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Abstract. Developing and constantly changing technologies, efforts to achieve maximum efficiency with 
minimum fuel consumption, as well as the development of comfort and safety systems, have become very 
essential topic in car manufacturing and design. Whereas comfort and security were not given a high 
importance in the first produced cars, they are indispensable elements of today's automobiles. Since public 
transportation uses road in large scale, the need for safety and repose is also increasing. Nowadays, vehicles 
have better security and comfort systems, which react very quickly to all kinds of loads and different cases of 
driving (braking, acceleration, high speed, cornering), where the tires can keep the road at its best, utilizing 
an advanced suspension system. In this study, a quarter-car model was fulfilled using LabVIEW (Laboratory 
Virtual Instrumentation Engineering Workbench) software. The control of this model has been realized by 
applying two different controllers. PID (proportional, integral, derivative) controller which is a common and 
conventional control method and the Fuzzy Logic controller which is considered as an expert system that is 
becoming more and more widely used. In both control approaches, controlling the suspension system was 
achieved successfully. However; It has been determined that controlling the system using Fuzzy Logic 
controller gave better dynamic response than applying the PID controller for the quarter car suspension model 
that has been used in the direction of this study.

1 Introduction  
      In recent years, improving of vehicle suspension 
systems has been an intensive research and development 
topic. These studies are carried out in two different forms, 
scientific and commercial. Commercial work is carried 
out by vehicle and parts manufacturers aiming to enhance 
the quality of their products. Scientific studies are carried 
out by researchers, it concentrates more on controlling the 
system in order to provide automatic control of vehicle 
suspensions relying on the new developments of 
actuators, sensors and low cost electronics. The features 
expected from a good suspension system make 
suspension control more interesting. The desired features 
are:  
 Adjustment of body movement: Ideally, a 

suspension should protect the body from road 
irregularities and from irregularities caused by 
inertia at the start, stop and during cornering.  

 Adjustment of the suspension movement: Extreme 
vertical movement of the wheel will cause the tire to 
be in an improper position with respect to the road, 
which will also result a poor roadholding. In other 
words, the surface between the tires and the road 
should be maximized in order to increase the engine 
efficiency. 

 Force distribution: Proper tire and road contact must 
be provided on all four wheels to ensure a good 
roadholding and handling.  

      These features overlap each other according to the 
road and vehicle situation, therefor, traditional suspension 
systems cannot provide all these features. A design that 
reduces the sideways tilt of the torso, for instance, will 
have too much stiffness, which cause the vibrations from 
the road to be transmitted to the vehicle body.  
      This can be shown on the quarter car model in which 
the single wheel is considered. The amplitude of the 
transfer function, which relates the vertical changes on the 
curve to the changes in the vertical velocity of the vehicle 
body, is seen. The straight line is the answer of the 
traditional vehicle suspension system. There are two 
resonance states. Lower one; the vibrations of the body 
(spring mass), and the other one; that is related to the 
vibrations of the wheel hub (unspring mass). Improving 
the low frequency characteristics of the suspension may 
be possible by increasing the damping constant of the 
suspension. The dotted line indicates the case where the 
damping constant is increased ten times. The response at 
low frequencies can be improved by shifting the 
resonance region. Note that the resonance amplitudes of 
the body and the wheel increase while the gain at high 
frequencies decreases. 
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      The simple quarter car model mentioned above clearly 
demonstrates the dilemma between low and high-
frequency driving comfort. Furthermore, the control of 
the side tilt of the nose and the rear part will be a function 
of the interaction between each suspension [1]. 

2 Quarter Car Model 
      The quarter car model, which is one of the most 
preferred, most useful and simplest car models, is shown 
in Fig. 1. The parameters of the model used in this study 
are obtained by extracting the mathematical model of the 
system and using the reference [2]. 
      The vibrations of a vehicle subjected to a vertical axis 
or as result from dynamic behaviours can be modelled as 
M1 and M2 double masses. M1 represents quarter of the 
total mass of the vehicle, and M2 represents the mass of 
the wheel of the vehicle.  
      The equations for the quarter car suspension model are 
shown in the both equations 1 and 2: 
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2.1. Modelling Quarter Car Suspension System  

      LabVIEW (Laboratory Virtual Instrumentation 
Engineering Workbench) allows modelling of systems 
that can be expressed as mathematical equations using 
block diagrams. The modelling in the LabVIEW 
environment using the equations for the quarter vehicle 
suspension model is shown in Fig. 2. The parameters and 
values used during this modelling are shown in Table 1. 

Table 1. System Parameters 

Parameter Value       Unit 
M1 2500          Kg 
M2 320           Kg 
K1 80000        N/m 

K2 500000        N/m 
b1 
b2 

350         N.s/m 
15020        N.s/m 

 

      As minimising the vibration is one of this research 
most significant aims, controlling the vertical movement 
and forcing it to goes to zero is what is important. For non-
feedback systems, the desired parameter cannot be 
controlled or only the open-loop response, which is the 
uncontrolled response of the system, can be obtained. Fig. 
3 shows the open loop response obtained for the quarter 
car suspension system. As shown in Fig. 3, it has an 
oscillated dumbed behaviour because it has no feedback 
nor controller (open loop response).  

2.2. Controlling System Utilizing PID 

 PID control is a proportional integral plus derivative 
controller whose transfer function is: 
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Fig. 1. Quarter Car Suspension System. 

 
Fig. 2. LabVIEW Model of the System. 

