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Effect of the Passive Stabilizer Bar on the Vehicle’s Stability
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The phenomenon of vehicle rollover usually occurs when the driver suddenly steers at high speed. The centrifugal force will
appear and cause the vehicle’s body to tilt. To overcome this situation, the solution of using the stabilizer bar is proposed. The
passive stabilizer bar has a simple structure, low cost, and long service life. As a result, it is now a standard on most vehicles.
This paper has established a dynamic model to describe a vehicle’s oscillation. As a result of the study, the maximum roll angle
of the vehicle was reduced from 9.0° to 8.2° when the stabilizer bar was used. Besides, the minimum value of the vertical force
at the wheel reached 485(N) and 1162(N), respectively, corresponding to the two survey cases. The movement trajectory of the
vehicle when using the stabilizer bar does not have a big difference compared to the case when the vehicle does not use the
stabilizer bar. So, the vehicle’s stability and safety can be effectively improved. This is the basis for further developing complex
stable bar patterns in the future.

1. Introduction

When the vehicle moves on the road, a lot of unexpected sit-
uations can happen. In particular, the phenomenon of roll-
over is extremely dangerous. This phenomenon can cause
extremely serious damage to passengers and cargoes.

The phenomenon of vehicle rollover usually occurs when
the driver is traveling at high speed and suddenly steers. At
that point, centrifugal force will appear. This force is propor-
tional to the square of the velocity. Therefore, if the speed of
the vehicle is greater, the value of the centrifugal force will also
be much larger [1–3]. The centrifugal force causes the body to
tilt, so the vertical force at the wheels will change. If this value
is reduced to zero, i.e., the rollover index reaches the maxi-
mum threshold, R = 1, the wheel will be separated from the
road surface [4, 5]. This means that the vehicle will roll over
at any time [6–8]. Today, there are many methods used to
limit this situation. In this case, the solution using the stabilizer
bar is extremely suitable [9].

The stabilizer bar is also known as the antiroll bar, sway
bar, etc. [10]. The passive stabilizer bar (mechanical) is made
of steel, and it has a circular cross-section and is hollow
inside. The two ends of the stabilizer bar are attached to
the hub of the wheel. The back of the stabilizer bar is placed
on two rubber bearings (Figure 1). It can rotate around these
two positions [11]. When the body of the vehicle is tilted, the
two wheels will move in opposite directions. This causes the
stabilizer bar to twist. The elastic moment of the bar will
help to partially eliminate the moment that causes the vehi-
cle to roll over. From there, the stability of the vehicle will be
improved more [12]. Today, stabilizer bars are fitted on pas-
senger cars, buses, and a variety of other vehicles [13–15].

There are many methods used to calculate the impact
force of the passive stabilizer bar. In [16], Vu et al. used
the roll angle of the axle and the torsional stiffness of the sta-
bilizer bar to determine the force of the bar. Besides, the
method of using the displacement of the unsprung mass to
calculate the force of the stabilizer bar has also been
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proposed by Nguyen [17]. In some other studies, algorithms
for active stabilizer bar control have also been implemented
[18–21]. This paper focuses on establishing a dynamic
model to describe the vehicle’s oscillation when steering.
At the same time, the vehicle’s stability parameters such as
roll angle and trajectory will be compared in the case of a
vehicle using the stabilizer bar and the vehicle not using
the stabilizer bar. The content of the paper is presented
below.

2. Model of the Vehicle Dynamics

To simulate the vehicle’s oscillations, a spatial dynamic
model is proposed. Separating the sprung mass m and the

unsprung mass mij, this model will include 7 degrees of free-
dom (Figure 2).
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Figure 1: The passive stabilizer bar.
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Figure 2: The spatial dynamics model of the vehicle.

2 Modelling and Simulation in Engineering



C� C

a b

d

A

c

B D

Figure 3: Dimensions of the passive stabilizer bar.
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Figure 4: The nonlinear double-track dynamic model of the vehicle.
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Because the vehicle steers at a steady speed, the longitu-
dinal accelerationax ≈ 0.

The equations describing the oscillations of the sprung
mass are given as follows:

The impact force FS is calculated based on the displace-
ment of the unsprung mass as equation (Figure 3).
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where
FS: The impact force generated by the passive stabilizer

bar,
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Figure 5: Steering angle.

Table 1: The technical parameters.

Description Symbol Value Unit

Sprung mass m 1850 kg

Unsprung mass mij 50 kg

Track width 2twi 0.730/0.725 m

Distance from the centre of gravity to front axle l1 1.25 m

Distance from the centre of gravity to rear axle l2 1.55 m

Distance from the centre of gravity to roll axis hϕ 0.58 m

Distance from the centre of gravity to pitch axis hψ 0.51 m

Moment of inertia of the x-axis Ix 710 kgm2

Moment of inertia of the y-axis Iy 2520 kgm2

Moment of inertia of the z-axis Iz 2520 kgm2

Gravitational acceleration g 9.81 m/s2

Dimensions of the stabilizer bar a 0.38 m

Dimensions of the stabilizer bar b 0.22 m

Dimensions of the stabilizer bar c 0.25 m

Dimensions of the stabilizer bar d 0.1 M

Torsional stiffness coefficient GJp 3155 Nm2

Bending stiffness coefficient EJx 4104 Nm2
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Figure 6: Roll angle.
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Figure 7: Vertical force.
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a, b, c, d: Dimensions of the passive stabilizer bar,
EJx: Bending stiffness of the bar,
GJp: Torsional stiffness of the bar.

