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Closed-loop Identification and GA Tuning of PBL Reactor
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<ol W2 uAle] ZIWEe]l MEEIJFNE =Skl PID Alo]7]= AbiAlelA de
2~olal QJt}h. Batch HES7]9F 2 v]AE FALXZE= PID A|o]7]E cascade Ao]TZ=E
o] gste] AlolE sta Y= AAoltt AR AP Al A= batch & AT T F5Ao|
WMalo] Ao] Asol £+ Zdete £ Fol PID #9719 tuning parameter S 2] LAGAA
Fi Z2YE AAskeE AAolth o] & A= PBL(Poly-butadiene Latex) WH&-7]oll t3lA]
Z Ho]gZ o] 83 closed-loop identification &2 ¥ RS TAEFaL, o] RES o] &3k
PID #lo}719] # 7 tuning parameter & GA(Genetic Algorithm)= -3} WHo| djsto] <A+
shel .

2E
1. PBL reactor
ABS (Acrylonitrile butadiene styrene)®] 95 EZH= 2ho]= PBL & Aiket7] fgh wkg-7]9
T&% Fig. 1 % 22 batch reactor |t U85 EHS FY F &S A7]a ol BAsH=

&S internal tube o] YU(NH;)2 ©]&3lo] Wz Al7]&= Fejolt). Wz} Aloli= internal tube 2|
level & X243t 2525 Aot} o] wfol batch & A53HH internal tube & ™ 2]l polymer
fouling ©] F71¢] AW W7 @&o] "olx|aL o] we} Ao} deo] Wolxith wi¥ 45 batch
Arzo] Fo = shutdown 319 24 S 2 polymer fouling & $§loff FojoF $tt}. PBL HH-S-7]<]
Ao FFE cascade A|©] T E, master controller = setpoint & T A WFS-7] SLEE W] E}o]
slave AJ©]7]ol| setpoint & #|A|S}3L, salve controller &= valve & Z4S $3l|lA] internal tube 9+9]
NH; 9] level & Alo}ste] REG7] SEE Aol w2 o]t

71E9] AFNAM e A= master/slave A|©]7]2] PID parameter S * & batch F-E vpx]d}
batch 7FA] 274 Al7]13 A& = WA o] 7] wliZo polymer fouling ©] F7 YA &= FHHE
batch o A= =% A|o]7} A A3 o] Fo]x|A| gFo} A7 9] spec & HloJuHAl ¥ T Figure 2 oA &
cleaning 2] 5-2] %% A3E HO ZAOZ fouling ©] AL §l7] wWlitol #A|oj7} ZAE 1 Y= AS
Hl Zo]al, Fig. 32 $4F batch o] ¢ A= Aoj7) ¢t I e AS & F 3

. Closed-loop Identification & Genetic tuning of PID controller

H AT closed-loop identification WS AHEAIZ] o]lf& T EES dode HHO=E
open-loop test & AAIsH7] flal =S FTHsHA FaL, 7|£9 =4 HolHE Iii® o] &5}
A RS AdS & vk AAEI, batch HEg7]e] ASdE 2HS ShHEA wEET] 9
5ol Wgslr] wiEol WES Azt whE open-loop test & 7] ¥ L, batch WFTh polymer
fouling ©] A& o2 %o]7] wjiE-o Z} batch }T} open-loop test & & 4= §l7] wj-o|th.

HEoAFo A ARESE 914 WH 2 Ljung, McKelvey[1]©] 9173 closed-loop subspace identification
Uk o}, o] 7]&9] N4SID £ /MFs Aow FAYHI FA noise Aol 9 correlation & ¢l
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A& batch W7ol #8317
A], setpoint profile 2] W3} A
ZF oA Agrdaz 714ge
oPoi closed- 100p ldentiﬁcation S AAET dirA ] e BEe AFE(state)S] =7]17ES
A717F n ZFQ1 zero vector & AFESFAIRF i Ao A= closed-loop subspace identification © =
D2 7 e AEEit BEo]l ALsiA Y] el gte]l W wio) 7] AHE ghs
JH& Folof A&HH aYZE IS F Arh

oA Axkek 2b 31e] AEi et
ARGt Aol A AREFR] Ao 7]
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=] e A HS3H7] 18] PID A7 &
Fuji DCS PID Alo}7| &2 = viw<d 49 22 o3
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E(k) =Y (k) Set(k)

MV(k)_l[E(k) E(k— 1)+—E(k)+—{Y(k)+Y(k 2)—2Y (k- 1)}} M

zb -7kl AElEzr 2dy Eq. (1)9] Fuji DCS PID(@A oA AF&%2 PID Ao]7]¢]
tuning #<S A8, master A|9]7]: P=5%, I=1300sec, D=0.2sec, slave #|°]7]: P=200%, I=3sec,
D=0.6sec)°| Al A& & FARSIAL A=A &A35H7] 91841 closed-loop AFEIZ simulation $F
AIE Fig. 4 o JeERNSAE AA 2=Qd ol E(Fig. 3)9F Hl1Ls}e] oscillation ©] Eol& AHAS &
4= =4l °]& load disturbance 7} simulation Aloll= = FA] ¢ko} MR setpoint o] FH 3=
Aolgt & ¢ & Aol o] AxeA PBL WHg-7|e] 7} 7ol gt closed-loop subspace
identification & PID A|o]7]2] simulation ©] EFA 02 o]FHSS & =

A PID #= AAE7] flal GA & ARESIeH ol 4 3 HE O AdHeit Rdol
Wat7] wiitol] FAo] wMdFHola, Z+ Aoyl &9 e AgheEtd #go = Agho]l glo]
gukA el ALEEE QP/SQP 9F #e nAY HAI WS olfstd Z7gkel wElAl local
minimum ©f WA= FEo] AHX|7] wjZo]th[2]. Cascade A|ofollA slave #A|ol7]= LW o=
P/PI Alo}7|Ho 2% Aofo F7t gl7] wiiEe] 2 A4+ master A©]7]2] tuning #ETHES
ALk 71 = stk GA FH A s Aol H4 37 setpoint & FHEE ghe] o2 #ke] ITAE 7}
HAa7t HesE 3oL, AFxAe otdlel LTHEq. (2)).

