
Received 2 March 2023, accepted 19 March 2023, date of publication 22 March 2023, date of current version 27 March 2023.

Digital Object Identifier 10.1109/ACCESS.2023.3260625

Development of a Fuzzy Algorithm With Multiple
Inputs for the Active Stabilizer Bar to Improve
Vehicle Stability When Steering
TUAN ANH NGUYEN
Faculty of the Mechanical Engineering, Thuyloi University, Dong Da, Hanoi 100000, Vietnam

e-mail: anhngtu@tlu.edu.vn

ABSTRACT In this article, the author discusses the issue of vehicle roll instability when steering at high
speeds. Installing an active stabilizer bar in a car is recommended to prevent it from rolling over and
make it more stable when it does. A complex dynamic model is set up to evaluate and analyze vehicle
oscillations. Besides, a fuzzy algorithm with three independent inputs is used to control the operation of the
active stabilizer bar. This algorithm uses three separate inputs derived from the vehicle’s oscillating signals.
In addition, the membership function and fuzzy rule are designed to ensure that the quality and efficiency of
the system are well-maintained and stable. This is an entirely new method, which is rarely used for complex
models of cars. Numerical simulation is carried out in a Simulink environment with many specific cases
and situations. According to research findings, the roll angle of the vehicle body increases as the speed
increases. This causes a greater change in wheel dynamics force and increases the risk of rollover. If the car
is equipped with an active stabilizer bar controlled by the fuzzy algorithm with three inputs, these problems
are significantly reduced compared to all other situations. So, when this new algorithm is added to the active
stabilizer bar, the car’s stability and safety can improve even.

INDEX TERMS Active stabilizer bar, rollover phenomenon, fuzzy control, vehicle dynamic.

NOMENCLATURE
ϕ Roll angle.
θ Pitch angle.
α Heading angle.
δ Steering angle.
ψ Yaw angle.
θm Motor rotation angle.
ay Lateral acceleration.
FASB Active stabilizer bar force.
FC Damping force.
FK Spring force.
FKT Tire force.
Fx Longitudinal tire force.
Fy Lateral tire force.
Mz Aligning tire moment.

The associate editor coordinating the review of this manuscript and

approving it for publication was Jjun Cheng .

Tr Resistance torque.
u(t) Control signal.
vx Longitudinal velocity.
vy Lateral velocity.
Xsv Servo valve displacement.
zr Road surface.
zs Sprung mass displacement.
zu Unsprung mass displacement.

I. INTRODUCTION
When the vehicle is steering at high speed, phenomena asso-
ciated with a roll and lateral instability may occur, such as
a slip or rollover. The direct cause of these phenomena is
centrifugal force, which causes the vehicle’s body to tilt.
Once the body is tilted, the difference in the dynamic forces
between the two wheels will become apparent. The larger the
body roll angle, themore significant the change in the wheel’s
vertical force will reduce the interaction between the wheel
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and the road surface. Once the value of the wheel dynamics
approaches zero, the wheel will be lifted off the road, and
rollover phenomena may occur [1].

Vehicle lateral instability (including rollover) can occur
with many vehicles, such as passenger cars, trucks, tank
trucks, etc. [2], [3], [4]. Many subjective and objective causes
cause lateral instability for cars moving on the road. In [5],
Brandt et al. analyzed the instability of vehicles when trav-
eling at high speeds, which is caused by crosswinds. Factors
related to the vehicle’s dimensions, such as the height of the
center of gravity (CG), the wheelbase, the mass, etc., also
significantly affected lateral instability when steering [6].
Besides, external factors such as the quality of the road sur-
face or weather conditions also greatly influenced this prob-
lem [7], [8], [9]. Finally, factors that depend on the driver’s
use (steering angle, steering acceleration, speed, etc.) were
the most critical factors involved in instability when moving.
If the driver suddenly changes the direction of motion at
high speed, lateral instability can quickly occur, as shown
in [10]. Overall, the consequences of accidents involving
lateral instability are immense.

