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Level Control using Mixed H~ Optimization Method

MM B =

[

(Sung Hwan Seo, Hee So

S ok

ong Bae Park)

Abstract : In this paper, we design the robust He controller for water level control of steam generator using a
mixed Hw optimization with model-matching method. Firstly we choose the desired model which has good
disturbance rejection performance. Secondly we design a stabilizing controller to keep the model-matching error
small and also provide sufficiently large stability margin against additive perturbations of the nominal plant.

Simulation results show that proposed robust He

controller at specific power operation has satisfactory

performances against the variations of load power, steam flow rate, primary circuit coolant temperature, and
feedwater temperature. It can be also observed that the proposed robust He controller exhibits better robust

stability than conventional PI controller.

Keywords : steam generator, water level control, robust He control, model-matching
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Fig. 1. The water level responses of S/G model
for unit step change of one plant input
for four operating points. (a) level
response of S/G model to unit step
increase of Wj, (b) level response of S/G
model to unit step increase of Wi (c)
level response of S/G model to unit step
increase of T, (d) level response of S/G
model to unit step increase of 7.
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Table 1. Right half plane zeros of Gi(s) for
various operating points.
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Fig. 4. The block diagram for designing desired
model.
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Fig. 5. Unit step response of Hp.

S71EA71E RAY vF2HE A2 oE sukg
o 3L dgFE dAd Ao AAAGE etk 2
79 AAXNZRAGA AEY AN FHE Gi(s)9)
WE e 9L F 19 BYh HRZA2Re A}
A3t A5S B3] A3 hgFo] AAZHEY]
HEd) glE B39 AVIRT A Sl
a3, 3™ 59 o] ol oldmule] A
SR LHFESG Y =2AE AAE Al
719 ol|5ol AAHEZ, HHIA HAHsH A7
YN E FIFHF Havt dA 78 s ghol
HEE 3o ojd 2AES o]83td ¥ 49 m, ¢,
w, & AT F, AT ojFRLL

o

Pl w

7.44x10%+3.6x10"° )
S +7.44x 107 %+3.6x107°

Hp(s) =



366

-50

107 107 -2

10
Frequency (rad/sec)
3% 6 2= Hp BREANR,
Fig. 6. Bode magnitude plots of sensitivity fun-

ction and Hp.

3 29 39 58 Hy(99 94 S5, 19 62
Aot Hy(s)9) REASE Jehdth A7) 330
Tet Hy(9)E& BEZEF4(complementary sensitivity
function)2 & F Utk Sp(9E £3T AANSS
7V T ©)3AQ X3 (sensitivity function)dt st
¥ 63 #o] Hp=I-5,8 UNEIES oyrdg
AAE 39S, e

Hp—GK(I+GK)™' = (I+GK) '-35, 7

I gon mdgY BAE 25 AFAE Zole
A et 5717 "Hoh
3. B8 He EX5t 2HE 0|23 Hoj7| MAH
23N o g HAE HEZ JFANLHL ZHE)
AEol UF wuzdsitHizl wetd B =2oae 22y
g3 A REEo] WY AY ZHE Ruy T
ERE Alole] Rdl @A} A 4R A8% Hdgs
SAl i
A4 Heo Aol7] AAE A% 2dA3Y ZA9} 24
AAH3 EAE FA AT EY H. HH3} 2AS
d5H45 st Jehid
Wi(Hp— GK(I+ GK) "WW, ®

min
K(s)

WK(I+ GK) " 'W;

=]

7 2ok (8)9] A EAE ol AFESHINLLFT
: lower linear fractional transformation)ZEl[13]2 ¥
Eiksins]

W(Hp— GK(I+ GK) "YW,
9

M F(P,E)I =

WK(I+ GK) "' W,

o

(10

RO - KIS - ARERES =2K R 53 M35 199 4

o2 FNEo JHFnEE R Yehlr] 93

Hys) = c(sI— @)~ 'b+ 3,
G(s) = e(sI-a) ‘b+d, (11)
Wi(s) = csl—a;) b, +d;, i=1,2,3
2 54,
P(s) = Cp(sI—Ap) 'Bp+Dp (12)
2 X¥8HE Ao JUTUREL
’-[ll bl/\ b)ac‘g 0 blc
0 @ bes 0 0
Ap=10 0 a 0 0
0 0 0 a 0]’
0 0 0 0 «
bydds| — b d
bd, 0
Bp = by 0 , (13)
0 b,
0 -b

