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Design of the Anti—~windup and Bumpless Transfer
Controller with Application to Nonlinear Boiler Systems
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(Young-Sam Lee, Myung-Eui Lee, and Oh-Kyu Kwon)

Abstract : In this paper, we deal with the full range control problem of nonlinear boiler systems subject to complex
actuator constraints. Firstly, He loop shaping design procedure[10] is used for the controller design. Secondly, modified
high-gain feedback[11] for the loop shaping controller is adopted for the anti-windup function and the bumpless trransfer
technique between controllers is proposed for the full range control of nonlinear systems. Finally, the performance of

the proposed controller is demonstrated through the simulation studies.

Keywords : anti-windup, bumpless transfer, high-gain feedback, full range control, H~ loop shaping controller

I. M2

Auix] Aefs} EdAd e A LML e wA
€ A E&HQ Aojrt wt=A] a3t o] 87
o F-&3tod FUglelA By Aojo A3 B A7t
AATH1-8l. Bde] A28 398 3589 thig Al
Hozx 4o A58 Y FEURE T3 =HEA
ot B9 Ao ofA BHEE F8 22F
e 75719 942E ke Hurt 5399 4 £59
oS e Aoz A3 fitEe 5] HlagA
A 757 HIAZAE JHAE A2’ e A3
J71ehE AMgEHA HE & (windup) 8422 <l
AL dojual ZARHoR AARHQ AojE FPT
F7F QA EoHOl =8 Bde A" AF oA dehve
HIAE F5AE 719 A% Aoriye H&de AS
oAYA st Sl

HIAY A2"E HEE FHHANM AFFAT o
AEs mds ZAZ AFArE A HEE 5
At 2y ol @ Aoyl 5 33 2elAMg
T Ro)7] gl BdE A" 5 $3T
of mwe} A Wlsle Atole A8 F quck o] B
de FAHER A2TdE d¥s)ste] APAA7E A
A o2, F2T72Ee] vt wivich 2 ofgEhe Al
ol7]2 ;A of shedl, o] LAAAAA Alo)7]e] &
A7t A2 g27] WEgd FEd4(bump)o] vERA]
e 9] o] oFtdt ol FHEA S} FEEA
mZol B A2 g 71E9] Aojr|HEL BE
3 54 FFHAA d¥stE AANE o83t BIY
9 A7 28-S Y HANAD Aojsterlol 13

ol

o A oy 2 o

fjn

KN
=

ot

ro

fo & o
}n[n

AR 01999, 3. 29, F=HLE : 2000. 1. 10.

olg4t : Agdistu HrFEE

olF9) : IV |EnEU Ty PRENF Y

Aot dsithdtm AA} - d7) - ARE TR :
# 2 =2 @53 3AY A st 7| 2HEZE T

AT4 FRH@ERE 97-006) 2.2 FIHAFU

ov} R7)9) Algol ma} W71A o) 28 AT
o BH Aelshe AFA Ao] AldlE =EAN

o] ERNE FAWA £FEW A)715 AAstT
olg By Aade] HeFozH ANHY F 7hx)
2P At AL A BT F2 ) Ao}
@ rARgoR Qd BAsE Aot AdE
2 448 Aol L FFSARID Aloly] aAE 5
s HIAE xS A7z Acjslna @ W Aolr] wA
A ByEE 2EEYS Aasm FAsA Aoi)E
LASE FYe R FANA REERG A0)7)e)
AL 3A 29A= TAHE B, R WA BAE o
A 2YAN7)E DAt Roln F WA
AkzAT $5& Tejah] A R
£ Aol

ol ERINE H, £ 84 4AZE01 oat A
FA)7)8 AASH, 757) Al fgo] Yehte ¥
Q47 Aol7] AL FERAL Ay A5k 1
= 959 (high-gain feedback) 7" E=Qsc} =
24 Aolvle] 72 E4e eiah] 918 Hyder} A<
PN w205 Hee ANe H, $TYA
Joi71o AgstA 48 HETo2H FHuA] BEEH
2 Ao71E AT, 4AY A7IE MNY Aol
43S o AEFoEA ASAAT BB BES
He AT Aor} e dAlg

roh ofk O b of

)