Numerous researchers have published studies predicting
lateral instability and rollover in the last few years. In [11],
Nguyen has developed a new solution to determine the
rollover limit of a car by using a 4-dimensional graph.
According to the article’s content [11], these graphs described
the dependence between maximum roll angle, the distance
from the CG to the RA (roll axis), velocity, and minimum
vertical force. The idea of using a limited roll angle to eval-
uate the rollover phenomenon was also mentioned in [12] by
Nguyen et al. There were many methods used to estimate and
predict the vehicle roll angle, such as neural estimation in the
MPC (model predictive control) system [13], an intelligent
algorithm [14], a neural network [15], etc. In addition, several
indicators that have been used to warn of lateral instability are
also used, such as LTR (load transfer ratio) [16], [17] or RI
(rollover index) [18]. These indicators were calculated using
the difference between the dynamic forces of the wheels.
In [19], Zhao et al. presented a new index called ZMP (zero
moment point), which could also be used to predict the vehi-
cle’s lateral instability while steering. These indices could
be transformed into a function that depends on the lateral
acceleration, as demonstrated in [20] by Shin et al.

Wang et al. suggested using lateral stability control sys-
tems to make a car more stable while driving [21]. In [22],
Sun et al. introduced the ADP (adaptive dynamic program-
ming) algorithm for vehicle lateral stability using a linear
double-track model. The system’s control unit is designed
indirectly to create impact forces that change the steering
angle of the guide wheel. For heavy trucks, a complete
control model has been developed based on the ideas of
Jin et al. [23]. The electric motor’s speed control, which
is standard on electric vehicles, also aids rollover pre-
vention [24]. In addition, roll and lateral control systems
to improve vehicle stability have also been studied and

published in articles [25], [26], [27], [28]. Some experiments
related to the vehicle’s rollover stability control have also
been conducted in steering and lane-changing conditions.
Overall, the results were quite good [29]. In addition, control
of the active suspension [30], active steering [31], etc., have
brought high efficiency for ensuring the car’s stability when
moving.

A stabilizer bar also called an anti-roll bar, is another very
effective way to prevent a car from rolling [32]. Stabilizer
bars are made in many different ways these days. There are
usually three main types: the passive (mechanical) stabilizer
bar, the active hydraulic stabilizer bar, and the active elec-
tronic stabilizer bar. The performance of the passive stabi-
lizer bar is worse than that of the active stabilizer bar. The
stabilizer bar can reduce the roll angle when steering and
ensure better wheel-to-road interaction [33], [34]. As for
the hydraulic stabilizer bars, they are quite complicated and
bulky in construction. However, the impact force generated
by the hydraulic stabilizer bar is quite large [35]. Therefore,
it can ensure stable performance in many situations. The
electronic stabilizer bar has a better response rate, but the
force generated by the motor is insignificant [36]. According
to Gao et al., using a stabilizer bar can affect the stiffness
of the suspension, but its use is necessary [37]. In [38],
Muniandy et al. introduced using an active stabilizer bar
controlled by the PI-PD (Proportional Integral-Proportional
Derivative) controller. The parameters of the PI-PD controller
are tuned by a simple fuzzy algorithm.According to Tan et al.,
a robust control algorithm is necessary for hydraulic stabi-
lizer bars used in trucks [39]. The results regarding system
stability are evaluated in the frequency domain when compar-
ing AARB (active anti-roll bar) and PARB (passive anti-roll
bar) [39]. A control-related experiment for a hydraulic stabi-
lizer bar was performed by Dawei et al. in [35]. According
to the results of this experiment, the values associated with
rollover oscillations were lower when the active stabilizer bar
was used compared to those without the stabilizer bar. The
car’s oscillating state is constantly changing, so determining
the operating conditions for the stabilizer bar is difficult.
Therefore, intelligent control algorithms, such as fuzzy algo-
rithms, should replace conventional control algorithms to aid
in identifying better-working states. In [40], Nguyen intro-
duced a fuzzy algorithm to control the hydraulic stabilizer
bar. This controller is quite simple and has only a single
input. Nguyen’s study also shows a fuzzy controller with
two inputs [41]. Two inputs to this controller include the
change in the vehicle body roll angle and the displacement
of the unsprung mass. These objects must be handled when
the vehicle moves at high speed. In general, these algorithms
bring high efficiency to operating the system.