Min ITAE = t|e(t)|dt ©)

K, 1,1,

subjectto K, <K, <K

c,low c,upper

Tiow <T; <T,

i,low i,upper

Td low < Td < Td ,upper

GA = 35" batch o] ZFdolHZ Axe FAHTAS o] &3] master A|°]7]E tuning &
#k(P=5.9%, 1=3048sec, D=1.1sec)= %83} closed-loop *FElZ simulation ¥+ ZI}E Fig. 5 ©l
WERH AT} Figure 4 ©] ©]4 tuning k5 2 -&35t3S wl¢F Hlalske], Fig. 5 o Al A7 A
U2 AL o2 4 9k 1% 26", 35" batch © W3t closed-loop identification © % Z} batch H
4‘7@‘3&1 S THEL, closed-loop % El = master A10] 7] & GA 2 FH A g}sto] Zroldll kS Table 1 9
e A ‘:}. o] 23w & w| 7} batch "ttt A9 tuning #hol 717 ttEThE Ad o] Hd
AHESE tuning @b A AsHA] Rt S & vk AA @ HA wning b
283 AHEE oe3 2ok

3. A2 LA

11 719 PBL ¥+&7] % RE_B °l dlgte] 4 tuning 4 243 24tk 4 wning 7S 10"
batch °| 2-&3}7] 9lalA 1% batch £} 26™ batch oA HZ tuning o2 ALLS zho] F3F #e
A eEto] master A9 7|9l parameter O 2 A A3 THTable 1). Figure 6 < 9™ batch & 7]&9]
Ao A ALE3FE tuning #HS A -&3lo] Aojd Aol Fig. 7 & 10" batch o thalo] $jellA
AT tuning S A-&3ste] Aojd Aol 9" batch o] A|o] Ato] BISA oscillation ©]
ZolEom, valve 9 2ol 9" batch oA HASE o] kA oz FHATE AL A4

o/8tzete O|EH S& HEZH M 2= 2002 H

Ry
Jon



Theories and Applications of Chem. Eng., 2002, Vol. 8, No. 2 3019

21T}, Figure 8 & 11" batch ] ¢ 232 2 tuning Fko] ofyaLl o] Ao AL-&3}H tuning #t<
AL83l9 S wo] AuE veld Ao R 9% patch w9} vl A & oscillation ©] 10" batch ol H] 3 A
AR, valve o] AAE thA] G438 2 AS & F ATk

28

2 AFol = 3 batch o TS MAAl Y Al, WHEE 2% W3} A setpoint profile 9]
Wt A Tl whep uprEar, Z4zbe] 3 QbelA] w5 Aol A A Feolg sHHetal 7 s
closed-loop data & ©]-&3}%] closed-loop identification o 23 M= AA3EFT) o] Z247t9]
RdE5S AAs Y] 3kt batch o] ek FAHEHA R TSI 7 batch H]-D} ANE BA RS
o]-g&3ste] GA WHOo®E HZAe| PID tuning #& AlAFete] Alojsi= ol tis] Akl
Batch 7}t # 4 tuning ¢k 283kl AlofstH 7]=o) tuning #b& 313 st 2HdS o Bt
A o] Aol &o}zh:}‘— AL & £ o)t B Ao oo g AFL HAoA 3 batch 9
Z9E AL g ES vent ’\]7] daE4ds T3 A7IE &< ofd 2HAEE o] &3t
closed-loop identification W} H &2 o] ﬂ batch ¢ FHEAS Atstar, ol WE HA tuning #b=
AAE S0 Thg batch o] A-&3tpH 7]E) tuning #hS LAHAI7| L 2UE IS u Hup 7429
batch o tigh #Alo] AI}E FFIAA & A& Holth 18lal, 7|EWH(uning #F ILA)O=
Aol A =HAS o] vhs-7] cleaning o= Qe &AL 11 79 wSU|7} sy Wzt 5 3
shutdown 3}iL, 1 3|9 30 AjZto] @4 ¥ER Wb 1,650 A7Fe] &4do] o, o]& AER
A A A7E oF 500 £ &4o] gdtkal k). internal tube 919 polymer fouling ©] $-RF batch ol
Ulo] AAYEE o] ;I FARGAS o]&slo] ALk HA tuning e A8s

Ao, 712 45 Hwltke] shutdown 9}1—?2 T 9 4 9lo] AAA FArY] T wSo)
?——l T U= Blo|th
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Table 1. @&l 8% tuning parameter (master #|©]7])
] o] ZA tuning 3k: simulation 23} 4% tuning 3t
tuning A e T 267 batch | 35" bach | 10" bawch o] S &
P (%) 5.0 6.5 55 5.9 6.0
RE B I (sec) 1300 3219 3197 3048 3200
D (sec) 0.2 17 0.7 11 12
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