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Abstract: In today’s scenario, due to increase in sales of Sports 

Utility Vehicles (SUV’s) more and more people are opting for off 
road drive. The main challenge is to improve the performance 
based on handling and comfort.  Hence the conventional static 
spring and damper system are being modified to accommodate 
semi-active and active systems. In this paper to study the 
effectiveness of active suspension system, a quarter car model is 
developed and Fuzzy control strategy is proposed to reduce 
displacement of chassis. Hydraulic actuator is used to provide 
active control in the suspension system of the quarter car model. 
The fuzzy logic controller is interfaced with the hardware system 
by LabVIEW software. For connecting the hardware with 
LabVIEW software Arduino is used. The comparison of active and 
passive suspension system shows that the chassis displacement is 
decreased by 30% in case of active suspension system whereas the 
settling time decreases by 69%. 
 

Keywords: Active suspension; Fuzzy control, Quarter Car, 
Hydraulic Actuator.  

I. INTRODUCTION 

In recent years of post-liberalization, the Indian roads seem 

to be flooded with a greater number of international cars. The 
car makers of all around the world are keen to enter the Indian 
market because of the increasing car market in India. Before 
liberalization the Indian car industry was not offering any 
special safety features to Indian customers though these were 
compulsory in countries like the U.S.A, U.K, etc. But soon 
after the liberalization as the world giants of car industries 
began to Indian market, the Indian consumer is offered with 
latest luxurious and safety features like active suspension 
system, seat belts, side-impact bars, air bags, collapsible 
steering and etc. In order to maintain a good tyre - road 
contact, the acceleration of the sprung mass has to be reduced 
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and adequate deflection in suspension should be provided.  
An effective suspension system should reduce the 
acceleration of sprung mass and provide sufficient deflection 
to maintain tyre -road contact. Passive suspension system is 
most common in roads today. For the comfort and safety of 
the passengers and luggage as well as the sturdiness of the 
vehicle's components it is necessary to have a well-tuned 
suspension system. The ultimate function of the suspension 
system is to improve ride comfort, and this can be attained by 
reducing forced that is transmitted to the vehicle body from 
irregularities in the road and to maintain tire-road contact. In 
design of Active Suspension system road irregularities are 
linked to excitation of a vehicle. The vehicle movement with 
constant velocity is the major assumption made. It is possible 
to improve ride comfort in Active Suspension system without 
the loss of controllability.  In Fuzzy Logic Controller (FLC) 
is attracting a major interest in the design of Active 
Suspension control system. The human expertise can be used 
in Fuzzy logic controller without the need of actual 
mathematical model. Apart from this FLC can tolerate 
uncertainties regarding different input parameters and 
therefore it has inherent robustness. By using the FLC there is 
a possibility of tuning according to different operating 
conditions. 

II.  LITERATURE REVIEW 

Wei Wang et. al. (2014) have discussed quarter car model for 
their work in which the control objective was to study vertical 
vibrations of quarter car model and control the vibrations. 
Active suspension system is complex in nature so fuzzy logic 
is used to gain control over the system and fuzzy logic does 
not require accurate model as that done by mathematical 
model so to get the membership values and rules, they have 
used cultural algorithm. Quarter car model is used [1]. 
Weichao Sun et. al. (2013) have discussed constrained 
control system for vehicle suspension system. Performance 
requirement for vehicle active suspension system has been 
explained. Problem has been formulated by considering 
quarter car model. Dynamic equations for sprung mass and 
unsprung mass have been derived after this state space 
equation is derived to decide the boundary of problem [2]. M. 
Soleymani et. al. (2012) in their work considered a full 
vehicle model to carry out experiment. Dependency of 
development of problem statement on vehicle ride comfort 
along with the vehicle speed is well explained. 
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 Eight degrees of freedom has been selected for full vehicle 
system. Optimization objectives are explained along with the 
ISO standard 2631 [3]. Wei-Yen Wang et. al.  (2012) in his 
work studied integrated control algorithm which describes of 
a controller used for both ABS and Active suspension 
system. It was observed that back stepping control system, 
sliding mode control system and fuzzy control system 
assumed that dynamic control system is available [4]. Guido 
Koch et. al.  (2010) in his research designed a quarter car with 
active suspension. The nonlinear dynamic behavior of 
suspension system was studied validated experimentally the 
Active Suspension controller [5]. Jeen Lin et. al.  (2009) 
suggested a Fuzzy Sliding Mode Controller (FSMC) for 
performing control performance in an active suspension 
system. They developed a quarter-car hydraulic suspension 
system for accessing and relating the traditional fuzzy logic 
controller (TFC) performance with other intelligent 
controllers [6]. Semiha Turkay et. al.  (2007) derived 
restrictions on transfer functions from the disturbances in the 
road. These constraints were determined for a spectrum of the 
suspension parameters [7].  T. Yoshimura et. al.  (2000) 
developed an active suspension system of quarter car model 
with sliding mode control. The construction of quarter car 
model with an active suspension system is discussed [8]. 
Nizar Al-Holou et. al.  used an Adaptive Fuzzy Logic-based 
controller, in integration with feed-forward network for an 
active suspension system. The AFLC performance is 
demonstrated in this paper [9]. P. Swethamarai and P. 
Lakshmi (2019) designed active quarter car mode with 
Improved driver ride quality. In this paper, 
MATLAB/Simulink is used to analyze the performance of 
the controllers. A Fuzzy Tuned PID Controller (FPID) is used 
to improve ride by reducing the Driver Body Acceleration 
[10].  