Intending to improve stability and anti-roll when the car is
moving at high speed, this article proposes using the active
stabilizer bar on both the front and the rear axles of the
vehicle. Using a fuzzy controller with one input or two inputs
still does not fully satisfy anti-roll conditions. Therefore, the
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author recommends using a new controller with three inputs
to improve the system’s quality. The roll angle, the unsprung
mass displacement, and the resistance torque are three inputs
to the controller.When the automobile steers, all three param-
eters change. These values are closely related to the rolling
instability of the car. Therefore, it is appropriate to consider
these values as input parameters for the controller. These
parameters are interdependent in a complex dynamic model.
Using a fuzzy algorithmwith three inputs to control the active
stabilizer bar is unique and novel, considered a new article
point. This work uses the numerical simulation method to
evaluate the efficiency of the control algorithm. The model
of a complex dynamic combined with many other models
is also established to describe the car’s oscillations when
steering. The article’s content consists of four main parts: an
introduction section, a material section, a results section, and
a conclusions section. Specific contents will be presented in
the following sections.

II. MATERIAL
A dynamic model needs to be established to simulate car
oscillations. Many dynamical models are used for this pur-
pose, such as nonlinear, linear, half models, etc. In this
work, the author proposes using a complex model that com-
bines three component models: a spatial oscillation model
(Figure 1), a nonlinear motion model (Figure 2), and a
nonlinear tire model.

FIGURE 1. A spatial model.

The spatial oscillation model has seven degrees of free-
dom (Figure 1), corresponding to five masses. The equations
describing the oscillation of the car are shown as follows:

msz̈s =

2∑
i,j=1

(
FKij + FCij

)
(1)

(
Jφ + msh2φ

)
φ̈ =

2∑
i,j=1

(
(−1)j−1 (

FKij + FCij
)
twi

)
+

(
gsinφ + aycosφ

)
mshφ (2)

FIGURE 2. A nonlinear model.(
Jθ + msh2θ

)
θ̈ =

2∑
i,j=1

(
(−1)i−1 (

FKij + FCij
)
bi

)
(3)

muijz̈uij = FKTij − FKij − FCij + (−1)j FASBij (4)

The nonlinear motion model has three degrees of freedom
(Figure 2), which are used for the three directions of motion.
Therefore, it is necessary to establish three differential equa-
tions to describe them.ms +

2∑
i,j=1

muij

 (
v̇x −

(
α̇ + ψ̇

)
vy

)
=

2∑
i,j=1

(
Fxijcosδij − Fyijsinδij

)
− F1 (5)ms +

2∑
i,j=1

muij

 (
v̇y +

(
α̇ + ψ̇

)
vx

)
=

2∑
i,j=1

(
Fxijsinδij + Fyijcosδij

)
− F2 (6)

Jψ ψ̈

=

2∑
i,j=1

 (−1)j
(
Fxijcosδij − Fyijsinδij

)
twi

+ (−1)i+1 (
Fxijsinδij + Fyijcosδij

)
bi

+Fici −Mzij

 (7)
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The wheel forces should be calculated according to the tire
model. As for the linear tire models, they are quite simple, and
the accuracy is not high. In contrast, nonlinear tire models can
provide more accuracy but are quite complex. In this article,
a nonlinear tire model called the Pacejka tire model is used.
The Pacejka tire model must use many parameters related to
the experiment [42]. Wheel forces and moments are complex
functions that depend on the slip ratio, the slip angle, the
dynamic force, etc. [42].

Fx = f (Fz, sx , v) (8)

Fx = f (Fz, α, v) (9)

Mz = f (Fz, α, v) (10)

The process of calculating tire forces and moments should be
referred to in [43].

