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V4=VCONT*V4
V5=VCONT*V5
V6=VCONT*V6
ABPR=1.
ABPR=ABPR/( .0254%.0254)
AST=AST/ABPR
AEX=AEX/ABPR
A5=A5/ABPR
A6=A6/ABPR
A4=A4/ABPR
AO=D15/ABPR
AD=AD/ABPR
ABPRL=ABPR
ABPRE=ABPR
V1=V1/(TLBP)
v4=v4/(TLBP)
v2=v2/(TLBP)
v3=v3/(TLBP)
v5=V5/( TLBP)
v6=v6/ (TLBP)
va4=v4
V66=v6
AK69=AK69%172.8
AK71=AK71%172.8
AK74-AK74%172.8
AL69=AL69%4.39
AL71=AL71%4.3S
ALT4=AL74%4.39
AKD=AKD%¥172.8
XEX=AXEX*.0254/TLBP
XO=AX0%.0254/TLBP
X2=AX2%.0254/TLBP
XF=AXF%.0254/TLBP
RT=TL/ (AIM%¥1.4%x288%293)
IFLAG=0
PMAX=( AKBPC*XBPCM+ALBPC) / (14 . 7¥ABPCA)
DPMAX=. 13385
PDMAX=. 0648
DCH=. 6%DCH
DEX=.6%DEX
CLOSR(UNIT=29)
RETURN
END
C
CAERERERREKEXEXEXE TR X KRR KRR XXX R R KL KEREKEEREAR KRR R KK
SUBROUTINE VALVES
CEREREARKEE XX KRR RKEREEKXEKEE R KRR RRR KR ERE KRR R LR R X

C
COMMON/VALVE/VALVEF, NBV
INTEGRR VALVEF(201,8)
INTRGER TFLAG(5)

C

C

(o}
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This routine is used to select one of the following
five valves

1. ABD

2. ABDW

3. CVAL

4. DVAL

5. BVAL

aaaoaaoacaoaaa

DO 100 I=1,NBV
DO 200 K=1,5
IF(TFLAG(K).EQ.K) GOTO 200
IF(VALVEF(I,1).8Q.K) TFLAG(K)=K
IF(VALVEF(I,5).EQ.K) TFLAG(X)=K
200 CONTINUE
100 CONTINUE
WRITE(5,%*) (TFLAG(K),E=1,5)
IF(TFLAG(1).EQ.1) CALL TABD
IF(TFLAG(2) .EQ.2) CALL TABDW
IF(TFLAG(3).EQ.3) CALL TCVALV
IF(TFLAG(4).EQ.4) CALL TDVALV
IF(TFLAG(5).EQ.5) CALL TEVALV
400 CONTINUE
RETURN
END
CRERRERERREXEERREEREE KKK R KRR R EKEXE KRR ERKERAE KRR KA RA
SUBROUTINE SORT(1IV)
CEAREXKRKERKEEEE LR EREX KK KRR KR KRR KR KRR RERE KKK ERELERREE

C
COMMON/SORTF/TFLAG
COMMON/VALVE/VALVEF, NBV
INTEGER VALVEF(201,8)
INTEGER TFLAG(10)

C

C

C

C

C

DO 100 I1-1,10
TFLAG(I)=0
100 CONTINUE
IF(IV.EQ.1) THEN
KI=6
KF=10
ELSE
KI=1
EKF=5
END IF
DO 200 I=1,NBV
IF(VALVEF(I,1).NE.IV.AND.VALVEF(I,5).NE.IV) GOTO 200
DO 300 J=KI,KF
IF(TFLAG(J).EQ.J) GOTO 300
IF(VALVEF(I,1).BQ.IV.AND.VALVEF(I,2).BQ.J) TFLAG(J)=J
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IF(VALVEF(I,5).EQ. IV.AND.VALVEF(I,6).EQ.J) TFLAG(J)=J
300 CONTINUE
200 CONTINUE
RETURN
END
C
CAREERREXAKKEKERXXKEEEREKKEEE XA KK ERREKK KRR R LKL KK ERR KRR ¥
SUBROUTINB TA19
CARLEAEERRKEKREXKKE KRR L KRR XK KR ERXKK KRR R KK ERRX KRR R KRR X
c
COMMON/BPCOMM/CC, TLBP, PO, IREL,DX(201) ,RL(201)
COMMON/A1SAD/D2A19,KA19,LA19, XA19M, PA19, PA19M, AA19,D1A19
1 , VA19, PSUP
REAL KAlS,LAlS9

This sybroutine is used to read the data file for
Al9 flow adapter.

Qaaaaaqa

PI=22./7.
ACONT=.0254%. 0254
VCONT=ACONT*. 0254
READ(20,%) D1A19,D2A19,AA19,KA19,LA19, XA19M, VA1S
D1A1S=PI*ACONT*D1A19%D1A19/4.
D2A19=PI*ACONT*D2A19
VA19=VCONT*VA1S/TLBP
PA1S=LA19/AAl9
PA19M=(LA19+KA19%XA19M) /AA19
CLOSE(UNIT=20)
RETURN
END
(o
C
CXEXEXEREERRX KK EERRKKKEERKEKEEEE XK EEER KKK KRR KRR ER KRR R KRR KKK
SUBROUTINE A19(AMS,PMR)
CEAEERXERA R KRR KRR KK R R R KRR KRR RERK KRR KR AR OK AR KX
C
COMMON/A19AD/D2A19,KA19, LA19, XA19M, PA19, PA19M, AA19,D1A19
1 » VA19, PSUP
COMMON/ALL/DT1
RERAL EAlS,LAlS

This routine is used to simulate the Al9 flow adapter.

aggaaaQa

IF(AMS.EQ.0.) THEN
PMR=PSUP
RETURN

END IF
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DP=14.7%(PSUP-PMR)
A19A=D1A19+A2A19(DP)
AMM=.507*FLOW(A19A, PSUP, PMR)

AM=AMM+AMS
PMR=PMR+AM$DT1/VAlS
RETURN
END

C

C

FUNCTION A2A19(DP)
c**u****mmmmxmm**mxumxn*m*mnnxun
C

COMMON/A19AD/D2A19,KA19, LA19, XA19M, PA1S, PA19M, AA19,D1A19

1 , VA19,PSUP

REAL KA19,1Al9

aQ

IF(DP.GT.PA19.AND.DP.LE.PA19M) THEN
A2A19=D2A19%(DP*AA19-LA19) /KAlS
ELSE
A2A12=0.
IF(DP.GT.PA19M) A2A19=-D2A1S%XA19M
END IF
RETURN
END
C
C
CEEEXRKKERKERXKERKRE X REREKEK KR KRR KRR R KRR KRR EXKE R KR KRR K
SUBROUTINE OUTPUT
S sstssoctocoetssastieecestesitosio s s as s S22 sl sl sl
C
COMMON/MPROG/P1(3) ,PF, TR, N, AC, NE, NOPR, AVTB, DP1, X
COMMON/US/TT
COMMON/NEW3/P6, P4
COMMON/ABDV/PB,CVM
COMMON/WRBPS1/P
COMMON/OUT/NEP, NFILE, IDATA
COMMON/OUTFL/FLNM
REAL PT(20),P(201),M(201),DBP(201),ABP(201)
REAL FL(201),Av(201),PT1(201),PF(10)
REAL PB(201,16),CVM(4)
INTEGER IDATA(21,8),NE(10)
CHARACTER*9 FLNM(8)

DO 200 I=1,NFILE
IF(FLNM(I).BQ.’PBCYL1’) THEN
DO 210 J=1,IDATA(1,I)
PT(J)=14.7*(PB(IDATA(J+1,1),3)-1.)
210 CONTINUE
WRITB(19+I,%) TT, (PT(J),J=1,IDATA(1,I))
END IF
IF(FLNM(I).EQ.’PBCYL2’) THEN
DO 220 J=1, IDATA(L,I)
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230

240

250

260

270

200

C
Cc

344

PT(J)=14.7%(PB(IDATA(J+1,I),11)-1.)
CONTINUE
WRITB(19+I,%) TT,(PT(J),J=1,IDATA(1,I))
END IF
IF(FLNM(I).EQ.’PAUX1’) THEN
DO 230 J=1,IDATA(1,I)
PT(J)=14.7%(PB(IDATA(J+1,I),4)-1.)
CONTINURE
WRITB(19+1,%) TT, (PT(J),J=1,IDATA(1,I))
END IF
IF(FLNM(I).EQ.’PAUX2’) THEN
DO 240 J=1,IDATA(1,I)
PT(J)=14.7*(PB(IDATA(J+1,1),12)-1.)
CONTINUE
WRITE(19+I,%) TT,(PT(J),J=1,IDATA(1,I))
END IF
IF(FLNM(I).EQ.’PEMR]1’) THEN
DO 250 J=1,IDATA(1,I)
PT(J)=14.7%(PB(IDATA(J+1,I),5)-1.)
CONTINUE
WRITE(19+I,%) TT,(PT(J),J=1,IDATA(1,I))
END IF
IF(FLNM(I).EQ. ’PEMR2’) THEN
DO 260 J=1,IDATA(1,I)
PT(J)=14.7%(PB(IDATA(J+1,I),13)-1.)
CONTINUE
WRITE(19+I,%) TT, (PT(J),J=1,IDATA(1,I))
END IF
IF(FLNM(I).EQ.’PBP’) THEN
DO 270 J=1,IDATA(1,I)
PT(J)=14.7*%(P(IDATA(J+1,1))-1.)
CONTINUE
WRITR(19+I,%) TT,(PT(J),J=1,IDATA(1,I))
END IF
IF(FLNM(I).EQ. RELAY’) THEN
P11=14.7%(P1(1)-1.)
P12=14.7%(P1(2)-1.)
WRITR(19+I,%) TT,DP1,X,Pl1ll,P12,P4,P6
END IF
CONTINUE
RETURN
END

CREEEEKEXERKERKEKER KRR R LR KRR KRR KRR KRR KRR RREEX KRR KRR KKK

SUBROUTINE TABDW

CARRRERAEREE KRR TEE KR XS ERERKER XKL ERR R R R Rk

C
C
C

COMMON/ABDWV/IDEF, AAAV
This routine will call ABD and AAV to comstruct an
ABDW valve.

IDEF=2
CALL TAAV
CALL TABD
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RETURN
END
C
C
fi3223 2222222223232 2 2 2s s it s o 22 ooz iz s ts sl
SUBROUTINE TABD
(2o s 2ot sssotoatescocti sz totozzoc s sl ss22oz2s sty
C
COMMON/ABDWV/IDEF, AAAV
COMMON/ INTP/PINT(201,2)
COMMON/SORTF/TVALV
COMMON/VALVE/VALVEF, NBV
COMMON/WRBPS1/P
COMMON/BPCOMM/CC, TLBP, PO, IREBL,DX(201) ,RL(Z5}}
COMMON/ABDV/PB,CVM
COMMON/RESTR/DAVENT, DABR, DAPERP, DQAS, D201B, DQSV, DAUX
1 ,DEMR,D1C
COMMON/CV/DCV,ECV, LCV, ACV, XCVM, PCV, PCM
COMMON/QAC/DO,D1,D2,D3,D4,ASV,LSV,KSV,WSV,PSV,PSVM
COMMON/QAAR/DQAV2
COMMON/INS/DINS1,DINS2, LINS,KINS, AINSO, AINSI, XINSM, PINS, PINSM
COMMON/SSV/C0,C1,H1,PSSVM
COMMON/LIMIT/H2,H3,H4,H5, H6, H7, H8, DHP1
COMMON/VOIMS/VQA, VCS, VINT

This subroutine is used to read the data files
for the ABD/ABDW control valve. It can read up
to five different designs for the ABD/ABDW valve
and it will read all the restrictions, springs,
preloads and volumes associated with the dynamics
of the ABD/ABDW valve.

The five different files are:
1. ABD
2. ABD1
3. ABD2
4. ABD3
5. ABD4
Where, ABD is the default valve.