III. ANALYTICAL STUDY 

For doing analytical study before designing the controller and 
Simulink model a mathematical model is developed for a 
quarter car model which is described below. 

A. Mathematical model for quarter car model 

A 2 degree of freedom “quarter-car” automotive active 

suspension system is shown in Figure 1. It illustrates the axle 
motion and vehicle body motion of a wheel. Quarter car 
model is considered because its simplicity and all the parts of 
suspension system and tyre along with their deflection are 
observed.  

 
Figure 1. Quarter car model 

The system consists of a spring ks, a damper bs and an active 
force actuator Fa. In passive suspension the active force can 
be set to zero. The sprung mass ms represent the quarter car 
corresponding to the vehicle body mass. mu indicates mass of 
axle and tyre of an unsprung mass. kt represents vertical 
stiffness of the tyre and bt represents the spring damping. 
vertical displacements from static equilibrium of the sprung 
mass, unsprung mass and the road respectively is represented 
by zs, zu and zr represent the. Equations of motion of the two 
degree of freedom quarter car suspension is given by 

   (1) 

  (2) 
The spring and tyre stiffness are assumed to be linear in the 
range of operation and the tyre is continuously in contact with 
the ground. 

Fuzzy Logic Controller 

The precise mathematical model of the system is not required 
in knowledge-based control, Fuzzy logic. Generally, the 
experiences are used to form the control rules for the fuzzy 
sets. Fuzzy logic theory is a powerful tool and can be used for 
complex systems. Linguistic variables like small, big, very 
big represent the domain knowledge, and their membership 
values lies between 0 and 1.  

B. Fuzzy Logic Controller (FLC) design 

The Mamdani FLC with two inputs namely Suspension 
Displacement (SD) and Suspension Velocity (SV) are used. 
SD is the chasis and wheel relative movement and SV is 
velocity. The actuator force is the output obtained. 7 
Membership Functions (MFs) are NL, NM, NS, Z, PS, PL, 
and PB and there are 49 rules in the rule base. It is assumed 
that all input MFs are identical in shape and triangular MF is 
used.  

C. Fuzzy Rule Base 

Th fuzzy rule bas is created as shown in Table 1. 
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Table 1. Fuzzy rule base 

   SD               
SV 

NL NM NS Z PS PM PL 

NL PL PL PM PM PS PS Z 

NM PL PM PM PS NS Z NS 

NS PM PM PS Z Z NS NM 

Z PM PS NS Z Z NS NM 

PS PS NS Z Z NS NS NM 

PM NS Z NS Z NS NM NL 

PL Z NS NS NS NM NL NL 

D. MATLAB Programming 

Fuzzy logic toolbox from MATLAB is used to design the 
active suspension system. Mamdani system is used to design 
rule base. Gaussian membership functions are used to 
describe input and output parameters. 
Figure 2 shows two input functions on left named suspension 
travel and suspension velocity which are provide as an input 
to the controller and one output named actuator force on right 
which is provided by the controller to the actuator in the 
system. The Figure 3 shows representation of sets for 
Suspension travel membership function in MATLAB. 
Triangular functions are used to describe these sets. The 
horizontal axis represents values for suspension travel and 
vertical axis represents membership function values. Range 
for suspension travel is taken from (-10, 10) and sets are 
distributed within this range. 