A hydraulic actuator is controlled by the controller’s volt-
age signal. The servo valves can move when voltage is sup-
plied to the actuator. Typically, the voltage utilized for the
actuator does not exceed 24 volts. The act of opening and
closing servo valves will alter the fluid pressure within the
hydraulic motor. Consequently, the active stabilizer bar may
provide torque to the two arms. The following equations
demonstrate its fundamental principle:

Ẋsvτ + Xsv = Ksvu (t) (11)

KqiXsv = Dmθ̇m + Kce1P+
Vt
4βe

1Ṗ (12)

Dm1P = Jmθ̈m + Bmθ̇m + Tr (13)

The system diagram is shown in Figure 3. The fuzzy con-
troller has three inputs, including roll angle (the first input),
displacement of the unsprung mass (the second input), and
resistance torque (the third input). The sensor can obtain the
value of the first two inputs directly, while the value of the last
input can be calculated indirectly through the vertical force
difference at the wheels. The membership function of the
fuzzy controller is shown in Figure 4, Figure 5, and Figure 6.
These functions are briefly described in the formula (14).

0 (x, ξ) =



1, x < ξa
x − a
b− a

, ξa ≤ x ≤ ξb

c− x
c− b

, ξb ≤ x ≤ ξc

1, x > ξc

= max
(
min

(
x − a
b− a

,
c− x
c− b

)
, 0

)
(14)

The output of membership functions is determined by the
following three factors:

+ The system’s response time must be quick.
+ As the input values increase, the value of the degree of

membership must increase, and vice versa. If the input values
are zero, the value of the degree of membership must also be
zero.

FIGURE 3. The control system diagram.

+ When the input values reach a certain threshold, the
degree of membership value should be kept as high as
possible.

FIGURE 4. Membership function (the first input).

FIGURE 5. Membership function (the second input).

The fuzzy rule is considered the essential element of the
defuzzification process. The fuzzy rule, which is shown in
Table 1, is designed based on the following points of view:

+ The first point: If the vehicle roll angle is large, the
voltage to be generated is large, and vice versa
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TABLE 1. Fuzzy rules.
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TABLE 1. (Continued.) Fuzzy rules.

FIGURE 6. Membership function (the third input).

+ The second point: If the unsprung mass displacement is
large, the voltage to be generated is large, and vice versa

+ The third point: If the resisting torque is large, the
voltage to be generated is large, and vice versa

+ The fourth point: If all inputs are large, the value of the
output must also be large, and vice versa

+ The fifth point of view: If the level of input values is
different, the output value must be selected appropriately to
ensure the stability of the car.

Based on three input levels, a result combination of 27 out-
put cases is given in Table 1. These rules are more intuitively
described by a fuzzy surface in the Figure 7.
The abbreviations listed in Table 1 include:
BNEG: big negative
BPOS: big positive
NEG: negative
NEU: neutral
POS: positive
SNEG: small negative
SPOS: small positive
VNEG: very big negative
VPOS: very big positive

III. RESULTS
A. CONDITIONS
The simulation is performed by MATLAB application under
specific conditions. The technical parameters of the reference
vehicle are shown in Table 2.

FIGURE 7. The fuzzy surface.

TABLE 2. The technical parameters.

This work uses a J-turn steering angle to simulate car
oscillation. The change of steering angle with time is shown
in Figure 8.

In each case, the results corresponding to the situations
should be compared. There are four situations to consider
when comparing results, including:

+ Active with Fuzzy: the car uses active stabilizer bars
controlled by a new fuzzy algorithm designed in this article.
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FIGURE 8. Steering angle.

+ Active with PID: the car uses active stabilizer bars
controlled by a traditional PID algorithm. The parameters
of the PID controller are determined by the Ziegler-Nichols
method.

+ Passive: the car uses passive stabilizer bars (also known
as mechanical stabilizer bars).

+ None: the car does not have any stabilizer bars.