Qa0 n

REAL DAVENT(10),DABR(10),DAPERP(10),DQAS(10),D201B(10)

,DCV(10),1LCV(10),KCV(10),ACV(10), XCV™(10),D0(10),D1(10)
,D2(10),D3(10),D4(10),DQAV2(10),ASV(10),1SV(10)
,KSV(10) ,wsSV(10),DINS1(10),DINS2(10),LINS(10),KINS(10)
,AINSO(10),AINSI(10),XINSM(10),C0(10),C1(10),H1(10),H2(10)
,H3(10),B4(10),B5(10) ,H6(6),H7(10), VQA(10),VQsS(10)
,PCV(10),PCVM(10),PSV(10),PSVM(10), PINS(10),PINSM(10)
,PSSYM(10),DQSV(10),DAUX(10),DHP1(10),55F2(10), H8(10)
»DEMR(10),D1C(10)

REAL PB(201,16),P(201),CVM(4)

00NNk WN -
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INTEGER TVALV(10),VALVEF(201,8)
CHARACTER*6 TSORT(10)

P1=22./7.
VCONT=.0254%.0254%.0254
ACONT=.0254%.0254
ALCONT=.0254
TSORT(1)=’ABDW’
TSORT(2)="ABDW1’
TSORT(3)=’"ABDW2’
TSORT(4)=’ABDW3’
TSORT(5)="ABDW4"’
TSORT(6)="ABD’
TSORT(7)="ABD1’
TSORT(8)="ABD2’
TSORT(S)=’ABD3’
TSORT(10)="ABD4’
IF(IDEF.NE.2) THEN
CALL SORT(1)

KI=6

KF=10
ELSE

KI=1

KF=5
END IF
DO 100 I=KI,KF

IF(TYALV(I).EQ.I) THEN

OPEN(UNIT=29, FILE=TSORT(I))

ELSE
GOTO 100
END IF
READ(29,%) DAVENT(I),DABR(I),DAPERP(I),DQAS(I),D201B(I)
1 ,DQSV(I),DAUX(I),DEMR(I),D1C(I)

READ(29,%) DCV(I),XCWM(I),LCV(I),KCV(I),ACV(I)
READ(29,%) DO(I),D1(I),D2(I),D3(I),D4(I),DQAV2(I),ASV(I)

1 ,LSV(I),ESV(I),WsV(I)
REBAD(29,%) DINS1(I),DINS2(I),LINS(I),KINS(I),AINSO(I),AINSI(I)
1 » XINSM(I),DHP1(I),DHP2(I)

RBAD(29,%) €0(I),C1(I),H1(I)

READ(23,%) H2(I),H3(I),H4(I),H5(I),H6(I),H7(I),HB(I)
READ(29,%) VQA(I),VQs(I)

CLOSE(UNIT=29)
DAVENT(I)=PI*ACONT*DAVENT(I)*DAVENT(I)/4.
DABR(I)=PI*ACONT*DABR(I)*DABR(I)/4.
DHP1(I)=PIXACONT*DHP1(I)*DHP1(I)/4.

DHP2 (I)=PI®ACONT*DHP2(I)*DHP2(I)/4.
DHP2(I)=DHP2(I)*DHP1(I)/SQRT(DHP2(I)*DHP2(I)+DHP1(I)*DHP1(I))
DAPERP( 1)=PI¥ACONT*DAPERP(I)*DAPERP(I)/4.

DQAS (I)=PIXACONT*DQAS(I)*DQAS(I)/4.
DQSV(I)=PI*ACONT*DQSV(I)*DQSV(I)/4.

DAUX (I)=PIXACONT*DAUX(I)*DAUX(I)/4.
DEMR(I)=PI*ACONT*DEMR(I)*DEMR(I)/4.
D1C(I)=PI*ACONT*D1C(I)*D1C(I)/4.

D201B( I)=PI*ACONT*D201B(I)*D201B(I)/4.
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300

400

200

500

C
C

DCV(1)=PIXACONT*DCV(I)
DQAV2{I)=FI*ACONT*DQAV2(I)*DQAV2(I)/4.
DA(I)=ACONT*D4(I)
DINS1(I)=PI*ACONT*DINS1(I)*DINS1(I)/4.
DINS2(I)=PI*ACONT*DINS2(I)
CO(I)=ACONT*CO(I)
C1(I)=ACONT*C1(I) .
VQA(TI)=VCONT*VQA(I)/TLBP
VQS (I)=VCONT*VQS(I)/TLBP
PSSVM(I)=H1(I)+(C1(I)/CO(I))
PCVM(I)=(ECV(I)*XCWM(I)+LCV(I))/ACV(I)
PCV(I)=LCV(I)/ACV(I)
PSVM(I)=(LSV(I)+WSV(I)+ESV(I)*D3(I))/ASV(I)
PSV(I)=(LSV(I)+WSV(I)+ESV(I)*DO(I))/ASV(I)
PINS(I)=(14.7*AINSI(I)+LINS(I)~KINS(I)*XINSM(I))/AINSO(I)
PINSM(I)=(14.7*%AINSI(I)+LINS(I))/AINSO(I)
CONTINUE
VINT=VCONT%120. /TLBP
DO 200 I=1,NBV
IF(VALVEF(I,1).EQ.1.0R.VALVEF(I,1).EQ.2) THEN
po 300 J=1,8
IF(J.EQ.3.0R.J.EQ.4.0R.J.EQ.5) GOTO 300
PB(I,J)=1.
COKTINUR
PB(I,7)=P(I+l)
END IF
IF(VALVEF(I,5).EQ.1.0R.VALVEF(I,5).EQ.2) THEN
DO 400 J=1,8
IF(J.EQ.3.0R.J.EQ.4.0R.J.EQ.5) GOTO 400
PB(I,J+8)=1.
CONTINUE
PB(I,15)=P(I+1)
END IF
CONTINUE
DO 500 I=1,NBV
PINT(I,1)=1.
PINT(I,2)=1.
CONTINUR
RETURN
END

CEEXREEREREARKREEREKKK X EXE KR KRR KRR KRR R R ALK KRR XK

SUBROUTINE TAAV

CRAREKKEXEEE KKK EK KKK EEEKK KRR R KKK EAKRR KK ETRR R R LR KKK

C
Cc

COMMON/SORTF/TVALV

COMMON/WRBPS1/P

COMMON/BPCOMM/CC, TLBP, PO, IREL,DX(201),RL(201)
COMMON/RCV/DECV, XECVM, LECV,KECV, PECV, PECVM, ARCV
COMMON/DAV/DAAV5,DAAV3, DAVT, D031
COMMON/CC/C4,C5,C6,C7

COMMON/VOL/VAAV
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C
C
C
[o] This routine with the TABD routine are used to
c read the data files for the ABDW vlave. It can read up
c to five different designs for the ABDW valve
C and it will read all the restrictions, springs,
C preloads and volumes associated with the dynamics
[ of the AAV portion.
C
(o} The five different files sare:
C 1. AAV
c 2. AAV1
C 3. AAV2
C 4. AAV3
[ 5. AAV4
C Where, AAV is the default file for the AAV portion.
C
C
REAL DEBCV(5), XBCVM(5),LEBCV(5),KRCV(5),DAAV5(5)
1 ,DAAV3(5),DAVT(5),Db031(5),C4(5),C5(5),C6(5)
2 ,C7(5),VAAV(5) ,PECV(5),PECVM(5),AEBCV(5)
INTEGER TVALV(10)
CHARACTER%S TSORT(10)
(o]
PI=22./7.
VCONT=.0254%.0254%.0254
ACONT=.0254%.0254

TSORT(1)="AAV’
TSORT(2)="AAVY’
TSORT(3)="AAV2’
TSORT(4)="AAV3’
TSORT(5)="AAV4’
CALL SORT(2)
po 100 1=1,5

IF(TVALV(I).EQ.I) THEN

OPEN(UNIT=29, FILE=TSORT(I))
ELSE

GOTO 100
END IF
READ(29,%) DECV(I),XECVM(I),LECV(I),KECV(I)
READ(29,%) DAAVS5(X),DAAV3(I),DAVT(I),D031(I)
READ(29,%) C4(I),C5(I),C6(I),C7(I)
READ(29,%) VAAV(I)
CLOSE (UNIT=29)
ARCV(I)=PI*DECV(I)*DECV(I)/4.
DECV(1)=PI*ACONT*DECV(I)
PECV(I)=LECV(I)/ABCV(I)
PECVM(I)=(LECV(I)+KRCV(I)*XECVM(I))/ABCV(I)
D031 (1)=PI*ACONT*D031(I)*D031(1)/4.
DAAVS (I)=PI*ACONT*DAAVS5(I)*DAAVS(I)/4.
DAAV3(I)=PIXACONT*DAAV3(I)*DAAV3(I)/4.
DAVT(I)=PIXACONT*DAVT(I)*DAVT(I)/4.
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VAAV(I)=VCONTXVAAV(I)/TLBP
100 CONTINUE
RETURN
END
C
CXXXEERKEER KRR RREERERRRE KX ERE KR KK KRR RRE K KKRERR KRR XXX
SUBROUTINE TCVALV
CREEXAA KRR LR KER KA KKK KRR KK KEK KK KRR KRR KRR R X
C
COMMON/SORTF/TVALV
COMMON/VALVE/VALVEF, NBV
COMMON/WRBPS1/P
COMMON/BPCOMM/CC , TLBP, PQ, IREL, DX (201), RL(201)
COMMON/ABDV/PB,CVM
REAL PB(201,16),P(201),CVM(4)
INTRGER TVALV(10),VALVEF(201,8)
PUT YOUR COMMON BLOCK
H E R B

This subroutine is used to read the data files
for the CVALV control valve. It can read up

to five different designs for the CVALV valve
and it will read all the restrictions, springs,
preloads and volumes associated with the dynamics
of the CVALV valve.

The five different files are:
1. CVALV
2. CVALV1
3. CVALV2
4. CVALV3
5. CVALV4
Where, CVALV is the default valve.

CHARACTERX6 TSORT(10)

PUT YOUR REAL/INTEGER STATMENT HERE AS FOLLOWING
REAL/INTEGER EXP1(5),BXP2(5),..c.c... EXPN(5)

aaaa aoaaoaaaaaaaoaaoaaoaaaaaaacaaan

TSORT(1)="CVALV’

TSORT(2)="CVALV1’

TSORT(3)="CVALV2’

TSORT(4)="CVALV3’

TSORT(5)="CVALV4’

CALL SORT(3)

Do 100 I1=1,5
IF(TVALV(I).EQ.I) THEN
OPEN(UNIT-=29, FILE=TSORT(I))

ELSE
GOTO 100

END IF
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(v
c PUT YOUR READING STATMENTS HERE AS FOLLOWING
c RRAD(29,%) EXPL(I),BXP2(I),........ BXPN(I)
C
100 CONTINUE
RETURN
END

C
CREREKEXKKERRXKKKEXXKLE KRR KRR KKREKRRRKKKERRRKKRER KK KKK
SUBROUTINE TDVALV
CRREREERERRKEEKEERKEEKEERRERREXKE XX KA R KRR K KRR KR KRR KX XK
COMMON/SORTF/TVALV
COMMON/VALVE/VALVEF, NBV
COMMON/BPCOMM/CC, TLBP, PO, IREL, DX(201) ,RL(201)
COMMON/ABDV/PB,CVM
COMMON/WRBPS1/P
REAL PB(201,16),P(201),CYM(4)
INTEGER TVALV(10),VALVEF(201,8)

PUT YOUR COMMON BLOCK
H B R E

This subroutine is used to read the data files
for the DVALV control valve. It can read up

to five different designs for the DVALV valve
and it will read all the restrictions, springs,
preloads and volumes associated with the dynemics
of the DVALV valve.

The five different files are:
1. DVALV
2. DVALV1
3. DVALV2
4. DVALV3
5. DVALV4
where, DVALV is the default valve.

CHARACTER*6 TSORT(10)

PUT YOUR RERAL/INTEGER STATMENT HERE AS FOLLOWING
REAL/INTEGER BXP1(5) ,BXP2(5)5eeceess. RBXPN(5)

aaaaq aaoaaoaaagaoaaaaoaaaagaaaacaacaaaaan

TSORT(1)="DVALV’

TSORT(2)="DVALVY’

TSORT(3)="DVALV2’

TSORT{4)="DVALV3’

TSORT (5)="DVALV4’

CALL SORT(4)

po 100 1=1,5
IF(TVALV(I).EQ.I) THEN
OPEN(UNIT=29, FILE=TSORT(I))
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ELSE
GOTO 100
END IF

PUT YOUR READING STATMENTS HERE AS FOLLOWING
READ(29,%*) EBXP1(I),EXP2(I),........EXPN(I)

QaQa

100 CONTINUE

RETURN
END

C

C

[0b 2322222323222t st iotsos totossssostsso s sssss sy
SUBROUTINE TEVALV

CXREXAK KRR EER R R KK KRR EEREERA XK KKK K KKK KKK KRR KR EREK
COMMON/SORTF/TVALV
COMMON/VALVE/VALVEF, NBV
COMMON/WRBPS1/P
COMMON/BPCOMM/CC, TLBP, PO, IREL, DX(201),RL(201)
COMMON/ABDV/PB,CVM
REAL PB(201,16),P(201),CVM(4)
INTEGER TVALV(10),VALVEF(201,8)

PUT YOUR COMMON BLOCK
H B R E

This subroutine is used to read the data files
for the EVALV control vaive. It can read up

to five different designs for the EVALV valve
and it will read all the restrictions, springs,
preloads and volumes associated with the dynamics
of the EVALV valve.

