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2.1

6.1
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p controller

PI controller
PL controller
\WR controller
PEP controller

DRIP controller
LOC-P controller
LOC-PI controller

LOC-NL/P controller
LOC-NL/PI controller

300
1.00
6.00
9.00
8.00
8.00
9.00
9.00
9.00
9.00

10.00
4,66
6.87
240
3.64
381
10.00
181
10.00
298

MPH  MRCO
58 505
58 505
58 505
98 005
114 437
625 539
00 99
082 979
203 932
L 942

6.1

533
533
533
363
529
568
6.62
6.80
6.89
6.87

MPH  MRCO
500 534
500 473
500 652
250 0.6
150 682
750 503
1000 993
1000 875
10 301
750 116

4.72
482
502
310
6.40
491
6.93
6.71
400
8.09

0.00
10.00
1000
10.00
6.10
10.00
0.00
10.00
0.00
10.00

9.85
6.87
342
6.56
8.97
412
9.90
387
10.00
562

3.28
8.96
181
8.85
1.06
8.04
330
1.96
333
8.54

500
500
500
250
150
150
10.00
1000
150
150

544
5.76
592
4.76
6.12
6.05
1.84
1.86
1.06
6.9

04



p controller
PI controller
PL controller

R controller
PIP controller
DRIP controller
LOC-P controller
LOC-PI controller
LOC-NL/P controller

LOC-NL/PI controller

10

10

10

6.3

6.1

6.2

10

6.1

6.3

246
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6.2

— NN M < O © I~ oo o

6.3



6.3

1234

5

MPH =30 %

MPH =30 %

MPH = 35%

MRCO = 150 (m3min)/min
MRCO = 2.00 (m3Jmin)/min
MRCO = 100 (m3min)/min

6.1

249



250

= 100% full scale

' =)
Q= 4 /
. = 50% full scale
. = 50% full scale
' =1 /
. (Load disturbance)
100% 1 / 2
/
6.1
6.3.1 1
MPH = 30% MRCO = 150 (m3min)/min
100% 1 / 2
/ (Marlin, 1992)
v s i?%ﬁaxﬁ 16-11

dt ax



AFmax
OF ot

122

6.4

6.4

MRCO

0.75

251

(MRCO)

6-1)

163

6.1

6.5



LOC-PI controller

Kc
1.20

MPH

(%)

LOC-PI controller 29.08
LOC-P controller 29.10
LOC-NL/P controller ~ 29.10
LOC-NL/PI controller ~ 29.08
PIP controller 30.06

6.00

6.5

MRCO
(m3min/min)
150
150
148
150
157

LOC-P controller

LOC-NL/P controller

0.87

Kc
1.85
MPH = 30%
(%)
offset
(%)
5.34 0.00
0.00 100.00
0.00 100.00
22.05 0.00
15,94 1551

Kco
0.31

5
MRCO = 150 (m3min)/min)

()
55,00

140
135
48.00
6.50

K

0.875

%MPH

216.80
281.85
212,61
216.52
15.37

0.263

1

LOC-NL/PI controller

0
10.00

%MRCO

0.00
0.00
135
0.00
121,54

PIP controller

Kc
0.44

%MPH

1.06
1.63
6.36
321
6.10

T
0.24

%MRCO

0.00
0.00
135
0.00
0.64

(5¢
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Comparison of performance of 5 controllers in case study 1

80
60
% Level
40| i
20 i
1 | |
0 6 8 10 12
TIME (min)
2.5 | 2 ;
Qi 2.0_.‘..;:': aZuace JLAOCRICTEGE W\
(m*/min)
1.5) i
1.0 4
0.5 | ] ] !
0 6 8 10 12
TIME (min)
— — LOC-P| -.--LOC-P .. LOCNL/P ---LOC-NL/PI —PIP 1
6.2
h 100% 1
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I Comparison of performance of 5 controllers in case study 1

200 T T T T T
150
% Level 100
50

0 | | = 1 1

0 2 4 6 8 10 12
TIME (min)
5' | | M | 1

e I — —
———— e m . ———— ]

Qout
(m*/min)
| 1 |
6 8 10 12
TIME (min)
——LOC-PI LOC-P ... LOC-NL/P - --LOC-NL/PI — PIP
6.3

5 200% 1
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Comparison of performance of 5 controllers in case study 1