B. RESULT AND DISCUSSION
The results obtained from the simulation are divided into
three cases, corresponding to three different speed values:
v1 = 65 (km/h); v2 = 75 (km/h); v3 = 85 (km/h).

1) 1st CASE
In the first case, the speed that is used for simulation is
not high, v1 = 65 (km/h). The change in the roll angle in
the time domain is depicted in Figure 9. According to this
result, the roll angle of the car body increases from zero
up to its maximum value, reaching 5.79◦, 5.51◦, 4.96◦, and
4.64◦ (in order: None, Passive, Active with PID, and Active
with Fuzzy, respectively). The value of the roll angle peaks
shortly after the steering angle has reached its maximum.
The reason for this is because of the vehicle’s inertia when
moving. These values peak at different times with a relatively
small-time difference. The vehicle’s roll angle will peak first
when using the active stabilizer bar controlled by the fuzzy
algorithm. In contrast, the value of the vehicle situation with-
out the stabilizer bar will peak last. After the vehicle body
roll angles have reached their maximum values, they will
gradually decrease over time, although the steering angle
remains stable. This is caused by the nonlinear tire model
used in this work. Compared with the conventional linear
tire model, the nonlinear tire model more fully describes the
characteristics of elastic tire deformation. According to this
result, the value of the lateral force will decrease when the
steering angle is maintained, reducing the roll angle’s value.

FIGURE 9. Vehicle roll angle (1st case).

Changing the roll angle will also cause the vertical force at
the wheels to change. If these values are further reduced, the
interaction between the wheels and the road surface will also
be negatively affected. Once they approach zero, the rollover
phenomenon can occur quickly. The change in the dynamic
force in the vehicle’s situation using the active stabilizer
bar with the fuzzy algorithm is clearly shown in Figure 10.
Because the body is tilted outward when steering, the ver-
tical force of the outer wheel will increase (Fz12 and Fz22),
while the vertical force of the inner wheel will decrease
(Fz11 and Fz21). According to this finding, the minimum
value of the dynamic force at the inner wheel at the rear
axle is only Fz21 = 3628.6 (N), which has decreased by
649.5 (N) compared to the initial state. When the steering
angle is maintained, the roll angle will decrease gradually
(this was explained above), so the difference in the vertical
force between the two wheels will also decrease gradually.

FIGURE 10. Vertical force - active with fuzzy (1st case).
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FIGURE 11. Vertical force - active with PID (1st case).

The system’s performance will be worse if only the PID
algorithm is used to control the active stabilizer bar instead of
the fuzzy algorithm with three inputs. Looking at Figure 11,
one can see that the change in dynamic force at the wheels
is more significant. The attenuation of these values can be
up to 1305.7 (N) for the front wheels and 1191.0 (N) for the
rear wheels. The minimum value of the wheel’s vertical force
in position (21) will be lower than the above situation, only
3087.1 (N). However, this reduction is insignificant, and the
car can still operate normally.

Figure 12 shows that when a car only has a passive sta-
bilizer bar, the dynamic forces on the wheels are reduced
even more than in two situations above. The vertical force
of the rear wheel is reduced sharply to only 2271.2 (N), while
the front wheel is declined to 3416.7 (N). The difference in
the dynamic values of the wheels when steering compared
to the equilibrium state is also more considerable, reaching
2164.5 (N) and 2006.9 (N), respectively, for the front and the
rear wheels.

FIGURE 12. Vertical force - Passive (1st case).

FIGURE 13. Vertical force - none (1st case).

For the last situation, if the car does not have a stabi-
lizer bar, the attenuation of wheel dynamics will be most
significant during steering (Figure 13). The value of Fz21
suddenly dropped sharply to only 1720.5 (N), decreasing by
2557.6 (N) compared to the initial state before steering. This
increases the risk of unstable situations, such as a rollover.

