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Abstract

Many studies have been done in the field of fuzzy logic theory, but it’s application is not so
much, and particularly, there isn’t any application to the ship’s steering system, until now.

This paper is to survey the effect of "application of fuzzy logic control to the ship’s steering
system, The controller is made up of a set of Linguistic Control Rules which are conditional
linguistic statements cenrecting the inputs and the output, and take the inputé derived from
the errors, that is, deviation angle and it’s angular velocity., These two variables together
give information about the state of the steering system, and the Linguistic Control Rules are
implemented on the digital computer.

The characteristics of this system were investigated through the computer simulation and

satisfactory results compared with that of the conventional PD controller were obtained,
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Fig. 2, Block diagram of ship’s steering system.,
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Table 5. Membeship Function of rudder angle in the case of considering on deviation angle and
it’s angular velocity.
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Table 63 o] HEECEHS ot

Table 6. Linguistic Control Rule in the case of considering on deviation angle and it’s angular

velocity.
if DE = S B then if CDE = B 1 then RIJ = HARD PORT
x if DE = S B then if CDE = S I then RU = HARD PORT
. if DE = S B then if CDE = Z I then RU = HARD PORT

or

if DE = SB then if CDE = SD theu RU = PORT NEARLY 22.5
or

if DE = S B then if CDE = BD then RU = PORT RUDDER
or

if DE = SM then if CDE = B I then RU = HARD PORT



FUZZY LOGIC CONTROLLER«|] fcat gi#ie] &40

119

"W DE = $M then i CDE - ST then RU = PORT NEARLY 2.5
" I DE = S\ then if CDF = Z 1 then RU = PORT RUDDFR
" i DF = SM then if CDE = S D then RU = PORT NEARLY 10.
"SI DE = SAL then if CDE = BD then RI® = PORT FASY
T DF = 5§ then if CDE = B[ then RU = PORT RUDDER
U DE = $% chen i CDE - S 1 then K1 = PORT NFAKLY 10
T S then it CDE = Z 1 then RU = PORT EAs
e .S then if CDE = S0 then RII = PORT NEARLY -
L DE = 8 then il CDE = BD hen R = ZERO RUDDER
" DE = S0 then if CDE = B 1 ther RU = PORT FASY
" HDE = S0 then it CDE = S I then RU = PORT NFARLY 5
U DE = S0 thes i CDE - 71 then RU = ZFRO RUDDER
" DE = 50 thes if CDE = S D -hen RIT = STARBOARD NEARLY §
" DE = 80 then if CDE = BD then RY — STARBOARD EASY
" {iDE = P thenif CDE — B then RU = ZERO RUDDER
I DE = ©S then if CDE = S 1 then RU = STARBOARD NEARLY 5
" DE = P then if CDE = 7 1 then RU = STARBOARD FASY
YU = S e i CDE -8 Tochen R = STARBOARD NEARLY 1
TUHDE = 1S chen i CDE S BD then KT = STARBUAKD RUDDER
DR - pArcsen i CLE o Bithen RU- = SEAKBOARD EASY
FURODE - P ter i CDE o8 1 Uhes RU = STARBOAKDL NEAKLY
Dl 5 BAL s i CDE - 70 ther KU STARBOARD RKi DDER
T DE - PATthen U S 1 then RU = STARBUAKD NFARLY o -
DI = PAthes if CDE = B D then BU — HARD STARBOARD

it DF - P onen i CDE - S D othen RU = HARD STARBOAKD

" DE = B then i CDE = BD then RU = HAKD STARBOAKD
Col D Change in Desincion Angle

alyl Ay Fusay

dder Angle o RUCH

[}

] = RU®

£ qte A
PN PN
| }Q\H
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]
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A dere
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K&l A e
O =0n-y +dru*, ho(dru*)=maxho(dru) (3.4)
Sampling Rf% 7+ fRf4el B Fuzzy Logic Controle] s} F—% & Agsd =,
(3.3)Rel 4 A(DE) ¥ B(CDE):= #% ffy 2 (RAEESY Fuzzylolth, o IBEdx DEs}
CDE+: fRfyell ¥ BT Fuzzy Logic Controle) BB sk wka7kxl 2 Modifier Nearly S f# fi sl e ki
e},

