion condition, the characteristic curves of the vehicle dy-
namics equivalent system and the independent vehicle dy-
namics system are very close, the maximum errors of the
vehicle centroid slip angle and yaw rate between the two
systems respectively are 0.32° and 0.031 rad-s”, the mean
square errors respectively are 0.103° and 0.015 rad-s™.
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Fig. 7 The vehicle centroid slip angle on under steering
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Fig. 8 The vehicle centroid yaw rate on under steering
4.3. The over steering characteristic analysis

Simulation condition: the steer angle of vehicle
left-front wheel is 15°; the initial vehicle velocity
vo=5km/h, the stop simulating vehicle velocity
v,= 60 km/h; bisectional road, the ground adhesion coeffi-
cient of two inside wheels is 0.1, the ground adhesion coef-
ficient of two outside wheels is 0.9; the front and rear pull
rod stiffness K. = K,;= 10 N/m; other parameters are same
as above. The vehicle dynamics equivalent system and the
independent vehicle dynamics system are not controlled by
ESP.
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Fig. 9 The vehicle centroid slip angle on over steering
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Fig. 10 The vehicle centroid yaw rate on over steering
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Fig. 9 shows the vehicle centroid slip angle on
over steering, Fig. 10 shows the vehicle centroid yaw rate
on over steering. It can be seen that, on the same simula-
tion condition, the characteristic curves of the vehicle dy-
namics equivalent system and the independent vehicle dy-
namics system are very close, the maximum errors of the
vehicle centroid slip angle and yaw rate between the two
systems respectively are 0.063° and 0.027 rad-s”, the mean
square errors respectively are 0.022° and 0.007 rad-s™.

5. Conclusion

Set up the vehicle stability control dynamics sys-
tem based on the unsteady constraints. Establish the vehi-
cle stability control dynamics equivalent system based on
the unsteady constraints using the artificial neural network
and the ESP control principle based on the integrated con-
trol of brake and drive. Based on the Matlab/Simulink es-
tablish the stability performances simulation test system of
the vehicle dynamics equivalent system for the Chery A3
car. Using the simulation model, we respectively simulate
the stability performances of the vehicle dynamics equiva-
lent system and the independent vehicle system on steady-
state conditions of neutral steering, under steering and over
steering.

The study results indicate that, on steady-state
conditions of neutral steering, under steering and over
steering, the stability performances of the vehicle dynam-
ics equivalent system and the independent vehicle dynam-
ics system show remarkable consistency, the error range
between the two systems is smaller, it shows that, on a
variety of typical conditions that may occur and based on
the same stability control system and input, the state-
spaces of the vehicle dynamics equivalent system based on
the unsteady constraints and the independent vehicle dy-
namics system have remarkable consistency, the stability
control based on the vehicle dynamics equivalent system
based on the unsteady constraints and the independent ve-
hicle dynamics system can achieve the same control effect,
it will provide a theoretical basis and technical support for
establishing the safe and efficient test platform for vehicle
stability control based on the unsteady constraints vehicle
stability control dynamics equivalent system to research
the vehicle stability control performances.
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TRANSPORTO PRIEMONIU DINAMIKOS
EKVIVALENTINIU SISTEMU SU KINTAMOMIS
JEGOMIS STABILUMO PROCESU TYRIMAS

Reziumé

Straipsnyje pateikiamas transporto priemoniy di-
naminiy sistemy su kintamais jégy rySiais stabilumo tyri-
mas. Naudojant dirbtinius neuroninius tinklus ir ESP kont-
rolés principus, pritaikytus integruotai stabdziy ir vaziuok-
lés kontrolei, sudaryta transporto priemoniy ekvivalentiniy
sistemy su kintamais jéguy rySiais dinaminio stabilumo
kontrolés sistema. Naudojantis MATLAB/Simulink, sukur-
ta stabilumo proceso imitavimo bandymo sistema, ekviva-
lentiné automobilio ,,Chery A3 dinaminei sistemai. Nau-
dojant imitavimo modeli imituoti dinaminés automobilio
ekvivalentinés sistemos stabilumo procesai ir realaus au-
tomobilio sistema analogiSkose salygose ji vairuojant. Ty-
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rimo rezultatai rodo, kad automobilio ekvivalentinés dina-
minés sistemos stabilumo rodikliai, matuojant kintamus
jégu rysius ir realios sistemos yra analogiski. Tai suteikia
teoring ir prakting bazg sukuriant saugia ir efektyvia auto-
mobilio stabilumo tyrimy programa, naudojant stabilumo
kontrolés dinamikos ekvivalenting sistema.

Guoye Wang, Juanli Zhang

RESEARCH ON THE STABILITY PERFORMANCES
OF THE VEHICLE DYNAMICS EQUIVALENT
SYSTEM BASED ON THE UNSTEADY CON-
STRAINTS

Summary

Set up the vehicle stability control dynamics sys-
tem based on the unsteady constraints. Establish the vehi-
cle stability control dynamics equivalent system based on
the unsteady constraints using the artificial neural network
and the ESP control principle based on the integrated con-
trol of brake and drive. Based on the Matlab/Simulink es-
tablish the stability performances simulation test system of
the vehicle dynamics equivalent system for the Chery A3
car. Using the simulation model, respectively simulate the
stability performances of the vehicle dynamics equivalent
system and the independent vehicle system on steady-state
conditions of neutral steering, under steering and over
steering. The study results indicate that the stability per-
formances of the vehicle dynamics equivalent system
based on the unsteady constraints and the independent ve-
hicle system show remarkable consistency, it will provide
a theoretical basis and technical support for establishing
the safe and efficient test platform for vehicle stability con-
trol based on the unsteady constraints vehicle stability con-
trol dynamics equivalent system to research the vehicle
stability control performances.
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