The five different files are:
1. BVALV
2. BVALV1
3. EVALV2
4. EVALV3
5. BVALY4
Where, EVALV is the default valve.

CHARACTER*6 TSORT(10)

PUT YOUR REAL/INTEGER STATMENT HERE AS FOLLOWING
REAL/INTEGER EXP1(5),EXP2(5),..+.....BXPN(5)

aaaa aQacaaoaaoaaoaaQaaaocagaa0aQaan

TSORT(1)="RVALV’

TSORT(2)="EVALV1’
TSORT(3)="EVALV2’
TSORT(4)="BVALV3’
TSORT(5)="RVALV4’
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CALL SORT(5)

po 100 I-1,5
IF(TVALV(I).EQ.I) THEN
OPEN(UNIT=29, FILE=TSORT(I))

ELSE
GOTO 100

END IF

PUT YOUR READING STATMENTS HERE AS FOLLOWING
READ(29,%*) BXP1(I),BXP2(I),..ecc..- EXPN(I)

anaaa

100 CONTINUE

RETURN
END

C

C

CEERXXXKXRKEXEKER R R R KR KX E LR R R REKKARKKER KX RR KRR KRR KKKRKRKK
SUBROUTINE TBCYL

CEXRERXXK KRR EK IR R XX KRR XER KR ER KRR KER KKK KK ER R R KRR KRR R KRR KK

This routine is used to read the brake cylinder
and emergency and auxiliary reservoirs data file

aaaaa

COMMON/BPCOMM/CC, TLBP, PO, IREL,DX(201) ,RL(201)

COMMON/VALVE/VALVEF, NBV

COMMON/AUX/VAUX

COMMON/EMR/VEMR

COMMON/ABDV/PB,CVM

COMVMON/WRBPS1/P

COMMON/BCYL/DBC, VBI, VBF, ABC, LBC, KBC, PBCM, PBC, XBCM

COMMON/BPBCY/DPRES, IDRY

REAL P(201),PB(201,16),CVM(4)

REAL VAUX(10),VEMR(10),DBC(10),VBI(10),VBF(10),ABC(10)
1 , LBC(10) ,EBC(10) ,PBCM(10),PBC(10), XBCM(10)

INTEGER VALVEF(201,8)

PI=22./7.

VCONT=.0254%.0254%.0254

ACONT=VCONT/.0254

OPEN(UNIT=29,FILE="BCYL’)

po 10 1=1,10
REBAD(29,%*) VBI(I),DBC(I),XBCM(I),LBC(I),KBC(I)
RRAD(29, %) VAUX(I),VEMR(I)
VEMR(I)=VEMR(I)*VCONT/TLBP
VAUX(I)=VAUX(I)*VCONT/TLBP
ABC(I)=PIsDBC(I)*DBC(I)/4.
DBC(1)=VCONT*ABC(I)/TLBP
VBI(I)=VBI(I)%*VCONT/TLBP
VBF(I)=VBI(I)+DBC(I)*XBCM(I)
PBC(I)=LBC(I)/ABC(I)
PBCM(I)=(EBC(I)*XBCM(I)+LBC(I))/ABC(I)

10 CONTINUE
DO 100 J=1,NBV
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IV4=VALVEF(J,4)
IV8=VALVEF(J,8)
VEQ=VBF(IV4)+VAUX(IV4)+VEMR(IV4)
VEQ2=VBF(1V8)+VAUX(IV8)+VEMR(IVS8)
IF(IV4.EQ.0) THEN
PRQ=1.
ELSE
PEQ=( (1.+DPRES ) *( VAUX(IV4)+VEMR(IV4))+VBI(IV4))/VEQ
END IF
IF(IV8.EQ.0) THEN
PEQ2=1.
ELSE
PEQ2=( (1.+DPRES )*(VAUX(IV8)+VEMR(IV8) )+VBI(IV8))/VEQ2
END IF
VEQ1=VBF(IV4)+VAUX(IV4)
VEQ12=VBF( IV8)+VAUX(IV8)
IF(DPRES.LT.0.) THEN
IF(IV4.NE.O0) THEN
PB(J,3)=1.
PB(J,4)=P(J+1)
PB(J,5)=P(J+1)
END IF
IF(IV8.NE.0) THEN
PB(J,11)=1.
PR(J,12)=P(J+1)
PB(J,13)=P(J+1)
END IF
ELSE
IF(P(J+1).LE.1.5) THEN
IF(IDRY.EQ.0) THEN
IF(IV4.NE.0) THEN
PB(J,3)=PEQ
PB(J,4)=PRQ
PB(J,5)=PEQ
END IF
IF(IV8.NE.O) THEN
PB(J,11)=PEQ2
PB(J, 12)=PEQ2
PB(J,13)=PEQ2
END IF
ELSE
PB(J,3)=1.
PB(J,4)=P(J+1)
PB(J,5)=P(J+1)
PB(J,11)=1.
PB(J, 12)=P(J+1)
PB(J,13)=P(J+1)
END IF
ELSE
IF(IV4.NE.O) PB(J,5)=P(J+1)+DPRES
IF(IVS.NE.O) PB(J,13)=P(J+1)+DPRES
IF(IV4.NE.O) THEN
PEQ1=( (P(J+1)+DPRES)*VAUX(IV4)+VBI(IV4))/VEQl
END IF
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IF(IVB.NE.O) THEN
PBQ12=( (P(J+1)+DPRES)*VAUX(IV8)+VBI(IV8))/VEQl2
END IF
IF(PBQ1.GT.P(J+1)) THEN
PB(J,3)=PEQl
PB(J,4)=PEQl
ELSB
IF(IV4.NE.O) THEN
PB(J,4)=P(J+1)
PB(J,3)=(VBI(IV4)+DPRES*VAUX(IV4))/VBF(IV4)
END IF
END IF
IF(PEQ12.GT.P(J+1)) THEN
PB(J, 11)=PEQ12
PB(J, 12)=PEQ12
ELSE
IF(IV8B.NE.O) THEN
PB(J,12)=P(J+1)
PB(J,11)=(VBI(IV8)+DPRES*VAUX(IVE))/VBF(IV8)
END IF
END IF
END IF
END IF
100 CONTINUE
CLOSE(UNIT=29)
RETURN
END
C
C
CEEXXXKAKKKEREEX XKL KKKK K KKK R KR KRR R IR X R R KRR XXX KRR KKK KKK
SUBROUTINE FDMETH
CEXEREAXKE XX KR KA EXE KR KR KRR R EX XKL KK KA R KR KR KKK XK AR KKK KRR XK

THIS SUBROUTINE IS USED TO FORMULATE THE FINITE
ELEMENT GLOBAL MATRIX ASS(NNODE-1,4)

aaaa

COMMON/WRBPS /M, FL,DBP, ABP, AV
COMMON/STS/IST
COMMON/VALVE/VALVEF , NBV
COMMON/WHBPS1/P
COMMON/BPCOMM/CC, TLBP, PO, IREL,DX(201) ,RL(201)
COMMON/BPSMP/DDT, NNODE, XR1, INC, REL
COMMON/TECH/IMETHD , ITECH, IMODEL
CHARACTER*S IMETHD, ITECH, IMODEL
RZAL A1(402),A2(402),A3(402),P(201),M(201),FL(201)
1, A4(402),PU(402),ABP(201),AV(201),DBP(201)
INTEGER VALVEF(201,8)
FL(NNODE)=0.
Ic=2
DO 10 I=2,NNODE
IF(I.EQ.NNODE) THEN
D3=P(I)*DX(I-1)/DDT
A2(2%I-1)=DX(I-1)/DDT
GOTO 11
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END IF
D3=P(I)*DX(I)/DDT
A2(2x1-1)=DX(I)/DDT
11 A3(2%I-1)=ABP(I)/AV(I-1)
A3(2%I)=CC
Al(2xI-1)=-ABP(I-1)/AV(I-1)
Al(2%1)=-CC
D2=-FL(I-1)/AV(I-1)
A4(2xI-1)=D3+D2
IF(VALVEF(I-1,1).BQ.6.AND.IST.EQ.1) THEN
A4(2xI-1)=P(I)*1000000.
A2(2%I-1)=1000000.
END IF
IF(I.NE.NNODE) THEN
D11=M(I-1)xM(I-1)/P(I-1)
D12=-M(I)*M(I)*ABP(I)/(ABP(I-1)%P(I))
D1=D11-D12
RE=REL*DBP(I-1)*ABS(M(I-1))
Us=0.
IF(M(I-1).NE.0.) US=M(I-1)/ABS(M(I-1))
D3=M(I)*DX(I)/DDT
IF(RE.GE.4000.) R=.0924/(RE*%x.078)
IF(RE.LT.2000..AND.RR.GT.0.) R=64./RE
IF(RE.LT.4000..AND.RE.GR.2000.) R=.0001375%xREB%*x.717
IF(RE.GE.4000.) THEN
IF(R.LE..G4125) R=.04125
END IF
G22=US%x(M(I-1))*R*DX(I-1)*TLBP/(2.*DBP(I-1)*P(I-1))
12 A2(2%x1)=(DX(I-1)/DDT)+G22
A4(2xI)=D1+D3
END IF
10 CONTINUE
A3(2)=CC
Al(2)=—CC
D1=DX(1)#M(1)/DDT
D11=M(1)*M(1)/P(1)
D12=M(2)*M(2)*ABP(2)/(ABP(1)*P(2))
D2=D11-D12
RE=REL*M(1)*DBP(1)
RE=ABS(RR)
IF(RE.GE.4000.) R=.0924/(RE**.078)
IF(RE.LT.2000..AND.RE.GT.0.) R=64./RE
IF(RB.LT.4000..AND.RE.GE.2000.) R=.0001375%RR**,717
IF(RE.GE.4000.) THEN
IF(R.LE..04125) R=.04125
END IF
Us=0.
IF(M(1).NB.O.) US=M(1)/ABS(M(1))
G21=USx(M(1))*R*DX(1)*TLBP/(2.%DBP(1)*P(1))
A2(2)=G21+(DX(1)/DDT)
A4(2)=D1+D2
A4(2)=A4(2)-A1(2)%P(1)
Al(1)=0.
Al(2)=0.
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A3 (2%NNODE-1)=0.
NEQ=2%( NNODE-1)
IF(ITECH.EQ.’EXPLICIT’) THEN
DO 33 I=1,NNODE-1
PU(2%I+1)=P(I+l)
PU(2xI)=M(I)
33 CONTINUE
CALL SIMEXP(A1(IC),A2(IC),A3(IC),A4(IC),PU(IC),NEQ)
END IF
IF(ITECH.RQ.’ IMPLICIT’) THEN
CALL SIMAT(Al(IC),A2(IC),A3(IC),A4(IC),PU(IC),NEQ)
C CALL TRID(A1(IC),A2(IC),A3(IC),A4(IC),PU(IC),NEQ,1)
END IF
DO 30 I=1,NNODE-1
P(I+1)=PU(2%I+1)
M(I)=PU(2%I)
30 CONTINUE
PU(NNODE)=0.
RETURN
END
CEAXKEKEKEX KR EXREKEEEKEX KR KR L KRR KKK KX EKE XXX KERE KRR KRR KK
SUBROUTINE FEMETH
CEEXRKERREREKEKXKEKER KKK EKE KRR X KRR KRR KRR R KR KK X KX XK K LXK RR

THIS SUBROUTINE IS USED TO FORMULATE THE FINITE
ELEMENT GLOBAL MATRIX ASS(NNODE-1,4)

