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ABSTRACT

This paper, explains about the background study of the coupled tank and to model such tanks using Simulink blocks. It
must explains, the coupled tanks are used to select the best tuning strategy for PID controller based on its performance
and stability, and then the best tuning controller is obtained after comparing various tuning strategies like Ciancone,
Cohen Coon & Ziegler- Nicholas tuning methods based on their performance in controlling the couple tanks.

The couple tank is then designed on Simulink as we
calculations are implemented. The controller which give
obtained from various tuning method, and then seleg

different tuning methods for Pl & PID controller
corresponding their tuning parameters which is
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Coupled Tank System
The mass balance for the first and second tank is respectively:
For Tank 1
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The flow out of the second tank is determined by the liquid head in that tank, i

.e.

Q2,00 = k2 JHy 3)

However, because of the coupling between the two
levels of the two tanks, i.e. H1 0 H2.

Q1,0u = K1 ‘[H1 — H3)

Thus the final set of ODE’s that desc

dH, (@in—h 1‘[fh —Hz)'

dt A,

e first tank is determined by the difference in

m behaviour

Finally these can be
AydH,
dt

AsdHo
k —
dt IJ

These are called non-linear differential equations, which defines the non-linear behaviour of system. These are also
using to obtaining simulink diagram for coupled tank system.

DESIGN OF COUPLED TANK SYSTEM USING SIMULINK

The coupled tank is constructed from the flow equation which is mentioned above.
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Fig. 2

Interacting Couple Tank Simulink Diagram

Fig. 2 shows the coupled tank with a step input (Qin) and the output is considered as the output flow (Qout).
The coupled tank system shown in fig. 2 consists parameters are:
Al =6cm2 = A2
k1l =1cmb5/2/s = k2

where,

Al, A2 =Cro

ING PARAMETERS FOR Pl &

udy of Process Reaction Curve of
e_methods. Without this these

Process

Based on the relationship be
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determining the suitable controllers fo

ut and the the coupled tank shown in fig. 2, some parameters have

e (6) and time constant (1). These parameters helped in
alled “Process Reaction Curve”.

Kc=0.895 % =60&T =498,

Using these values on three different approaches have been used to determine the suitable controllers which are
Ciancone correlations, Cohen coon tuning correlations and Ziegler Nichols closed loop tuning correlations for Pl and PID
controllers.

Ciancone Correlations with PID Controller:

The proportional gain, the integral and derivative time are calculated from the parameters of the process reaction curve.
The controller block is connected in series with the plant block as shown in the figure below:
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Ciancone PID Block

The Ciancone block is constructed from the PID formula where:

These adjustable parameters are called tuning constants.

Table 1 Tuning Parameters for Ciancone Method
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The Ciancone block consists of the PID formula an es of Kc, Ti
shown below.

taken from above tablel & are added as

Ciancone PID B
Cohen Coon Tuni

This is a second metho

used to calculate the tu
using the parameters obtai

onstants. The table below shows how to calculate them
e process reaction ¢

n Calculations

ey

Similar to the Ciancone method, a Simulink block was constructed for the P, Pl and PID controllers as shown

Table 3 Tuning Parameters Cohen Coon Method

Controller Kc Ti Td

P 9.646

Pl 8.439 159.65 ---
PID 12.64 140.6 21.33

By using the values as in table 3, we can obtained the simulink diagram.
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Simulink Block for Cohen Coon Method

Since the Pl and PID controllers showed better respg er, they will be discussed and analyzed.

Ziegler - Nicholas Closed Loop Method:
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Fig. 7
Bode Plot of the Coupled Tank System

The simulink block is then constructed for the three controllers as shown in the previous methods. Since the performance
of the Pl and PID controllers showed better results than the P controller, they will be discussed only.

Table 4 Tuning Parameters for Z-N Method

Controller Kc Ti Td
P 7.145 --- ---
Pl 6.495 161.11 ---

PID 8.4 120.81 | 30.208
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Fig. 8
Ziegler Nichols Closed Loop Method

Table 5 Ziegler Nicholas Closed Loop Calculations
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Fig. 10

Responses Comparison between Liquid Levels in Coupled Tank System

Fig. 9 shows the comparison of liquid input of tank 1 and input of tank 2 and fig. 10 shows the comparison response of
Tank 1 & Tank 2 of coupled tank system without controller respectively.

Ciancone Method Responses:
The response of the levels with the Ciancone method showed a faster response than the original plant as well as for the
input and output flow responses but the input flow experience a small overshoot.
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Level of the tanks using Ciancone controller

Fig. 12

Input & Output flow of Ciancone method

The response of the levels with the Ciancone method showed a faster response than the original plant as well as for the
input and output flow

responses but the input flow experience a small overshog

Cohen Coon Method Responses:

Flow of the

The levels for the PI contl
has also a fast response bu
and 14.

w better response than
rience some overs

ancone method and better settling time. The flow graph
the beginning. This can be observed through the fig. 13

In case of the PID controller, the le
very noisy and unstable which is unacce

than the PI controller while the input flow in this controller is
for the levels and flow are shown as well.

Fig. 15

Levels for PID Controller

66| Page WWwWWw.ijctonline.com



Council for Innovative Research International Journal of Computers & Technology
www.cirworld.com Volume 5, No. 1, May -June, 2013, ISSN 2277-3061

Fig. 16
Input & Output flow for the PID Controller

Ziegler — Nicholas Method Responses:
P

Flow for PI contr

The graphs for the levels o ntroller show similariti

slightly better. For the flow, th

the PI of the Cohen Coon method but its responses are
Coon method.

The PID controller shows the exa ohen Coon method for the levels as well as for the flow.

After discussing the performance of the
time and low overshoot.

est controller is selected based on fast response, good settling

CONCLUSION

A model for a coupled tank system has been designed and several controllers have been tested (P, Pl or PID controllers)
and calculated by three different methods. The best controlled undergo fine tuning to get the best performance.

The table here summarizes or conclude the advantages and disadvantages of the controller used for the three methods.
As shown, the Ciancone method has only Pl controller where the other methods have Pl and PID controllers.

Table 6 Comparison of performance between the three methods
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Clancone Cohon Coon Ziegler
Corvelation Tuning Method Niohals Cloasd
Tuning Method Looy Method

After analyzing table 6, it was found that the PI controller of the Ziegler Nichols closed loop method is best controller with
good performance.

hl and Qin are observed to experience an overshoot in the controller so fine tuning was applied to the controller to
enhance its performance.
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