4. ETHE#® AIRsolHd W £x

3%l BED FAGEAERY 8E Fuzzy Logic Control¢- Ef3{kslrl BaAE, AEel Micro
Processor® RfEste] Bl 2t Husol widAshilon, ®ibie] e kB MEe &
B Y AZE AAESY BE %Y 23449 MEA w2 g, K HEANAE FHEE A 7
ol A& s HEHERE BHA 2oz o,

MiiL®) F74A] Fuzzy Logic Control) #Zi8s} #£%¢) PD Controle] 35BS Higs] ¥ & AEF
Aol A& HiEstg e, AFdeld B ERE Bashd o 2o},

Bitel (3 fifne) ERFHERE QDR 2ol HFAL. A Balolde fne EBHERE
Runge-Kuttalji:-¢ WASS Eistgon, o & Ba (31)%e REFERes EWsa st
Zro] A},

X=AX+Bs 4.1)
Y=CX
o}, 0 1 0 0
A:[ — (T, +T,)/T\T, 1} B=[ T.T./TT, J
0 =TT, 07, T/T\T,

= (0,0, x;) ('=transpose), C=(1 0 0)

Gyro Compass¢] 779 R4S Errorz (Efslgon, EAEES R #fefto e Yel WK
35

Main Program-& otef ¢} Flow Charte} e, 2 AL &3 2o},

w1z LCRel /715l Fuzzy Variables®] Membership Function®] zt A,(1), A,( 1), A1),
Bi(1), B(1),-+ Bs(1), Ci(1), C(I1), -+ Ci(1)E Q=

th-&ell ol 5§ FIHSIY, fHAd I HE Fuzzy Logic Controllere] 5iHe] Fuzzy BHE ket
Sub Program Minimx} 1 ¥ RAEE # B3 Fuzzy Logic Controller®) 4ziHe] FuzzyRBiifi s sk
3l Sub Program Minima 2 ¥-8] & Fuzzyfl{#e kate},

aelx, o€ % Fuzzy Logic Controllers] A7Ql #£f5 6%, $olA R Fuzzyfiithz By 52
fe3w3t+ Sub Program Input® Y-8} %% ke}x, PD Controllers] i WEBS 0= —K¥9—Kif
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U0 Runge—Kuttazh o ol Adralel % {78k Sub Program Simul

JitaNGs ths

SPVIEEIS 3000 R 0.2/ = shar, ggiEches hElel 2T R

#3k JFiTe shel ek, (Program Liste UfS% 3E)

Main Program?| Flow Chart

!
¢ tifs, WM % 250 31% Membership Function % 6 &k %
[ WA L B R

v

LCALL Minimx(Minimax 3FEo &8 @l {1 Fuzzy |

Logic Control2] i Fuzzy BR{R RZ >Rsl Program)

(CALL Minima (Minimax g%l &sl R/ o RAERRA
¥ H 3+ Fuzzy Logic Control®l 388 FuzzyBiithk R& Ralo
l Program)

o BgFETY, B@EEER, Gan ¥ AILY 27, 7t

! o o
TR (s, e, RARE, MAMETE), Model ma}
 FLel AME decf

)
\// S e ES HIRISE \
— TN P
I"CALL SIMUL(A 7;-2 Fuzzy el Ha &£ = P DHE
Foz Fo MM EBHFRRAY HBY BHHEAE
Runge Kuttagc 0z Foj4 2 XS il $HIL RBA
2 HIBIste_ EBsl Program) o

1

Com )

ael e gk Model SHAS L

sl Ao Pilot@ #0008

CPPERL L e de 10 W gk mk, AT R Ale) R P e A 1 TR P IS RS 1S | IS TR B B4
Fuzzv Logic Comirole] Hidhell = # 130, fify @ i

