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ABSTRACT

In this study the controller for three tank multi loop systemis designed using coefficient Diagram
method. Coefficient Diagram Method is one of the polynomial methods in control design. The
controller designed by using CDM technique is based on the coefficients of the characteristics
polynomial of the closed loop system according to the convenient performance such as equivalent
time constant, stability indices and stability limit. Controller is designed for the three tank process
by using CDM Techniques; the simulation results show that the proposed control strategies have
good set point tracking and better response capability.
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1. INTRODUCTION

Most of the processes industry in power plants, refinery process, aircrafts and chemical industries
are multivariable or multi-input multi-output (MIMO) and control of these MIMO processes are
more complicated than SISO processes. The strategies are used to design acontroller for the Single
input and single output (SISO) process cannot be applied for Multi input and multi output (MIMO)
process because of the more interaction between the two loops. The different methods have been
presented in the literature for control [1] of MIMO process. Proportional -integral -derivative (PID)
or Proportiona-Integral (Pl) based controllers are used very commonly to control three tank
systems. Generdized synthesis method used to tuning the controller parameters. Generally the two
types of control schemes are available to control the MIMO processes. Thefirst control scheme or
multiloop control scheme, where single loop controller are used to in the form of diagonal matrix is
one.. The second scheme is a [3] multivariable controller known as the centralized controller.
Matrix is not adiagonal one.

In this paper, the Coefficient Diagram Method (CDM) can be used to design a controller for MIMO
process. Now the CDM is well established approach to design a controller, which provides an
outstanding time domain characteristics of closed loop systems. Basically the CDM is based on
pole assignment, which can locate of the closed-loop system are used to obtained the predetermined
values. Although it has been used to demonstrate the design based on CDM. It has some robustness
and is possible to see that of the smooth response without oscillation in change in the modd of the
process exists.

2. COEFFICIENT DIAGRAM METHOD

The CDM design procedure is quiet easily understandable, efficient and useful. Therefore, the
coefficients of the CDM controller polynomials which can be determined more easily than the PID
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controller strategies. The CDM design procedure efficient design method (CDM) is possible to
design very good controllerswith less effort and easy when compared with the other method, under
the conditions of stability, time domain performance and robustness. The transfer function of the
numerator and denominator of the system are obtained independently according to stability and
response requirements.. Generally the order of the controller designed by CDM is lower than the
order of the plant. when using the Pl controller for thefirst order plant, the order of the controller is
equd to the order of the plant, and for the second order plant, the order of the controller is lower
than the order of the plant equal to one .The parameters are stability index y; equivaent time
congtant 7 and stability limity; ~ which represent the desired performance. The basic block diagram
of the CDM design for asingle-input-single-output system is shownin Fig. 1.Wherey isthe output
signd, r is the reference signa, u is the controller signal and d is the externa disturbance signal.
N(s) and D(s) are to be numerator and Denominator of the plant transfer function. A(s) is the
denominator polynomial of the controller transfer function, F(s) and B(s) are called the reference
numerator and the feedback numerator polynomials of the controller transfer function. The CDM

controller structure they are similar to each other. It has Two Degree of Freedom (2DOF) control
structure because of two numeratorsin controller transfer function. The system output is given by
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Where P(s) is the characteristics polynomia of the closed loop system. The CDM design
parameters with respect to the characteristic polynomia coefficient which are equivaent time
constant T, stability index y; and stability limit y; are defined as
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From equation (3a- 3c), the coefficients g and the target characteristic polynomial Pege(S) isgiven
by
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Fig.1: Basic block diagram of CDM

3.CONTROLLER DESIGN USING CDM

Many of the processes in industry are described as First order process with time delay (FOPTD)

Kp -8s

Gp () = e (6)
Tps+1

Where k, is process gain 7 is time constant and & is time delay. Since the transfer function of the
process is of two polynomias, one is numerator polynomia N(s) of degree m and other is the
denominator polynomia D(s) of degree n where ms< n, the CDM controller polynomial A(s) and
B(s) of structure shown in Fig lare represented by

