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ABSTRACT: As most of the industrial processes can be modeled using first order plus dead time model. A blending
process, which can be represented as a FOPDT model, is selected for controller design based on different well
established and relatively newer controller tuning methods. Based on comparison of set point tracking capability of the
controller and dynamic and steady state characteristics, best controller tuning technique is determined for the process.
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I. INTRODUCTION

Most of the processes in industry are composed of many dynamic elements that are usually of first order. This leads
the overall process to have a linear model of a very high order. Although these higher order models are very precise
they are not to be used for the control purposes. Instead of using high order model, behaviour of the process is simply
modelled as a linear first order system with the dead time element, in most of the cases [1]. A time delay is generally
present in the system which is actually a delay because of transport lag. The dead time may be because of many
reasons, especially due to the distant sensor location [2]. It is generally believed that PID controller and its variations
(P, PI and PD) is the most commonly used controller in the process control application. Because they can compensate
the effect of both the delayed and non delayed process and ease of implementation, these controllers are used in
industrial application [3], and more than 90% of existing control loop involve PID controller [4]. Numerous methods
have been projected for tuning these controllers, but every method has some constraint [3]. As a result, the design of
PID controller still remains a challenge before researchers and engineers. A PID controller has the following transfer
function:

G(s):Kc(1+i+Tds) (1)
Ts,

The aim of the PID controller tuning is to find out PID parameter (K_,T,,andT,)to meet a given set of a closed loop
system performance [6].

The process considered in this work is a simple blending process. In Blending operation, control objective is to mix
or blend two input inlet stream and make a final control output to ensure that the final product meet customer
specification. A stirred- tank blending process is shown in fig. 1. Stream 1 is a mixture of a two chemical species, A
and B such that its mass flow rate w1 is constant, but the mass fraction of A is x1, varies with time. Stream 2 consist of
a pure A and thus x2=1. The mass fraction of A in the exit stream is denoted by x and the desired value (set point)

by XSp . Thus for this control problem, the controlled variable is X, the manipulated variable is w2, and the disturbance
variable is x1[5].
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Fig. 1. Stirred Tank Blending System[5]

A large number of industrial processes can approximately be modelled by a FPODT transfer function as:

k
G - —ST 2
(s) Ts +1e @

Where k is process static gain, t is the dead time and T is the time constant. To design a PID controller for this type
of a processes model, various methods have been suggested during the past sixty year [9].

II. COMPARISON OF TUNING FORMULAS

There are several examples present in the literature which can be use to evaluate various PID design or tuning
methods. Though, the specific method might be effective for a specific plant model or a process, so it is difficult to
draw general conclusion that which method is convenient or better for the selected process. What we can bring to a
close is that which method show better performance within the process. The performance can be calculated in terms of

tuning parameter such as proportional gain constant Kp, integral gain constant T, and derivative gain constant T, and

based on the time response characteristics such as rise time, setting time, overshoot (%), peak, gain and phase margin
and closed loop stability.

1. The process model is first-order with dead time(FOPDT)

k
Ts+1

G(s) = e 3)

2. The following PID tuning formulae are considered as shown in Table I:

o Ziegler-Nichols (Z-N) method has two version i.e. one depend on the reaction curve and the other, the ultimate
gain and the ultimate period.

e Cohen-Coon (C-C) method which is based on reaction curve. A model with one tangent and point is derived
first to tune the PID controller.

o Internal model control (IMC) method is proposed in Rivera, Morari and Skogested. The smaller it is the better
performance the closed-loop system will have. Here the tuning parameter A is chosen as 0.25t of the delay, the
smallest value suggested in reference [7].

e Saeed and Mahdi proposed formula for ITAE performance index using dimensional analysis and numerical
optimization techniques, an optimal method for tuning PID controller for FOPDT model is presented [9]
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TABLE |
PID TUNING FORMULAS
Controller K T T
Tuning ¢ ! d
Method
Z-N 0.6K, 0.5T, 0.125T,
Cc-C T 4 3 a4 2
aT 3 4T T 11
i T, 13 =+t
K+ T 8 T 2
IMC 2T +t T4+ 4
2k(A + 1) 2 11+ 27t/T
Saeed 08 1 0.06
and mahdi Y ©(0.3+) (s 004)
proposed (f+ 1) T T
(ITAE
criterion)

