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Design of SOFLIC for reactor rod control system

in nuclear power plant

(Abstract)

This paper presents a novel SOFLIC(self organizing fuzzy logic intelligent controller) for
reactor rod control system in nuclear power plant. The output of fuzzy controller is gener
ated oy using two signal @ the error between reference and average temperature, and the er
ror between reference and neutron flux-converted temperatures. Flexibility of the controll
er is enhanced by using self-organizing feature and the controller respond to variation of
system parameter with more precision. performances of the SOFLIC and PID are simulated wit
h the model developed for a nuclear power plant. The SOFLIC is superior to PID : SOFLIC pr
ovides more rapid load following capability, more robustiness for variation in process dyn

amics and minimization of engineer’'s mistakes in controller design.
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o WALE IO YR AR AL RFZH WAMIIE EYsto] MASIAT
olel Aol dsg FAy] sl /129 PIDAI7), WA} W x1712H Hxols & B
ol dstair}.

2. AS+d

2-1. YUAZ AT

Azte YA 2 HAIZ AFolA YEd] 3] AP 2 F/UEUE Bz £
W7 oA QAR 231 F71E ol &3lo] ENE FTHAIA AY L Al UxE AZL Y
Agge] YEEH} Y48 F8AHneutron)E AoI3}t7] 9T Ao & (control rod)} HAHH B
S22 ALAF 7] $i1% 4AIZE QAR AS(RCS : reactor coolant system)o.Z FAEC)
EHeR fUE Yat HadgFoA ¥Ede o) HAHE 48 IHAIE dAe 24F
‘dAH fast neutron)§ H&FPAHAZHANE ZEA I AE5A1e] UL s, et 1 HF
H | AB(CVCS : chemical & volume control system)QZXE SYE EEAT ZMx4 EX
(neutron flux distribution)& =|oj¥tc}.

2-2. A% AHAT

2 =FolA AMEH Aol ngL 21¢dA] rod control system(temperature control
by rod)& tid2o® 3slgden, TBN 3}(2nd stage pressure)o] 2J¥+ ¥3} FFE 9Frl(load
follov_up) 02 A 23 J2(0~100%)0]4 $8 xHFL 2 o] TPl d UAZ 2rt.
AlEdoldols AMSE RUAZ2IRL JYAE ARY AR d5-YRYE F4HN, 4A=
=4, hot leg, cold leg, F7I'HA7I2 AZFH 1x AT T2 Y2 A& AAE,
Hyl o7&l ¥ FIEAd7Y dAY 58 Rt =Y 13 AFe UYL At ¥F
StA Aoj®ria JPgstden Atz ey W AolE AHAASE AAYL AT Vs RE
stttk RCS AlE2 TBN 2nd stage loadell &%t Trer2} 371 set2¥ S/G hot leg/cold legQ &
FEle] Hrl Tag R neutron flux loopE o] Fojx|= T2 MA AAojAFE} Aol& AHofzxQl
CRDM(control rod drive mechanism). S E FA4¥HT).

7} o] F22] JeL JBHOE Trer®t Taw®] ] Zhel $3F 9 7o whe} Ao o] wiad
1 Lxrt A3 HAY, SH S5 =¥ Tw? 542 B 81719180 neutron flux o X
43t

Aol 542 £ 5%2] ramp 41Z, 10%2] step A ¥o|31, 3-8 QXH= Tay +/-0.8 T oJT}.

T2 Aol &32]E3 function diagram LE}WCE

ET = TREF - TAVG + dQ o714 da = G(s) - (Qtu - Qn)
= TREF - F(s) - Tm + G(s) - (Qtu - Qn) Qtu : E¥I&EY
an : FEAE
TAVG = Tm - F(s)
T : EX3EE
ET : &59%}
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Qtu : Turbine Load Tc : Cold Leg Temperature
Qn : Neutron Power am : Moderator Temperature
p ! Total Reactivity Feed Back Coefficient
Tf : Fuel Temperature ad : Moderator Temperature
F(S) : Transfer function Doppler Feed Back

Cofficient

717l 1. Function Diagram

3. HX|xo{7]|9 4A

3-1 A8 Hx|Ho}7] HAl
HA[Ho] 7= A fuzzifier, inference engine, defuzzifier® Wyolx|m, fuzzifier
ol X3 dolel§ UTte ofufRIF dolF FPOET ujit=dl o]LHrh ubEel mx|
Hol7|of = E(EREX 4 &¥ate] )9} dE(.xte] HENE )| iyt A&H4E HaA| sk
Hlsl, & dFoNE Fo w23 §83 AojE ¢lsted ¥l 29 o] Eri4le] Error TrTa,
dEti4lell Error TrTf& #|Qtslo] AME3IT).

