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Abstract: Whenever an object is set into 

motion, vibrations are produced. To 

control the vibrations, a PID controller 

was proposed in order to increase the life 

of a desert cooler and further, decrease the 

noise pollution. In this experiment, a single 

degree of freedom system was employed 

and parameters of the system (desert 

cooler) at that one particular point were 

found with ‘system identification 

technique’. After calculating the system 

parameters, a second order differential 

equation was obtained. Then this 

equation’s transfer function was used in 

PID toolbox (Matlab) to control and 

stabilize the vibrations. 
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I. INTRODUCTION 

Vibrations are oscillations in mechanical 

dynamic systems. Although any system 

can oscillate when it is forced to do so 

externally, the term “vibration” in 

mechanical engineering is often reserved 

for systems that can oscillate freely without 

applied forces. Sometimes, in engineered 

systems, these vibrations cause minor or 

serious performance or safety problems. 

For instance, when vibrations of an 

airplane are excessive, people in the 

airplane become uneasy, when the natural 

vibrations of the human body and organs 

resonate with frequencies of vibration of an 

airplane. All the bodies are capable of 

vibration, which possess mass and 

elasticity. To some extent, many 

engineering appliances and buildings 

encounter vibrations and their design needs 

modifications. 

Similarly, a mechanical device, desert 

cooler which is widely used in 

subcontinent was chosen. It is responsible 

for a lot of noise pollution and it often dies 

out easily, because of fatigue loading 

caused by constant usage. The main 

sources of vibrations are rotation of motor, 

design of wings and air drift.  

We used single degree of freedom of 

system to employ PID, as it is easy to 

visualize and analyze, and it is the most 

basic problem. PID Controller works on 

the basis of how much steady state error is 

there and fixing it to the desired value with 

the help of proportionality, integration and 

derivation [1]-[3]. Suppose there is an error 

between the inputs we supplied and the 

outputs we got. Now from the feedback 

system this error will be made to go 

through PID until the error gets minimised. 

In PID, proportionality to reach the steady 

state increases with increase in the error. 

More the error more faster the error will 

reduce. Proportionality is given by error 

multiplied by proportional gain. Output 

will be reached fast i.e. rise time will be 

less but its max peak overshoot rises and 

there is a problem of offset. Now coming 

to integral, when it is employed, the output 

of the system depends upon the integration 

of the error signal. 

 By adding integral controller, 'type' of 

system increases and steady state error 

increases but stability decreases. 

Derivative controller produces an output 

which is derivative of error signal. It gives 

output according to the slope of the error 

signal. By adding derivative controller, 

signal decreases. Due to which steady state 

error may increase but stability increases. 
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 The trickiest part in this whole process 

was to calculate the system parameters by 

system identification method [4]. System 

identification is a graphical technique in 

which a plot between amplitude and 

angular frequency is made to calculate the 

system parameters. Amplitude is calculated 

with the help of a tri-axial accelerometer 

and values in the most dominant axis were 

averaged to get the desired value for a 

given frequency. Whereas, frequency is 

calculated from RPM, which in turn was 

calculated with the help of a tach-ometer. 

However, desert cooler is just an 

illustration, this particular method can also 

be used on many other machines to control 

vibrations. 

 

I. Theory and calculations 

First of all, mathematical model of the 

selected system is to be generated .Various 

techniques can be adopted for this purpose. 

One of them is System identification 

technique [4]. To apply this technique the 

amplitudes of the vibrating desert cooler, at 

different revolutions per minute, were 

required. This data was collected using a 3 

axis accelerometer which was, further 

connected to the vibration data acquisition 

system. 

An accelerometer is an electromechanical 

device employed to acquire degree of 

acceleration. Such forces can be 

gravitational, static, forces on mobile 

instruments etc. The accelerometer used 

can measure around 800 readings of 

vibration in 1 second. 

