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Control of Liquid Level (contd..)

Tank dynamics:

dh
di — 4o = AE

In terms of deviation variables,
dH

QI_QOZAE

Taking Laplace transforms, and rearranging,

H(s) = ALS(Q,-(S) — Qo(s)) = G4Qi(s) — GpQo(s)

Block Diagram Representation:

Qls) [ 1
As 4 H(s)
Qo(s) [ 1 _T
As
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Control of Liquid Level (contd..)

Outflow from the pump is regulated by a control valve (the final
control element), dynamics of which is given by

Ky
Tvs+1

Qo(s) = C(s) =  Qo(s) = GrC(s)

Signal to the control valve is from a controller (typically a PID
controller), and the dynamics of which is given by

C(s) = Gee(s)

For the PID controller,

1
Gc: Kc <1++7_D5>
TIS
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Control of Liquid Level (contd..)

Signal to the controller is the error amount. i.e.,
€(s) = Hsp(s) — Hm(s)

The measurement device for level may be differential pressure cell
(DPC), which has second order dynamics, as given by

Hm(s) Km
H(s) 7252+ 27(s+1

= Hpn(s) = GhH(s)
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Control of Liquid Level (contd..)

Hence, for the closed loop

H(s) = GaQi(s) — GpQo(s)
= GdQ,'(S) — GprC(S)
= GdQ,'(S) — GprG 6( )
= GgQi(s) — GpGrGe[Hsp(5) — Hin(s)]
= G4 Qi(s) — GpGr Ge[Hsp(s) — GmH(s)]
(1 = GoGrGeGm)H(s) = GyQi(s) — (GoGrGe) Hepl(s)
H(s) = 1= GPGGdfGCGm Qils) =5 —Gé;GfoGGCCGm Hsp(s)
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Block Diagram Representation of Level Control System

Qi(s)
Broces LT
: Gy E
Hils) o )] Cle) o Qu(s) | [ e 1)
c [ P A :
Hp(s) c
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condensate

Set point

™

controller

+
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Response of Stirred Tank Heater

Energy balance: (constant density, constant volume, constant flow
system)

FCpp(Ti = T)+ Q = VpCp%
Heat input by steam is given by
Q=UA(Ts&—T)
Therefore, energy balance equation becomes,

Ve (Frog ) T=FTi+ = T
Substituting, 5 = 1 and K = ,and a = l + K, we get
vV T pCp T

dT 1

E‘FQT:;TI‘FKTst
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Response of Stirred Tank Heater (contd..)

Using deviation variables and taking Laplace transform, we get

(s +)T/(s) = - T/(s) + KTi(s)
f@=i@ﬁ@+;;m@

Block Diagram Representation:

Ti(s) 1/7
s+ a n T’(s)
(X)—>
Ta(s) [ K i
s+a
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Representation of Feedback Control System

d(s)
'Process ¥ !
: Gg |1
Ysn(5) €(s) C(s) m(s) + 1 Y(s)
s Ge Gr o Gy —®—
— 1 + :
Yn(s
(s) c.
m - manipulated variable; d - disturbance.
Gp Gr G, G,
Y (s) P e Va() e de)

" 1+ GpGrG.Gp
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Block Diagram Reduction

X o Y X X -Gy [ (X —GoY)Gy vy
L T +& =
= GaY Y
G G

G
X -GyY)Gi =Y XG, =Y +G1GYY X|—— | =Y
- ( 2Y )Gy - 1 + GG - (1+G1G2)

X Gy Y
14+ G1Ga

(a) Negative Feedback Loop
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Gy

X
—
Ga

1- G0

(b) Positive Feedback Loop
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Block Diagram Reduction (contd..)

}7
X o ++£ G A
H

GQ Y G2

1+G1G2Hjl 2

ﬁ G]_ G-z —_l_%)——z) - un

_ + X GGy J
1+GGaH

(c) Feedback Loop with Load Change
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