 

Figure 2. Input and output representation 

 

Figure 3. Suspension Displacement Representation 

Figure 4 shows representation of sets for Suspension 
Velocity membership function in MATLAB. Triangular 
functions are used to describe these sets. The horizontal axis 
represents values for suspension velocity and vertical axis 
represents membership function values. Range for 
suspension velocity is taken from (-5, 5) and sets are 
distributed within this range. 
 

 

Figure 4. Suspension velocity representation 

Figure 5 shows representation of sets for Actuator Force 
membership function in MATLAB. Triangular functions are 
used to describe these sets. The horizontal axis represents 
values for Actuator Force and vertical axis represents 
membership function values. Range for Actuator Force is 
taken from (-2500, 2500) and sets are distributed within this 
range. 
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 Figure 5. Actuator force representation 

Figure 6 shows the representation of fuzzy rules in MATLAB 
for this fuzzy logic controller. The controller works 
according to these rules. The rules decide that on when inputs 
are given what must be the output provided by the fuzzy 
logic. Rules are provided for two connections (and 
connection) and (or connection). (And connection) works on 
maxima principle and (or connection) works on minima 
principle. After defining suspension travel, suspension 
velocity, actuator force and rules in MATLAB,  
it generates rule viewer shown in Figure 7 from which we can 
determine the values of actuator force for every value of 
suspension travel and suspension velocity accordingly. 

 

Figure 6. Representations of rules of fuzzy logic 
controller 

The first two columns are for the inputs which are 
represented by suspension travel and suspension velocity. 
Varying this input will vary the actuator force in the third 
Colum. Some cases are explained in next section. 

 

Figure 7. Rule Viewer 

After seeing the rule viewer, we can also see the surface 
diagram as shown in Figure 8. The surface viewer shows 3 
axes on which ‘i/p’ & ‘o/p’ is plotted. The vertical axis 

represents actuator force. Figure shows actuator force 
requirement for given case to bring system in stable 
condition. 
 

 

Figure 8. Surface viewer 

Cases Discussion 

After defining both input parameters and output parameter 
along with rules we can calculate easily the actuator force 
required at different locations. Let us consider following 
cases: 
Case-1 
When the inputs are given as Suspension travel (column 1) = 
2.2 and suspension velocity (column 2) = 3 then actuator 
force (column 3) required is -591.  
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This means that when suspension moves by 2.2 cm with 
velocity of 3 m/s then the actuator must provide a force of 
-591 N to keep the system stable. Figure 9 shows the 
representation of case 1. 
Case-2  
When suspension travel (column 1) is -2 and suspension 
velocity (column 2) is -1.2 then required actuator force 
(column 3) is 422. 

 

Figure 9. Case 1 representation in MATLAB 

This means that when suspension moves by -2 cm with 
velocity of 1.2 m/s then the actuator must provide a force of 
422 N to keep the system stable.  
 
Figure 10 shows the representation of case 2. 

 

Figure 10. Case 2 representation in MATLAB 

E. SIMULINK Model 

The Simulink model represents the quarter car model of 
vehicle that simulates the active suspension system. The 
model represents a wheel with stiffness and damping and a 
shock absorber with stiffness and damping and a fuzzy 
controller for active control. In Simulink model the 
suspension displacement and suspension velocity given as 
inputs to the fuzzy controller and the output of fuzzy 

controller is given to Simulink model of suspension system. 
As shown in Figure 11, fuzzy logic controller output is given 
to mass of car and mass of wheel. As we know that 
suspension effect is depends on mass of car and wheel. For 
observation of damping effect, the second order integrator is 
used for mass of car and wheel. The whole set up is observed 
with the help of step input. 

 

Figure 11. Simulink model of quarter car model for 
active suspension system 

1) Output of Simulink model 

The output of Simulink model was obtained by providing 
various bump height by varying the step input. In the output 
of Simulink model, the displacement for active and passive 
suspension systems are compared by obtaining the 
displacement vs time graph for same bump height. It can be 
seen from the graphs that the displacement is reduced in case 
of active suspension system compared to passive suspension 
system. It is also observed that the time required for obtaining 
the required damping in case of active suspension system is 
very less compared to passive suspension system. Figure 12 
shows the displacement vs time graph of active suspension 
system for bump height of 0.1m, it can be seen from the graph 
that the displacement is 15mm whereas in case of passive 
suspension system, it is 30 mm which is seen in figure 13. 
Also, the time required for active suspension system is 0.65 
sec while for passive suspension system it is 5.5 sec. 