A= Zip:olis‘ andB(s)= Z?zokiS ©)

The controller to be realized for the condition p =q must be satisfied. For a better performance the
degree of controller polynomial chosen isimportant. The controller polynomial for FOPTD process
with numerator Taylor’s approximation is chosen as

A(g)=s (8a)
B(s) = kys+ko (8b)

The determination of the coefficient of the controller polynomia in CDM pole-placement method
is used. The feedback controller is chosen by pole-placement technique then a feed forward
controller is determined so as to match the closed loop system steady-state gain . Hence, a
polynomia depending on the parameters k; and |; is obtained. Then, a target characteristic
polynomial Pages) 1S Obtained by placing the design parameters into Eqn 5. Equating these two
polynomiasis obtained, which is known to be Diophantine equation.

A(S) D(8) + B(S) N(S) = Prargel(s) (9)

Solve these equations the controller coefficient for polynomia A(s) and B(s) isfound .The
numerator polynomia F(s) which is defined as pre-filter is chosen to be

F(s) = P(8)/N(8) ls=0= P (0)/N (0) (10)
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This way, the value of the error that may occur in the steady-state response of the closed loop
system is reduced to zero. Thus, F(s) is computed by

F(s) = P(S)/N(9) | s=0= Lky (11)

4. CDM-PI CONTROLLER

The transfer function model of conventional Pl controller is
G(9) =ke(L+) (12)

The controller gain kc and integral time Ti are relevant with polynomia coefficient as k;=kc and
ko=kc/Ti . By applying the CDM, the values of k1 and K, can be calculated as follows:

1) Tofind the equivalent time constant T

2) The stability index y; = 3, y, = 4.5 are used.

3) From the Eqgn.(2), derive the characteristic polynomia with the Pl controller stated in Egn (12)
and equates to the characteristic polynomial obtained from Eqn(14). Then the parameters kland Kq
of the PI controller are obtained.

4) Chose the pre-filter B(s) = Kgand Gy(s) isfeed forward controller
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Fig.2: Equivalent block diagram of CDM
5. THREE TANK PROCESS

The three-tank process taken for study [6] isshown in Fig 2. The controlled variables are the level
of thetankl (h1) and level of the tank3 (h3)and Manipulated variables arein flow of tank1 (finl)
and in flow of tank3 (fin3). The steady state operating data of the Three-tank systemisgivenin
Tablel. The materia balance equation for the above three-tank system is given by

dnt _fint _AZL po(hi-ho) (14)
dt sl
dhz AZlJz g(h1+h2) - ng(hz h3) (19)
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dh3 _fin3, AZ3 rgthz—ha +A§ZZ\/29T3 (16)

dt 3 3

Table.1 Steady state operating parameters of three tank process

h1, h2, h3inm 0.7,0.5,0.3
finl and fin3 in ml/sec 100
2.251e-5,3.057e-5

Ouitflow coefficient
(Azl, Az2, AZ3)

Areaof tank (S1-S3)in m? 0.0154

Acceleration due to gravity in
m/sec?

