International Journal of Computer Applications (0975 — 8887)
Volume 25— No.9, July 2011

Design of Pl Controller using Characteristic Ratio
Assignment Method for Coupled Tank SISO Process

M.Senthilkumar

Assistant Professor

Dr.S.AbrahamLincon

Professor

P.Selvakumar
M.E., Student

Department of Instrumentation Engineering
Annamalai University, Annamalai Nagar, India

ABSTRACT

This paper presents the PI controller design for coupled tank as
Single Input Single Output (SISO) process using Characteristic
Ratio Assignment (CRA) method.CRA is an approach to
directly control the transient response of linear time invariant
control systems. The transient response for all pole transfer
function of n'™ order system can be controlled by introducing a
set of parameters(o;) characteristic ratio, (i=1,2,...,n) and
(t)generalized time constant.The CRA method which satisfies
more specification and performance of control system. The
coupled tank as SISO process is a challenge plant for testing
the performance of PI controller. The fundamental model of
coupled tank as SISO process is obtained and CRA based PI
controller is designed. Using a CRA-PI controller the
simulation results has been simulated by MATLAB and real
time results also can be implemented for coupled tank as SISO
process.

Keywords
Characteristic Ratio Assignment (CRA), SISO process, PI
Controller.

1. INTRODUCTION

Most control performances in actual design are usually defined
by the time domain responses such as overshoots, rising time,
settling time, steady state error, etc. There are few control
design methods, which are able to apply directly to the purpose.
The pole placement method is the most popular in control
systems. This CRAis one technique of pole placement based on
defined parameter of characteristic equation. These techniques
can adjustment of speed of response and the damping ratios.

The CRA method is one technique based on defined parameter
of characteristic equation that is a famous method at present
[1]. In controller design [2], by CRA method, the adjustment of
speed of response and the damping ratio can be achieved by the
parameters time constant (7) and characteristic ratio (o).
Therefore, this technique is convenient and suitable for tuning
controller under the requirement of the system. The main ideas
are based on certain relations between the characteristic
polynomial coefficients and time domain responses.

This paper gives the coupled tank as SISO process of CRA-PI
controller based on CRA method.

2. DESIGN OF COUPLED TANK SISO
PROCESS

The schematic diagram of coupled tank as SISO process as
shown in Figurel. The inflow of tankl is F;, and outflow of
tank2 is F ;. The control variable is level in tank2.
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Fig 1: Thecoupled tank SISOprocess

The nonlinear equation from Bernoulli’s law
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Where

ALA, - Cross sectional area of tank1 and tank2

a, - Cross sectional area of output pipe in
tank2

ap - Cross sectional areaof interaction pipe
betweentank1 and tank2

hy, h, - Water level of tank1 and tank2

Fi, - Inflow (Iph)

Fou - Outflow (Iph)

Bi2 - Valve ratio of jointed pipe between tank1

and tank2

B> - Valve ratio at the outlet of tank2

k - Gain of the pump

g - Gravity

u - Input voltage
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The equations (1) and (2) can be linearisedandpresented
as

a0 _ 1 A+ (3)
% le( Hi(t)+(H (t))+Al U@

dHAO) _ 1 0 L 4)
7 Tz( H (t)+T12 (H:(1) - H2(2))

Where

T e A Z(hl—hz)’s
Pra g
7o A2 Z(hz)’s
Bra: g

T, - Time constant between tank1 and tank2
T, - Time constant of tank2

The transfer function of a coupled tank as SISO process is
obtained from the linear equations(3) and (4) as

HA) _ G5y = . K )
U(s) ToT2s” +(T2+2T2)s +1
Where

kT
—__ - cm
K= 42 %/

3. CRA CONTROL SYSTEM

The control system structure is two degree of freedom that its
parameters are determined by CRA method. The block diagram
for CRA control system as shown in Figure 2.
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Fig2:Block diagram of CRA control system

The general function as

V() Bu(s)Buls) ©)
R(s) Ac(s)Ap(s)+ Be(s)Bo(s)

Where
By(s) and A(s) are the polynomial equations.

For this case the functions are as
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Bo(s)=K; Ap(s) =Tias* + (T2 +2T2)s+1  (7)
Ac(8) = 5, Be(s) = Kps + Ki. Ba(5) = Ki (8)

The polynomial characteristic equation as

p(s) =TiTas® + (T12+2T2)s> + (1 + KKy)s + KKi (9)

Equation (9) is the polynomial characteristic equation to design
the PI controller using by CRA method.