 

 Figure 12. Displacement vs time graph for 0.1m bump in 
Active suspension 
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Figure 13. Displacement vs time graph for 0.1m bump in 

Passive suspension 

 

Figure 14. Displacement vs time graph for 0.05m bump in 
Active suspension 

 

Figure 15. Displacement vs time graph for 0.05m bump in 
Passive suspension 

 

Figure 16. Displacement vs time graph for 0.03m bump in 
Active suspension 

Figure 14 shows the displacement vs time graph of active 
suspension system for bump height of 0.05 m, it can be seen 
from the graph that the displacement is 7mm whereas in case 
of passive suspension system, it is 15 mm which is seen in 
Figure 15. Also, the time required for active suspension 
system is 0.65 sec while for passive suspension system it is 
5.5 sec. 

 

Figure 17. Displacement vs time graph for 0.03m bump in 
Active suspension 

Similarly, figure 16 shows the displacement vs time graph of 
active suspension system for bump height of 0.05 m, it can be 
seen from the graph that the displacement is 5 mm whereas in 
case of passive suspension system, it is 10 mm which is seen 
in Figure 17. Also, the time required for active suspension 
system is 0.65 sec while for passive suspension system it is 
5.5 sec. 

2) Simulation Results 

Table 2. Simulation results 

Sr. 
No. 

Bump 
Height 
(mm) 

Initial Displacement (mm) Settling time 

  Active Passive 
% 

change 
Active Passive 

1 100 15 30 50 0.65 5.5 

2 50 7 15 53 0.65 5.5 

3 30 5 10 50 0.65 5.5 

The Table 2 depicts the displacement in case of active system 
is decreased by 50% compared to the passive system. The  
Figures 12 to17 depict that the time required for active 
system is also reduced to a great extent. 

IV. EXPERIMENTAL ANALYSIS 

A. Experimental Setup 

Experimental setup is developed to validate the simulation 
work. Following figure 18 shows the experimental setup. 
Experimental setup consists of two rolling wheels, shock 
absorber, actuator, hydraulic power-pack and various 
sensors.  
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The lower wheel is considered as reference wheel for road 
surface. The upper wheel imitates the wheel of vehicle 
whereas lower wheel animates relative road motion. The 
upper wheel is driven by the lower wheel with friction 
contact and the lower wheel is driven by the 2 HP 1500rpm 
motor. 
The tyre and shock absorber represents the passive 
suspension system. For converting it into active suspension 
system the actuator is placed parallel to the shock absorber. 
The actuator is controlled by 4/3 DC solenoid valve which is 
controlled electronically. 

 

 

Figure 18. Experimental Setup 

 
 
Experimental setup consists of following parts as shown in 
Table 3. 

 Table 3. Bill of material 

SR 
NO. 

Name Quantity 

1 Alto wheel 1 

2 Wooden wheel 1 

3 Shock absorber 1 

4 DC Motor 2HP 1500rpm 1 

5 Linear guide ways (2 rails & 4 blocks) 1 

6 Dimmer 1 

7 Hydraulic power pack 1 

8 Actuator 1 

9 Solenoid valve 1 

10 Manifold block 1 

11 ADXL 345 accelerometers 2 

12 Arduino 2 

Wooden wheel is placed below alto wheel which gives us 
road condition to perform test. The motor speed is controlled 
with the help of dimmer stat. Motion of reference wheel is 
transferred to wheel which is connected to sprung mass with 
help of MacPherson strut and actuator. The two linear 
vertical guide ways are used for up and down sliding motion. 
Accelerometers are attached at the sprung mass and the 
unsprung mass for measuring the acceleration, velocity and 
displacement. The actuator is placed parallel to the shock 
absorber and connected to hydraulic power-pack with the 
help of solenoid valve. The direction of control and flow of 
actuator is controlled by solenoid valve. Hence the actuator 

provides required additional force to achieve stability of 
sprung mass. The experimental test conducted on the road 
surface is shown in Figure 19. 

 

 Figure 19. Rough road 

 

Figure 20. ADXL 345 accelerometer 

The Figure 20 shows the accelerometer used for calculating 
the acceleration, velocity and displacement of the sprung and 
unsprung mass.  
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Figure 21. Solenoid valve 

Figure 21 represents a 4 port 3-way direction control valve. 
This valve is used to control the direction and time of the 
actuator. This solenoid valve is controlled electronically by 
interfacing it by using Arduino with LabView software. 