Sy w5 1987z 4, PD Controle] 160fbe] Heal ##l v Sirgd #idE el olrb =k, fii 1ol

Lo e @ fEfEEE) EAS BDEY ol BAFE HUE BelT elg % o & adrh
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[Case 1) 9#1¢] fRfael 20°, RAMES 00l x, #Fle) 9= 153
A%

-1}
Fig.4. Results of case 1.
ot PD Controller
------------ {RA #H3 Fuzzy Logic Controller,
—v—— FA 2 FAFEA HE B3 Fuzzy Logic Controller,
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~10'4

Fig.5. Results of case 2.
PD Controller,
............ WA FHg Fuzzy Logic Controller,
————— Rfa 2 RAMEA @15 Fuzzy Logic Controller,

Fig. 5% #8.-2 9o RAEE T Fiests [Case. 2)d] H3 &Red, o B8 FHmaiy
o mE-e PD Control®] 5ifEd Hal Aol (EB 3 Fuzzy Logic Control®] el & 9 2.6°, R
fa 9 A EAR S8 /9 1.2° BE B 4w, At ZFolSol st Rl el
A ¥, F7tA Fuzzy Logic Control®] #58 # 140#/24), PD Controllers] #y 160fbell A o B

IFE RS Bl vk A7dARE wAst 2 2RMA HAA R BT BE FA
% WA BT A o REFT BRE Helx g+
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W fE el 20°, {RMMELTE 001 1, AEELe) 1208 T 240%bell, FH —1°.0/sec

fCase.3];
1°.0/secy. {F7Eskis LI,

B

: “‘rn-.._l - .
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Fig. 6. Results of case 3.

PD Controller,
fis 5ol 3£ 8 Fuzzy Logic Controller.
fd 17y o) fi % e @ SE Fuzzy Logic Controller,
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Fig. 7. Results of case 1.
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Fig. 6. Results of case 3.
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[Case.5); )il {RAel 20°, RWAEES 1° 0/sec, #ELol 1208 2 2408bo), %445 1°.0/sec,
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Fig.8. Results of case 5
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_____ RA 2 {FAME A3 Fuzzy Logic Controller.
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#i$%; Programming

SIMULATION COMPAIRING FUZZY CONTROLLER WITH PD CONTROLLER CF SH
IP”S STEERING SYSTEM THROUGH SOLVING THE THIRD ORDER DIFFERENTIA
EQUATION o : "
REAL M1, M2, M4, M5, LW, LWT

DIMENSION FAA(21), FA(21), FAAA(21),DX(3),X(3),DY(3), Y(3),DZ(3),Z(3)
COMMON N, DT, T, TP, TD, T1, T2, T3, T5, LW, LWT, W(3)

COMMON FUZZ(23, 23), FUZZ1(23), FUZZY (23, 11, 23), FUZZY1(11, 23), FUZZY2(23)
COMMON W1, W2, Z1(600), YK1, YK2, KA1, KA2

COMMON A1(23), A2(23), A4(23), A4(23), A5(23), A6(23), A7(23),

B1(11), Bz(11), B3(11), B4(11), B5(11) ,

COMMON C1(23), C2(23), C3(23), C4(23), C5(23), C6(23), C7(23), C8(23),

C9(23), C10(23), C11(23), C12(23), C13(23)

. COMMON M4, M5

DO 702 1=1,23
READ(7,703) A1(I), A2(I), A3(D), A4(D), A5(I), A6(]), A7(D)

FORMAT (7F5. 1)

CONTINUE

DO 706 1=1, 11

READ(7, 707) BI(I), B2(1),B3(I), B4(l), B5(1)

FORMAT (5F5.1)

CONTINUE

DO 710 I=1,23

READ(7, 711) C1(I), C2(I), C3(I), C4(D), C5(1), C6(1), C7(I), C8(I), Co(I), C10(1), C11 (1),
C12(D, C13(D)

