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(Equal percentage characteristic)

(Principle of conservation)

86

(4.1)
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= Mi- Mo

P-£-= M, - Mo
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(4-2)



4.2

4.2
=1\ wdndodn - J{
=2°R2-{R-h)2
=\ [x(r2-(R-h)2)dhn
v 0[( (R-h)2)

dV=n[R2- {R-h)2]dh
0V = n(Dh - h2)ch
@ @
(Dh-h2)~ =q,-q0
dt  (Dh-h2 [Uh-h?)
0=cvih .C\=

(4.10)
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dt -

d h
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<7, Cv4h
dt~ "h-h)  (Dh-h2) (411)
=A /
S g S R (R <42)
At+h. 4.13
H=A 40%,-,-*r-i) hH 4L
(4.13)
h, ) 0, ht\
(4.13)
(4.11)
/ (Taylor-series expansion)
(4.14)
W faf (47"

dt \alj ! chd (4.19)



1
ghy ~ (Dh~ h‘)

g fo el 0 wem
ands™ ~ n\ih y 2jh,(Dht-h') (oh.-h" _
/! A (4.15)
(4.18) (Laplace transform)
H( = (Dh~-h%s-A)
(4.19) (Transfer fonction)
")
[Dh -h )(- A
-1
P=-nADhs-h]) ™" A
(4.20)

Kp P
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(4.16)

(4.17)

(4.18)

(4.19)

(4.20)

(4.21)
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3
(Electronic
controller) (Linear circuits)
(Logic circuit)
!
4
(Proportional controller p controller)
(t)=Kce(t) +us (4.22)
Kc (Proportional gain)
(Bias signal)
0
2 Kc
PB (Proportional band)  PB=\00/Kc
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PB = 200% Kc=100/200= 0.5 K¢ (4.22)
=0
lit) = 05 xeff)
e(t) 2 200%
1 100%
0.2 <Ac < 100
1 <PB <500
Ge{ ) = Ko (4.23)
(Proportional-Integral controller PI' controller)
{0 = Kee(t) +— Je(t)dt+ 3 (4.24)
)
1] (Integral time constant) " (Reset

time)
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[ (Minute/Repeat) (Reset rate)

| (Repeats/Minute) 1,

0

01< , <50 44 /

Ke

(4.21)

— \e{t)dt = —erl=Ke (4.25)

T1 0 ri

u(r) 1

u, + 2Ke |-

u, + Ke

\ 4

0 0 27

P =
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]
(4.24)
(1 ! 4.26
= +
Gels) = Ke 1+ (4.26)
(Proportional-Integral-Derivative controller PID
controller)

L
lit) - Keeft)+—tie(fjt+Ke D + s (427)

10

0 (Derivative time constant)

defcit (4.27)

e()

Oc(s) = K \</ "|'ls+ rDl (4.28)



(Proportional-Derivative controller

lit) - Kee+ Ketd — + S

. K rn—(i{~
(Anticipatory control)
45
e(t) = At (4.29)

lit) A ct+A CT + 3

c(r)

AK,;T[)

Derivative

alone

| o

roportional

‘ alone [

»
»
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PD controller)

(4.29)

(4.30)



G(j) = Ke(l+rD.)

q da

4.3

(Averaging liquid level control)
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AKcld
AKc
(4.31)
(Ke)
(action)
Ke

(4.32)



~N¢ e+4edt +
1

K- = -'|.'.|“ rF=f

£ Tl L #
rk=oc :
band) +

4.6

K : : -ep

8 ] e

4.6

€p
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(4.32)

(4.33)

(4.33)

(Dead

(4.33)



K¢ eB

(Gain scheduling controller)

Kol = KeKIC(p =
Kv K,
Kol=KdkKp=

Kp
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Ke

(Constant open loop gain)

(4.34)

(4.35)
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2
4.1
0 (@
(1) (Decay ratio)  CIA 14

=0 [-XX
) (158)

ISE = e At)ct (4.36)
) (16)

IAE = Jeft)dt (437)

0

) (TAE)



(0 = BP(0 - c(t)
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ISE |AE

|AE ISE

ITAE
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C(l) »
/‘/ T
[ 4] 1t
/¥ ..... R— /? ......... (o, T
] | \ \ e P
5 =
Eoo
/5 '\
GG
0 4 lg
4.7
45
! 2
(Averaging liquid level control)
(Strorage tank)
1

(Resident time)
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(Tight control)

(4.21)

(4.3)
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pi

Kp

hs
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(Multi-region control)
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