Error Tr_Ta  — Fuzzification max - min

ses defuzzification | — Rod Speed
Error Tr_Tf — matching composition

ag 2. HA Al 24

FEFolMe AE7 R AR Jlexksd] Yo, AMEE doF A= Urhin oA
o3t ch

=
R : If ETrTa is NH and ETrTf is EL then RD.SPD is EL
R : If ETrTa is E; and E.TrTf is dE; then RD.SPD is dlk

Rs: : If ETrTa is PH and E.TrTf is FEH then RD SPD is EH

714 Ei, dE;, dE2 HA] £4%4E ousia, 113 2AE & FA¥(premise)a}t 3t
AEH-E F 8K (consequence) e} ¥} ojej¥t 8 FAES 22 JEH ch3f gt
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:
=
Bl Ekm el
BEEsEEPmRE
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X 1. RD_SPD(rod speed)& Al4ts}7] 13 33

defuzzifierol M fuzzifierold Ba)a 423 ololsle] Ao}y EWE TH YBE $X7
HolHE wips qug 4%she ool ARBED, duk B FolZl7t Ui Al UAel use
£ Juyth 3B AAUEE ol Y HelE AHAUI T FUYS ol 8stel WAz
shx M2} sjginh  olelgol FHE WA elrlel g 4= BRI cheH Yk

a = #E,(el)/\#dé‘,(del) ....................................... (3.1)

a, = ﬂ&(el)/\/‘dE,(del) ....................................... (3.2)

#dU'_-[ alA/‘dU,] Vv [ UzAlldUz] ........................... (3.3)
_ Z(xe a(®) |

au = SPPEC) (3.4)

#Held A (3.1 (3.2)& oxte} oxpe] Mol 3 Ysh= E_TrTa®} E_TrTfol cit m=]s}
Aol 2, 4] (3.3)2 HA $EHNM nin-maxBAE Bol FESN= FFS
(3.4)= A F4YE o83}l n]HA|F}H(defuzzification)dh= THAlo|Th

(fuzzification

)
UErdRoln, A

3-2. HA] A& AA
Che-2 RD_SPD] &3 ALYrgoln, E TrTag}t E_TrTf universe of discourseZ} -50~
500]2t= Zgt tl23 Fej= AojAA 714 de] AR 4z ol&shgr).

BE wwL M Low MED HIGH VH WH EH

P N N //
S S

-72 b

2% 3. E_TrTa &} E_TrTf, 18|31 RD_SPDY] &9 A<

4. SOFLIC(self organizing fuzzy logic intelligent controlier) & A

4-1 SOFLIcY] =
j&i— Ha) Ao} 7= EXsta A FAHA] 4 EAATS 3Fsh=u oA 7lsln
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Aoy, ol8Y FHAAAIHY 23] Aol HPEI, Y HolAglof clojAe] W EE=
Bz ATagg Ngsthe 2l AYLE AFeA] dech  meld, AFIHS AHAAdy
vlto] & Ay vjewy AR AIZE BG4 H3iA B 4 Qe oldd oty s
s = 27 23 Hz2] =AolrlE A% &%8/xE(performance measure/index, PM) E
B2A P28 Ue T dny, 2] 23 ¥R =2 Aol &3tA FEH atel A A
TRog Izt AEsta AMAY 4 Ade $HE& 712 AHo{rlo|th model reference
adaptive control(MRAC)E A|ZsH=dof= (i) direct control (ii) indirect control & F 7}
2] HZ whydo] oli=dl, ¥ APy Hr}l X g A Wieoz FAstHcl

fr X o

Controller | - N ‘ Fuzzy Model )
Design J‘ . ldentification |~
i
Command ey . i— - N 1 } Ouipui
AR Fuzzy | Plant [

Controlier

1% 4. Self-organizing fuzzy logic controller

+2. 54 29 74
L3t 2YE Aol FAAH AW B= ABEEE BUSHE RS WAL A/
ZABUMEEH 22 A NE dd THst HARLSE PERUL BN 4 4 Atk
R
Y XU

Y
Mz @A R implications E& FHE2 Aot
Ri © IF Yi(t) AND Us(t) THEN Yi(t)., =1, 2 - N
A7IA U8 Yi(t)e daie) 8z 29 WA PSR, Yi(t): "zxje) £9 njExorh

grel U(t) e} Yi(t), el Vi(t)7h 244 pu(t)2uv(t), T2z w(t)E 711 Hz] 3

el osiA Zledrtd o] SEY 43 R iy %7;4_\%:‘, intersection of th3lA min GA4rx}2]
AHe-g PR ot Pl

pu(Y, U, V) = min { an(t)(Y), pult)U), # () )

ol2idt ¥ Fx& WA &3 njEo] WA UFA] YA JdErhe A& 7HRUTH A
d TE st o HYY 43 F2E thgzt dol & + drh