Once the roll angle increases, so do the vehicle’s rollover
index. This indicator is determined by the difference in the
vertical forces of the wheels. Based on the results shown
in Figure 14, the maximum roll index of the car belongs
to the situation where the vehicle does not have a stabilizer
bar, RI = 0.60. These values decrease in order from Passive
(RI = 0.47), Active with PID (RI = 0.28), and Active with
Fuzzy (RI= 0.15). These results show the vehicle can operate
safely at v1 = 65 (km/h). As a result, increasing the speed to
investigate the car’s stability when steering is necessary. This
process will continue to be performed in the second case.

FIGURE 14. Rollover index (1st case).
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TABLE 3. Simulation results (1st case).

FIGURE 15. Vehicle roll angle (2nd case).

The simulation results of the first case are summarized
in Table 3.

2) 2nd CASE
In the second case, the car’s speed increases to
v2 = 75 (km/h). This is a rather significant value, so the
car’s instability when steering is greater than in the first
case. Similar to the first case, the outputs of the simulation
problem still include the change of the roll angle, the change
of dynamic force, and rollover index.

Figure 15 depicts the car’s roll angle changing during
the simulation. The trend of these values is similar to the
first case. The only difference is that the magnitude of the
values has increased more. The peak values of the roll angles
obtained are 6.66◦, 6.35◦, 5.72◦, and 5.38◦, respectively,
corresponding to four situations. Compared to the case above,
these values have increased by more than 15%. Because the
roll angle of the car body has increased more sharply, the dif-
ference in vertical forces at the wheels will also change more.
This is demonstrated by Figure 16, Figure 17, Figure 18, and
Figure 19.

According to the results from Figure 16, the vertical force
of the wheel (21) has been reduced to 3532.2 (N). This result

FIGURE 16. Vertical force - active with fuzzy (2nd case).

is achievedwhen the vehicle uses the active stabilizer bar with
the fuzzy algorithm. So, this change is relatively small. The
difference in dynamic force can be increased even more if
the PID algorithm is used to control the hydraulic stabilizer
bar instead of the intelligent algorithm, which can be clearly
observed in Figure 17. According to the findings, the values
of the vertical forces of the front and rear wheels are reduced
by 1495.5 (N) and 1364.2 (N), respectively. This declines the
dynamic force of the wheel (21) to 2913.9 (N). This decrease
is more significant than the situation mentioned above.

FIGURE 17. Vertical force - active with PID (2nd case).

A substantial reduction in the dynamic force of the wheels
is shown in Figure 18. This is due to the fact that cars only
have passive stabilizer bars and not active stabilizer bars. The
minimum value of the dynamic force has suddenly decreased
to no more than 1964.4 (N), only 55.61% of that of a car
using hydraulic stabilizer bars controlled by an intelligent
algorithm with three inputs. In this situation, the change in
dynamic force is also more considerable, reaching 2495.0 (N)
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and 2313.7 (N), which correspond to the front and rear axles
of the vehicle, respectively. Finally, a more drastic change
in the dynamic force occurs when the car does not have the
stabilizer bar (this is demonstrated in Figure 19). The vertical
force of the rear wheel has been reduced from 4278.1 (N) to
1332.1 (N), a loss of 68.86% from the initial steady state.
There is a greater risk of car roll instability with this atten-
uation. If the vehicle’s speed keeps increasing, the wheel’s
vertical force can decrease even more.

FIGURE 18. Vertical force - passive (2nd case).

FIGURE 19. Vertical force - none (2nd case).

In the second case, the change in the rollover index over
time is more significant than in the first case (Figure 20).
The risk of a rollover can be as high as 69% if the vehicle
is not equipped with the stabilizer bar. This risk drops to
54% once mechanical stabilizer bars are used on the vehicle’s
front and rear axles. If cars use hydraulic stabilizer bars
controlled by automatic controllers, the risk of rolling over
can be drastically reduced to only 17% (Active with Fuzzy)
and 32% (Active with PID).

FIGURE 20. Rollover index (2nd case).

These simulation results are presented in full in Table 4.

TABLE 4. Simulation results (2nd case).

3) 3rd CASE
In the last case, the car’s speed increases to a very high level,
v3 = 85 (km/h). The parameters’ variation, shown above, will
be more significant.