FORMAT (13F5. 1)

CONTINUE

LOAD MINIMX

CALL MINIMX

DELETE MINIMX

LOAD MINIMA

CALL MINIMA

DELETE MINIMA

RETURN=0.0

CONTINUE

READ(7,261) N,DT, T,W(1),W(2),W(3), TP, TD, T1, T2, T3, T5, LW, LWT
FORMAT (15, 12F5. 2, F6. 2)

WRITE(, 2) Ti1,T2, T3, T5

FORMAT (1H1, 20X, ‘MANEUVABILITY INDICIES OF THE MODEL SHIP’ /20X, ‘T1

1 =",F5.2,3X, “T2=",F4.1,3X, ‘T3=",F4.1, 3X, ‘“T5=",F5.2//)
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WRITK.3: TP, TD
FORMAT (20N, ‘GAIN?, /20X, “TP=",F4, 1,3X, ‘TD’,F4.1//;
WRITE®, 4 T,W(1),W(©), W3, LW, LWT
4 PFORMAT (20X, ‘INTIAL CONDITIONS' /20X, ‘T=",1X, F4.1, 3X, ‘XD =",1X,F4.1,
13X, 'Xi2)=",1X,F4.1,3X, ‘X(3)=",1X,F4.1, 3X, ‘LFE WAY=",1X,F5.2, 3X, ‘LFE
WAY TIMIE INTERVAL="1X,F5.2 ///)
WRITH (8, &
& FURMAT 50N, ‘PRINT COMPUTLR SOLUTIONS EVERY & SECONDS? ///)
WRITE(& 7:
7 FURMAT (18X, ‘P CONTROLLER’, 15X, ‘FUZZY P CONTROLLER, ‘12X, ‘FUZZY PD
CONTROLLER?, ///3
WRITHES, 6
¢ FURMAT (68X, *T", 9X, ‘X(1)7,6X, ‘X(2)",5X, ‘DA’,9X, ‘Y(1)’,5X, ‘Y(2)’,5X, ‘YK1’,
18X, Z{1)7,5X, ‘Z(2)’,5X, ‘YK2' //)
LOAD SIMUL
CALL SIMUL
DELET SIMUL
RETURN=RETURN +1.0
IFRETURN.GE.5.0) GO TO 263
GO TO 260
263 CONTINUL
STOP

END

SUBROUTINE SUBPROGRAM
SUBROUTINE MINIMX
REAL M1, M2, Mg, M5 LW, LWT
COMMON N DT, T, TP, T, T1, T2, T3, T5, LW, LWT, W3)
CEOMNLN TUZZ008, 23), FUZZ1(23) , FUZZY (23,11, 23), FUZZY 1111, 23), FGZZY 2725,
CONMNEN W, W2, 7146000, YR, YR2, KAL KA?2
COAINITING T2 A2(23), AB(23), A47230 AB/23) AG23Y, AT/23  R111), B2/11},
THET B, BsO1

SOMNON O 20 (2023 Ci2as, C462n),
Doy 10023, C11028), C1272s), 13723
CAINEN Mg

T
ot [

o1 I=1,02

Mi=Al

IF/AY . GT.C1{1)y M1=C14J;
M2=A2(1)

IF:M2 . GT.C30])) M2=C3(])
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IF(M1.LT.M2) M1=M2
M2=A3(I)
IF(M2.GT.C5(])) Mz=C5(J)
IF(M1.LT.M2) M1=M2
M2=A4(D)
IF(M2.GT.C7(J)) M2=C7(])
IF(M1.LT.M2) M1=M2
M2=A5(1)
IF(M2.GT.C9())) M2=Co())
IF(M1.LT.M2) M1=M2
M2=A6(D)
IF(M2.GT.C11())) M2=C11())
IF(M1.LT.M2) M1=M2
M2=A7(D
IF(M2.GT.C13(J)) M2=C13(J)
[F(M1.LT.M2) M1=M2
FUZZ(I, J)=M1