,2.307e-5

9.81

Fig.3: Schematic diagram of three tank process

6. SSMULATION RESULTSAND DISCUSSION

In thiswork, the coefficient diagram method based control system is considered for the three tank
system under nominal operating conditions. The main objective of this process is to control the
level of Tankl and Tank3. The coefficient diagram method is designed based on the thorough
knowledge of the three tank process. Also the Pl controller parametersfor theinteracting three tank
process are obtained by utilizing direct synthesis method. The controller parameters of three tank
system are obtained by using direct synthesis method for the closed loop system. The controller
settings for loopl Kc1=1.24137, Ti1=1336.5 and for loop2 Kc2=1.4589, Ti2=1315.5.The multi
loop CDMPI controller is obtained with time constant 7=10 and found to be Kc1=2.1720,
Ti1l=0.111and ttimeconstantt=15 Kc2=4.1284 Ti2=0.1113 for loop 1 and loop2 respectively.
The open loop response of the processis shown in Fig.4.The closed loop response of the three tank
processfor aset point changein tank1 from its operating value of 0.7mto 1misshownin Fig.5 and
its corresponding effect of interaction in tank3 .Fig. 6 shows the closed loop response of tank3 for
aset point change of 0.3 m to1.0 from its operating value and its corresponding effect of interaction
in tank1 and their values are tabulated in Table 2. With same operating conditions, a simulations
runs are carried out for direct synthesis based three tank processes for comparative study. The
simulated servo responses are stored in Fig .7 and Fig 8. The performance indices are calculated in
termsof settling time, Integral Square Error (1SE) and Integral Absolute Error (IAE) and valuesare
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charted in Table 2. From the table it is observed that intelligent fuzzy control system gives
satisfactory performance than the PI controller. The servo and regulatory responses are plotted in
Fig .9 to 12.The servo tracking and regulatory responses are plotted in Fig. 13 to 16. The
performances of these controllers are evaluated and tabulated in Table 6. From the table, it is
clearly indicates that the control augmented the control system is considerably reduced the effect of
load disturbance in the process variable compared to the Pl controller.
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Fig 4. Open loop Response of the three tank process

h|.
K3

Fig5. Closed loop response of three tank process with set Point change
in Tank-1(Conventional PI-Controller)

TirmafSn:

Fig6. Closed loop response of three tank process With set point change
inTank-3(Conventional PI-Controller)
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Fig7.Closed loop response of three tank process with set point change
in Tank-1(CDM-PI) Controller

Fig8. Closed loop response of three tank process With set point change
in tank-3(CDM-PI) Controller

Fig9. Servo tracking response of three tank process
in Tank-1(Conventional PI-Controller)

| o

Fig10.Servo tracking response of three tank process
in Tank-3(Conventiona PI-Controller)
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Figll. Servo tracking response of three tank process
in Tank-1(CDM-PI) Controller

Figl2 .Servo tracking response of three tank process
in Tank-3(CDM-PI) Controller

Fig13. Servo tracking and Regulatory response of three tank process
in Tank-1Conventional PI-Controller

R
Setpoant

Figl4. Servo tracking and Regulatory response of three tank process
inTank-3Conventional PI-Controller)
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Figl5. Servo tracking and Regulatory response of three tank processin
Tank1 (CDM-PI) Controller

Figl6. Servo tracking and Regulatory response of three tank processin
Tank-3(CDM-PI) Controller

Table.2 Performance and eval uation of the controllers

Controller Parameters
Controller LOOP-1 LOOP-2
scheme
ts ISE IAE ts ISE IAE
PI 2.5 | 0.01813 | 0.084 3 0.005283 | 0.0548
Controller
2.25| 0.01961 | 0.108 3.3 | 0.007632 | 0.1822
2.75 | 0.1454 0.204 3.5 | 0.18759 0.439
2.70 | 1.4576 0.555 3.0 | 2.466 0.675
CDM-PI 0.9 | 0.001683 | 0.009099 | 0.7 | 0.0001612 | 0.0001627
Controller
0.8 | 0.002002 | 0.01281 | 0.65 | 0.0003276 | 0.004079
0.75 | 0.003767 | 0.03467 | 0.8 | 0.003426 | 0.004567
0.95 | 0.7890 0.05678 | 0.9 | 0.98675 0.06326
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7. CONCLUSION

In thiswork the Multiloop CDM-PI controller isdesigned for three tank process and compared with
the conventional —PI controller designed by Synthesis tuning method through simulation. The ts,
ISE and |AE are taken as performance indices. The superiority of the CDM-PI control is analyzed
and clearly showsthat more potential advantages of using CDM-PI control for athreetank process.
The control technique has agood set point tracking without any offset with better settling time. The
comparison of these above two controllers clearly shows that CDM-PI controller is superior
resulting in smoother controller output without oscillations which would like increase the actuator
life.
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