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Design of a Multivariable Fuzzy Controller for the
Boiler-Turbine System
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Abstract

. The demand for steam generators is increasing in industrial systems in which the design strategy

should be implemented for safe and efficient operation of steam generators. It is, however, difficult to design a
controller by the conventional method because of the nonlinear dynamics of the steam generator and influences
by the set value or disturbance. This paper presents an automatic parameter optimization technique for a
multivariable fuzzy controller using evolutionary strategy. At first, we use the steady state information such as
a steady state gain matrix(SSGM) and a relative gain matrix(RGM). We can obtain much information on the
control inputs and the outputs of the boiler-turbine system from the matrices. In order to determine the
structure of the controller by using RGM and SSGM, the fuzzy rules are trained by evolutionary strategy. The
good performance of the proposed multivariable fuzzy controiler is verified through simulations.

Kevywords : boiler-turbine system, multivariable fuzzy controller, evolutionary strategy, SSGM, RGM

I M2

ke BAoNA FAE= 31 i BYH-HY
A z="le] kA Alole Hat FF, <A &4, A8 Hef
5ol B4&Ho|t), F, AEALe] WY o HL 9ol FH
o] B FFdof 3l RdY =S R3] Y8 =
Aol Fr1 A E & 2A@g o 3} ol#E BFHE
o] F7} 93t B2 A¥ Ao 7|PEo| AHEHUT. 1
U 2Ye] H¥e AAALe R Wate ARV o F
of @ae Hol won HEES Ajdol & vy thi
F Al2go)7] o] 7)&e] 4% Ao} YA Aot
Zlel& 3AI7F A

AA7A A8 Ao a2 748 (decoupling), S Hll
X{pole placement), B44 G re EAAA 9y
(characteristic loci), LQZA7], INA(Inverse Nyquist
Array), LQG/LTR Ao} Fo] itk A% w2 oY 9
£ o g AA7}E £olg ¥ A o7)7t ERFA = A
7F A S, A Wy el B @A dAAI 4
A £ Qe - AA7F Al SHo GFL FUi
e S fX o s FHESZ A)Ee] §Hol
AARAHRA Feoed ok LQ 237 @54 oA
TEE A5 21 AAAol vmd £tk Aol gk
o] o] W ES /g & EAHL B TN Mg
2d-g o|&3ttte oz FAH] FHHstA s
Atde J8 B3t o3 EAFPES dEs)
71 93 = o5 Agolut AgAlo] WaS AL &

o s

A5LA; : 2000. 7. 20, FALE 1 2001 1. 3.

Z7¢ . a3 rle #4859 (wandil@postech.ac.kr)

249, A% TFHUEn A4 - HAFE TR (swkim@
postech.ar kr/kjwooks@postech.ac.kr)

¥ B =EL& BK2 AMYE 5319 x3ERdigde d4 - AR
Bl et Folz mEK APAAR S AYIFAKI =

AYFRFFATE FW Aol o3t AFAET

Ao} Aojrle] 727 B AE B Az9{1]2]

Ao} 71 o 714 EAAL @3] YA
A A7) A dig BL AF7F A gt o]
23k HA Aol WAL £HE V|eAZRE o Al
do] g dojd FHE uigoz FHFOZH F84
rdgo] E/MEstAY vdgde] At AlAE g
Aol waloz de] AMgH o] FoH3] Rde-gyl A
o] MR Ao] oz AT g o] &% WA Ao
71l4], BAAF T271HE |83 HA Ar|[o], 7IE
2dE o] 83 2l 28 HA Aeyr|[6], JAHZ Y
HAAE AF 72HA AA7[7] 5o AF=HAt A+
H HA Aojrige 2l HjAEAAE FES] Aty
2] A7|HE AHESIES B HA A WA g
o] 545 AAA AH dAs o 22 B A7t =
ol Fgsicy T3 WAL AF7E Aojrie BER
SISO(Single-Input Single-Output)®] e Z A A = Q7]
W Fol W B 7o) Aol & B -EHl A|AH 9
FEANL 583702 A3y el 53, e &4
J AEHH Bdee F7I4E 93T TAE 23 Sle
B By £3% 7197 o= Ax S A3 3
o} 2B o9 d:Ado] A7 AAA I H o of
gk 3t S EW ATEHE dY¥F] AU dHER
FVE B FUIYE SA F7A A B

2 =dAe olgid BAFES sasr] 9t o
Ha W2 o] A|AES AASEY A -Eu Al H
o] JlEE S B4t Aoj7]e F2E AY-F 7S Aol
718} 9 A71Z e 49| Az E thig HXA
Aoy 71HE o83t HASIG g HA Azl
A HA qrElo] s Br] iR AR AH olE
TE S ddo] AAisle A2 A9 Erissit agEe=s
22 HA 739 &S 93l AskA ZHevolutionary
strategy)& ©] &3t th AFE 2] A4S Bt HA



296

H Ao)7)9 A& AS5sIoH 39 E?é f‘ﬂr%l d4&
2 (SISO) H2 HA AoY7)[7]9) vlske] &
AL RYth

=89 FAL oL 2t 23dAAME Bell#
Astromol 28] U4FH 160MW Bd#-EH 2d& 7)
&3l 3Bl E Aol 53 B(Relative Gain Matrix,
RGM)9l| 23 91&8 A 2§ 13} A o] &5 v
F AR Aojr] el gisiA ARt 4% e 2
FH 29 482 A A<t Aolr| & HE A
oz 5740“1\-1‘— g%& uu{_q_

rw-"
O.U
olf
o
)

I Relal-eul 2w
e Hy Aage] 5L YA 939 ot
S 2 dEFe wom F8 WiEEol A A I

€ o A wdz gadEn o)yd 54 &y
e %2 HlAE 29 FolA Bell®t Astromol st
22 MBS 53ty AZ =) 4S5 160 MW 39
WA A Hola-EY AlAHe] BEH TS B T
A At THS] AHEE B -Ew o] Al gl
Fz2 ¥ 13 39 19 Jehdg.

#* 1. 2da 59 Aol Ak
Table 1. Specification of a boiler-turbine system.

Rated power 160 MW oil fired
Steam flow at rated load 140 Keg/sec
Drum steam pressure 140 Ke/cm®
Superheated steam temperature 535 C
Volume of drum 40 m®
Volume of downcomers 1 m
Volume of risers 38 m’
oo contions | 40000 K
e
Feedwater temperature 300 C

Drua pressure (y,) Control vaive ()

= F § burners
i - Q
o
pom 3 H
Fuel input =

a¥ 1 BYy 2d.
Fig. 1. Boiler-turbine system model.
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variavle fuzzy controller.
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