I T T [ I
% Level PN s e T 7 G T T ]
201 4
0 1 1 I 1 1
0 2 4 6 8 10 12
TIME (min)
2°5 T 1 T I T
Qo 201 7" e s e e P A it g
(m*/min)
4
0.5 | l 1 I ]
0 2 4 6 8 10 12
TIME (min)
——LOC-PI -.-.-LOC-P . LOC-NL/P - --LOC-NUPI — PIP
6.4
5 100%

10% 1
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6.3.2 2
MPH = 30 % MRCO = 2.0 (m3min)/min
100% 1 / 2
/ 1
0.92 1:2
0.65 141
6.1
5 6.6
5 6.7
5 65

6.7



6.6

LOC-PI controller

Kc Tl
1.25 5.00
6.7
(
MPH MRCO

(%)  (m3min/min)
LOC-PI controller ~ 24.09 2.00
LOC-P controller 24.07 2.00
LOC-NL/P controller ~ 24.18 1.98
LOC-NL/PI controller ~ 24.11 2.00
PIP controller 24.57 2.08

LOC-P controller

Kc K )
1.90 0.80 0.37
5
MPH = 30 %

(%)
offset (%) (

4.8 0.00 45.00
0.00 100.00 145
0.00 100.00 1.25
1512 100.00 44.00
10.30 1.76 8.50

LOC-NL/P controller

K

0.85

MRCO = 2,00 (m3Jmin)/mm )

%MPH

281.78
287.63
279.90
280.96
19.32

2

LOC-NL/PI controller

TD
8.50

%MRCO

0.00
0.00
1.00
0.00
116.35

PIP controller

Ke
0.50

%MPH

5.62
6.82
5.16
231
541

T
0.20

%MRCO

0.00
0.00
1.00
0.00
0.48

L5¢
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Comparison of performance of S controllers in case study 2

| | I T |
80

60 N\ e T EL S o : ]
O Level [ e LT o e g
400 i
20| !

0 | ] 1 1 1

0 2 4 6 8 10 12
TIME (min)
2.5 T T T T T
Qout
(m*/min)

1.51 -
1. 4

0.5 | | | L |

0 2 4 6 8 10 12
TIME (min)
— — LOC-P| -.--LOCP ... LOC-NL/P ---LOC-NL/PI —PIP
6.5
5 100% 2
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Comparison of performance of 5 controllers in case study 2

200 , : l
150 i
% Level '
100 ;
0 I I |
0 4 6 10 12
TIME (min)
5.0 ’ | [
400 4
QOU‘

3 -
m /min
( ) 3.0

2.0/./

6.6

.-.-LOC-P

TIME (min)

LOC-NL/P ---LOC-NUPI — PIP



Comoparison of performance of 5 controllers

260

in case study 2

80
60
% Level

400 4
201 J

0 | | sl 1 ]

0 2 4 6 8 10 12
TIME (min)
2'5 1 T P T T
P X1 | IPS i —LT- SO e T e W w——— .
Qout
(m*/min)
1.5 J
1.0 4
0.5 I | | | I
0 2 4 6 8 10 12
TIME (min)
—LOC-PI ---LOC-P . LOC-NUP ---LOC-NUPI — PIP
6.7
5 100%
10% 2



6.3.3

1.84

6.10

261

MPH = 35 % MRCO = 1.00 (m3min)/min

100% 1 / 2

0.95 194

6.1

6.8



6.8 5 3

LOC-PI controller LOC-P controller ~ LOC-NL/P controller ~ LOC-NL/PI controller PIP controller

Kc Kc K Kco K > 0 Kc g
0.535 3.00 0.91 0.375 0328 0395 0217 1000  0.30 0.33
6.9 5 3
( MPH = 35% MRCO = 100 (m3min)/min )
(%)
MPH MRCO offset (%) () %MPH  %MRCO  %MPH  %MRCO
(%)  (m3min/min)
LOC-PI controller ~ 34.16 1.00 15.09 0.00 20.00 218,68 0.00 6.12 0.00
LOC-P controller 34.15 1.00 0.00 100.00 350 238.71 0.00 8.05 0.00
LOC-NL/P controller ~ 34.16 0.99 0.00 100.00 2.20 218.56 0.52 410 0.52
LOC-NL/PI controller ~ 34.14 1.00 17,56 100.00 18.00 218.63 1.00 1.76 0.00

PIP controller 34.14 1.00 16.40 1112 1250 80.44 11412 433 0.13
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Comoparison ofperformance of 5 controllers in case study 3