QaaQaan

COMMON/WRBPS /M, FL, DBP, ABP, AV

COMMON/WRBPS1/P

COMMON/BPCOMM/CC, TLBP, PO, IREL,DX(201) ,RL(201)

COMMON/BPSMP/DDT, NNODE, XR1, INC, REL

REAL Al(808),A2(808),A3(808),P(201),M(201),AV(201)
1, A4(808) ,PU(201),ABP(201),DBP(201),FL(201)

NEQS=2%NNODE

NEQ2=NRQS*NEQS
A2(1)=2.%DX(1)/(3.%DDT)

A2(2)=—CC

A2(3)=ABP(1)/AV(1)
A2(4)=2.%DX(1)/(3.xDDT)
A3(1)=DX(1)/(3.%DDT)

A3(2)=CC

A3(3)=ABP(1)/AV(1)
A3(4)=DX(1)/(3.%DDT)
A4(2)=DX(1)*(M(2)+2.3M(1))/(3.*%DDT)
A4(1)=DX(1)*(P(2)+2.*P(1))/(3.%DDT)

c FL(1)=(FL(1)-PUl)
A4(1)=A4(1)-FL(1)/AV(1)
A4(2)=A4(2)+M(1)%(M(1)/P(1))-ABP(2)3M(2)xM(2)/(ABP(1)*P(2)})

RE=REL#M(1)*DBP(1)

RE=ABS (RR)

IF(RB.GE.4000.) R=.0924/(RE%%.078)
IF(RE.LT.2000. .AND.RR.GT.0.) R=64./RR
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IF(RE.LT.4000. .AND.RE.GE.2000.) R=.0001375%RE*x.717
IF(RE.GE.4000.) THEN
IF(R.LE..04125) R-.04125
END IF
IF(M(1).NB.0.) US=M(1)/ABS(M(1))
G21=UsS*M(1)*R*DX(1)*TLBP/(2.*DBP(1)*P(1))
A2(4)=A2(4)+G21
DO 10 I=2,NNODE-1
IL=4%(I-1)
IL1=2%(I-1)
Al(1+IL)=(DX(I-1)/(3.%DDT))
Al(2+IL)=-CC
Al (3+IL)=—ABP(I-1)/AV(I-1)
Al(4+IL)=(DX(I-1)/(3.%DDT))
A2(1+IL)=2.%x(DX(I~-1)+DX(I))/(3.%DDT)
A2(2+IL)=0.
A2(3+IL)=0.
A2(4+IL)=2.%(DX(I-1)+DX(I))/(3.*DDT)
A3(1+IL)=(DX(I)/(3.%DDT))
A3(2+IL)=CC
A3(3+IL)=ABP(I+1)/AV(I)
A3(4+IL)=(DX(I)/(3.%DDT))
D2=(1./AV(I-1))*FL(I-1)+(1./AV(I))*FL(I)
AIl=.5%((1./ABP(I-1))+(1./ABP(I)))
AI2=.5%((1./ABP(I+1))+(1./ABP(I)))
D11=AI1XABP(I-1)®M(I-1)®M(I-1)/P(I-1)
D13=(AI1-AI2)*ABP(I)®M(I)®M(I)/P(I)
D12=AI2%ABP(I+1)¥M(I+1)M(I+1)/P(I+1)
D1=D11-D12-D13
RE=REL#M(I-1)%DBP(I-1)
RE=ABS (RE)
IF(RE.GE.4000.) R=.0924/(RE*x.078)
IF(RE.LT.2000..AND.RE.GT.0.) R=64./RE
IF(RE.LT.4000..AND.RE.GE.2000.) R=.0001375%RE**x.717
IF(RE.GE.4000.) THEN
IF(R.LE..04125) R=.04125
END IF
IF(M(I-1).NEB.0.) US=M(I-1)/ABS(M(I-1))
G21=US*M( I-1)*R¥DX(I-1)*TLBP/(2.*DBP(I-1)*P(I-1))
RE=ABS{REL®(I)*DBP(I))
IF(RE.GE.4000.) R=.0924/(RE*x%x.078)
IF(RE.LT.2000..AND.RR.GT.0.) R=64./RE
IF(RE.LT.4000. .AND.RE.GE.2000.) R=.0001375%RER*%x.717
IF(RR.GE.4000.) THEN
IF(R.LE..04125) R=.04125
END IF
IF(M(I).NE.O.) US=M(I)/ABS(M(I))
G22=US*M(I)*R*DX(I)*TLBP/(2.*¥DBP(I)*P(I))
Al(4+IL)=A1(4+IL)+G21
A2(4+IL)=A2(4+IL)+G22
D3=(P(I-1)*DX(I-1)+P(I+1)*DX{I))/(3.%DDT)
D4=2.*P(I)*(DX(I-1)+DX(I))/(3.*DDT)
A4(1+IL1)=-D2+D3+D4
D3=(M(I-1)*DX(I-1)+M(I+1)*DX(1))/(3.*DDT)
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D4=2.#M(I)x(DX(I-1)+DX(I))/(3.%DDT)
A4(2+IL1)=D3+D4+D1
10 CONTINUE
IL=4%(NNODE-1)
IL1=2%(NNODE-1)
N1=NNODE-1
Al(IL+1)=(DX(N1)/(3.%DDT))
Al(2+IL)=—CC
A1(3+IL)=-ABP(N1)/AV(Nl)
AL(IL+4)=(DX(N1)/(3.%DDT))
A2(1+IL)=2.%(DX(N1)/(3.%DDT))
A2(2+IL)=CC
A2(3+IL)=ABP(N1)/AV(Nl)
A2(4+IL)=2.%(DX(N1l)/(3.%DDT))
D2=DX(N1)%x(P(N1)+2.%P(NNODE))/(3.*DDT)
A4(1+IL1)=D2-FL(N1)/AV(N1)
RE=REL®M(N1)*DBP(N1)
RE=ABS (RR)
IF(RE.GE.4000.) R=.0924/(RE%x.078)
IF(RE.LT.2000..AND.RE.GT.0.) R=64./RE
IF(RE.LT.4000. .AND.RE.GE.2000.) R=.0001375%RE*%.717
IF(RE.GE.4000.) THEN
IF(R.LE..04125) R=.04125
END IF
IF(M(N1).NE.O.) US=M(N1)/ABS(M(N1))
G21=US*M(N1)*R¥DX(N1)*TLBP/(2.XDBP(N1)*P(N1))
Al(4+IL)=A1(4+IL)+G21
A4(2+IL1)=0.
A2(4+IL)=10.%x10.
A2(1)=10.%%x10.
A4(1)=P(1)%10.%%x10.
CALL TRID(Al,A2,A3,A4,PU,NNODE,2)
DO 30 I=1,NNODE
P(I)=PU(2%I-1)
M(I)=PU(2%I)
30 CONTINUE
M{MNODE)=0.

RETURN
END
C
c ——————
[
o
SUBROUTINE TRID(Al,A2,A3,A4,X,N,L)
(o]
C
C
C
REAL Al(1),A2(1),A3(1),A4(1)
1, BETA(808),X(1)
REAL GAMMA(808),ALPR(808),A(9),B(9),C(9)
C
c This rcutine is used to solve a tridiagonal system.
C Bach of the diagonal elements could be a matrix LxL
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and the size of the global matrix is NxLxNxXL. The
algorithm used here is based on Thomas algorithm with
some minor modifications.

Al(L,L) is the sub—diagonal element at the I node
A2(L,L,I) is the diagonal element at the I node
A3(L,L,I) is the super-diagonal element at the I node
A4(L,L,I) is the last column element at the I node

A4(L,I) is the right hand side of the system equations
at the I node

aacaaoaaaoaaaaaaaa

Inialized the dummy matrices A,B,C,D and set C to Unity Matrix
po 1 I=1,L

po 2 J=1,L
A(I+(J-1)%L)=0.0
B(I+(J-1)xL)=0.0
C(I+(J-1)*L)=0.0
CONTINUE
CONTINURE

po 3 1I=1,L
C(I+(I-1)*L)=1.
3 CONTINUE

N

Set BETA to be equal to the inverse of A2(L,L,1)

aaQa

po 10 I=1,L
po 20 J=1,L
BETA(I+(J-1)%L)=A2(I+(J-1)%L)
20 CONTINUE
10 CONTINUE

C

CALL INVT(BETA(1),B(1),L)

CALL ADD(R(1),A(1),BBTA(1),L,L,1.0,0.0)
C
c

CALL MUL(BETA(1),A4(1),GAMMA(1),L,L,1,1.,1.)
C

Do 30 I=2,N

LEK=L*L*(I-1)

LK1=L*L%(I-2)

LK1=LK1l+1

LE=LE+1

LK3=L*(I-1)

LK3=1K3+1

LK4=L*(I-2)

LE4=LK4+1
C
C

CALL MUL(Al(LK),3BTA(LK1),ALPH(IK),L,L,L,1.,1.)
CALL MUL(ALPH(1K),A3(1K1),B(1),L,L,L,1.,1.)
CALL ADD(A2(LK),B(1),BETA(IK),L,L,1.,-1.)

RS
Q

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



360

CALL INVT(BETA(LK),A(1l),L)
CALL ADD(A(1),B(1),BETA(IX),L,L,1.,0.)

CALL MUL(Al(LK),GAMMA(LK4),ALPH(LK),L,L,1,1.,1.)
CALL ADD(A4(LK3))ALPH(LK),B(1)’L, 1’1"—1-)
CALL MUL(BETA(LK),B(l),GAMMA(LIK3),L,L,1,1.,1.)

QaaQ

30 CONTINUB
LN=L%x(N-1)
LN=LN+1
Solve for the last node array X(I,N) I=1,...,L

QaQ

CALL MUL(C(1l),GAMMA(LN),X(IN),%,L,1,1.,1.)

Q

LAST=N-1

Using the back substituting, solve for X(I,J)
I=1,....,L and J=1,....,N

aaaaaa

DO 50 K=1,LAST

I=N-K

LK2=L%I

LK2=1K2+1

LK=L*xL%(I-1)

LK1=L%x(I-1)

LE=LK+1

LK1=1LK1+1

CALL MUL(BETA(LK),A3(1IK),B(1),L,L,L,1.,1.)

CALL MUL(B(1l),X(LK2),A(1),L,L,1,1.,1.)

CALL ADD(GAMA(LKI),A(l),X(I.Kl),L,l,l.,—1.)
50 CONTINUE

C
RERTURN
END
C
o]
C
SUBROUTINE ADD(X,Y,Z,M,N,F1,F2)
[
C
C
C This routine can be used to add two matrices together
Cc X(M,N) and Y(M,N) and the result is stored in matrix
(o} Z(M,N).
(o} Z = F1xX + F2%Y Fl and F2 are scalar
C
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REAL X(1),Y(1),2(1)

Do 10 I=1, N
po 20 J=1,M
Z(J+(I-1)M)=F1xX(J+(I-1) M) +F2xY(J+(I-1) M)
20 CONTINUE
10 CONTINUE
RETURN
END

SUBROUTINB MUL(X,Y,Z,M,N,K,F1,F2)

This routine can be used to multiply two matrices
X(M,N) and Y(N,K) and the result is Z(™,K)

Z F2xX if F1=0

z F2%XxY and F2 is a scalar

REAL X(1),Y(1),2(1)

Q aQaaoaaoaaaqn QoQ

IF(F1.EQ.0.) THEN
po 5 I=1,M
po 6 J=1,N
X(I+(J-1)3M)=F2%X (I+(J-1)*M)
6 CONTINUEB
5 CONTINUE
RETURN
END IF
Do 10 I=1,K
DO 20 J=1,M
Z(J+(I-1)*K)=0.0
po 30 L~1,N
Z(J+(I-1)*K)=Z{F+(I-1)*K)+F2%X(J+M*(L-1))*
1 Y(L+(I-1)*K)
30 CONTINUE
20 CONTINUEB
10 CONTINUE
RETURN
END

SUBROUTINE INVT(A,B,N)

This routine can be used to provide the inverse
of A matrix and return in B
N is limited to 1 or 2

ATy o

aaQaaaqQa aqgaa
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(o J®]