1 COUNTINUE
RETURN
END

SUBROUTINE SUBPROGRAM

SUBROUTINE MINIMA

REAL M1, M2, M4, M5, LW, LWT

COMMON N, DT, T, TP, TD, T1, T2, T3, T5,LW,LWT, W(3)

COMMON FUZZ (23, 23), FUZZ1(23), FUZZY (23,11, 23), FUZZY1(11, 23), FUZZY2(23)

COMMON W1, W2,Z1(600), YK1, YK2, KA1, KA2

COMMON A1(23), A2(23), A3(23), A4(23), A5(23), A6(23), A7(23), B1(11),
1 B2(11), B3(11), B4(11), B5(11),

COMMON Cl(23),C2(23),C3(23),C4(23),C5(23),C6(23),C7(23),C8(23).
1 C9(23), C10(23), C11(23), C12(23), C13(23)

COMMON M4, M5

DO 1 I=1,23

DO 1J=111

DO 1K=1,23

M4 =A1(l)

[F(M4.GT.B1(J)) M4=B1(])

IF(M4.GT.C1(X)) M4=C1(K)

M5=A1(I)

IF(M5.GT.B2(J)) M5=B2(J)

IF(M5.GT.C1(K)) M5=C1(K)
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IF(M4.LT. M5 Mi=2\I5
M5=A1(D)

IF(Ms.GT.B3(]) M5=B3(J)
IF(M5.GT.C1(K)) M5=C1(K)
IF(M4,LT.M5) Md=2\5
M5=A1()

IFOMS. GT.BA7) ) Ms=B4c])
PS5 GT.C2/K 50 M5=C2(K)
IFOMA LT NS \Mi=)\i5
Ms=A1(D)

IF(M5.GT.BsJ ) M5=B5(])
IF(M5.GT.C3/K}) M5=C3/K)
IF(M4. LT N5, M4=2\5
M5=A2/];

IF(M5.GT.B1(]}, M5=B1(];
IF(M5.GT.C1(K)) M5=C1(K)
IF(M4. LT 250 Md=2M5
M5=A2/1}

IF(M5.GT.B2(]); M5=B2(])
IF(AM5.GT. C2(K;) M5=Ca(K)
IF(AM4. LT M5 Ma=1\]5
M5=A271;

TFOMS. GT.B37 T ) M5=DB3(J)
IF(M5.GT.C3(K, ) M5=C3(K)
IF(M4. LT M50 M4=2\5
Ms=A2(1)

IF(M5.GT.B4711) M5=B4(])
IFOM5.GT.C4(K ) M5=C4(K)
[FOMA LT A5 Md=2)i5
M5=A21;

IF(M5.GT.B57J) M5=B5())
IF(M5.GT.C5(K;) M5=C5(K)
IFOM4. LT M5 Md=)5
M5=A3(T;

IFOMs.GT.B1(J, ) M5=B1())
IFM5.GT.C37K ) M5=C3(K)
IFONM4 LT, M5 Ma=)\I5
M5=A3(])

