


Introduction

A simple feeback control system involving a stirred tank, temperature
measurement, controller and manipulated heater is shown in Figure

To, F Tri F
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Water |
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Q g
TR T Controller @
Heater :

..........................................

Figure. Feedback control of a simple continuous water heater.



Model

» The energy balance for the tank is

(1, T+
dt V VoCp

» Where Q is the heat input from the controlled heater.
A proportional-integral feedback controller can be modelled as

Q:QO+Kp8+—jadt

» Where the control error is given by

€ = TRSet _TR



Model

Nomenclature

Symbols

Indices

C

p
f

F
KP
KD

Q
-

7

<

Set

Specific heat

Frequency of oscillations

Flow rate

Controller constant

Controller constant for differential term
Heat input

Temperature

Controller cinstant

Reactor volume

Error

Density

Refers to measured value
Refers to reactor
Refers to setpoint

Refers to inlet

Kcal/(Kg C)
I/h

m3 /h
Kcal/C
(Kcal h)/C
Kcal/h



Program

> Initial condition

Variables Unit Value
Inlet temperature C 15-25
Set point C 80
Reactor Volume m?> 100
Inlet flow rate m3/hr 10
Density Kg/m’ 1
Specific heat capacity Kcal/Kg C 1
Initial Heat duty Kcal/hr 6

» |nitial condition parameters

Variables Symbols Unit Value
Controller constant Kp Kcal/C 10
First order lag Tq hr 1
Ts hr 2
Time constant T hr 5
Error 3 C 0
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% Solve initial value problems for ordinary differential equations

1 % Program: Controlled Reactors [t.x] = odedS( contral ', [0 tf],=0);

2 o - Feedhack Contral of a Water Heater (TEMPCONT)

3 % Department of Chemical Engineering, Chunanam Mational University, Korea % distributlon of output variables

Al s written by Sowowu (2008, 11. 1) wl=l, 10

& % Units: Degree (L), Heat duty (Kcal), Mass (Kg), ¥olume (m3), Time (Hr) w2=u(1,217

B w3=x(:,305

7 - global TO SC

i B % Plot results of measurnent and tank temperatures
g figure(1l:
% Seletion of Controller hold an

% 1: Propotional Control plotlt,x1,r' t,x3,'b');
wlabel (' Tine (hri)

‘ylabel{ Temperature (C)')
legend( Measurement ', ' Tank ")

hold off

12 % 2: Propational-Intesral Control

j % 3t Propotional-IntegralContrl-Derivative Control

disp ('Seletion af Contraller')

disp ' 1: Propotional Control'}

disp (' 2: Propotional-Intearal Control’)

disp (' 3° Propotional-IntegralContrl-Derivative Control )
SC = input( Number ?');

% Plot result of heat input to the water tank
fiaure(2): '

hold on:

plotit,x2, ¢ ):

wlabel (" Time (hr))

ylahel{ Heat duty (Keal)')

hald aff;

else

-.l_jiisp {'The controller selection became wrong, ')
end

if ((SC==1]|{5C==2)|(5C==3]1)
% Time Range
tf = 300;

24 ¥ Temperature of Feed flow rate
25~ 70 =20;

% Output variables
x0=[20 6 20 O1; % Temp {Measurement), Heat duty, Temp (Tank), Control Error
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1 % Program: Feedback Temperature Controller

2 R

3 % Department of Chemlcal Englnesring, Chungnam Mational Uniwersity, Kores
4 % written by Soyoyu (2008, 11, 1)
5 % unlts: Controller constant (Keal/C), Time constant [Hr)
B

7 function sdot=control(t,«)

8 - aglobal TO SC

=)

10 ¥ Initial Yalues

11 - % =100;

12- F=10;

13- 00 =6;

14 - rho =13

15~ ©cp=1;

16 - SEED = 1:

17

18 % Set point

19 - TRset = 80;
20
24 kit (t =80)
| SEF ek
23 end
o
255 % control ler parameters { Kp=B0, Taul = 8, tauD = 2)
26 - Kp = G0;
27 - Taul = B;
28 - Taull = 1:
29 - Taus = 2;
a0 - TauD = 2;

~ switch SC
el case 1
34 - :Q'E.‘:'GD + 'Kp.*(Thset--—--x'('S)'):
35 - case 2
36 %if (t > 100)
37 ¥0C = 00;
38 %F =9.5;
39 Helze
40 HOC = 00;
41 #end
47 - Q0= G0 + Kp+(TRset — x(3))+Kp/Taulsx(4)-0. 2+x(2);
43 - case 3
a4 - O0= 00 + Kps(TRset — x(3))+Kp/Taul+x{di—Kp+TauDs 1/ TauS(xi 1= (3));
45— end
48 - if (OC < 0)
48 - end
49 = udot(1) = (FAI+(T0-201)1+x(2)/(¥+rhoscp); % Energy Balance
B0 - wdot(2) = (0C-x(2))/Taull; % First order lag heater
51 = wdot(3) = 1/TauS+(r(1)-x(3)]; % First order lag measurement
e wdot(4) = TRset —x(S) % Estimate control error
53 - wdot=udot’;
B5 % Pandan Inlet Temperature generator [156-25 C)
BB ¥T0 = T0 + {{rand(SEED)-0.5));:
BT Kif (70 »= 28)
58 %70 =25.0;
§Q Hend
B0 Xif (TO <= 185)
Bl % T0=15.0;
= %end



Exercises 1

“vDisconnect the controller (set K.=0), allow the temperature to reach steady
state, and measure the temperature response to changes in water flow.