Where A >0.25 as suggested in Rivera et al and K, is the ultimate gain [7, 9]

1. METHODOLOGY

Blending operation is commonly used in many industrial to ensure that final product meet customer specification.
The transfer function [8] is given as -

1 . 546710755
_— (4)

G(s) =
5.93s+1
Using first order Pade’s approximation of the delay term, the modified transfer function may be written as:

_ 1.54(1-0.535s) ©)
~ (5.935+1)(0.5355 +1)

G(s)
Therefore, the ultimate gain can be found using,
1+K,G(s)=0 (6)

154(1-0535s) -
" (5.93s +1)(0.535s +1)

(5.935+1)(0.535s +1) + K,1.54(1-0.535s) =0 8)
By Routh criterion we can find the value of ultimate gain K, =7.8133

Now to find the value of ultimate period T, make an auxiliary equation from the Routh criterion i.e.

3.1874s* +1+1.54K, =0 9)

Solving above equation we get

s=W, =2.022
And finally the ultimate period T, is
T =27 _3105

W

u

Therefore from above the value of ultimate gain K, and ultimate period T are K,=7.8133, T, =3.105
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TABLE |1
PID CONTROLLER PARAMETER

Controller Tuning K T T

Method ¢ ! d
Z-N 4.687 1.55 0.388
C-C 2.850 2.461 0.378
IMC 3.127 6.46 0.490
Saeed & Mahdi 1.848 6.25 0.291

The controller parameter for different controller tuning formulae is shown in table I1.

IV.RESULT AND DISCUSSION

Simulation is performed to analyse the set point tracking and the different unit step response characteristics i.e. rise
time, settling time, overshoot (%), and closed loop stability. Fig. 2 shows the step responses for the comparison among
the values of different controller tuning techniques i.e. Ziegler-Nichol, Cohen-Coon, Internal model control and the
Saeed and Mahdi proposed formula.
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Fig 2: Comparison of responses for different controller design methods

TABLE Il
COMPARISON OF TIME RESPONSE CHARACTERISTICS
Controller K T T Rise Settling | Oversho
Tuning ¢ : ¢ Time Time ot (%)
Method (S) ©)
Z-N 4.68 155 | 0.38 0.38 20.4 59.8
Cc-C 285 | 246 | 037 | 0.832 8.82 18.5
IMC 312 | 6.46 | 0.49 0.95 11.9 37.2
Saeed And | 1.84 | 6.25 | 0.29 2.69 5.96 0
Mahdi
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From the Table 111 it is observed that

e The controller tuned by Z-N and IMC method has large proportional gain in comparison to the C-C method and
Saeed and Mahdi proposed method.

e Controller tune by IMC and Saeed and Mahdi proposed method have large integral gains i.e. 6.46 And 6.25 which
provide steady state stability to the response.

e The Saeed and Mahdi proposed method have small derivative gain as compare to the other methods.

e Z-N, C-C and IMC provide large settling time i.e. 20.4, 8.82 and 11.9 for the process as compare to Saeed and Mahdi
proposed methos which is 5.96.

e The Saeed and Mahdi Proposed method have zero overshoot and good rise time i.e. 2.69 which is requiring for the
process than the other selected tuning method.

Form this observation it is clear that controller tuning formula proposed by Saeed and Mahdi, which is relatively
new is a better option for control of selected FOPDT process rather than the other controller tuning techniques explored
in present investigation.

V. CONCLUSION
A large number of PID controller tuning rules have been defined for the single input single output process with dead
time. Four different types of controller tuning rules are selected to control the selected FOPDT process. The
performance evaluation is based on the time response characteristics such as, rise time, settling time and overshoot. The
comparison shows that the controller tuned by Saeed and Mahdi proposed method has the best response among all
other selected tuning methods.
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