80
60
% Level 40_
20( .
0 | | | | i
0 2 4 6 8 10 12
TIME (min)
2.5

0.5 1 1 1 1 |
0 2 4 6 8 10 12
TIME (min)
——LOC-PI -.-.-LOC-P ... LOC-NUP  ---LOC-NL/PI -—PIP

6.8

5 100% 3
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Comparison of performance of 5 controllers in case study 3

200 . :

I T I
150
% Level
100
50
0 | L 1 1 1
0 2 4 6 8 10 12
TIME (min)
5.0 T T T T T
4.0 [T ]
Qout , 7 N "..""—.::_-,_.-'_ ______
(mslmin) 3.0 570 R " - - - - oty o et D SR
\,ﬁfr——
) | B B AR T SRR 4
1.0 il
| | 1 ] |
0 2 4 6 8 10 12
TIME (min)
——LOC-Pl -.-.-LOC-P ... LOC-NUP  ---LOC-NL/PI — PIP

6.9

5 200% 3
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Comparison of performance of 5 controllers in case study 3

80
60
% Level

40
20 J
0 | i | 1 1

0 2 4 6 8 10 12

TIME (min)
2.5
l | |
Qs 2.0l S R 5 <5 o -~
(m*/min)

1.5 ol
1.0/ ]
0.5 | | | | |

0 2 4 6 8 10 12

TIME (min)
— — LOC-P| -.--LOC-P ... LOC-NL/P ---LOC-NL/PI — PIP
6.10
100%

10% 3
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1234
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5
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(oscillation)



268

(Cheung  Luyhen, 1980)
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6.10
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(Proportional C0 = Bias + Kee
Controller)

CO = Bias + K'e +-"-J edt

0
(Proportional
integral Controller)

197 _ni K %
Shunda CO=Bias + K"e +?| JO (]
& (Widerange  Kg=(1 +1elKIn 25)(25K)

Fehervart - congroller
(KeO)
q -

(L+lelK " 55)(25|e||<)

Ke

Ke, t,

K, KO,
Xo



ol COI = Kee; Ke, TF
Luyben C02 =e-AUTF(CO0) + (1- e-AtF)Qin0

& (Proportional- 0= C0?
Buckley lag controller) Q0= Qin

CO= Bias + (C01+C02 )

1980 For |¢f <eb KoT

Cheung | 00 = Bias + Koe
&  (Proportional- For > eb J

Luyben  integral/
woporional 007 Bias + K +% }Of(eieb)dt
controller)

9.¢



1980
Cheung

Luyben

1980
Cheung

Luyben

For [¢ <&
CO=Bias + Keet+  ledt
(Dual Range
Integral/ For > ¢

Proportional ~ CO=Bias + Kee +{i¢-f edt
Controller) A P> T 0

CO = Bias + Kce

COnew=CO

ACO = COnew - COold

if ACO<= COmax(=MRCO x Ts)

(Proportional -

Controller With else?fo 0 <C00new

Limited Output CO = COold + COmax
Change)

else CO = COold - COmax
end
end

Ke >*11

Ke



1980
Cheung

Luyben

(Proportional-
integral controller
with limited
output change)

CO=Bias + Kce + %&'ﬂge(jt

COnew=CO
ACO = COnew - COold
if ACO<= COmax (=MRCOXTs)
CO = COnew
else if e<0
CO = COold + COmax
else CO = COold - COmax
end
end

Kc X,



1960 CO = Bias + Kce Ke, koo
Cheung _
& Kc= (L + lei K In 25)(25wk)(Keo)

Luyben COnew = CO |
(Nolinear proportional - ACO = COnew - COold
controller with limited ~ if ACO<= COmax (=MRCOXTs) 0

output change) CO = COnew
elseif e<0
CO = COold + COmax
else CO = COold - COmax |
end
end



Cheung

Luyben

CO =Bias + Kce + v -Vedt

Ke= (1 +lei K In 25)(25leK)(Kco)

7i- 0
I (1HIeK 1n25)(25kK)

(Nonlinear PI controller COne = CO

Omgzt 'L?;;Zde) ACO= COrew - COol
if ACO<= COmax(=MRCO XTs)
CO = COnew
else if e<0

CO=COold + COmax
else CO = COold - COmax
end

end

Ko Kco, ’



6.3

MPH

MRCO

(Cheung, 1980)
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MRCO

MRCO

282

(ckgree of freecom)

MPH

MPH
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(dead time)
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