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Abstract: The aim of this paper is to do the comparative study of proportional controller, proportional integral 

controller and conventional PID controller for flowing fluids. In this paper, performance analysis of proportional, 

proportional integral and conventional PID controller has been done by the use of MATLAB & SIMULINK and in the 

end comparison of various times domain parameter is done to prove that the conventional PID controller has small 

overshoot, settling time, rise time and fast response as compared to P controller and PI controller. PID controller is the 

most widely used control strategy in industry. The popularity of PID controller can be attributed partly to their robust 

performance and partly to their functional simplicity. In this paper, the response of the proportional and proportional 

integral controller is oscillatory which damage the system.  The response of the conventional PID controller is free 

from these dangerous oscillations in transient period. Hence the conventional PID controller is better than proportional 

and proportional integral controller. 
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I. INTRODUCTION 

It is eminent that more than 95% of the control loops are 

PID controller type in process control [5]. The PID 

controllers are used in wide range of problems like DC 

motor, Automotive, Air flight control, etc [7]. A PID 

controller calculates an error value on the basis of 

difference between measured process variable and desired 

set point. The controller attempts to minimize the error by 

adjusting the tuning parameters [4]. These tuning 

parameters can be interpreted in term of time proportional 

(P) which depends on the present error, integral (I) which 

depends on growth of past value and derivative (D) which 

predicts the future error.  

The quality of control in a system depends on settling 

time, rise time and overshoot values. The effect of 

increasing the parameters of PID controller is shown in 

table 1. 
 

Table I. Effects of Parameters 
 

Parameter Rise 

Time 

Settling 

Time 

Overshoot 

   Decrease Small 

change 

Increase 

   Decrease Increase Increase 

   Minor 

Change 

Decrease Decrease 

 

The main problem is to optimally reduce such timing 

parameters, avoiding undesirable overshoot, longer 

settling times and vibrations. To solve this problem, many 

authors have been proposed different approaches. Such 

method requires one closed-loop step set point response 

experiment similar to the classical Ziegler-Nichols 

experiment. 

 

II. PROBLEM FORMULATION 

The aim of this thesis work is to tune a PID controller 

using Zeigler-Nichols method. The input output transfer 

function of system is 

 ( )  
 

           
 

 

III. The transfer function is a third order system with right half 

plane (RHP) zero. The control objective is to keep the 

various performance specifications such as rise time tr, 

settling time ts, maximum percentage overshoot Mp(%), 

maximum percentage undershoot Mu(%) and steady state 

error within desirable limits. But several industrial 

processes have the “dead-time effect” produced due to 

measurement of time delay or due to the approximation of 

higher order dynamics of the process by a simple transfer 

function model. This time delay degrades the stability of 

the whole system.  

 

III. TUNING OF PID CONTROLLER USING 

SIMULATION 

Simulation results are obtained using MATLAB for the 

higher order transfer function which is used in the cases of 

conventional PID.              

 ( )   
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Fig.1 shows the block diagram of PID controller. The 

difference between the step and output feedback passed as 

input into PID controller block. Such block contains 

MATLAB functions which implement the tuning formula. 

PID tool box is used to tune the PID controller which may 

improve the performance of higher order system. 
 

IV. TUNING OF P, PI & PID CONTROLLER 

WITH ZEIGLER-NICHOLS METHOD 

Tuning of conventional controller has been done by the 

Ziegler-Nichols method which is mostly used in industrial 

PID tuning. Routh’s stability criterion method is used to 

determine the initial value of Kp, Ki and Kd .  
 

Table II.  Ziegler-Nichols tuning method. 
 

Control 

Type 

Kp Ki Kd 

P 0.5* Kp ∞ 0 

PI 0.45* Kp 1.2* Kp /Tu 0 

PID 0.6* Kp 2* Kp /Tu Kp * 

Tu/8 
 

The frequency response method as suggested by Ziegler-

Nichols is applied for design of PID controller. By setting 

Ti = ∞ and Td = 0 and using proportional control action 

(Kp) only, the value of gain is increased from 0 to a critical 

value Ku at which the output first exhibits oscillations. Tu 

is known as period of oscillation. The unit step response 

for different values of gain Kp were observed. The step 

response for Kp = 8 is shown in Fig 2. 
 

 
Figure 2. Step response for Kp = 8 

 

The above response clearly shows the sustained oscillation 

occurs at Kp= Ku= 8. The period of oscillation Tu obtained 

from the time response is 3.75. 
 

 

Figure 3. Step response for Kp = 4, Ki = 0, Kd = 0 

The value of Ziegler-Nichols tuning parameters for 

proportional controller are Kp = 0.5*Ku = 4, It is also noted 

that overshoot Mp=54.3%, Rise time (tr)=0.964sec and 

Settling time (ts) =18.7sec. Response of the system when 

tuning of PI controller is done with Z-N method is shown 

in Figure 3. 
 

The value of Ziegler-Nichols tuning parameters for 

Proportional integral controller are Kp = 0.45*Ku = 3.6, Ki 

= 1.2*Kp/Ti = 1.152, Kd = 0. The unit step response of 

closed loop system with Kp = 3.6, Ki = 1.152, Kd = 0 shows 

that in Figure 4. It is also noted that overshoot Mp = 

54.9%, Rise time tr = 1.06 sec and Settling time ts = 

30.57sec settling time ts are too large. 
 

 
Figure 4. Step response for Kp = 3.6, Ki = 1.152,  Kd = 0 

 

The value of Ziegler-Nichols tuning parameters for PID 

controller are Kp = 0.6*Ku = 4.8, Ki= 2*Kp/Tu = 2.56, Kd = 

(Kp*Td)/8 = 2.25. The unit step response of closed loop 

system with Kp = 4.8, Ki = 2.56, Kd = 2.25 shows that in 

Figure 5. It is also noted that overshoot (Mp) = 38.3%, Rise 

time (tr)=0.878 sec and Settling time (ts) = 9.03sec. 
 

 
Figure 5. Step response for Kp = 4.8, Ki = 2.56,  Kd = 2.25. 

 

PID controller gives minimum overshoot Mp (%) and 

much smaller settling time (ts) and rise time (tr), as 

compared to the P controller and PI controller. 
 

The summary of time response parameters like overshoot 

(Mp),settling time (ts) and rise time (tr) through  Ziegler –

Nichols tuning method for  P, PI and PID controllers. 
 

Table III. Time response parameters performance 

comparison of different controller. 
 

Controller/Parameters 
 

P PI PID 

Overshoot Mp (%) 54.3 54.9 38.3 

Rise time  Tr (sec) 0.964 1.06 0.878 

Settling time   Ts (sec) 18.7 30.5 9.03 
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V. CONCLUSION 

A different kind of techniques is applied to control the 

higher order system. From the results, shows that PID 

controller gives excellent performance in all respects.  

Results using MATLAB/SIMULINK are discussed for 

Ziegler-Nichols tuning methods for P controller, PI 

controller and PID controller. Ziegler-Nichols technique 

gives higher overshoot (Mp), rise time (tr) and settling time 

(ts) in case of P and PI controller. Initial controller 

parameters obtained using Z-N tuning formula needs to be 

adjusted again and again through simulation to get 

acceptable performances. PID controller gives minimum 

overshoot (Mp%) and much smaller settling time (ts) and 

rise time (tr), as compared to the P controller and PI 

controller. 
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