The longitudinal and lateral velocities of the vehicle are
determined based on the nonlinear double-track dynamics
model (Figure 4). This model includes 3 degrees of freedom
corresponding to the 3 directions of the vehicle’s motion
[22].
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To calculate the force values at the wheel, the tire model
needs to be determined. In this paper, the Pacejka tire model
is proposed.
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The parameters of the Pacejka tire model are referenced
from [23]. The type of tire used in this study was like that in
[22]. There are some differences in the size specifications of
the reference vehicle. However, this effect is not large.

Once all the above values have been determined, the
vehicle’s trajectory can be easily calculated through the coor-
dinates of the centre of gravity in the Oxy plane.
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ðt
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Figure 8: Trajectory of the vehicle.
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Figure 9: Roll angle.
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Figure 10: Vertical force.
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Figure 11: Trajectory of the vehicle.
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3. Simulation and Result

3.1. Simulation Condition. Simulation is carried out when
the vehicle steers at v1 = 60 (km/h) and v2 = 75 (km/h).
The steering rule is shown in Figure 5. For each of the above
situations, the vehicle is surveyed in two cases, including the
vehicle using a passive stabilizer bar and the vehicle not
using a stabilizer bar.

The technical parameters of the vehicle are given in
Table 1.

3.2. Result and Discussion

Case 1. v1 = 60 (km/h).
With speed v1 = 60 (km/h), the change of the roll angle

over time is shown in Figure 6. According to this result,
the maximum value of roll angle is 6.5° and 7.1°, respectively,
with two case studies. After reaching the maximum value ϕ
= ϕmax, the roll angle of the vehicle tends to decrease gradu-
ally over time.

When the roll angle of the vehicle changes, a difference in
the vertical forces at the two wheels of each axle will appear.
This difference depends on the roll angle (Figure 7). If the
vehicle does not have a stabilizer bar, the rear wheel reaction
is only 1385(N). Meanwhile, this value can be up to 2068(N)
if the vehicle uses a mechanical stabilizer bar.

The determination of the vehicle’s trajectory depends on
the tire model used in the study. In this paper, the Pacejka
tire model is proposed. According to this model, the longitu-
dinal force Fx, the lateral force Fy, and the moment Mz are
calculated based on the vertical force at the wheels Fzij.
Therefore, when the value of the vertical force changes, the
trajectory of the vehicle can also change.

According to Figure 8, the change in the vehicle’s trajec-
tory, in this case, is very small. This deviation does not
exceed 1%. Therefore, the stability of the vehicle in motion
is still guaranteed.

Case 2. v2 = 75 (km/h).
If the vehicle’s speed continues to increase, more pro-

nounced instability may occur. When the vehicle’s speed
reaches the value v2 = 75 (km/h), the maximum roll angle
of the vehicle can be up to 9.0° and 8.2°, respectively, for
the case of the vehicle without the stabilizer bar and the case
of the vehicle using a mechanical stabilizer bar (Figure 9).
Because the vehicle roll angle is larger than in the previous
case, the change in the vertical force at the wheel is also
larger (Figure 10). The value of the vertical force at position
(21) is only 1162(N) and 485(N) corresponding to the two
situations mentioned. If this value continues to drop to zero,
the wheel will be lifted off the road. Therefore, the rollover
phenomenon can happen at any time.

The change of the vertical force also causes the vehicle’s
trajectory to change (Figure 11). In fact, the turning radius of
the vehicle when using the stabilizer bar will be smaller than
when the vehicle does not use the stabilizer bar. However,
this difference is not too large. Therefore, it cannot cause
an oversteer phenomenon. The vehicle’s motion trajectory
is still guaranteed in moving situations.

4. Conclusions

The rollover phenomenon is a very dangerous problem. The
cause of this phenomenon is the appearance of centrifugal
force, which is generated when the vehicle is steering. To limit
the phenomenon of vehicle rollover, the solution of using a
stabilizer bar has been proposed. This paper has established
a nonlinear dynamic model to describe the vehicle’s oscilla-
tions when moving on the road. Two cases are considered,
including the vehicle using a mechanical stabilizer and the
vehicle not using a stabilizer bar. The vehicle’s speed is
increased to the value at which rollover is likely to occur.

The results of the study showed that when the vehicle
used the stabilizer bar, the maximum roll angle of the vehicle
was reduced. Besides, the difference in vertical force at the
wheel is also significantly reduced. Although there is a differ-
ence in the vertical force in the two investigated cases, the
vehicle’s trajectory is almost unchanged. As a result, the
vehicle’s stability and safety have been improved.

The new study only recommends the use of a passive sta-
bilizer bar when the vehicle is moving on the road. In many
dangerous situations, the passive stabilizer bar cannot fully
meet the requirements set for stability and safety for the
vehicle. Therefore, solutions to improve stability, such as
the use of active stabilizer bars, are required. This idea will
be implemented in future studies.

Nomenclature

θ: Pitch angle, (rad)
ϕ: Roll angle, (rad)
δ: Steering angle, (rad)
ψ: Yaw angle, (rad)
β: Heading angle, (rad)
Fi: External force, (N)
Fx: Longitudinal force, (N)
Fy: Lateral force, (N)
Fz: Vertical force, (N)
rij: Roughness on the road, (m)
v: Velocity, (m/s)
vx: Longitudinal velocity, (m/s)
vy: Lateral velocity, (m/s)
z: Displacement of the sprung mass, (m)
zij: Displacement of the unsprung mass, (m).

Data Availability

The data used to support this research are included within
this paper.
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