«

16

PID

22



25

3.1 Stirred tank

0 Stirred

3.1

)

Stirred tank C22]

Adv = F1-F (3.1)
Ahgr = FUTL-T) +KQ (3.2)

f

e ) 1

A =

T =

F =

T1=

F1= )

K —_
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Output variables h,T
Input variables disturbance TLF1
Manipulated variables QF
(3.1) (3.2) F1
h T T1 T
F1 T h
T1 T
C22D h
T
F F1
T
(3.2)
MdT = FUTL-T) + KO
T+ r1 = Fj T1+KQ
dt  Ah Ah Ah
ta) T(s) = aTi() +KQes) (3.3)
TGs) = a T.()+ K Q) (3.4)
S ta S +a
a = FUAh
= "KI/Ah
(3.2)
Differential equation Runge Kutta 4

F4TL  Q
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? 2 ?
? PID ?
L. PID PID ?
2 Reaction curve Time constant |,
Response rate  Dead time ultimative sensitivity method ? ?
(Gain) (Natural Time,Tc)
PD 2 Ziegler &
Nichols 22,23
Kb = 0.6 Gain
T,/ 2T¢
Td = Tcl8
(t) Digital PID

controller 21
u(kh) = (kh-h) +KpCl- Z L+hz 1+ Tp(l - 2~* + Z 2)3e(kh)

1L h(l +vz_ 1)
(kh),e(kh)
kh
Y - EXP(-hN/TD)
N (filter)
Derivative Part
2. ?
/ (Optimal  control)
(Pole placement method) ?
2.1 | ?

? Minimum variance control Generalized  minimum



variance P(z_1) ,
Q(z-1)
2.2 #
IH][ Explicit
«
C1D
Rz X (1) = T x ct) - @xy() (3:5)
R(z.1),T(z.1), (z.1)
c(t)
£y (1)
22)
Z-kTB 7V (3.6)
AR+ 7 KBS
At»Bn- - Closed-loop pole and zero polynomial 2,133
ant ! (stability
Region) (All zeros
cancellation) 3]
2~KT = I~kBA
ML+ Kk AN)
R = BRI
A - Desired observer polynomial 2,133
ARL + z-ks = AmAQ (3
Azl Bzl
(3.7) Rt (z-1) (2-1)
(3.5) (t)
Implicit

(3.7) ARL+Zk = A0



PID

ANy = ARy + 2~kSy
= 7 k(Ru + Sy)
(38)
R(Z_].) L (201)
2.3
PID
Nichols Explicit «
Newton Raphson method (Gain)
(Natural time,T0) ) PID
v
} ; ¢ r i I_T_
1 " p7
1 (mmzj‘ |
THY: $T6

3.2

Ziegler &
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3.3 Block diagram

3.2 Block diagram 3.3 1
(Transmiter)
”
Deterministic system
Noise
3.2
F1=3ft3/min , A=3ft2, h=2f* 6
100° FLTL
. T |

PID
PID



1. PID PID
Delay time 30
6.6 117
PID Ziegler & Nichols PB=2%, T1=0.017 sec-1 ,
Td = 14.6325 sec
3.4 T1 10%
25 30 F1 10% 35
40 PID 3.5
3.4 PID

| CAIN
l:- [
{
R L 1'

I

.
1.62.
2 3 2 1'“ ¥ i § ' IIL K 3 3
3.4
( n
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3. PID

3.5 PID ]

I/ | Time Constant
PID PID A

PID
PID
(3.2) I
FL, b

F1T1
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2, (Time constant) Delay tin
F1  h FLT1
1 PID
PID 100°
22 h 20%,30%,40%
F1 Tl 3.4
3.6

3.6 PID 20%,30%40%

h {7 PID
PID

PID

W 4%  60%



PID

F1

3.7

h

T1

OUIPUL RESFONSE wit) « .~ S Tk &
it

3.4 '
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3.7

H ¢ ! i
B i 7 |
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1 PR SRS (R S £ N N |
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i {17 i Pl of |
s i \' e 4 1 |
1y &34 IE R { |
i AN o/ 1 1 tH
., i ! 3!
B | 1
‘ it It
. ¥ b
) H !
" : i 1
| | 4 i
H 1

50%,80%

PID

Time constant
h

Time constant
F1

) F1
90%

PID

h
2

3.8

20%,40%,60%

Delay time

PID
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N L S O S VS 0% S PU

EORES s s S F LS o

i ] l\‘j\ i Xl\l I]ll"
ol |
|
1 |

35

50%,80%,90%

Time constant

Time constant

PID

PID

PID
Delay time
PD I,

PID

Time constant
PID
Delay



2.1 Optimal control
Minimum variance control Generalized minimum variance
control P(z-1) 0.1 2 A=1001
Q' (z.1) Pl
2.2 Pole placement method ?
Explicit Implicit = 0.055 rad/sec.
£ -0.707
2.3 PID
Ziegler  Nichols
12
PID ?
3.9 . 3.8
PID ?
PID
! PID
PID
12]
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40%

PID

3.10

40%

PID

'}



3.11

40%

PID

12

3

40%

PID
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b
s
:“/5
B
R—
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e ——.
e
—

3.13 PPL (Implicit)
PID 40%

vvvvvvvvvvvvvvvvvvv

3.14 PPL (Implicit)
PID 40%

0 « ?
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PPL (Explicit)

3.15

4%

PID

PPL (Explicit)

4%

3.16

PID

ou

'}



41

|
ok l’ |
P |
i

§

l
PID (on-line)

|
v
4%

A
PID

3.17

PID (on-line)
4%
1}

ik

PID

3.18
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Delay time

PID
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