IF(M5.GT.B2(])) M5=B2(])
IF(M5.GT.C4/K}) M5=C4(K)
IF(M4.LT.\M5) M4=M5

129
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M5=A3(1)
IF(M5.GT.B3(J)) M5=B3()
IF(M5.GT.C5(K)) M5=C5(K)
IF(M4.LT.M5) M4=M5
Ms=A3(D
IF(M5.GT.B4(J)) M5=B4())
IF(M5.GT.C6(K)) M5=C6(K)
[F(M4.LT.M5) M4=M5
Ms5=A3(D)
IF(M5.GT.B5(J)) M5=B5())
IF(M5.GT.C7(K)) M5=C7(K)
IF(M4.LT.M5) M4=M5
Ms5=A4(D)
IF(M5.GT.B1(J)) M5=B1())
IF (M5.GT.C5(K)) M5=C5(K)
IF(M4.LT.M5) M4=M5
M5=A4(1)
IF(M5.GT.B2())) M5=B2()
IF(M5.GT.C6(K)) M5=Cé(K)
IF(M4.LT.M5) M4=M5
M5=A4(D)
[F(M5.GT.B3(])) M5=B3()
IF(M5.GT.C7(K)) M5=C7(K)
IF(M4.LT.M5) M4=M5
M5=A4(1)
IF(M5. GT.B4(J)) M5=B4(])
1F(M5. GT.C8(K)) M5=C8(K)
IF(M4.LT.M5) M4=M5
M5=A4(D)
IF(M5.GT.B5(J)) M5=B5()
IF(M5.GT.C9(K)) M5=C9(K)
[F(M4.LT.M5) M4=M5
M5=A5()
IF(M5.GT.B1()») Ms5=B1(J)
IF(M5.GT.C7(K)) M5=C7(K)
[F(M4.LT.M5) M4=M5
M5=A5(1)
IF(M5.GT.B2(J)) M5=B2())
IF(Ms5. GT.C8(K)) M5=C8(K)
IF(M4.LT.M5) M4=M5
M5=A5(I)
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IF{M5.GT.B3(J;) Ms=B3())
IFIM5. GT.COK)) AME=Co(K)
[F(M4. LT . M5) Md=2M\5
M5=A5(1)

IFM5.GT.B4())) M5=B4(})
M5 GT.C10(K)) Ms5=C10(K)
[T M4 LT M5 M4=2M5
Ma=A5D

[FM5. GT.Bs{])) Ms3=B5())
IFM5. GT.C11(K)) M5=C11(K)
[T{M4.LT.M5) M4=>M5
Ma=Ag(D)

IFONIS. GT.BL() Ms=B1{])
IFM5. GT.Co(K)) M5=Co(K)
(M4, LT.M5) M4=\I5
M5=A6.D

1F/Ms, GT.B2(J)) Ms5=Ba(])
IFM5. GT.C10K)) M5=C10(K)
[FM4 LT Ms) Md=)\s5

M3= AT

I35, GTB3I) M5=DB3(])

[ M5 GT.CLIK)) M5=C11(K)
FON LT M5 M4a=1)\I5
[

[

M5 = AR

IFNE GT. B4l ) Ma=1D4q )
S GT.C1200) M5=C12/K:
TN LT N5 AMa=1\]5
Ma=A601,

M5 GT.B5) Ms=DBs/])
TEANS G Q13 M5=C13{K)
N4 LT M5 AMd =135

M= A7)

MBS GT.BLL ) NMs=B1h

M5 GT . C1(K)) M5=C11(K)
IFM4 LT M) M4=2)\5
Ma=A71;

IFM5 GT.B20J)) Ms=B2¢))
ITM5. GT.C12(K)) M5=C12(K)
[T7(M4, LT, M5) M4=M5
Ms=A7(1)

TF(M5.GT.B3(J)) M5=B3(J)
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IF(M5.GT.C13(K)) M5=C13(K)
[F(M4.LT.M5) M4=M5
M5=A7(I)
IF(M5.GT.B4())) M5=B4())
IF(M5.GT.C13(K)) M5=C13(K)
[F(M4.LT.M5) M4=M5
M5=A7(I)
IF(M5.GT.B5(J)) M5=B5(J)
IF(M5.GT.C13(K)) M5=C13(K)_
[F(M4.LT.M5) M4=M5
FUZZY (1, ], K) = M4

1 CONTINUE
RETURN
END

SUBROUTINE SUBPROGRAM

SUBROUTINE SIMUL

REAL M1, M2, M4, M5, LW,LWT

DIMENSION FA(21), FAA(21), FAAA(21), DX(3), X(3),DY(3), Y(3),DZ(3),Z(3)
COMMON N, DT, T, TP, TD, T1,T2, T3, T5, LW,LWT,W(3)
COMMON FUZZ(23, 23), FUZZ1(23), FUZZY (23,11, 23), FUZZY1(11, 23), FUZZY2(23)
COMMON W1, W2,Z1(600), YK1, YK2, KA1, KA2