The data for the vibration amplitude was 

collected at various positions on the desert 

cooler. Then using this data, a position was 

located where the vibrations were 

dominant as compared to the rest of the 

body. Thus, focus was laid on reducing the 

vibrations of that point until that particular 

point becomes stable and other areas in its 

ambience. 

But the problem was that we needed 

multiple vibrating frequencies of the 

cooler. This could be done by varying the 

rpm of the motor. But the cooler uses a 

three speed motor which can rotate at only 

three different rpm. Thus, regulator of the 

cooler was replaced by a continuous 

variable resistance regulator. Using it, 

numerous points of rpm as required for the 

purpose were obtained. 

The next step was to measure readings at 

that position with varying rpm. A 

tachometer was used for the measurement 

of rpm. 

 

Figure 1. Readings of amplitude for 

a given R.P.M. 

 

Transfer function from system 

identification: 

From the graph, using the values of peak 

amplitude, peak frequency; an iterative 

formula for damping ratio (denoted by 

zeta) is obtained.  

The graph obtained for system 

identification is as shown below: 
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  Figure 2. Plot for system 

identification  

 

Afterwards a series of iterations are 

performed to calculate the approximate 

value of zeta. The final value of zeta is 

then used to find system parameters 

required to define a system. For the desert 

cooler taken for the purpose of experiment, 

mass for the system is taken as 29kg. The 

entire task of finding the system 

parameters was done using an user 

interactive MATLAB program[5]. The 

program written in m-file is shown below. 

 

 Figure 3. Matlab program to 

calculate system parameters 

The following system parameters were 

obtained: 

 k=3.499763403101679e+05N/m 

 c=3.748639203592120e+02Ns/m 

 m=29kg 

After calculating the system parameters, 

the following second order differential 

equation was obtained in this form: 

29� ′′ �  374.86� ′ � 349976.34

� 26.56 ��� �109.855�� 

Where natural frequency, p=109.855 

rad/sec. 

 

Taking laplace, the following transfer 

function was obtained [6]: 
 

1/�29��  �  374.86 � �  349976.34� 

 

Vibration control  

The above transfer function was tested for 

controlling and stabilizing the system using 

PID controller. For this purpose, firstly    

MATLAB PID control toolbox was used 

[1]-[3]. 

The following block diagram represents 

problem formulation and the controller 

attached for its control. 

 

 Figure 4. Block diagram for 
problem formulation  

In order to control the system initially, the 

effect of changing the key components: P, I 

& D in a PID controller were obtained. 

Various parameters such as rise time, peak 
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time, settling time, overshoot  essential for 

the stability of the system were observed 

using changing the values of Kp, Kd &  Ki 

were obtained. 

>>PIDtool() command was used for 

generating the controller. 

>>PIDtune() chooses a value, based on the 

system dynamics, that achieves a balance 

between response and stability. 

Figure 5.  Program to control the 
system  

 

II. Results and discussion 

The various effects on the properties of the 

system were observed which are very 

much clear from the self-explanatory 

figures shown below: 

The step input was given to the system 

without providing any control and the plot 

obtained is as follows [2]: 

 

Figure 6.  Output of the system 

without any control applied 

Graphs obtained, after applying PID are 

shown below: 

 

Figure 7. Graph obtained when just 

Kp is changed. 

 

Figure 8. When just Kd is changed. 
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Figure 9. When just Ki is changed  

As we can see, graphs shown above are 

oscillating and/or take a great deal of time 

to achieve stability. So, optimality has not  

reached yet. 

After achieving a balance between stability 

and response, an optimum value of PID 

gains was adopted using PID tuning for a 

step input being applied to the system. 

And, this graph below shows, tuned 

response. 

 

 

            

 

Fig. 10 Tuned response 

 

    And the tuned values of gains are as follows: 

 

 

 

 

 

 

 

  

Kp = 2.55e+06 Ki = 1.22e+08  

Kd = 1.33e+04 
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