REAL A(1),B(1)
IF(N.EQ.1l) THEBN
B(1)=1./A(1)
RETURN
END IF
DDTA=A(1)*A(4)-A(2)*A(3)
B(1)=A(4)/DDTA
B(2)=—A(2)/DDTA
B(3)=-A(3)/DDTA
B(4)=A(1)/DDTA
RETURN
END
CREEEERXKERRKEER KRR EE AR KRR KRR AR ER R AR KKK
SUBROUTINE LEAK(N)
CRERRREEEE KRR KRR KRR R R R R KRR KRR KRR KRR EX R K
c
COMMON/WRBPS /M, FL, DBP, ABP, AV
COMMON/WRBPS1/P
COMMON/BPCOMM/CC, TLBP, PO, IREL, DX(201) ,RL(201)
REAL P(201),M(201),FL(201)
1, ABP(201),AV(201),DBP(201)

po 10 I1=1,N
IF(RL(I).EQ.0.) THEN
FL(I)=0.
GOTO 10
END IF
FL(I)=.6%FLOW(RL(I),P(I+1),1.)/SQRT(1.4)
10 CONTINUE
IF(FL(2).EQ.0.) THEN
FL(2)=.002%(P(2)-1.)*ABP(2)

END IF

RETURN

END
CEXEREERERREKERELRRERERKE R KR XKRERERAERK XK KKK R X KK EKKK KK R XK KRR KKK
C

SUBROUTINE HREAD (AM)
C
CXRRREERREERREKKEEX KRR EEK KRR XK EE R KRR X KRR KR KRR KK
C
C

COMMON/WRBPS/M, FL, DBP, ABP, AV
COMMON/WRBPS1/P
COMMON/BPCOMM/CC, TLBP, PO, IREL,DX(201) ,RL(201)
COMMON/BPSMP/DDT, NNODE, XR1, INC
COMMON/ALL/DT1
REAL D(201),P(201),M(201),DBP(201),ABP(201),AV(201),FL(201)
AZ=px{1)/DT1
=P(1)
D3=P(1)*DX(1)/DT1
A4=D3+(AM/ABP(1))
P(1)=(A4-M(1))/42

B L

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



363

RETURN
END
CREEERKARERERETERKEKE KRR EXEL KR KRR KRR KRR EXE KRR KRR KR XK
SUBROUTINE RUNG(A,B,NI,Y,V,YPRIME,N)
REAL Y(1),V(1)
REAL G1(6),G2(6),G3(6),G4(6),YY(6)
R=(B-A)/NI
S=A
Do 50 I=1,NI
po 1 IK=1,N
YY(IK)=Y(IK)
J=IK
G1(IK)=YPRIME(YY(IK),Y(1),V,J)
YY(IK)=Y(IK)+(G1l(IK)*R/2.)
1 CONTINUE
Do 2 IL=1,N
J=IL
G2(IL)=YPRIME(YY(IL),Y(1),V,J)
YY(IL)=Y(IL)+(G2(IL)*R/2.)
2 CONTINUE
DO 3 IM=1,N
J=IM
G3(IM)=YPRIME(YY(IM), Y(1),V,J)
YY( IM)=Y(IM)+(G3(IM) *R)
3 CONTINUE
Do 4 IN=1,N
J=IN
G4(IN)=YPRIMEB(YY(IN),Y(1),V,J)
Y(IN)=Y(IN)+R*(GL(IN)+2.%GZ(IN)+2.*G3(IN)+G4(IN))/6.

4 CONTINUE
50 CONTINUB
RETURN

END

FUNCTION PREL(Y,DUM,V,I)
REAL V(1)

COMMON/PRFUN/R(6) , AM(6),X1
PREL=(AM(I)-X1*Y*R(I))/V(I)
RETURN

END

FUNCTION DIS(Y,V,DUM,I)

COMMON/DISPL/AL(2),R1(2)

DIS=-R1(I)+V¥AL(I)

RETURN

END
c
CRAREEREREERREEREK KRR R R R EERSSE ORI R KRR R XK

SUBROUTINE SIMAT(Al,A2,A3,A4,X,N)

REAL X(1),A1(1),R,BETA(402),GAMMA(402)
1, A2(1),A3(1),A4(1)

BETA(1)=A2(1)

GAMMA (1)=A4(1)/BETA(1)

DO 10 I=2,N

arrvzoae © -
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BETA(I)=A2(I)-A1(I)*A3(I-1)/BETA(I-1)
GAMMA(I)=(A4(I)~A1(I)*GAMMA(I-1))/BETA(T)
10 CONTINUE
X(N)=GAMMA(N)
LAST=N-1
DO 20 K=1,LAST
I=N-K
X(I)=GAMMA(I)—-A3(I)*X(I+1)/BETA(I)
20 CONTINUE
RETURN
BND
CREEEAKERRRXEREREX KRR R KRR R SRR R EKE R KRR KRR AR R KRR X KX
SUBROUTINE SIMEXP(Al,A2,A3,A4,X,N)
CRXREEEREEXEKEERERKRKE KRR KRR KRR KR RRRRREREREX R RK KA KR EXE XK
REAL X(1),Al(1),R,BETA(402),GAMMA(402)

1, A2(1),A3(1),A4(1)
X(1)=(A4(1)-A3(1)*X(2))/A2(1)
Do 1 1I=2,N-1
X(I)=(A4(I)-AL(I)*X(I-1)—-A3(I)*X(I+1))/A2(I)
1 CONTINUE
X(N)=(A4(N)-AL(N)xX(N-1))/A2(N)
RETURN
END
c
c
CRERREREEREERR RN R KRR R R AR R R R AR KK
c
SUBROUTINE LOCMOD(AM1,KK,PF,X,DP1)
c

CREEXRKKKEREE KRR R EXE KR EER XK KRR XX EX KK KRR KKK KRR KKK RR KRR KK
REAL AM1(1),PL(201,4),P1IN(201)
COMMON/1OCSUB/A5, V1
COMMON/LOCM/PL
COMMON/RELIMT/AXEX, AXO, AX2, AXF
COMMON/TEST1/A4, A6,V4,V5,V6E,P4,P5,P6, AD, TL, V44, V66, XX1
COMMON/CORF/B1,B2,B3,B4,C4,C7,PMAX, DPMAX, PDMAXT , B22
COMMON/COEF1/IFLAG
COMMON/DREL/ABPC
COMMON/PRFUN/R(6) , 4M(6) , X1
COMMON/PRELAY/PHREL, PBP
COMMON/PREGV/PHREG, PEQ
COMMON/ALL/DT
COMMON/MRSUP/PP(6),VV(5),AA(6)
EXTERNAL PREL
DP=0.
R(1)=0.
PHREL=PL(EK, 2)
PHREG=PL(EK, 2)
PBP=PL(KK, 3)
IF(PL(EK,1).1T.3.) PL(KK,4)=PL(EK,1)
ARR=ABS(PL(KK, 1)-P1IN(EK))
XRR=ABS (AX2-X)
IF(IFLAG.EQ.0) THEN
IF(ARR.LE..00001.AND.XRR.LE. .00003) THEN

~ SPNRRPROY Jewe e e T
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PDMAX=.1
IFLAG=1
ELSE
PDMAX=PDMAXI
END IF
END IF
IF(PL(EK,1).GT.3.1.0R.PBP.GT.3.1) THEN
IF((PBP+PDMAX) . LE.PL(KK, 1)) THEN
PDMAX=.0645
B2=-B1x*PL(KK, 1)+B22
CALL SOLV(PHREL,PBP,PL(KK,1),PL(KK,4))
GOTO 100
END IF
IF( (PBP+.005).LE.PL(KK, 1) . AND. (PBP+PDMAX) .GE.PL{ER, 1)) THEN
IF((PL(KK,1)-PBP).LT.0.) PL(KK,4)=PBP-.002
IF( (PL(KK,1)-PBP).GE.O0.) PL(KK,4)=PBP+.002
GOTO 100
END IF
IF((PBP+.005) .GE.PL(KK,1)) THEN
p2=1.
ABPC=0.6%A5
PRT=(P2*P2-PL(KK, 3) *PL(EK, 3) ) *AREL¥*AREL/ (ABPC*ABPC)
PL(KK,4)=SQRT (PRT+PL(KK, 3) *PL(EK, 3) )

c P5=P(3)
GOTO 200
END IF
100 XB=(PL(EK,4)-3.)%*14.7%22. /(28.%12.)

ABPC=.6%.25%A5
IF(XB.LE..25) THEN
ABPC=.6¥A5%XB
END IF
200 DP=(PL(EK,1)-PL(KK,4))*14.7
DP1=DP
CALL REIMOD(DP,AM(3),X,AREL)
BLSE
AM(3)=0.
END IF
DP=PF-(PL(EK,1)-1.)*14.7
PBP=PL(KK, 3)
PEQ=PL(KK, 1)
CALL REGV(AM(1),DP)
IF(X.GT.AX2) THEN
AM(2)=-AM(3)
ELSE
AM(2)=0.
END IF
IF(DP.GT.0.) THEN
AM(2)=AM(2)-AM(1)
END IF
po 10 1=1,3
AM1(I)=AM(I)
10 CONTINUE
P1IN(EKK)=PL(KK, 1)
PL(KK, 1)=PL(KK, 1)+AM(1)*DT/V1
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RETURN
END
C
Cc
CEEERE KKK KRR R R R R R KRR R KRR KRR XK R AR R R X
C
SUBROUTINE MRSUB(AM1,PMR)
C
CAEERKEXE XXX R EERREKERRKRRERER KR KR KRR ERRE KRR R RARKR KRR ER TR KRR
C
COMMON/PRFUN/R(6) , AM(6) , X1
COMMON/MRSUP/PP(6) ,VV(5) ,AA(6)
COMMON/MRS/V2
COMMON/ALL/DT
REAL AMM(6)
EXTERNAL PREL
C
PP(5)=PMR
po 10 I=1,4

AMM(I)=FLOW(AA(I),PP(I+1),PP(I))/SQRT(1.4)
10 CONTINUE
AM(1)=AMM(1)
po 20 J=1,4
CALL RUNG(O.,0.+DT,1,PP(J),VV(J),PREL,1)
C PP(J)=PP(J)+AM(1)*DT/VV(J)
AM(1)=AMM(J+1)-AMM(J)
20 CONTINUE
(o AM(1)=.2%FLOW(AA(5),PMR,PP(6))
C CALL RUNG(0.,0.+DT,1,PP(6),VV(4),PREL,1)
AM(1)=AM1-AMM(4)
CALL RUNG(O.,0.+DT,1,PMR,V2,PREL,1)

C PMR=PMR+AM(1)*DT/V2
RETURN
END
C
CAEREERE KRR KEERERERERRAEKKRKEXE KRR KRR KRR KRR SRR AR RRER IR KRR
c
SUBROUTINE REIMOD(DP,AM, X, AREL)
c
CREE R KRR R R AR R KR KRR AR AR KRR RRKK
C
COMMON/DRELAY/DEX, DCH, AO, ABP
COMMON/DREL/ABPC
COMMON/RELPAR/BO,B1,B2,B3,H0,H1,H2,H3,H4,H5,H6
COMMON/RELIMT/AXEX, AX0, AX2, AXF
COMMON/PRELAY/PMR, PBP
COMMON/MRSUP/PP(6) ,VV(5),AA(6)
C
PI=22./7.
AOUT=ABPC*A0/SQRT (AO¥XAO+ABPC*ABPC)
C

IF(DP.LT.H6) X=AXF
IF(DP.GE.H6.AND.DP.LT.H5) X=B3*(DP-HS5)+AXEX
IF(DP.GE.H5.AND.DP.LT.H4) X=AXEX
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IF(DP.LT.0..AND.DP.GE.H4) X=B2*¥DP
IF(DP.GE.O..AND.PP.LT.H3) X=0.
IF(DP.GE.H3.AND.DP.LT.H2) X=Bl¥(DP-H3)
IF(DP.GE.H2.AND.DP.LT.H1l) X=AX2
IF(DP.GE.H1.AND.DP.LT.HO) X=BO*(DP-H1)+AX2
IF(DP.GE.HO) X=AX0

AM=0.
AREL=0.

