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Abstract

The aim of this paper is to obtain the mathematical model and the real time model of the Single Input Single Output
(SI1SO) conical tank system. The experimental model is obtained from the open loop response in real time and the
transfer function is obtained using the two point method. For the real time model, two different controllers namely
Zeigler Nichols tuned PI controller and passivity based controller are designed and tested in simulation and the
performance of both the controllers are tested for servo operation and regulatory operation. The designed controllers
are tested in Simulation and the response is recorded. The simulation results shows that the Passivity based
Controller works better for the spherical tank process.

Keywords: Passivity based controller, spherical tank system, system, Pl Controller, Tyreus luyben tuning method,
nonlinear system, first order plus dead time system

1. Introduction

Most of the chemical processes are nonlinear in nature. While there may be an extensive
understanding of the behavior of non linear process, satisfactory methods of their control are still
evolving. A common control problem in process industries is the control of fluid levels in storage
tanks [1, 2].The level control becomes difficult due to the nonlinear shape of tank that is the rate
of rise of water in the bottom part is high becomes slow in the middle portion and again becomes
high in the top portion of the tank thus causing non linear rise in level in both the cases.
Spherical tanks are used in gas plants as containment system for Liquefied Natural Gas (LNG)
carriers.

The control aspects of spherical tank system using Internal Model Controller (IMC) and
Fuzzy Logic Controller (FLC) has been discussed in real time [3, 4]. Digital PI controller has
been designed for spherical tank process in real time [5]. The most popular controller used in
industry is PI/PID controller due to their simplicity, performance robustness and availability of
many simple tuning rules based on minimum plant model knowledge [6]. However the
conventional tuning techniques lack the intelligence and flexibility which would increase the
performance rate and also improve the stability and error criterion [7, 8].

PBC is a generic name given to a family of controller design techniques that achieves
system stabilization via the route of passivation that is rendering the closed loop system passive
with a desired storage function that usually qualifies as a lyapunov function for the stability
analysis [9]. Passivity theory has been applied to electrical systems, mechanical systems,
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electromechanical systems [10], chemical processes [11] with good results. This paper attempts
to design the passivity-based controller for the spherical tank system from the FOPDT model of
the system to maintain the water level in the tank.

This paper is organized as follows. The mathematical model of spherical tank is
presented in section 2. Experimental setup and system identification is given in section 3.
Controller design is discussed in section 4. Simulation results of spherical tank is discussed in
section 5. Finally section 6 concludes the paper.

2. Process description
2.1. Mathematical model for spherical tank system

In this section the mathematical model of the spherical tank process is obtained. The schematic
diagram of spherical tank system is shown in Figure 1.

Figure 1: Schematic diagram of spherical tank system

Fin(t)-input flow rate cm3/sec
Fout(t)- output flow rate cm3/sec
Using the law of conservation of mass,

F.(t)—F, ()= S(h(t))M

dt 1)
S(h(t)) = 7(2Rh(t) —h?(t)) ()
Fou (1) = C,/2gh(t) 3)

where,
h(t) = liquid level
S(h(t)) = transverse section of the tank, which changes according to the
liquid level
R = radius of the spherical tank.
g = gravitational constant
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the orifice.
Substituting equations (2) and (3) in equation (1) and linearising the nonlinear model,
final system is converged to the form

, Where, Cq =discharge coefficient of the valve and a = cross sectional area of

K
s+1 (4)
where,
J2Rh, (1)
process gain, C,9 (5)
__ 29 (O 2Ry 0 - hy' (0)°
Time constant, €9 (6)
With the delay @ in the process, the transfer function becomes
G(s) = Ke™®
S+1 (7)

3. Experimental setup and system identification

The block diagram of a experimental setup of the spherical tank system is shown in Figure 2[12].
It consists of a spherical tank, variable speed pump, rotameter is used for inflow measurement,
Differential Pressure Transmitter (DPT) for level measurement, 1/ converter, interface to PC
using USB based DAQ, V/I converter, I/P converter, and a compressor to operate pneumatic
control valve. The height and the diameter of the spherical tank is 48 cm and the diameter of the
outlet pipe from the tank is 1.5 cm.
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Figure 2: Block diagram of real time experiment setup of spherical tank