T6=T

T7=T

T8=T

N1=N

N2=N

N3=N

DT1=DT

DT2=DT

DT3=DT

X(1)=W(1)

X(2)=W(2)

X(3)=W(3)

Y(1)=X(1)

Y(2)=X(2)

Y(3)=X(3)

Z(1)=X()

2(2)=X(2)

2(3)=X(3)

KAL=0
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111

S
0]
Lo

100

FUZZY LOGIC CONTROLLERs 43t ffe] &l

kKA2=1

KA3=0

KA4=0
AA4=1.0

L=35

M=0

L1=3

M6=0

L2=3

M7=0
CONTINUL
IF(T8. Q. (LWT*AA4)) GO TO 111
GO TO 222
KA4=KA4+1
IF(KA4, NE.2) GO TO 222
X(2)=X(2)+LwW
Y(2,=Y(2)+LW
2(2)=7(2) +LW
AA4=7AA4+1.0
KA4=0

LW= — LW
CONTINI

LOAD RUNGH

CALL RUNGIZ(T6, DT1,N1, X, DX, FAA, L1, MG, JA, 1GA

DELETIE RUNGE
LOAD RUNGE

CALL RUNGI(T7,DT2, N2, Z, DZ, FAAN, L2, M7, JB, 1GD:

DELETE RUNGI:
LUAD RUNGE

CALL RUNGLE(TS8, DT3,N3,Y, DY, FA, L, \, IC, 1G;

DELITE RUNGE
IFOL QLD GO TO 10
GO TH{100, 200, 2100, 1,
W1=Y(1)

Wo=701)

LOAL INPUT

CALL INPUT
DELETE INPUT

DY (1, =Y(2)
DZ(1)=2(2)

DX (1) =X(2)
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200

209

268
260
210

601
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DY(2) = - (T1+T2)*Y(2)/T1/T2+Y(3) + T3*T5*YK1/T1/T2
DY(3)=-Y(2)/T1/T2+T5*YK1/T1/T2

DZ(2)=— (T1+T2)*Z2(2)/T1/T2+Z(3) + T3*T5*YK2/T1/T2
DZ(3) = —2Z(2)/T1/T2+T5*YK2/T1/T2

DA = — TP*X (1) — TD*X(2)

DX (2) = — (T1+T2)*X(2)/T1/T2+X(3) + T (3)*T5*DA/T1/T2
DX (3) = —-X(2)/T1/T2+T5*DA/T1/T2

GO TO 50

PRINT RESULTS

Z1(KA1)=Z(1)

KA1=KA1+1

IF(KA1.NE. (10*KA3+1)) GO TO 268

WRITE (8, 209) T8, X(1), X(2), DA, Y(1), Y(2), YK1,Z(1), Z(2), YK2
FORMAT (1X,F7.3,5X,F7.3,2X, F7.3,2X,F7.3,4X,F7. 3,2X,F7.3,2X,F7.3
4X,F7.3,2X,F7.3,2X,F7.3)

TEST FOR TERMINATION

KA3=KA3+1

IF(T8.GE. 300.0) GO TO 210

GO TO 50

CONTINUE

RETURN

END

SUBROUTINE SUBPROGRAM

SUBROUTINE INPUT

REAL M1, M2, M4, M5,LW,LWT

COMMON N, DT, T, TP, TD, T1, T2, T3, T5,LW,LWT, W(3)
COMMON FUZZ(23, 23), FUZZ1(23),FUZZY (23,11, 23),FUZZY1(11, 23), FUZZY2(23)
COMMON W1, W2, ZI(600), YK1, YK2, KA1, KA2