Water flow rate (5 m3/hr)
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Exercises 1

Disconnect the controller (set K,=0), allow the temperature to reach steady
state, and measure the temperature response to changes in water flow.

Water flow rate (15 m3/hr)
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Exercises 3

“»Measure the controlled response to a step change in F with proportional

control only (set 7;very high). Notice the offset error ¢, and change 7;to
a low value. Dose the offset disappear?

Proportional control only
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Exercises 3

“»Measure the controlled response to a step change in F with proportional
control only (set 7;very high). Notice the offset error ¢, and change 7;to
a low value. Dose the offset disappear?

Step change in F with proportional control ( F: 20 = 25 m3/hr, after 80 hr)
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Exercises 3

“»Measure the controlled response to a step change in F with proportional
control only (set 7;very high). Notice the offset error ¢, and change 7;to
a low value. Dose the offset disappear?

Step change in F with proportional control ( F: 20 = 15 m3/hr, after 80 hr)
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Exercises 3

“»Measure the controlled response to a step change in F with proportional
control only (set 7;very high). Notice the offset error ¢, and change 7;to
a low value. Dose the offset disappear?

Proportional-integral control ( F: 20 m3/hr)
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Exercises 3

“»Measure the controlled response to a step change in F with proportional
control only (set 7;very high). Notice the offset error ¢, and change 7;to
a low value. Dose the offset disappear?

Step change in F with proportional-integral control ( F: 20 = 25 m3/hr, after 80 hr)
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Exercises 3

“»Measure the controlled response to a step change in F with proportional
control only (set 7;very high). Notice the offset error ¢, and change 7;to
a low value. Dose the offset disappear?

Step change in F with proportional-integral control ( F: 20 = 15 m3/hr, after 80 hr)
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Exercises 4

*»Disconnect the controller and by forcing the system with a stepwise change
in water flow rate,’gbtain the process reaction curve as explained in Ch. 7.
Analyze this curve to obtain the parameters for the Ziegler-Nichols Method.
Use Table 7.1 to obtain the best controller setting for P and Pl control.

Try these out in a simulation.

Water flow change (process reaction curve)

Slope 0.0027
A 0.5

S =

=0.0053

ARV BT H 22T



Exercises 4

*»Disconnect the controller and by forcing the system with a stepwise change
in water flow rate,’gbtain the process reaction curve as explained in Ch. 7.
Analyze this curve to obtain the parameters for the Ziegler-Nichols Method.
Use Table 7.1 to obtain the best controller setting for P and Pl control.

Try these out in a simulation.

Table. Controller settings based on process responses (Zigler-Nichols)

?ocilnetr ¢ TI 'p
P
1/T, S
PI
0.9/T,S 3.33T,
PID
1.2/T, S 2T, T, /2
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Exercises 5

*»Proceed as in Example 4, but use the Cohen-Coon settings from Table 7.1

A=0.5 B=0.03 T,=2.5 S=0.0053

B B
K =—=0.06 T=—=5.63
A S
Table. Controller settings based on process responses (Cohen-Coon)
Cont K
ro?lr:-:-r . y 'p
P
T (1+5L)
KT, 3t
PI
T (0.9 + TL) L3O+3TL/2'
KT, 127 9+ 20T, /7
PID 4
T (i+ TL) L32+6TL/2' T,
KT, 3 127 13+8T, /7 12+2T, /7
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Exercises 6

As explained in Ch. 7, try to establish the controller settings by trial and error.

o

.
Trial and error
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Exercises 7

«»With proportional control only, increase K to K., until oscillations in the response
occur. Use this frequency, f,, to set the controller according to the Ultimate Gain
Method (K.=0.45 K, 7,=f,/1.2), where f, is the frequency of the oscillations
at K=K, (see Ch. 7). Measure the response to a change in T,

Table. Controller settings based on process responses (Ultimate Gain)

P
0.5K ,,
Pl
0.45K ,, f£/1.2
PID
0.6K ,, f, /2 £ /8




Exercises 7

*»With proportional control only, increase K to K, until oscillations in the response
occur. Use this frequency, f,, to set the controller according to the Ultimate Gain
Method (K.=0.45 K, 7,=f,/1.2), where f, is the frequency of the oscillations
at K=K, (see Ch. 7). Measure the response to a change in T,
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Exercises 7

*»With proportional control only, increase K to K, until oscillations in the response
occur. Use this frequency, f,, to set the controller according to the Ultimate Gain
Method (K.=0.45 K, 7,=f,/1.2), where f, is the frequency of the oscillations
at K=K, (see Ch. 7). Measure the response to a change in T,
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Exercises 7

*»With proportional control only, increase K to K, until oscillations in the response
occur. Use this frequency, f,, to set the controller according to the Ultimate Gain
Method (K.=0.45 K, 7,=f,/1.2), where f, is the frequency of the oscillations
at K=K, (see Ch. 7). Measure the response to a change in T,
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Exercises 11

*» Include a first order time lag in the temperature measurement using
the equations :




Conclusions

» A simple feedback control system involving a stirred tank,
temperature measurement, controller and manipulated heater is
shown .

» The Cohen-coon method were also compared with the predicted
values by using the controllers of P, Pl and PID. Among them, the P
controller gave the best results.

» The best results of Ziegler-Nichols method follows in the order of
PID > Pl > P controller.

» Trial and error method of controllers can be adjusted by changing
the values of gain K, reset time  and derivative time