IF(X.GT.AX2.AND.X.LE.AXO) THEN
AREBL=PI*DCH%(X-AX2)/ABP
AREL=AREL*ABPC/ ( SQRT ( AREL*ARBL+ABPCXABPC) )
AM=FLOW(AREL, PMR,PBP) /SQRT(1.4)

END IF

IF(X.GB.AXF.AND.X.LE.AXEBX) THEN
ARBL=-PI*DEX*(X—-AXEX)/ABP
AREL=AREL*AOUT/SQRT (AOUT*AOUT+AREL*AREL)
AM=FLOW(AREL, 1. ,PBP)/SQRT(1.4)

END IF

RETURN
END

CARERRKEKKEEERKER LR EEREKK KKK ER KRR KRR KRR KRR RER R KRR KRR KRR KEXK

C

C

SUBROUTINE REGV(AM,DP)

CAERKKREXREKEXEERKEERKEERKR XX R RXKRAEE R R KRR EREX KRR R XK RN KRR KR XK

C

COMMON/PREGV/PMR, PEQ
COMMON/DREGV/AST, AEX, ABP

PI=22./7.
IF(ABS(DP).LT.24) THEN
XV=.00378%ABS (DP)
XV1=.00378%ABS (DP)

ELSE
XV=.00378%24.
XV1=.00378%24.

END IF

AV1=(.0547-PIx(.132-XV1)**2.)/ABP
AV=.075%XV/ABP

AV=.12%XV/ABP
AV=AV¥AV1/SQRT(AV¥AV+AV1*AV1)

IF(DP.GT.0.) THEN
AO=AST¥AV/SQRT(AST*AST+AVX¥AV)
AM=FLOW(AO, PMR, PEQ) /SQRT(1.4)
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END IF

IF(DP.LT.0.) THEN
AO=ARX*AV/SQRT (AEX¥ARX+AVXAV)
AM=FLOW(AO, 1. ,PEQ)/SQRT(1.4)

END IF

IF(DP.EQ.0.) AM=0.

BB=B—C
BB1=ABS(BB)
IF(BB1.LE..0l) THEN
FLOW=0.0
RETURN
END IF
FLOW=A*B*SQRT(ABS(1.-(C/B)*%2.) )*SIGN(1.,BB)
RETURN
END
C
SUBROUTINE LOCCMP(AM1,P,PF,X,DP1)
C
CEXEXEEKEXEKEKEXKEKERKREKRE KR KX KRR KRR AR E KA KRR KRR KA R AR R KR K
REAL P(1),AM1(1)
COMMON/LOCSUB/A5,V1
COMMON/MRSUP/PP(6) ,VV(5) ,AA(6)
COMMON/DREL/ABPC
COMMON/NEW3/PU, PD
COMMOMN/PRFUN/R(6) , AM(6) ,X1
COMMON/PRELAY/PHREL, PBP
COMMON/PREGV/PHREG, PRQ
COMMON/ALL/DT
COMMON/TEST1/A4,A6,V4,V5,V6,P4,P5,P6,AD, TL, V44, V66, XX1
EXTERNAL PREL
DP=0.
R(1)=0.
PHREL=P(2)
PHREG=P(2)
PBP=P5
AM16=. 6¥FLOW(A6,P(1),P6)/SQRT(1.4)
X1=XX1
ARC=0. ‘
IF(P5.GT.3.) THEN
XB=(P5-3.)%14.7%22./(28.%12.)
=.25%A5
IF(XB.LE..25) THEN
ARC=A5%XB
END IF
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BND IF
ABPC=ARC
AM54=_6XFLOW(A4,P4,P5) /SQRT(1.4)
AMS5B=. 6XFLOW(ABPC,P(3),P5)/SQRT(1.4)
DP=PF-(P(1)-1.)%14.7
PBP=P5
PEQ=P(1)
CALL REGV(AM(1),DP)
IF(X.GT..042) THEN

AM(2)=-AM3
ELSE

AM(2)=0.
END IF

IF(DP.GT.0.) THEN
AM(2)=AM(2)-AM(1)
END IF
AM5=AM54+AM5B+AM3
po 10 I=1,2
AM1(I)=AM(I)
10 CONTINUE
AM(1)=AM(1)-AM16
P(1)=P(1)+AM(1)*DT/V1
AM(1)=AM16
V6=V66+ADX*X%.0254/TL
R(1)=1.
CALL RUNG(O.,DT,1,P6,V6,PREL,1)
AM(1)=-AM54
V4=V44-ADxX*.0254/TL
R(1)=-1.
CALL RUNG(O.,DT,1,P4,V4,PREL,1)
AM(1)=AM5
R(1)=0.
CALL RUNG(O.,DT,1,P5,V5,PREL,1)
AM1(3)=-AM5B
DP=(P6-P4)%x14.7
DP1=DP
CALL RELCMP(DP,AM3, X, AREL)
PU=14.7x(P6-1.)
PD=14.7%(P4-1.)

RETURN
END
C
C
CEREEER R KRR KRR R KR KRR KRR R KRR R KRR KRR KK KRR KK R KRR RLR RN KK
C
SUBROUTINE RELCMP(DP, AM, X, AREL)
C
CREREXRKERE KR KRR R EEE KR KRR SRR IR KRR LR LR R RO RR KRR R R K
(o
REAL XX(2)
COMMON/DRELAY/DEX, DCH, AO, ABP
COMMON/DREL/ABPC
COMMON/PRELAY/PMR, PBP

COMMON/NEW/RT, AKD, AK69, AK71, AK74,AL6S, AL71,AL74

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



370

COMMON/NEW1/XEX, X0, X2, XF

COMMON/TRST1/A4, A6,V4,V5,V6,P4,P5,P6, AD, TL, V44, V66, XX1
COMMON/DISPL/AL(2),R1(2)

COMMON/ALL/DT

EXTERNAL DIS

P1=22./7.

AOUT=A0

AL(1)=0.

AL(2)=1.

R1(2)=0.0

DF=12.96%4 . 388844*RT*DP

I11=0

12=0

I3=0

IF(XX(2).LT.XEX) THEN

F71=AL71-TL*AK71*¥(XX(2)—-XEX)
I1=1

END IF

IF(XX(2).LE.X0.AND.XX(2).GE.XF) THEN
F74=AL74+TL*¥AK74%XX(2)
IF(XX(2).LE.0.0) F74=0.

IF(XX(2).LE.XEX) F74=AL74+TL¥AK74%(XX(2)-XEX)
12=1

END IF

IF(XX{(2).LE.X0.AND.XX(2).GT.X2) THEN
F69=AL69+TL*AK69%(XX(2)-X2)

I3=1

END IF

IF(XX(2).GE.XBX) F71=0.0

IF(XX(2).LE.X2) F638=0.0

IF(XX(2).EQ.XEX) F74=0.0

F71=F71*RT

FE69=F69*RT

F74=F74%RT
BETA1=1.5%SQRT (RT*¥TL¥( I2¥AK74+I3¥AK6S—11%AK71+AKD) )

IF(XX(2).GT.XEX.AND.XX(2).LE.0.) THEN
R1(1)=-DF+AKD*RT*XX(2)*TL
R1(1)=BETAL*XX(1)+R1(1)

ELSE

R1(1)=BETA1*XX(1)+F74+F63-DF-F71

R1(1)=R1(1)+AKDXRTXTL+XX(2)

END IF

C IF(XX(2).GT.0.AND.XX(2).LT.X2) R1(1)=1.4%R1(1)
C IF(XX(2).GE.XBX.AND.XX(2).LE.0.) RL(1)=2.5%R1(1)

X22=X

CALL RUNG(O.,DT,1,XX,DUM,DIS,2)

IF(XX(2).LE.XF) THEN
XX(2)=XF

END IF

IF(XX(2).GE.X0) THEN
XX(2)=X0

END IF

IF(XX(2).LE.XF.OR.XX(2).GE.X0) THEN
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XXx(1)=0.
END IF
AREL=0.
XX1=AD*XX(1)
X=XX(2)*TL/.0254
=0.

IF(X.GE..042.AND.X.LE..25) THEN
ARBL=PI*DCH%¥(X-.042)/ABP
C AREL=AREL*ABPC/ (SQRT (AREL¥*AREL+ABPC*ABPC) )
AM=FLOW(AREL, PMR, PBP) /SQRT(1.4)
END IF

IF(X.GR.—.16.AND.X.LE.-.03) THEN
AREBL=-PI*DEX%(X+.03)/ABP
AREL=AREL¥AOUT/SQRT (AOUT*AOUT+AREL¥AREL)
AM=FLOW(AREL, 1. ,PBP) /SQRT(1.4)

END IF

aaQ

RETURN
END
c
(o]
c
CREEREKEXELEXEKE X R KR E R KRR R KRR R KRR ERKEXEKERKK LR KER KK
SUBROUTINE SOLV(PMR,PBP,PEQ,PM)
CEREREKERAEE XK R R KR LR KRR E KRR RR KRR KRR XK R KRR KRR KRE
(o]
COMMON/COEF/B1,B2,B3,B4,C4,C7,PMAX, DPMAX, PDMAX
COMMON/EXT/FUN,J
REAL A(5)
J=0
1 A(1)=—(B2*B2*PMR*PMR+B4*B4+P3P*PBP)
J=J+1
A(2)=-2.%(B14B2%PMR*/’"MR+B3%B4+*PBP*PBP)
FUN=0.
FUN1=0.
IF(PM.GE.PMAX.AND. (PM+DPMAX) . LE.PRQ) THEN
A(5)=0.
A(4)=0.
A(3)=C4A¥C4+CT*C7
A(2)=0.
A(1)=-(CA*CA4XPMRXPMR+C7*C7*PBP*PBP)
GOTO 100
END IF
IF(PM.GE.PMAX) THEN
A(5)=B1%21
A(4)=2%31%B2
A(3)=C73C7+B2*B2-B1*B1*PMR*PMR
A(2)=-2.%*B1%B2*xPMR*PMR
A(1)=-PBP*PBP*C7*C7-B2%B2*PMR*PMR
GOTO 100

TR
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END IF
IF( (PM+DPMAX).LE.PEQ) THEN
A(5)=B3*B3
A(4)=2%B3*B4
A(3)=C4¥C4+B4%B4-B3*B3*PBP*PBP
A(2)=—2.%B3¥B4*PBP¥PBP
A(1)=-PMR*PMR¥C4¥C4-B4%B4*PBP*PBP
GOTO 100
END IF
A(5)=B1¥B1+B3%B3
A(4)=2%(B1*¥B2+B3*B4)
A(3)=B2*B2+B4%¥B4-B1*¥B1*PMR¥PMR-B3*B3*PBP*PBP
100 pbo 10 1=1,4
FUN=FUN+A (I+1)*%PM%XI
FUN1=FUN1+I¥A(I+1)*PM¥%(I-1)
10 CONTINUE
FUN=FUN+A(1)
PM=PM—(FUN/FUN1)
IF( (PM+PDMAX) .GE.PEQ) THEN
PM=PEQ-.1
RETURN
END IF
IF(PM.LT.3..0R.PM.GT.PEQ) THEN
IF(PM.LT.PBP) PM=PBP
IF(PM.GT.PEQ) PM=(PEQ+PBP)/2.
IF(PM.LT.3.) PM=(3.+PEQ)/2.
GOTO 1
END IF
ERR=ABS (FUN/ (PMXFUN1) )
IF(ERR.LE..0001.0R.J.GE.10) RETURN
GOTO 1
END
CREREERREE KKK KEKELERE R R KRR E KRR KRR KRR K KRR R KKK KKK KKK
SUBROUTINE ABDW(I,J)
CEREXKEERKKKREEAEEEARE R R R KRR KRR RA KK KKK KRR KKK R EEXKR R KKK
C
COMMON/ABDV/PB,CWM
COMMON/ALVALV/IDV
COMMON/BPSMP/DDT , NNODE, XR1, INC,REL
COMMCN/AAVF/IAAV,AVT
COMMON/VOL/VAAV
COMMON/WRBPS1/P

This routine is used to simulate tke dynamic of the
ABDW. It will call AAV portion of the ABDW and then
call the ABD control valve.

Qaaoaoaoaoaaoaaa

REAL PB(201,16),P(201),CVM(4),VAAV(5)
INTEGER IAAV(201)

CcWM(1)=0.
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C IF(PB(I,8).LT.1.) PB(I,8)=1.