According to simulation results, the vehicle’s roll angle
peaked at 7.44◦, 7.10◦, 6.42◦, and 6.07◦, corresponding to
four situations: None, Passive, Active with PID, and Active
with Fuzzy (Figure 21). These values have increased by about
30% compared to the first case. In general, the roll angle
of the car body is quite significant if the vehicle does not
have stabilizer bars. The difference between the first situation
(None) and the last situation (Active with Fuzzy) can be up
to 1.37◦, accounting for 22.57% of the difference compared
to the last situation.

The fuzzy algorithm with three inputs improves the sys-
tem’s performance. This is demonstrated by the change in
wheel dynamic force in Figure 22 and Figure 23. It can be
seen clearly that the change in dynamic force is smaller if
the fuzzy algorithm is used instead of the PID algorithm. The
attenuation of the dynamic force at the wheel is also more
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FIGURE 21. Vehicle roll angle (3rd case).

FIGURE 22. Vertical force - active with fuzzy (3rd case).

FIGURE 23. Vertical force - active with PID (3rd case).

negligible, reaching only 3441.9 (N) for the case using the
fuzzy algorithm and 2751.4 (N) for the remaining situation.
Besides, the convergence of these values when using the
fuzzy algorithm is better than that of PID.

FIGURE 24. Vertical force - passive (3rd case).

FIGURE 25. Vertical force - none (3rd case).

FIGURE 26. Rollover Index - None (3rd case).

In a situation where the vehicle uses only mechan-
ical stabilizer bars (Figure 24) or no stabilizer bars
(Figure 25), the dynamic force of the wheels will be reduced
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more strongly. The minimum value they achieve is only about
1690.8 (N) and 988.0 (N). These relatively low numbers show
that the car might not be stable if the speed or the steering
angle keeps going up.

The car’s rollover index also increased with the drastic
reduction of the wheels’ dynamic force (Figure 26). The peak
value of the rollover index is up to 0.77 when the vehicle is
not using any stabilizer bars. Meanwhile, this value decreases
by 0.60 if the mechanical stabilizer bar is used. This value can
be reduced even more to 0.36 and 0.19 once active stabilizer
bars are fitted at the front and rear axles of the car. Obviously,
the risk of rolling over is four times higher if the vehicle does
not use the stabilizer bar (compared to using the stabilizer bar
with the fuzzy algorithm).

Table 5 summarizes the main results of the simulation of
the last case.

TABLE 5. Simulation results (3rd case).

IV. CONCLUSION
Under the influence of centrifugal force, the vehicle body
may be tilted when steering. The roll angle of the car body
causes the difference in the dynamic forces on the wheels.
If this change is too significant, the risk of a rollover will
also increase. In this research, the solution of using the active
stabilizer bar is proposed to reduce the rollover angle and
rollover index of the car when steering. A complex dynamic
model has been designed to simulate car oscillations. In addi-
tion, a fuzzy algorithm with three inputs has also been estab-
lished to control the operation of the active stabilizer bar.

The simulation is performed by MATLAB® software in
the time domain. Three cases are to be made, corresponding
to three specific velocity values. In each case, four scenarios
are considered. According to research, using the active sta-
bilizer bar under the control of a fuzzy algorithm with three
inputs can significantly reduce the car’s roll angle. Besides,
the attenuation of wheel dynamics is also less in this situation.
This leads to a reduction in the rollover index of the car when
steering, i.e., limiting the phenomenon of rolling over. As the
vehicle’s speed increases, these values increase accordingly.
Under the operation of a fuzzy algorithm with three inputs,
the performance of the hydraulic stabilizer bar is always
guaranteed to be the best.

This work has only involved calculations and simulations,
so some practical factors have not been fully considered.

In the future, some experiments can be carried out to com-
prehensively evaluate the control system’s quality for the
stabilizer bar. Also, the fuzzy algorithm with three inputs
should be combined with other intelligent control algorithms
to improve system performance.
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