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Introduction  

PID controllers give satisfactory performance for many of 

the control processes. Due to their simplicity and usefulness, 

PID controller has become a powerful solution to the control of 

a large number of industrial processes. The control systems 

performance is complicated by the numerator dynamics 

(presence of a zero) of the process. Several processes exhibit 

second order plus time delay system with a zero transfer 

function model. Examples for such processes are jacketed CSTR 

[1], distillation column [2], autocatalytic CSTR [3] and 

crystallizer [4]. Many recycle processes where energy and mass 

recycle takes place are represented by SOPTDZ transfer 

function model [2]. 

Very limited methods of designing PID controllers for 

unstable SOPTDZ systems are available in the literature. They 

are IMC method [5, 7], stability analysis method [7] and 

synthesis method [6]. In the synthesis method [6], closedloop 

transfer function is assumed. From the closedloop transfer 

function, controller transfer function is derived using process 

transfer function. Later controller transfer function is written as 

PID controller with a lead lag filter. In the IMC method [5], the 

PID controllers are designed for unstable FOPTD and SOPTD 

systems with and without a zero from IMC filter using 

Maclaurin series expansion.  

However, methods of designing PID controllers for SOPTD 

system with positive/negative a zero are not discussed 

extensively and there is a need to propose a simple method. 

Therefore, the present work is directed to design PID controller 

for such systems by extending the method proposed by 

Chidambaram et al. [3]. The PID tuning parameters are given as 

function of process model parameters. Simulation results for 

various transfer function models are given to show the efficiency 

of the proposed controller. 

Proposed method 

Unstable Second Order Plus Time Delay System With A 

Positive/Negative zero. 

The process transfer function model is given by 
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The closed loop transfer function model is assumed as follows 
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From Eq (2), the following equation is obtained for the 

controller. 

 
Fig. 1. Block diagram for simple feedback control system 
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Substitute Eq (2) and Eq (1) in Eq (3), results 
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In deriving Eq (4), the approximation for exp(-τds) as 
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Let 

Lx 5.01      (5) 
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Solving equations (22) to( 25), the following equations are 

obtained 
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Eq (9) can be rearranged in the following form 
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Above equation is arranged in to the following form 

)1(

)
)(

1
)(1(

)
)(

(
2

2

1

11

1

21

1














ss

sx
s

x

x

yK

x
G

P

c









 

      (42) 

It is in the form of PID controller with second order filter as 

follows 
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Eq (43) is compared with eq (42), the conventional PID settings 

are obtained as 
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Simulation Results 

In this section, PID controller design by the proposed method is 

applied to various CSTR transfer function models and 

crystallizer to show the efficiency of the proposed controller. 

The performance of the proposed controller is compared with 

that of the controller designed by IMC method [3] and synthesis 

method [3].  

Case study-1 

The transfer function model of the autocatalytic CSTR [3] is 

given by
1978.203.279

)667.411(2679.0
2

10
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. The unstable complex 

conjugate poles of the system are located 

at i0596.0005356.0  . The proposed method, IMC method 

and synthesis method PID controller parameters are given in 

Table 1. The performance comparison in terms ISE, IAE and 

ITAE for linear model for the servo and regulatory response is 

given in Table 2. The servo and regulatory response with these 

controllers are shown in Fig 1 and Fig 2 respectively. The servo 

and regulatory performance of proposed PID controller is better 

than IMC method [3] and Synthesis method [3] (refer to Table 

2). 
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Fig 1. Servo response of an isothermal CSTR carrying out 

autocatalytic reaction in case study-1. 
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Fig 2. Regulatory response of an isothermal CSTR carrying 

out autocatalytic reaction in case study-1 

Case study-2 

The transfer function model of crystallizer [4] is given 

by
10945.0516.0

)1(03.0
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. The unstable complex 

conjugate poles of the system are located at i389.10916.0  . 