LOAD MAMA

CALL MAMA(W1,K1)

DELETE MAMA

LOAD MAMA

CALL MAMA(W2,K2)

DELETE MAMA

DO 601 J=1,23

FUZZ1(J) =FUZZ(K1,))

CONTINUE

LOAD FAFA

CALL FAFA(FUZZ1, M6)

DELETE FAFA
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302

603

—
<
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Ivi 602 I=1,11
o602 K=1,23

FUZZYTL K =TFUZZY (K2, I, k)

>

2 CONTINUE

IFIRAL GEL0.AND. KALT LT, 3) GO TO 301
IFKA1.NE. (2*KA2+1)) GO TO 302
DD=71{KA1-1) -Z1(KA1-3)
KA2=KA2+1

GO TO 302

DD=0.0

CONTINUE

LOAD PAPA

CALL PAPA(DD, J1)

DELETE PAPA

DO 603 K=1,23

FUZZY2(K) =FUZZY1{]1,K)
CONTINUE

LOAD FAFA

CALL FAFA(FUZZY2, M7)
DELETE FAFA

AK1=FLOAT \6)
AR2=FLOAT T
YR1=(AK1-12.0*2.5
YR2=(AK2—-12.0:*2.5
RIZTURN

ND

SUBROUTINE SUBPROGRAN
SUBROUTINE RUNGLE(T, DT, N, Y, DY, F, L, \1, 1, 1G)
DINENSION DY /30, Y (35, Foo1)

GO TV 1100, 110, 3007, L

GO 0001, 1104, 1G

1=1

DO 10 K=1, N

Nl IESEN
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136 WERERE AER HE 2414

GO TO 406
110 DO 140 K=1,N
K1=K
K2=K+5*N
K3=K2+N
K4=K+N
GO TOQ11,112,113,114),]
111 F(K1) =DY(X)*DT
Y (K) =F (K4) +0. 5*F (K1)
GO TO 140
112 F(K2) =DYX)*DT
GO TO 124
113 F(K3) = DY (K)*DT
GO TO 134
114 Y(K) =F(K4) + (F(K1) +2.0*(F(K2) +F(K3;) +D
GO TO 140
124 Y(K) =0.5*F (K2)
Y(K) =Y (K) +F(K4)
GO TO 140
134 Y(K) =F(K4) +F(K3)
140 CONTINUE
GO TO(170, 180, 170, 180), |
170 T=T+0.5*DT
180 J=J+1
IF (J— 4) 404, 404, 299
299 M=1
GO TO 406
300 IG=1
GO TO 405
404 1G=2
405 1.=1
406 RETURN
FND

*

5

"<

{K)*DT) /6.0

i

~

C  SUBROUUINE SUBPROGRAM
SUBROUTINE FAFA(A K)
DIMENSION A (30, B(30)
AMAX=A (1)

DO 55 1=1,23
IF(AMAX.LE.A()) AMAX=A(I)
55 CONTINUE
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66
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DO 77 1=1,23

K=24—1

DiD=A®)

CONTINUTL

N—21

DO O 1=1,23

K=K-1

IFCDMAXCEQ.B(D) GO TO 66
CONTINUE

CONTINUE

KK=0

DO 88 J=1,23

IFOACH L EQUAMAX) KK=KK+1
CONTINUR

KK =RK/2

K=K-KK

RETURN

I'ND

SURRCUT INE SUBPROGRAM
SUBROUTINE PAPA(D, J)

Q=-1.65

NQ=0.3

DO 50 1=1,11

7Q=Q+DQ

IF((D.GE.Q).AND, (D.LT.ZQ)) J=1I
Q=Q+DQ

RETURN

FND

SUBROUTINE SUBPROGRANM

SUBROUTINE MAMA(C, K)
=—28.75

DQ=2.5

DO 50 1=1,23

Z0=Q+DQ

IC G O ANDCLLT. ZQ)) K=

Q=0Q+DQ

RIETURN

FND

I
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