 

Fig. 3. Open Loop Response of the System. 
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 PID controller is considered as one of the simplest 
controllers, easy to be applied and it does not require high 
performance microprocessors [5]. The PID gains can be 
obtained using many different methods like zero-pool 
cancelation, Ziegler-Nichols, and trial and error. In this 
paper, Trial and error method has been used in order to 
tune the PID controller.   Kp, Ki, Kd gains are called 
proportional PID gain, integral PID gain, and derivative 
PID gain, respectively.       Error signal is the input for 
proportional, derivative and integral gains of the PID 
controller to obtain desired output. The block diagram of 
the LabVIEW PID controller with the subsystem which 
represents quarter car suspension system for this study 
model is shown in Figure 4. 
      Where the PID (proportional, integral, derivative) 
controller is applied to the quarter car suspension system 
as series with a feedback. Table 2 shows the values used 
for PID parameters which are Kp, Ki, Kd gains. 

Table 2. PID Parameters 

PID Parameteres Values 
Kp 146975.92 
Ki 890807. 1099 
Kd 956.8692 

      Fig. 5 shows the obtained result when the PID 
controller is applied with the parameters given in Table 2. 
Looking at this result, we can see that the system respond 
is zero after 1 second. The settling down of the system to 
zero means that the vibrations along the vertical axis in 
the vehicle will not affect the passengers. 

2.3. Controlling System Utilizing Fuzzy Logic 

      Fuzzy logic, unlike classical logic, does not have 
sharp distinctions. That is, one level does not only have 
only 0 or 1 values, but it can also have values in between. 

NB (negative big), NS (negative small), Z (zero), PS 
(positive small), PB (positive big) levels, which are 
commonly used in fuzzy logic controllers. Fuzzy System 
Designer is used to transfer these levels to the LabVIEW 
environment. With Fuzzy System Designer, the 
membership functions of the system were defined using 
the table 3, which was created by experts and the values 
of membership functions can be determined. After the 
decisions, the control model is designed with the fuzzy 
logic controller in LabVIEW. The fuzzy logic controller 
model designed for this system is shown in Fig. 6. Since 
identification of membership functions the fuzzy logic 
controller is important, the type, number and 
normalization factors of the membership functions should 
be carefully determined at this step. In this study, the 
general trapezoidal membership function was chosen 
however, only the Z membership function was chosen as 
the triangular membership function because it is desired 
to be highly sensitive to make the error goes to zero as 
precise as possible. In the normalization process, the input 
function is kept in the range of -1 to +1. 
      The rule tables that show the relationship between the 
input and output in the control with the fuzzy logic 
controller are important factors. The rule table used for 
this study is shown in Table 3 and membership functions 
are shown in Fig. 7 on Fuzzy System Designer [3,4]. 

Table 3. Rule Table 

du / u NB NS Z PS PB 
NB NB NB NB NS Z 
NS NB NB NS Z PS 
Z NB NB Z PS PB 

PS NS NS Z PB PB 
PB Z Z PS PB PB 

      In order to evaluate the performance of the fuzzy logic 
controller designed in accordance with the rules and 
membership functions specified in Table 3 and Fig. 7, it 
is necessary to compare the output values with the desired 
values. The closed-loop response of the system controlled 
using the fuzzy logic controller for this study is 
demonstrated in Fig. 8. 
      The choosing of the controller to be applied in order 
to control any system is performed as a result of 
comparing the responses of the specified controllers to 
this system. Fig. 9 shows the response of both controllers 
for this system. 
      The behaviour of the vehicle's suspension system 
without any controller is shown in the open loop response 
in Fig. 3. To conclude from this, the uncontrolled vehicle 

 
Fig. 4. Controlling the suspension system using PID 
 

 
Fig. 5. The system response to the PID controller 

 

 
Fig. 6. Controlling the system using Fuzzy Logic 
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suspension system is not desirable considering material 
life and passenger health and safety. A control method 

2.4. Comparison of PID and Fuzzy Logic 

should be selected to remove such undesirable situations 
and developed in such a way that the control parameters 
are applied to the system to provide the optimum level. 
The control method that should be applied to the quarter 
car suspension system will be clarified by comparing the 
results obtained in this study. 

 As can be seen form fig. 9, the response using fuzzy 
logic controller is tree time less downshoot than the 
utilizing PID (about 4 centimetres downshoot utilizing 
fuzzy logic controller against 13 centimetres downshoot 
using PID controller). Moreover, control the quarter 
suspension system takes about half of consumed time by 
PID to reach the steady state (the fuzzy logic controller 
leaded the system to reach the stable state in 
approximately 0.75 second, while the PID controller took 
around 1.5 seconds to make the quarter suspension system 
reach the steady state).  

3 Conclusions 
      The performance of the PID and Fuzzy Logic 
controllers for the quarter car suspension system was 
tested. The model used in this study is taken from [1]. 
Fuzzy Logic and PID controllers were applied to the 
system separately and the obtained results were compared 
with each other. In this comparison, it has been observed 
that the Fuzzy Logic controller gives better results than 
the PID controller for the control of the designed model 
in respect of both time that was taking to reach the steady 
state, and in respect of overshoot and downshoot, which 
means, that the fuzzy logic controller was able to reduce 
the oscillation amplitude of the system and enhance the 
safety of mechanical parts of the vehicle as well as the 
passenger safety. 
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Fig. 9. Comparison of PID and Fuzzy Logic Controllers. 
 

 

 

 
Fig. 7. Membership Functions ‘u’, ‘u’, ‘output’. 

 

 
Fig. 8. The system response to Fuzzy Logic controller 
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