B. Calculations of Hydraulic actuator 

The following calculations were done for calculation of force 
and response time of actuator 

1) Calculation for force: 

a) Area of cylinder during forward stroke 
Diameter of cylinder (D) = 42mm 

Area on piston head side Af =   =   = 1384.74 mm2 

b) Area of cylinder during return stroke 
Diameter of piston (d) = 32mm 

Area on piston rod side Ar =  = 

 = 580.9 mm2 

c) Force applied by Actuator. 
Pressure of oil = 2 N/mm2 

Pressure=   =      

Therefore Force = Pressure * Area of cylinder 
     = 2 * 1384.74 = 2769.48 N 
The above force calculation is done for the oil pressure of 2 
N/mm2, similarly calculations for various pressure ranges are 
also done. 
2)  Response time of actuator 
Oil flow rate capacity of pump (Q) = 2.5 lpm 
1 lpm = 16666.67 mm3/s  
Therefore 2.5 lpm = 2.5 * 16666.67 = 41666.675 mm3/s 
a) Response time during forward stroke 

Velocity (vf) =  =  = 30.08989 mm/s 

Calculating the time for a stroke length of 10 mm 

Time for forward stroke (Tf) =  =  = 0.332 s 

b) Response time for return stroke 

Velocity (vr) =  =  = 71.727793 mm/s 

Calculating the time for a stroke length of 10 mm 

Time for forward stroke (Tr) =  =  = 0.139 s 

The above response time calculations are done for the stroke 
length of 10mm, similar calculations are also done for stroke 
length varying from 1mm to 100mm. 

C. LabVIEW Program 

LabVIEW program is used to provide an interface between 
the hardware and software. Here LabVIEW program is made 
to provide the inputs from accelerometer to the fuzzy 
controller and then providing the output of fuzzy controller to 
the solenoid valve. For this purpose, we connect the 
accelerometers to the Arduino Uno. The Arduino Uno is 
connected to the system containing LabVIEW. From the 
inputs of accelerometers, we calculate the acceleration, 
velocity and displacement. Out of this the velocity and 
displacement are provided as an input to the fuzzy controller. 
The output of the fuzzy controller is than again provided to 
the solenoid valve from the digital output channels of the 
Arduino Uno.  

 

 Figure 22. Block diagram for accelerometer 

The fuzzy controller designed in MATLAB was developed in 
the same manner in LabVIEW. The detailed block diagrams 
of LabVIEW are explained in the Figures 22 and 23. Figure 
22 represents the LabVIEW block diagram for interfacing 
ADXL 345 accelerometer whereas Figure 23 represents the 
block diagram with fuzzy control. Figure 24 represents front 
panel of LabVIEW program. On the left-hand side of fig 
there are configurations settings which contain two serial 
ports where we can provide address of Arduino. In the 
solenoid input channels block we provide the digital output 
pin numbers of Arduino which will provide the input to 
solenoid valve. On the left-hand bottom corner of the Figure 
we provide address of the fuzzy logic controller which is 
imported into the program. 
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Figure 23. Block diagram with fuzzy control 

 

Figure 24. Front panel of Lab VIEW 

Below that there is an excel report path where the output is 
saved in the excel sheet in tabular forms. On the right-hand 
side, there are graphs for acceleration and displacement for 
two accelerometers connected to system. 

D. Results 

Number of real time experiments has been performed and 
results are compared with simulation results. The 
experiments have been taken for 30mm and 50mm bump 
height at a speed of 10m/s i.e. 36km/hr. It should be noted 
that on the available setup experiments can be performed for 
specific road condition i.e. for dry conditions only. 

1) Results for passive system 

a) Bump height 50mm 

The displacement results of passive system recorded by the 
accelerometer for a bump of 50mm is plotted in Figure 25. 
 

 

Figure 25. Displacement vs Time for passive system with 
bump of 50mm 

From the Figure 25 it is seen that the peak value is 40mm, 
hence when a bump of 50mm was provided the passive 
system reduced the displacement by 10mm. It can be 
observed from graph that for a bump of 50 mm the maximum 
displacement in passive system is 40mm and the settling time 
is 2.5 seconds.  

b) Bump height 30mm 

The displacement results of passive system recorded by the 
accelerometer for a bump of 30mm is plotted in Figure.26. 