The experimental data are approximated to be a FOPDT model and the transfer function
of the spherical tank system for the operating condition of 25cm is given below in Equation 8.
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4. Controller design

The PI controller parameters are tuned by using ZN method of tuning based on ultimate gain
and ultimate period. According to the dead time to time constant ratio (6/tp), appropriate tuning
rule, Tyreus Luyben tuning rule for PI controller is also chosen [13]. These tuning rules are very
popular in industry as it is a simple method and required very little information about the
process. The PI tuning parameters for ZN method is K, = 36 and T; = 138 and for Tyreus
Luyben method K,= 25 and Ti=364.

The PBC equations are discussed in detail in [14] and the final controller expression is
restated as

1
) =E[—ﬂ{xi—xid]_REJ‘(-ri_xidjdt_R:{xi_ﬂj ti

4
via= = (D 45+ DET+ Ry~
1 9)
The parameters A, C and D are calculated from the system model [14] and the other PBC

parameters are set to Ry = 0.15, R, =0.0015 and R3=0, %2 =5 for spherical tank system.
5. Results and discussion

The closed loop response of the spherical tank system tuned by ZN based PI, Tyreus Luyben
tuning method-based Pl and Passivity based controller are given in Figure 3. Then for the servo
operation the discussed controllers are tested for a sequence of 2 step changes. After reaching a
steady state of 25cm a positive step change of +20% at 1200 second and a negative step change
of -20 % at 2400 seconds are applied respectively. The variations of level with time for the
ZN/PI, Tyreus Luyben/Pl and Passivity based controller are shown in Figure 4 for servo
operation. Similarly a disturbance in load of +20% is applied at 2200secs to the spherical tank
system with ZN/PI, Tyreus Luyben/Pl, and Passivity based controller which is shown in Figure
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Figure 3(a): Closed loop response Figure 3(b): Servo response of
of ZN/PI, Tyrus Luyben/PI and ZN/PI, Tyrus Luyben/Pl and PBC
PBC for the set point tracking of for change in set point of +20%
25cm and -20% applied at 1200, 2400 s
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Figure 4(a): Regulatory response of ZN/PI, Figure 4(b): Expanded
Tyrus Luyben/P1 and PBC for load change of regulatory response

+20% applied at 2200 secs

Table 1(a) gives the time domain specifications and performance index values,
normalized ITAE values for the operating condition of 25cm level and Table 1(b) gives the
normalized ITAE values for the servo response and regulatory response.

Table 1: (a) Time domain parameters and performance index values for the set point of 25cm
obtained through MATLAB simulation, (b) Performance index values for servo and
regulatory response obtained in MATLAB simulation

Closed loop response Nomalised [TAE
G Setpomt = 23em Coatvolles Servo response Regulatory
Maxmum | Setimg | Nommalzed et

+20% at 1200 secs +20%
and -20% at 2400 disturbance
38¢S.

Pezk tme (t) ITAE
Overshoot [ sec

()% yalj WK 103
ZNPI 38 230 180 Tyrews Luyben'P] 1004 5
Tyreus LuybenPl | 116 100 s Passvity  Based 939 [
Pusnity Bmed| 092 | 480 3 Control

Control

6. Conclusions

This paper work demonstrates the applicability of PBC for the spherical tank process. As seen
from the simulation results, ZN tuned PI controller accounts for the largest amount of overshoot
with the settling time of 580 seconds. and also performance index values for Integral Time
Absolute Error (ITAE) is found to be more in the case of closed loop response and servo
response. The Tyreus Luyben PI controller has less overshoot compared to ZN tuned PI
controller but more overshoot compared to passivity based controller with the highest settling
time and also it has more ITAE values in the case of regulatory response compared to ZN tuned
Pl controller and Passivity based controller. Passivity based controller is found to have very less
overshoot with the settling time of 480 seconds and also performance index values are found to
be very less compared to Tyreus Luyben/P1l and ZN/PI controller.
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