4. DESIGN OF CRA METHOD

The relation of characteristic equation can be illustrated as
P(S)=ans" +an-28"" +an-18"" ...+ as+ao (10)

Where

a; >0

The characteristic ratio is given by

ai az2 Lo -’ (11)

aoaz aas - 2Gn
The inverse of characteristic equation is given as

ao ai
bo=—'bi=— b

ai az

- (12)

The relation of coefficient ratio and characteristic pulsatances
as

b, b (13)

ar= — O -1
B bu-2

The time constant is given by

Il (14)
ao

From equation (11) and (13) to describe in another form by the
coefficient of the characteristic equation as

A=lay ayq - a00] (15)
B=1[byq byy - b1bo](l6)

C=lenz Cnoz - €161(17)

Where

b= =012, n—1 (18)
ai+1

=t i o002, n-2(19)

>
i
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Design of controller by CRA method, assigns value of time
constant () and characteristic ratio (o) to system requirement.

For the coupled tank as SISO process the parameters are
tabulated as below.

Table I.Parameters of Coupled Tank SISO Process

A, Ay Az, Ay B2 Bi2
154 0.5 0.6820043 | 1.531519
5

Table II. Operating Point of Coupled Tank SISO Process

h] h2 u k

29.55 24.66 2.5 30.0024

5. THE SIMULATION RESULTS

The simulation results of coupled tank as SISO process is
simulated using by MATLAB. The simulation results of PI
controller based on CRA method is illustrated. Using the
Tablel parameters and Table2 operating points the transfer
function for coupled tank SISO process as

B 19.7277 (20)
2033.30981s” +222.60117 s +1

G(s)

According to equations(1) and (2),the design of PI controller
based on CRA is assigned

Theassigned parameters are as
ao=1l,a1=1.8;a2=2and tr =40
The target polynomial is obtained for SISO process as

p(s) =9876.54321s® +888.8888s” +40s +1 Q1)

Using the equation (20) and (21) the parameters of PI controller
is given by

Kp = 1.9769;Ki =0.03069 (22)

For the SISO process a design of CRA-PI controller
theperformance levels are illustrated by simulation.
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Fig 3: Closed loop responses of CRA-PI controller for
coupled tank SISO process
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Fig 4: Closed loop responses of CRA-PI controller for
coupled tank SISO process

6. EXPERIMENTAL STEUP

In this section, the coupled tank as SISO process the nonlinear
and linear equations has been modified using CRA-PI
Controller. The experimental model of SISO process is shown
in Figure 5.

6.1.Description of the System

The schematic diagram of coupled tank as SISO process is shown
in Figure 5. The process is composed two identical tanks with cross
sectional area of A. The inlet flow of tankl is F;, and the outlet
flow of tank2 is F,,. A manual valve is available between tankl
and tank2 can be adjusted to change the interaction between the
tanks. Tank1 permits the water supply and tank2 is the outlet flow
of the system. The water level variation of tankl and tank2
depends on the input and output flows. The control of input voltage
is u. The control variable is level in tank2. The level is measured
using differential pressure transmitter and fed to the personal
computer through the VDPID-03 interfacing card.
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Ky =1.9769; K: = 0.03069 (23)

Fig 5:Photograph of coupled tank SISO process

The physical parameters of the two tank system are shown inthe
Table III.

Table III. PhysicalParameters of Coupled Tank System

Parameters Values

Tank Cross Section Area A=154 cm?

Pipe area cross section a=0.5cm’

Tank Water levels h;=29.55 cm, h,=24.66 cm

Tank valve ratios ,=0.6820043,3,,=1.5315195

Input voltage u=2.5V

Gravity g=981 cm*/s

k=30.0024cm*/V.s

Pump gain

7. EXPERIMENTAL RESULTS

To substitute Table III parameters in equations (20) and (21) to

designof PI Controller is given by

ank Levelir cm
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For the SISO process a design of CRA-PI controller at various
performance levels are illustrated by experimental setup.
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Fig 6: Real time closed loop response of CRA-PI
controller for coupled tank SISO process
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Fig 7: Real time closed loop response of CRA-PI
controller for coupled tank SISO process

8. CONCLUSIONS

The design procedures of the PI controller by CRA method for
SISO process have been proposed in this paper. The closed
loop response of a SISO system and controller output of a SISO
system has been compared in both simulation and real time
using CRA-PI Controller. From the simulation using MATLAB
and real time results illustrated that the CRA based controller
have been designed conveniently with the advantage of
choosing only one parameter of characteristic ratio (o).
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