The present method, IMC method and synthesis method PID 

controller parameters are given in Table 1. The performance 

comparison in terms ISE, IAE and ITAE for linear model for the 

servo and regulatory response is given in Table 2. The servo and 

regulatory response with these controllers are shown in Fig 3 

and Fig 4 respectively. The servo and regulatory performance of 

proposed PID controller is better than IMC method [3] and 

Synthesis method [3] (refer to Table 2). 
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Fig 3. Servo response of crystallizer in case study-2 
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Fig 4. Regulatory response of crystallizer in case study-2 

Case study-3 

The transfer function model of CSTR [8] is given 

by
1348.04769.0

)5283.01(87.3
)(

2
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p
. The unstable complex 

conjugate poles of the system are located at i4013.13649.0  . 

The proposed method, IMC method and synthesis method PID 

controller parameters are given in table 1. The performance 

comparison in terms ISE, IAE and ITAE for linear model for the 

servo and regulatory response is given in Table 2. The servo and 

regulatory response with these controllers are shown in Fig 5 

and Fig 6 respectively. The servo and regulatory performance of 

proposed PID controller is better than Synthesis method [3] 

(refer to Table 2). 
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Fig 5. Servo response of CSTR in case study-3
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Fig 6. Regulatory response of CSTR in case study-3. 

Conclusions 

A simple method is proposed for unstable SOPTD systems 

with a zero transfer function model. Simple tuning formulae are 

given for PID settings. The zero may be a positive or a negative. 

The proposed PID controller is applied to control number of an 

isothermal CSTR carrying out autocatalytic reaction, an 

exothermic CSTR and crystallizers. The performance of the 

proposed method is compared with that of literature reported 

methods. The performance of the controller designed by 

proposed method is better than the literature reported methods in 

terms of the least ISE, IAE and ITAE. Simulation results on 

linear model equations of an isothermal CSTR carrying out 

autocatalytic reaction, an exothermic CSTR and crystallizer 

show that the proposed PID controller performs better than 

controller designed by  IMC method [3] and synthesis method 

[3]. 
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Table 1. PID settings for different methods 
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Transfer function  

model 

Controller  KC 
I  

D  
0  1  

2  

Case study-1

 
Proposed 

Method 

0.7764 -

34.8074 

5.7982  13.59 5.76 

IMC 

Method  

0.5786 -27.82 33.55  63.59 19.86 

Synthesis 

Method 

1.1256 -64.86 5.39  0 2.4537 

Case study-2

 
Proposed 

Method 

187.169 0.3603 0.0431  0 0.0173 

IMC 

Method  

281.3 0.76 0.373 0.05 0.0344 1.0344 

Synthesis 

Method 

111.783 1.0457 0.0457 --- --- 0.0225 

Case study-3 Proposed 

Method 

2.5269 0.4956 0.0450  0 0.0164 

Synthesis 

Method 

2.32 0.704 0.0464   0.013 

 

 

Table 2. Performance comparison in terms of ISE, IAE, ITAE for linear models 

Transfer function model Controller Servo problem Regulatory problem 

  ISE IAE ITAE ISE IAE ITAE 

Case study-1

 
Proposed Method 179.37 167.39 1.328×104 31.76 67.33 6.34×103 

IMC Method  174.99 179.57 1.588×104 18.14 36.95 2.32×103 

Synthesis Method 235.32 215.13 2.167×104 31.34 77.05 9.06×103 

Case study-2

 
Proposed Method 0.2836 0.4182 0.1965 1.07×10--5 0.002 8.73×10-4 

IMC Method  0.3359 0.5853 0.3340 3.57×10--5 0.005 0.0037 

Synthesis Method 0.2160 0.5547 0.7826 4.73×10--5 0.009 0.0123 

Case study-3 Proposed Method 0.310 0.4365 0.1784 0.0772 0.1969 0.1063 

Synthesis Method 0.2396 0.3821 0.1939 0.0974 0.3034 0.2366 
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Nomenclature  

Gc  Control transfer function 

Gp  Process transfer function 

Kc  Controller gain 

I    Integral time  

Kp  Process gain 

L  Time delay 

P  Numerator time constant 

t  Time 

D   Derivative time 

10 ,  2  Filter time constants 

21,  Denominator constants 

ISE Integral square error 

IAE Integral absolute error 

ITAE Integral time absolute error 

PID Proportional Integral and Derivative Controller  

IMC Internal model control  

 