I HjME By oo
o] RN tFE Bde-E% 2de Astrom[12]0]
160MWE g4 Bde] mdaA 394, 353 9
MY chi 4 Al~dlolt), Rde-Ele 512 o2
20, H1x F4U8E 53 Bo] =e(dnmoE §4%
ot 92 =€4(drum waten)® =39 sFERE G
ot FE 2=/HA WYAA "ok B 2E4971A =

2
2
ok p

22 F712 Wit 9= FFsA Hi, v =8
vl E3 50| BN Z HA . BHyloz



248

B F7)0 o) gvle] FHstd @77t BAsA @
t} o] ff =P FYHE =S FFUB 93,
Hdd FFHE AR89 ¥ Ay 93, 181
Huloz RAE Fr|e & F7|2dWEd o3 =
Aok B udy FEAL o o] FoRh

x = —0.0018 2% +0.92, —0.15%u;

xy = [(0.73u;—0.16)x"® — x,]/10 1)
_ (1—0.00153823)(0.8%, — 25.6)

% = T 4,(1.0394 —0.0012304x)

q., = (0.852,—0.147)x,+45.59 2, (2)

—2.514u;—2.096

yr = x

Y2 = X2 (3)

y; = 0.05(0.13073x3 + 1002

+ ge/9 —67.975)

A7)M FEHEE x), x5, 08 EHY FIIUEH[ ke/ o’ ],
A71HEA(MW], 2813 =dUe RAUE] k/w’ 15
el E, SHEF wy, up w3 EF Z78HE FOEA
77t Agmu e 9x] 7] 2AWB ] 94X, 1 FF
wrol YxE8 vehdtl y), », T ALHY EHHSF
24 ye =F5mIE vepdth 48 & 23

| w |<0.007/sec , —2/ sec < u,<0.02/sec

| Z.tg ISO.OS/SCC , OSul,uz,ugsl (4)

ERERECSEE PEEEE HEECES T
2 Aojaks Aolth meha HAH e AL T
s A71H 280l ATHE $E23 glo] WE AT
o me}siof Bt we R WAS Al WA 2 =P
271495 =3y $9t 2718 289 A4E A
FgHoE §AT 5 3lE B WA W 491
FelM MREEE S AL BHo ok

Kl
|ol= E

0

FEHux 55 HaHoly|
1. Ho RZEH Hoi7|

o] =RANE RY#A=HE A3tr] H5td 29 1
3 o] AGHEE 0|43 2-AFE T2 H, FZH
A Ao71E AAFY. FZ3 A A o)7]= McFa- rlanes
[10]el 2l AMA|E A7) HAZIPeZE, EEE H. A
o7 e g7 y-9rEA AN y-iteration)o] AT A
o]7] AEe] W3 TR FARE Al e £
229l Aoj7] AAANHeI A7 mFH wmE A
AL BEANES AFHE 4T, 6 Ke &
7zt ZAE S} AoV E Vel 24/ % 729 H, Fi&
FA Aojrle @A"Y FRE FEse FEIA A
oj7|9te @2 2Hdge] A UehA oe AHE 7t
A Yt 2-AFE T FEFEAY AoreME 7IE

K01 - AIsst - AABIZS =241 M6 2 Xl 4 © 2000. 4

A48 r o] AGTHE AA HHg Fxo] JHHu), 44
AogE e o5& thew o) T

K(0) W2(0) = lim K(s) Wi(s) ®)

Aoy7] Ao B Antx = [10]9] FHE wE

=3
K5O W, ) —iT- 14 G
K Ky W2

a8 1. 2ARE H, FEZ3A A7,

Fig. 1. 2-DOF H. loop shaping controller.
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