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ABSTRACT

Mathematical modelling of the water tank system has been performed. Water level of the water tank is control

by PID controller, use of the PID controller with actuator saturation causes Integrator windup, due to which

performance of the linear system degrades i.e. overshoot and settling time of the system increases. Anti-windup

technique is used to tackle the problem of performance degradation, di i up techniques are
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Fig. 1The Basic Anti-Windup scheme Fig. 2 Actuator
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111 FLUID FLOW MODELING

A fluid flow system is shown in figure 3. The reservoir (or tank) contains water that vacates through an output
port. To obtain mathematical model for the fluid flow tank system, we make some key assumptions. We assume
that the water in the tank is incompressible and that the flow is irrotational, inviscid, and steady. To obtain the
mathematical model of the water tank system we apply some basic principle i.e. conservation of mass. The mass

of water in the tank at any given time is [3]

Table:1
p g Ay A2 H* Q*
] (kg/m?) (m/s?) (m?) (m2) (m) (kg/s)
1000 9.8 /4 7/400 1 34.77

@)

(@)
The change in mass of water in the reservoir is equal to the mass that enters the tank minus the mass that leaves
the tank,

m’ = pAl H = Ql - pAsz (3)

Where Q; is the steady- state input mass flow rate, v, is the exit velocity, and A; is the output port area. The exit

velocity, v, is a function of the water height. From Bernoulli's equation [4] we have
1 1
EPV12 + P+ pgH = 5!"722 + P, (4)
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Where vy is the velocity of water at the input port of the water tank, and P, and P, are the atmospheric pressures
at the input and output, respectively. But P, and P, are equal atmospheric pressure and A, is sufficiently small

(A= A4/100) so the water flow out slowly and the velocity v; is negligible. Thus Bernoulli's equation reduces to

V, =4/2gH (5)

In equation (2) substituting equation (5) and solving for height H we get

H=—[2V2g| VA + -1 6)

Using Equations (5), we get the mass flow rate at the output port

Q; = pAv; = (P\/ ZQAZ)\/FG)

Assuming that
Then, we get
Q, = k3VH(8)

The model in Equation (8) can be represented in

H=f(H, Qu),

Where
Using Taylor seri ons describing the height of the water in the reservoir is
obtained abo ilibri ition. en the tank system is in equilibrium, we have H’=0. We can

input mass flow rate and water level, respectively. The relationship

This condition nough water enters the tank in A; to make up for the amount leaving A,. We

can the water level mass flow rate as

H = H* +AH,

Q1= Q*+AQy, (11

Where AH and AQ; are small deviations from the equilibrium (steady-state) values. The Taylor series expansion

about the equilibrium conditions is given by

) N T
H—f(H’Ql)_f(H 'Q )+6H H=H*(H H )+6f H

Q=Q*

Q-QM)+...... (12)

H*

Q=0*
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Where
o _akVHAKQ) K
OH |n=n- oH e 2JH*

Q= Q=Q*
g O _akVHkQ)

- - ™2
oQ, |g; H 0Q, | He

Using equation (10) we get

N[
" P29 A,

So that

ol A
=H* *

OHlg=: AQ

If follows from Equation (2.10) that

H’=AH’,
Since H* is constant. Also, the term f(H*, Q*) is identically condition. In

the Taylor series expansion neglecting the higher order terms wi

_ _ Ml =
AH = —"ETAH + —-0Q; (13)

Equation (13) is a linear equation describir ater level AH he steady state due to a change
from the nominal input mass flow rate AQ;. By ansform (with zero initial conditions) of the

equation (13) We can get the relationship between ¢ e in the water level in the tank,AH(s), due to change in

AH _ K,
AQ, s+t

IV FINDING OF FOPTD SYSTEM

There are various methods to find the FOPTD system , here we have used Two Point method to find FOPTD
system. Two Point method is explained in [5], by using Two point method the FOPTD system for water tank

system is obtained which is given below
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AH _ 00575 oms \o
AQ, 1+45.03

V EFFECT OF ACTUATOR SATURATION IN LINEAR CONTROL SYSTEM

Due to actuator saturation[6] settling time and overshoot of the linear control system increases. Simulink model

response of the water tank system is represented in fig 4 and fig 5 respectively.
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VI ANTI-WINDUP TECHNIQUES
There are various anti-windup technique to tackle the problem of integrator windup. Some of the techniques are
explained below.
6.1. Conditional Integration (CI)

A classical effective methodology is the so called conditional integration. 1t consists of switching off the
integration (in other words, the error to be integrated is set to zero) [7] when a certain condition is verified. For
this reason this method is also known as integral clamping. The integral term make equal to zero if output of the
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controller is not equal to the input to the plant. Simulationand response of the water tank system with

conditional Integration is represented in figure 6 and figure 7
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e recoumputing of the integral term phenomena is used when the

, the integral value is reduced or increased depending on the

Where K- Proportiopal gain, Ti-Integral time constant, Tt- Tracking time constant, u and u’ are the controller
output and process input respectively, e; is the integral term. The value of tracking time(T;) constant determines
the rate at which the integral term is reset. Tuning rules for the tracking time constant have been proposed. In

(Astr om and Hagglund, 1995) it is suggested that

T = V(Ti*Td)

Simulink model and response of the water tank system is shown in figure 8 and figure 9
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6.3 Back-Calculation (BC2)

In Back-Calculation (BC1) th
(BC1) method is useful only fo

tracking time T, depen oth the value of T; and Tg, hence Back-Calculation

PI1 controller then this method is not suitable

sontroller but if we

because in PI controller Derivati ¢ IS zero. Jo solve this problem a new anti-windup technique is

o
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Fig.10 Simulink Model
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6.4. Automatic Reset Implementation (AS)

When we are using the PI controller is in automatic reset config

technique [9] can be applied easily by inserting the saturation fi on as
of the system is shown in figure. 13
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Fig.13 Response

6.5. VSPID Anti-Windup Scheme

gl

Here a proposed method is VSPID anti-windup method that eliminates the weaknesses described in the previous

section. When the nominal control u is in saturation, the VSPID control method[10] is used to pushes the

integrator so that controller output u lies at the edge of the saturation region. The VSPID controllers make use a
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type of switching technique between a few different PID controllers the concept of the VSPID controller is used
to design the anti-windup scheme. In this scheme we use different Integral gains for different conditions. The
VSPID anti-windup scheme is given below. Anti-windup scheme is given below.In this scheme input to the
integral controller is given with help of a switch. The switch is operated with the help of logic function. Input to

the integral controller

%,ifu # u'and e(u — >0
| = umax +umin

Ki >0, B =

e otherwise

Where | is the input to the integral controller o > 0 is a positive constant selectéd such that u rapidly converges

to the nearest extreme value of the interval (UmaxUmin)-

Simulink model and response of the water tank system using VSPID anti-windup e is shown in

and figure 15.
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Simulation results for the different anti-windup techniques are plotted. In order to analyze the performance rise

time, 2% settling time and the maximum overshoot are represented in table 2
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Type Settling time(min) Rise time(min) Overshoot(%)
WAS 3.5 1 6
WAS1 4.33 1.16 11
BC1 3.81 1.30
BC2 3.43 1.10
VSPID 3.57 1.15
cl 3.50 1.06
AS 3.82 1.10
Table:2

WAS: Without actuator saturation, WAS1:With actuator saturation

VII CONCLUSION

better than the others for all the kind of plant, PID paramet

reduced but settling time and the rise time is not i ve and in some other cases| Settling time improve but

overshoot is not improve.
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