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Abstract

The Control of nonlinear process is a complicated task in industrial environment. In this paper, gain scheduled adaptive PI
controlling technique to control the level in a single conical tank system has been used. Analytical modeling has been carried
out and transfer function was obtained and the system has been implemented and simulated in MATLAB SIMULINK. The
simulation studies were carried out for gain scheduled adaptive control and were compared with the direct synthesis control
method. From the results of rise time of both the systems it is proved the controller implemented using gain scheduling adaptive
control technique out performs direct synthesis method based PI controller.
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I. INTRODUCTION

When the parameters of the controller need to be re-tuned to retain the efficiency of the controller, then such retuning of
controller is done through some “automatic updating scheme”, the controller is termed as adaptive controller. One of the most
popular adaptive control techniques is gain scheduling technique. It is customary to keep the overall gain constant.

Gain scheduling is a Pl enhancement that facilitates the control of a process with gains and time constants that vary according
to the current value of the process variable. A gain scheduler runs in the controller’s microprocessor and monitors the process
variable to determine when the process has entered a new operating range. It then updates the controller with a predetermined set
of tuning parameters designed to optimize the closed-loop performance in that range. Gain scheduling is particularly appropriate
for processes that speed up or slow down as the process variable rises and falls. It also works if the process becomes more or less
sensitive to the controller’s efforts as the process variable changes.

The proportional controllers accelerate the closed loop response, however it produces offset for all processes except those
having integrating terms (1/s) in their transfer function. Liquid level in a tank or pressure inside a gas storage vessel
demonstrates such integrators in their process models. Integral control eliminates offset but the transient of closed loop response
shows higher maximum deviation from its set point. High gain value ensures faster response but at the cost of more oscillation,
more sluggish behavior and often more tendency towards instability. Derivative action anticipates future error and takes control
action apriori, however noisy response may mislead such action. Derivative action introduces a stabilizing effect on the closed
loop response

Hence, in case the system has integrating terms or if a small offset is permissible in the process operation, simple proportional
controller should be employed. To ensure offset-free response, PI controller should be used. Hence flow controllers are mostly PI
controllers. When sluggishness is observed in process response, such as temperature or concentration measurements, PID
controllers can be more helpful than other two.

Il. PROCESS DESCRIPTION& MATHEMATICAL MODELLING
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Fig. 1: Model of conical tank
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Let H be the height of the conical tank. From the mathematical model shown in Figure 1

" e_r_R

an —h—H

—Rxh 1
"TH

where his the height of accumulation and r is the radius of accumulation level.
The parameters of a conical tank are taken as in Table 1[1].

Table - 1:
Operating Parameters of the conical tank
Sr..No. | Parameter Description Value
1. R Total radius of cone 19.25cm
2. H Height of the tank 73cm
3. Fin Maximum inflow rate of the tank | 400 Litres/hour
4 B Valve Co-efficient 55cm’/s

According to Law of conservation of mass for single conical tank,
Inflow rate — Outflow rate = Accumulation [1]

Fin — Fout — d mr?h
o mn out = dt 3
Where, Fin-inflow rate
Fout -outflow rate.
Substituting the value of r from equation 1
. d mR?h? xh
Fin — Fout = ET
B mR?h? dh
T HZ dt
_aA dh
- S dt
Where A = B
H
Substituting Fout = Bvh, we get
dh
Fin — pvh = A -2
dh _ Fin—gvh

dt A
This equation is implemented in MATLAB SIMULINK as the tank process. Now, taking Laplace transform of equation 2 and

linearizing VA around set point hs using Taylor Series expansion, we get
. B
Fin(s) — ——=—H(s) = As H(s
e ()

S
where H(s)-transfer function of h  and Fin(s)-transfer function of Fin

Usingg p= Z—Vﬁhs
. H(s)
Fin(s) — e = AsH(s)

Fin(s) = <As + %) H(s)

His) p
Fin(s) Aps+1
His) p

G = Fin(s) ts+1

Where 1=Ap
Where, G(s) is the transfer function of the Conical Tank process The Transfer Function of the PI controller used is C(s),
Where,C(s) = K, (1 + Tis)

Here K, is process gain, T; is integral time
The transfer function of the entire closed loop system is
Y(s) _ G(S)C(s)
R(s) 14 G(s)C(s)
_ pr (TiS + 1)
"~ Tis(ts+ 1) + pKp(Tis + 1)
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The characteristic equation is
Tis(ts + 1) + pK,(Tis+1) =0

1 K K
s? + [—+ Plels 4 20 g
T T TT
1 K
s[s+—]+s+p—p= 0
T ™K,
For stability, we make the assumptions: ? =1and 22— %
T mR?h,?
Ti =T= Ap
1
Ki = —p - = B
T p 2/h

K; is the integral gain. Table 2 shows the calculated model parameters i.e. the integral gain and proportional gain using above
equations for each set point and inflow rate. Block diagram of the process is shown in figure 2.

Table -2:
Calculated model parameters
Region | Inflow rate (LPH) | Set Points Height (cm) | K, K;
1 0-95 3 1.966 | 15.877
2 95-155 8 13.98 | 9.723
3 155-213 15 49.15 | 7.100
4 213-246 20 87.38 | 6.149
g
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Fig. 2: Block diagram of the Model

111. MODEL SIMULATION

The mathematical model of conical tank is designed using Analytical modeling and transfer function is obtained. The system is
implemented and simulated in MATLAB SIMULINK. The Simulink model of conical tank system is shown in figure. 3. The
system behavior is analyzed by using the ramp input response model for the conical tank system.
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Fig. 3: Simulink Model of conical tank using gain scheduling.
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The simulation studies are carried out for gain scheduled adaptive control and is compared with the direct synthesis control
method. The results of rise time of both the systems are compared. Figure 4 shows the model of conical tank using gain

scheduled adaptive control and direct synthesis control method.
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Fig. 4: Simulation model for Comparison of Gain Scheduled Adaptive Control and Direct Synthesis
IV. SIMULATION RESULTS

Simulation results using Gain Scheduled Adaptive Control and Direct Synthesis is shown in figure 5.In figure 6 same result is
shown by using time scope and rise time for both the methods is measured for all set points as shown in table 3.

Fig. 5: Simulation Comparison of Gain Scheduled Adaptive Control and Direct Synthesis.
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Fig. 6: Simulation Comparison of Gain Scheduled Adaptive Control and Direct Synthesis on time scope

Table -3:
Comparison of Rise Time from Direct Synthesis and Gain Scheduling method
Set Point Height (cm) Controller Rise Time (seconds)
3 Gain Scheduling 2.592
Direct Synthesis 18.405
8 Gain Scheduling 2.898
Direct Synthesis 5.167
15 Gain Scheduling 1.772
Direct Synthesis 1.817
20 Gain Scheduling 0.499
Direct Synthesis 1.027

V. CONCLUSION

An implementation of adaptive control by gain scheduling technique to a conical tank level system using MATLAB SIMULINK
was performed. The performance of the adaptive control based controller is compared to direct synthesis method based Pl
controller. The performance is compared for different set points like 3, 8, 15 and 20 cm. For the conventional Direct Synthesis Pl
controller, it takes longer to reach the set point. The gain scheduled adaptive control based PI controller tracks the set point faster
with less rise time.
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