C IF(PB(I,8).GT.P(I+1)) PB(I,8)=P(I+1)
CALL AAV(AI8,I,J)
CALL ABD(I,J)
II=I+1
IF(XIAAV(I).EQ.2) RETURN
IF(IAAV(I).NE.O) THEN

AM=.507*FLOW(AI8,P(II),PB(I,8+IDV))

CVM(1)=CVM(1)+AM
ELSE
AM=—_507#FLOW(AVT,PB(I,8+IDV),1.)
END IF
200 PB(I,8+IDV)=PB(I,8+IDV)+AM*DDT/VAAV(J)
RETURN
END
C
C

CEEXREEREKXEEEKEKRREEKXKAERER R AR EEERXREEXKEREKKEREKRAXE RN KK
SUBROUTINE ABD(I,J)
CEEEEEEKKRE KKK EE KKK E KRR KKK E KRR KR ER KRR EREKRER KKK
c .
C
COMMON/ABDFL/NQS, NAUX, NBC
COMMON/ALVALV/IDV
COMMON/BPBCY/DPRES, IDRY
COMMON/ INTP/PINT(201,2)
COMMON/ABDWV/IDEF, AAAV
COMMON/BPSMP/DLT, NNODE, XR1, INC, REL
COMMON/WRBPS1/P
COMMON/ABDV/PB,CVM
COMMON/RESTR/DAVENT, DABR, DAPERP, DQAS , D201B, DQSV, DAUX
1 ,DEMR, D1C
COMMON/CV/DCV,KCV, I1CV, ACV, XCVM, PCV, PCM
COMMON/QAC/DO,D1,D2,D3,D4,ASV, LSV,KSV, WSV, PSV,PSVM
COMMON/QAAR/DQAV2
COMMON/INS/DINS1,DINS2, LINS, KINS, AINSO, AINSI, XINSM, PINS, PINSM
COMMON/SSV/C0,C1,Hl,PSSWM
COMMON/LIMiT/H2,H3,H4,H5, H6, H7,, H8, DHP1
COMMON/VOIMS/VQA, VQS, VINT

This subroutine is used to model the dynamic of both
the ABD and ABDW control valve (after calling the AAV
portion subroutine.

aaaaaQaaqa

REAL DAVENT(10),DABR(10),DAPERP(10),DQAS(10),D201B(10)
,DCV(10),1cv(10) ,KECV(10) ,ACV(10),XCVM(10),D0(10),D1(10)
,D2(10),Db3(10),D4(10),DQAV2(10),ASV(10),LSV(10)
,ESV(10),wWsv(10),DINS1(10),DINS2(10),LINS(10),KINS(10)
,AINSO(10),AINSI(10),XINSM(10),C0(10),C1(10),H1(10),H2(10)
,H3(10),B4(10),H5(10) ,H6(6) ,H7(10" , “wA(10),VQs(10)
,PCV(10),PCVM(10),PSV(10) ,PSVM(10),PINS(10) . PINSM(10)

AL WN -
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7 ,PSSVM(10),DQsv(10) ,DAUX(10),DHP1(10),HB8(10)
8 ,DEMR(10),D1C(10)

REAL PB(201,16),P(201),CVM(4)

INTEGER NQS(201),NAUX(201),NBC(201)

DO 10 KK=1,4
CVM(KK)=0.
10 CONTINUE
II=I+1
DPS=14.7%(PB(I,4+IDV)-P(II))
DPR=14.7%(PB(I,7+IDV)-P(II))

Evaluate the brake pipe flow rate CVM(1l) to the quick
action chamber, and then calculate the quick action
chamber pressure. The net flow rate within the quick
action chamber is QA.

If the simuletion is for the ABDW, do not calculate
the quick action vent area AAAV, and use the one prev-
iousely has been calculated using AAV subroutine.

aaaoaaaoaaaqaaaqa

IF(IDEF.NE.2) THEN
AAAV1=FSV(DPR,J)
AAAV=AAAV1*DQAV2(J)/SQRT(AAAV1XAAAVI+DQAV2(J)*DQAV2(J))
END IF
CVM(1)=.507*%FLOW(D201B(J),P(II),PB(I,7+IDV))
IF(AAAV.NE.O.) THEN
AM=CVM(1)~.507%FLOW(AAAV,PB(I,7+IDV),1.)
ELSE
AM=CVM(1)
END IF
PB(I,7+IDV)=PB(I,7+IDV)+AMXDDT/VQA(J)
IF(IDRY.EQ.0) THEN

IF(DPS.LE.H1(J)} GOTO 109

CVM(3)=.507*«FLOW(FSSV(DPS,J),PB(I,3+IDV),PB(I.4+IDV))

CVM(2)=—CVM(3)

IF(DPE.IE.(-H6(J))) THEN
DPB=14.7%(PB(I,3+IDV)—-P(II))
Cv=.507xFLOW(FCV(DPB,J),P(II),PB(I,3+IDV))
CVM(2)=CvV-CWM(3)

CVM(1)=CVM(1)+CV
RETURN
END IF
END IF

100 IF(DPS.GT.0.) THEN
IF(DPS.GT.0..AND.DPS.LT.H3(J)) THEN
IF(NAUX(I).NE.2) THEN
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CVM(3)=.507%FLOW(DAUX(J),P(IX),PB(I,4+IDV))
CVM(1)=CVM(1)+CVM(3)
END IF
ELSE
IF(DPS.GE.H3(J)) THEN
NAUX(I)=2
END IF
END IF
IF(DPS.GE.H3(J)) THEN
IF(NQS(I).NE.2) THEN
IF(DPS.GE.H3(J).AND.DPS.LT.H4(J)) THEN
CV=.507%FLOW(DQAS(J) ,P(II),PB(I,6+IDV))
AM=CV-.507*FLOW(DQSV(J),PB(I,6+IDV),1.)
CVWM(1)=CYM(1)+CV
PB(I1,6+IDV)=PB(I,6&+IDV)+AM*DDT/VQS(J)
ELSE
IF(DPS.GT.H4(J)) THEN
NQS(I)=2
PB(I,6+IDV)=1.
END IF
END IF
END IF

END IF

PBC=14.T7%PB(I,3+IDV)
IF(DPE.LE.H2(J)) THEN
IF(DPS.GE.H4(J).OR.NBC(I).BQ.2) THEN
AI4=FSSV(DPS,J)
NBC(I)=2
QABC=.507*%FLOW(AI4,PB(I,4+IDV),PB(I,3+IDV))
IF(PBC.LE.H7(J)) THEN
CV=.507xFLOW(DABR(J),P(II),PB(I,3+IDV))
ELSE
CvV=0.
END IF
CVM(1)=CVM(1)+CV
CVM(2)=CV+QABC
CVM(3)=—QABC
END IF
EiISB
AINS=FINS(PBC,J)+DINS1{J)
IF(IDV.EQ.0) THEN
PPINT=DINT(I, 1)
ELSE
PPINT=PINT(I,2)
END IF
CVM(2)=.507+FLOW(AINS,PPINT,PB(I,3+IDV))
IF(DPE.GE.H8(J)) THEN
AREAA=DFP1 (J)*AINS/SQRT(DHP1 (J)*DHP1(J)+AINS*AINS)
CVM(4)=—.507#FLOW(AREAA,PB(I,5+IDV),PB(I,3+IDV))
ELSE
c™(4)=0.
END IF
AI4=FSSV(DPsS,J)
CVM(3)=.507xFLOW(AI4,PB(I,3+IDV),PB(1,4+IDV))
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AM=—(CVM(4)+CVM(3)+CVM(2))
CWM(2)=-(CVM(3)+CVM(4))
IF(IDV.EQ.0) THEN
PINT(I,1)=PINT(I,1)+AM*DDT/VINT
IF(PINT(I,1).LE.1l.) PINT(I,1l)=1.
ELSE
PINT(I,2)=PINT(I,2)+AM$DDT/VINT
IF(PINT(I,2).LE.1.) PINT(I,2)=1.
END IF
CVM(1)=CVM(1)+.507*FLOW(DAVENT(J),P(II),1.)
END IF
ELSE
IF(DPS.LRE. (-H3(J))) THEN
CVM(1)=.507«FLOW(DAUX(J),P(IX),PB(I,4+IDV))
CVM(4)=.507*FLOW(DEMR(J) ,PB(XI,4+IDV),PB(I,5+IDV))
CVM(3)=CVM(1)-CVM(4)
CVM(2)=.504%FLOW(D1C(J),1.,PB(I,3+IDV))
END IF
IF(DPS.IE. (-H5(J)).AND.PB(I,5+IDV).GT.P(II)) THEN
CV=.507%FLOW(DAPERP(J),P(1I),PB(I,5+IDV))
CVM(4)=CVM(4)+CV
CVM(1)=CVM(1)+CV

0

Qaonooonon

Cc
CXRXKAEEERXX KK EEXREA KRR LR KRR E XK KRR R XK K KRR R KRR RRA KRR RRR XK kKR X
SUBROUTINE PBCYL(I1,J)
(02232222222 2S203 2222t ere2oci totoc stz oz 2ot so st a2l sl sl
C
COMMON/ABDV/PB,CVM
COMMON/ALVALV/IDV
COMMON/BPSMP/DDT, NNODE, XR1, INC, HEL
COMMON/BCYL/DBC, VBI, VBF, ABC, LBC, KBC, PBCU, PBCL, XBCM
REAL PB(201,16),CVM(4)
REAL DBC(10),VBI(10),VBF(10),ABC(10)
1 ,LBC(10),KBC(10),PBCL(10),PBCU(10),XBCM(10)

This subroutine is used to evaluate the brake
cylinder pressure, PINT(I), as a function of time.

aQaaoaaocaqa

DP=14.7%(PB(I,3+IDV)-1.)
DTP=14.7%(CVM(2)*DDT/VBI(J))
PBCB=14.7%PB(I,3+IDV)+DTP-14.7
IF(PBCB.LE.PBCL(J)) THEN
VBC=VBI(J)
PB(I,3+IDV)=PB(I,3+IDV)+DTP/14.7
IF(PB(I,3+IDV).LE.1.) PB(I,3+IDV)=1.
RETURN
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END IF

DIF=PBCL(J)-DP
VBC=DBC(J)x( (ABC(J)*(14.7%PB(I,3+IDV)+DP)-LBC(J))/KBC(J))
VBC=VBC+VBI(J)

IF(DIF.GT.0.) THEN
DTP=(CVM(2)*DDT%(1.-DIF/DTP)/VBC)+DIF/14.7
PB(I,3+IDV)=PB(I,3+IDV)+DTP
IF(PB(I,3+IDV).LE.1.) PB(I,3+IDV)=1.

RETURN

END IF

IF(DP.LE.PBCL(J)) VBC=VBI(J)

IF(DP.GE.PBCU(J)) VBC=VBF(J)

IF(DP.GT.PBCL(J).AND.DP.LT.PBCU(J)) THEN
VBC=DBC(J)%x( (ABC(J)*(14.7%PB(I,3+IDV)+DP)-LBC(J))/KBC(J))
VBC=VBC+VBI(J)

END IF

PB(I,3+IDV)=PB(I,3+IDV)+CVM(2)*DDT/VBC

IF(PB(I,3+IDV).LE.1.) PB(I,3+IDV)=1.

RETURN

END

C
CXREEREREXEEEXXKXRXXEEREEXXREXEXXEXKKKKKRKEKE KK KKKRKERK KKK

SUBROUTINE RESVP(I,J)
CRERXKERAXKKERR LXK REKRER KRR X R KKK EERR KL R R RRK KK KA R LR X
C

COMMON/ABDV/PB,CVM

COMMON/ALVALV/IDV

COMMON/BPSMP/DDT, NNODE, XR1, INC, REL

COMMON/AUX/VAUX

COMMON/EMR/VEMR

aQ

REAL PB(201,16),CVM(4),VAUX(10), VEMR(10)

This subroutine is used to calculate both the auxi-
liary and emergency reservoirs preasures, PB(I,4) and
PB(I,5) respectively, as a functica of time.

aaaaaaaqn

IF(CVM(3).NB.0.) THEN
PB(I,4+IDV)=PB(I,4+IDV)+CVM(3)*DDT/VAUX(J)

END IF

IF(CVM(4).NE.O.) THEN
PB(I,5+IDV)=PB(I,5+IDV)+CVM(4)*DDT/VEMR(J)

END IF

RETURN

END

~

v
CRERRERERREREEKEEEERE AR LR R R L KRR R KRR KRR XK KRR ERE KA KERE K
SUBROUTINER CVALV(I,J)
CEEXREEEERXEE KRR KRR R R R R KRR R RR KRR KRR KRR KK
Cc
COMMON/WRBPS1/P
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COMMON/ALVALV/IDV

COMMON/ABDV/PB,CVM

COMMON/BPSMP/DDT, NNODE, XR1, INC,REL

PUT YOUR COMMON BLOCK
H B R E

REAL P(201),PB(201,16),CVM(4)

QQ

This subroutine is a user defined routine for the
CVALV (C-Valve). You need to return back to the main
prograr the following variables

a) CVM(1l) is the mass flow rate that leaving the
brake pipe.
b) CVM(2) is the mass flow rate that entering the
brake cylinder
c) CVM(3) is the mass flow rate that entering the
auxiliary resrvoir
d) CVM(4) is the mass flow rate that entering the
emergency reservoir
Note, do not modify the following varisblex
1. P(I+l) is brake pipe pressure =2t the end of the i-th
section.
2. PB(I,3+IDV) is reservied for the brake cylinder pressure.
3. PB(1,4+IDV) is reservied for the auxiliary reservoir
pressure.
4. PB(I,5+IDV) is rervied for the emergency reservoir pressure.