R; : IF Uit) AND Yi(t) THEN Yi(t+T)
i=12 -, N

prlY, U, ¥) = min { gu(t)(Y), zu(t)U), gz pule+T)( ¥}
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o]2|¥t x4 wj2ju]e] T:= Mamdani self-organizing controllerofl4e] 48 Ew| EA& 343}
7] $13A AHEE BAF sligjn]ele] x| g2 Aojrh EX A #A Rl WA BA ROEH
B Alxt€ct

av(Y, U, ¥) = max {( DXgp(Y, U, ¥)), max { min { pwu(t)(Y), zul(t)U), g p(t+T)
(
784 AX= vhe& WHE3hs R 9ol M EEojo} it}
min { gu(t)(Y), pw(t)®) } > 6
A% &9 njExo) oy o} &2 compositionol 2J3jA ch2z} Zol ¢ 4= glr}

YV (+T) =R e (U (1) X Y (1))

ol Az &Y AYL &Y ¥ FAAY] HslM, FESoloF ¥ V' (1+T)oll TiEt £ oy
< WE7] A FAZHYA 2siA ujHA 3} A}

4-3. A% 4A
2719 SAREE A3, Una] AIES delld HAY FLCE ol &3lgon, (e,
de, d%) ol¥ olFAT chile] 2F o ALHOF Ro|s}r] st FLColM e} npasix =
neutron flux ke RSt FAdstgich. £ I3 A4 P9 E (x6)o2 Hy3sigch
Chee dold Fg3E F oy Zojch

E, 4E, 4°E

6| 51 a3 -2T-11]0 1 2 3 4 5 6
PB [ o 0 0 0 0 0 0 0 0 0 [o03]o7] 1
PM | 0 0 0 0 0 0 0 0 [03]o0o7 ] 1 [o07] 03
Ps | o 0 0 0 0 0 (03107 1t [o7]03] 0 0
Pz | 0 0 0 0 0 0 (o511 |o7]o03] 0 0 0
AZ 0 0 0 0 0.3 0.7 1 0.7 0.3 0 0 0 0
NZ | 0 0 0 |o3]o7] 1 Jos]| o 0 0 0 0 0
NS | 0 0 o3 ]lo7] 1 [o7]o03] 0 0 0 0 0 0
NM |03 {07]to]lo7 03] 0 0 0 0 0 0 0 0
NB|l 1 Jo7]o3] o 0 0 0 0 0 0 0 0 0

¥ 2. SOFLICO] cigt Qdoj3] A ez}

5. AlEdo|MY Hu HE

2 dolAE AMA A FEA 7]} A7 2R Ao 7]e] Heg HFY] ¢slo, #3)
27 (demand power : HHEE 2x2 i3l 9, of 100% = 304.6C)E At 4, A¥
A Zta, @ME, A¥H FUh AGYIos HEA L ol3t ¥l 2o chsle] Yz
2 FHLEE YT 3to] Zz #Holrlof ute} A| B oldsted AFStch

5-1. PID #oj7}2} FLC
TR AlBEo] oA g Z27]5H100%, 304.6T)S 4By, HIE= HitaFx|of of
ste] PIDAIO] 7| D3] =3 $EHEEE Uehi glony, ybde] mz] & Ao/ wE &
& 542o% PIDAo7] Hrl MR UL ¥313F 58L& BAFa gt
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5-2. SOFLIC

el 5’-"3}3}
Lol =7 23l &

%)
= o} FLC A9 %A}i& T
548 ushyz gon, 2
AL HFe] whE 25} T
Y]
f7xjo] giME & o g
WE Fo} 4 Holn
gt
o} 250 500 750 1000 1250 1500 1750 2000 2250 2500
Time (sec)
1817, SOFLICS] Tavg
6. 4 &

A= ALt Po] FHoldtaat she AFol ulf ST Y AlAR B FHIA
HEY de ATE FHINA T4t Aol rhs A2 oiwts] ol ol EAHB L A
7] $13 & AdFolA= SOFLICE A sttt Mol HAE Hlstyl s3] 71&2] PID Hojz] & F
LCE ~lEdeldes vt 2t Ut d¥of oisfA PID Brhs FLC S2d0] $rsiddct. =
R}, FLCE SOFLIC® w|s23b® SOFLICZ} BlR $3UE ¢ 4 algrh
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