 

Figure 26. Displacement vs Time for passive system with 
bump of 30mm 

From the Figure.26 it is seen that the peak value is 21mm, 
hence when a bump of 30mm was provided the passive 
system reduced the displacement by 9mm. It can be observed 
from graph that for a bump of 30 mm the maximum 
displacement in passive system is 21mm and the settling time 
is 2.5 seconds. 
2) Results for active system 

a) Bump height 50mm 

The displacement results of active system recorded by the 
accelerometer for a bump of 50mm are plotted in Figure 27. 
From the Figure.27 it is seen that the peak value is 33mm, 
hence when a bump of 50mm was provided the active system 
reduced the displacement by 17mm. 
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 Figure 27 Displacement vs Time for active system with 
bump of 50mm 

It can be observed from graph that for a bump of 50 mm the 
maximum displacement in passive system is 33mm and the 
settling time is 1 seconds. 

b) Bump height 30mm 

The displacement results of active system recorded by the 
accelerometer for a bump of 30mm are plotted in Figure 28. 

 

 Figure 28. Displacement vs Time for active system with 
bump of 30mm 

From the Figure 28 it is seen that the peak value is 16.52mm, 
hence when a bump of 30mm was provided the active system 
reduced the displacement by 12.5mm. It can be observed 
from graph that for a bump of 30 mm the maximum 
displacement in passive system is 16.52mm and the settling 
time is 1 seconds. 
 
 
 
The Table 4 shows the tabulated experimental results for 
displacement and settling time.  

Table 4. Experimental results 

Sr. 

No. 

Bump 

Height 

(mm) 

Displacement (mm) 

(First cycle) 

Settling time 

(sec) 

  Active Passive 
% 

change 
Active Passive 

1 50 29 41 30 1 2.5 

2 30 15 21 29 1 2.5 

3) Comparison of active and passive system 

Fig 29 shows the comparison of the graphs for a bump of 
50mm obtained from experimental results of active and 
passive suspension system. This graph clearly shows the 
difference in active and passive suspension system. The 
redline in graph indicates the passive system and blue 
indicates the active system. It can be observed that in active 
suspension system both the displacement and settling time is 
reduced.  

 

 Figure 29. Comparison of active and passive suspension 
system for bump of 50mm 

Figure 30 shows the comparison of the graphs for a bump of 
30mm obtained from experimental results of active and 
passive suspension system. This graph clearly shows the 
difference in active and passive suspension system. The red 
line in graph indicates the passive system and blue indicates 
the active system. It can be observed that in active suspension 
system the displacement and the settling time are both 
reduced. 

 

 Figure 30. Comparison of active and passive suspension 
system for bump of 30mm 

V. RESULTS AND DISCUSSION 

Simulations basically involved in bringing mathematical or 
numerical model of your system into real world with the aid 
of computer software, while experimental analysis involves 
real life measurement. 
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 The results are obtained by both simulation and experimental 
methods. A fuzzy logic controller is developed for active 
suspension system which provides the force as an output. For 
simulation the quarter car model was represented in the 
MATLAB Simulink model where the fuzzy controller was 
imported in the Simulink model and results for displacement 
were calculated for a bump of 100mm, 50mm and 30mm. 
The simulation results clearly show that the displacement in 
active system is decreased by 50%. It is also seen that the 
settling time in case of active suspension system is decreased 
by 88%. 
A quarter car test rig is developed for obtaining experimental 
results. The hardware is interfaced with software (LabVIEW) 
by Arduino. The fuzzy controller is imported in the 
LabVIEW model and results are calculated for a bump of 
50mm and 30mm. The experimental results show that the 
displacement in active system is decreased by 29%. It is also 
seen that the settling time in case of active suspension system 
is decreased by 68%. The repeatability of experimental 
results was found to be 70%. 

VI. CONCLUSION 

For active suspension systems it is very much difficult to 
formulate a mathematical model and solve it theoretically up 
to the required accuracy. Hence this work is done by 
numerical methods. For gaining the active control in 
suspension systems we make use of actuators along with 
shock absorbers. Fuzzy controller takes the input of velocity 
and displacement of chassis and provides the actuator force 
as an output. This output is provided to the suspension system 
in the Simulink model and results are obtained. It is seen that 
a good amount of decrease is seen in the displacement of 
chassis. 
In Experimental analysis, the decrease in displacement of 
chassis due to a bump is found for both active and passive 
suspension system. From the experimentation it is clear that 
reduction of chassis displacement is more in case of active 
suspension system compared to passive suspension system 
and the experimental and simulation results match 
approximately. Hence active suspension systems must be 
used. 
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