Q Q aaaaoaqaaaaan

QaaaaQan

The PB(201,16) matrix is used in the form of PB(I,K+IDV).
I is the section number, and J is the valve design number,
defined by VALVEBF(I,2) or VALLVEF(I,6).

aacaaaaan

RETURN
END
c
Cc
CERAREAREERKKXXEEEEREXE R X KRKKREXE KK KKK REREK KKK KKRRKEKK
SUBROUTINE DVALV(I,J)
CXXEE AR REEER R R KKK KKK KKK ERRRR R KRR KKK KKK KKKERK
c
COMMON/WRBPS1/P
COMMON/ALVALV/IDV
COMMON/ABDV/PB,CVM
COMMON/BPSMP/DDT, NNODE, XR1, INC, REL
PUT YOUR COMMON BLOCK
H E R E
REAL P(201),PB(201,16),CVM(4)

This subroutine is a user defined routine for the
CVALV (C~Valve). You need to return back to the main
program the following variables

aaaaaqQaa aaq
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a) CWM(1) is the mass flow rate that leaving the
brake pipe.
b) CVM(2) is the mass flow rate that entering the
brake cylinder
c) CVM(3) is the mass flow rate that entering the
auxiliary reservoir
d) CVM(4) is the mass flow rate that entering the
emergency reservoir
Note, do not modify the following variables
1. P(I+l) is brake pipe pressure at the end of the i-th
section.
2. PB(I,3+IDV) is reservied for the brake cylinder pressure.
3. PB(I,4+IDV) is reservied for the auxiliary reservcir
pressure.

4. PB(I.5+IDV) is rervied for the emergency reservoir pressure.

The PB(201,16) matrix is used in the form of PB(I,K+IDV).
I is the section nuwmber, and J is the valve design number,
defined by VALVEF(I,2) or VALLVEF(I,6).

aagaaaaaaQ

c
Cc

RETURN
END

CXERREEEERKKEREEKERKAKXRERKEKER AR KK KKKKRKR R KKK KKK KRR KK RKK

SUBROUTINE EVALV(I,J)

CEREXREREKEKEXREEEERKAXREKRKKKKERRE KKK XK KKK KRR R KK KKK

C

COMMON/WRBPS1/P

COMMON/ALVALV/IDV

COMMON/ABDV/PB,CVM

COMMON/BPSMP/DDT, NNODE, XR1, INC, REL

PUT YOUR COMMON BLOCK
H E R E

REAL P(201),PB(201,16),CVM(4)

aQaan a O acaaoaaoaaoaaoaQaaoa aaQ

This subroutine is a user defined routine for the
CVALV (C-Valve). You need to return back to the main
program the following variables

a) CVM(1) is the mass flow rate that leaving the
brake pipe.
b) CVWM(2) is the mass flow rate that entering the
brake cylinder
b) CWM(3) is the mass flow rate that entering the
auxiliary reservoir
b) CVM(4) is the mass flow rate that entering the
emergency reservoir
Note, do not modify the following varisbles
1. P(I+l1) is brake pipe pressure at the end of the i-th
section.
2. PB(I,3+IDV) is reservied for the brake cylinder pressure.
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c 3. PB(I,4+IDV) is reservied Tor the auxiliary reservoir
pressure.
(o} 4. PB(I1,5+IDV) is rervied for the emergency reservoir pressure.
C
C The PB(201,16) matrix is used in the form of PB(I,K+IDV).
c I is the section number, and J is the valve design number,
C defined by VALVEF(I.2) or VALLVEF(I,6).
C
Cc
RETURN
END
C
C
C

CRERKKEKAEKEAKK KRR KA RKE KKK KRR KRR R KRRk K
SUBROUTINE AAV(AI8,I,J)
CREXXKKKAK KKK KRR EKAKKKR XK KKK KKK K KRR KK KKK
c
C
COMMON/QAAR/DQAV2
COMMON/ALVALV/IDV
COMMON/ABDWV/IDEF, AAAV
COMMON/DAV/DAAV5, DAAV3, DAVT, D031
COMMON/CC/C4,C5,C6,C7
COMMON/WRBPS1/P
COMMON/ABDV/PB,CVM
COMMON/AAVF/IAAV,AVT
REAL DAAV5(5),DAAV3(5),DAVT(5),D031(5),C4(5),C5(5),C6(5)
1 ,C7(5)
REAL PB(201,16),P(201),DQAV2(10)
INTEGER IAAV(201)

This subroutine is used to represent the dynamic of
the Accelerated Application Valve (AAV) of the ABDW.
the equivalent area of the AAV, AAAV, and the area
AI8 are evaluated within this routine.

aQaaaoaaaaqan

IDEF=2
DPB=14.7%x(PB(I,7+IDV)-P(I+1))
AAAV1=FSV(DPE,J)
IF(AAAV1.EQ.0.) THEN

IAAV(I)=2

AAAV=0.

RETURN
END IF
DP3=14.7%(PB(I,1+IDV)-1.)
DP8=14.7%(PB(I,8+IDV)-1.)
DPE=14.7%(PB(I,7+IDV)-P(I+1))
IF(DP3.GT. (C5(J)+C4(J)*DP8)) IAAV(I)=1
IF(DP3.LR. (C7(J)+C6(J)*DP8)) IAAV(I)=0
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AAAV3=TAAV(I)*DAAV3(J)

AIB=TAAV(I)*L(31(J)

AVT=(1-IAAV(I) )*DAVT(J)

AAAV2=DQAV2(J)

AAAV4=FECV(PB(I,2+IDV),J)

AAAV5=DAAV5(J)

AAV4=AAAV4A+AAAVS

AAV3=AAAV2%XAAV4/SQRT (AAAV2*AAAV2+AAVAXAAVS)
AAV2=AAAV3+AAV3
AAAV=AAV2¥AAAV1/SQRT(AAAVIXAAAVI+AAV2XAAV2)
PI7=PB(I,7+IDV)*PB(I,7+IDV)*AAAVIXAAAVI+AAV2XAAV2
PB(I,1+IDV)=SQRT(PI7/(AAAV1¥AAAV1+AAV2XAAV2))
PI1=PB(I,1+IDV)*PB(I,1+IDV)*AAAV2XAAAV2+AAV4XAAVS
PB(I,2+IDV)=SQRT(PIil/(AAAV2XAAAV2+AAVA%AAVE))
RETURN

END

[l s eetttatetasssesscs et sssssssciot oottt s tsss s sy

FUNCTION FINS(P,J)

CEEXEEXEXKEEEEKKKEKEEE R R KK EXXKKEEEXKEEERA KK ERRRKKKK KRR KKK

(o

C

COMMON/INS/DINS1,DINS2, LINS,KINS,AINSO, AINSI, XINSM, PINS, PINSM

REAL DINS1(10),DINS2(10),LINS(10),KINS(10),AINSO(10),AINSI(10)
» XINSM(10) ,PINS(10),PINSM(10)

This function will be used to simulate the inshot valve
in the case of emergency.

aaaaaaaan

c

DP=14.7%AINSI(J)-P*AINSO(J)+LINS(J)
IF(P.GT.PINS(J).AND.P.LT.PINSM(J)) THEN
FINS=DINS2(J)*DP/KINS(J)
ELSE
FINS=0.
IF(P.LE.PINS(J)) FINS=DINS2(J)*XINSM(J)
END IF
RETURN
END

CEEERREERREE KRR EERKEKXEELRR KR ERKRXKERKKERLRL K KRR KRR KK

FUNCTION FSSV(P,J)

CEELEXKERARERXEEEKEERKEEXEREE R KK EX KRR KRR KK REE KA KK ER KSR XK

C

COMMON/SsV/C0,C1,H1,PSSVM
REAL €0(10),C1(10),H1(10),PSSVM(10)

QaaaqQaQ

This function is used to cvaluate the flow area between
the auxiliary reservoir and the brake cylinder through
the service slide valve of the ABD/ABDW.
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C
IF(P.GR.H1(J).AND.P.LE.PSSVM(J)) THEN
FSSV=CO(J)*(P-H1(J))
ELSE
IF(P.GT.PSSWM(J)) FSSV=C1(J)
IF(P.LT.HX(J)) FSSvV=0.
END IF '
RETURN
END
C

CERXRRRREEEAXEERREKEEE KRR XEERREKEEREXRRE KKK ERRKX R KKK KKKX

FUNCTION FCV(P,J)
[Bhectoitetassioscsesesssss a2 ot oot ostst s tasss s s sl
C

COMMON/CV/DCV,KCV, ICV, ACV, XCVM, PCV, PCM

REAL DCV(10),KCV(10),LCV(10),ACV(10),XCVM(10),PCV(10),PCVM(10)

This function is used to evaluate the flow area between
the brake pipe and the brake cylinder thrcugh
the accelerated release check velve of the ABD/ABDW.

aaaaaaqQaq

IF(P.GE.PCV(J).AND.P.LE.PCVM(J)) THEN
FCV=DCV(J )% (P*ACV(J)-LCV(J))/ECV(J)
ELSE
IF(P.GT.PCWM(J)) FCV=DCV(J)*XCVM(J)
IF(P.LT.PCV(J)) FCV=0.
END IF
RETURN
END
c
c
c
CERERERXERKEXEE KR IR L EREER R KRR AR KE XK KEKE R KRR KRR KK
FUHCTION FECV(P,J)
CEREEERXEXKERKEEXEXEE KRR KRR KRR KRR KR KL XRKEKEKRRKRKERRK
c
COMMON/RCV/DECV, XRCWM, LECV, KECV, PECV, PECVM, ARCV
REAL DECV(5),XECVM(5),LECV(5),KBCV(5),DAAV5(5),PECYM(S)
1 ,PECV(5),AECV(5)

This subroutine is used to calculate the flow area
of the Exhaust check Valve (ECV) located in the
AAV potion of the ABDW.

aaaaaaqQa

pP=(P-1.)%14.7

IF(DP.GT.PECV(J).AND.DP.LT.PECVM(J)) THEN
XECV=(DP*AECV(J)-LECV(J))/KECV(J)
FECV=DECV(J)*XECV

ELSE
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FRCV=0.
IF(DP.GE.PECVM(J)) FECV=DECV(J)*XECVM(J)

END IF
C FECV=DECV(J) *XECVM(J)

RETURN

END
C
C

CRERRERERER KRR R KRR R R E R R R R XX R KRR KRR KRR KKK
FUNCTION FSV(P,J)
(b sete et et oesesssse st otossso2essio 2 sosssssssssss s
c
COMMON/QAC/DO,D1,D2,D3,D4,ASV, LSV,KSV, WSV, PSV, PSVM
REAL DO(10),D1(i0),D2(106),D3(10),D4(10),ASV(10),LsV(10),KsSV(10)
1 ,WSv(10) ,PSV(10),PSVM(10)

This function is used to evaluate the area of the
emergency slide valve opening (AAAV1).

aaaaaaQa

IF(P.GT.PSV(J).AND.P.LT.PSVM(J)) THEN
XSV=(P*ASV(J)-LSV(J)-WSV(J))/KSV(J)
IF(XSV.LT.D1(J).AND.XSV.GE.DO(J)) DSV=XSV-DO(J)
IF(XSV.LT.D2(J).AND.XSV.GE.D1(J)) DSV=D1(J)-D0O(J)
IF(XSV.LT.D3(J).AND.XSV.GE.D2(J)) DSV=D3(J)-XSV
FSV=D4(J) *DSV

ELSE
FSV=0.

END IF

RETURN

END
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