’-Cl dla dlaC3 0 d]C
Cpr= (0 0 0 ¢ 0
0 0 C3 0 ¢

[dddy | —dyd
Dp =] 0 d
d, | —d

gov, Ao 2Re M9 TEe AUH YN
Ik A7 GoE BeEHo] 0%Y W FF4
o e S0 AER B4 GO

s

i)

[o)

EZ AR F FxH ol FH14]d) o5
Edl %"%B.E—"l‘:}. St W(s), Wls), WM(9)E
¥ Glover-Doyle €12 E[15]L o] &3] (’)&
Al7lE HEEH SHEE Y3 AolrlE A& g
2.2 FEHolgol AMES FFFE AAG A7)
EFAMNZLEZN FHEHE G(s)E AT HEA 07
K()& ot} ol Glover-Doyle ¢41nel5S 93t
AANZAES UEA72 Yate 7}]31’3 ENS /A
5 3= FZA0)PL AT IFFSFE 55/(s+107HE
Adgstdnh. Wi(s)e A3 -’i‘-%*é%-‘-} Aol o4
o F2 EAEle gy AARSES st He o=
o] AdE "y FegE MYsia, o HEZAA
B 153 JoA Al2g] sebulE 2xtd WE A
AP Y P st 1953 dE gy Kgs)
[tk W(s)e EdAT EA AAAF Zaalolg
43 8%F (tradeofn)ol] VA" 3ol Algzteo =
AXH A9% sEgee

0.254 0,009 _ 0.35+0.02143
M) == Fox10-0 M= 015+ 1000 -

o Ol:l Jo _L,

Bl
%
3
Al
3

ol R

& do i ox

1075%+10"%
Wi(s) = s+ 5107 (14)

o 231, HFAo)rle



Journal of Control, Automation and Systems Engineering, Vol. 5, No. 3, April, 1999 367

AL

rﬁ)—v K
a¥ 7. FAA ATE

Fig. 7. Overall control system including steam
generator.

4.192x10 48+ 41.92¢
+5.601s° +0.5955 % + 1,528 x 10 ~2s*
+7.447x10 %> +6.545x 10 "%*+5.816 x10 "%
s”+0.9891s° +0.4923s" + 0.05607 s°
+6.296% 10 3s° +1.887x10 "%t +2.199 x 10 775*
+2.101x10 " "s?+9.036 10 Vs +8.127x 10 %

(15)

oltt. I¥ 7& B =&9 FVEAY] Ao ATE
olty. 71 F, 1A WAA: B} FEFLEe Mg
T2 AT FAET SV #9984 vA=
do g Agstn HAT AVl Ko7t HEE FF
FHEY WsE STV FFFEN FHREL
7129 0%)S HEtes g

K(s)=

V. AlgajolMd A=

£ 28 oo BN 9 9L vAE 47
o] A=Y HEHE g vehdth oY 8& &BMWt
Westinghouse F-type Z7]9A7]6lA AL&EE PI Al
AEES ol & AFAZEA 28] 30%Y o =€ PI
Ae}7]e] ZAf-olth. ¥ 9% &¥o] 30%Y WE 33
EJEZ dHst HAT H4AY Heo A7|E o8& &
Ftolth. 1002} 2000%&00A F71Ho] BAdH ae]
20%TE Addoz F7YAT A FVENVIZ F
FHE FEFAFE 839 Aold FodstEg Hdde
2 ®A3 29 109 28 10b)e 28 8% 2
d 99A A Ao)71E EYo] 5% Y W YA ARES
Adoltt. I8 10(a)e SHEHNA HAZ 14E PI

2 9 $RRAAN 338 3k

Table 2. The steady state values at various

operating conditions.

Power WiE=W; Ty T:

(%) (Kg/sec) (K (K)
5 16.66 563.3 3182
10 33.30 563.1 3182
15 52,51 569.8 348.6
20 76.65 571.5 399.3
25 102.30 5732 4327
30 12528 5749 444.2
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Fig. 8 Water level control using PI controller
(30% power). (a) corresponding changes
of feedwater/steam flow rates, (b) result
of water level control.
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Fig. 9. Water level control using robust He
controller (30% power). (a) corresponding
changes of feedwater/steam flow rates,
(b) result of water level control.
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Fig. 10. Water level control at 5% power using
controller designed at 30% power. (a) PI
controller, (b) robust He controller.
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Fig. 11. Water level control using robust He
controller (5% to 30% power up). (a)
Power variation and corresponding
changes of feedwater/steam flowrates,
(b) Result of water level control.
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