CNTL - A FORTRAN PACKAGE FOR
PROCESSING CONTINGENCY SOLUTIONS
OF POWER SYSTEMS

J.W.Bandler, M.A. El-Kady and G. Centkowski
30S-83-26-L
October 1983

© J.W.Bandler, M.A. El-Kady and G. Centkowski 1983

No part of this document, computer program, source code, compiled code, related documentation and
user manuals, magnetic tape, constituent subprograms, test programs, data and data files may be
acquired, copied, reproduced, duplicated, executed, lent, disclosed, circulated, translated, transcribed
or entered in any form into any machine without written permission. Address enquiries in this
regard to Dr. J.W. Bandler. Neither the authors nor any other person, company, agency or institution
make any warranty, express or implied, or assume any legal responsibility for the accuracy,
completeness or usefulness of the material presented herein, or represent that its use would not
infringe upon privately owned rights. This title page and original cover may not be separated from
the contents of this document.



CNTL - A FORTRAN PACKAGE FOR PROCESSING

CONTINGENCY SOLUTIONS OF POWER SYSTEMS

J.W. Bandler, M.A. El-Kady and G. Centkowski

Abstract

This document contains a listing of the package CNTL described in [1].
CNTL is a package of subroutines designed for analyzing pre-contingency and
post-contingency states of a power system, i.e., power flow in lines, bus voltages
at the solution and losses in the lines. The subroutines for reading and
preprocessing data containing load flow solutions of a power system under
different contingencies are included in the package. The package CNTL has been
developed for the CDC 170/730 system with NOS 1.4 level 552 operating system
and the Fortran Extended (FTN) version 4.8 compiler. The listing contains 245

lines, of which 106 are comments.
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I. INTRODUCTION

CNTL [1] is a package of three Fortran subroutines for comparing pre-
contingency and post-contingency states of a power system, i.e., power flow in
lines, bus voltages at the solution [2] and losses in the lines. The subroutines for
reading and preprocessing data containing load flow solutions of a power system
under different contingencies are included in the package.

The package CNTL and its documentation have been developed for the CDC
170/730 system with the NOS 1.4 level 552 operating system [3]. At McMaster
University it is available in the form of a library of binary relocatable sub-
routines. The library is available as a group indirect file LIBCNTL under the
charge RIWBAND.

The CNTL package contains 245 lines, of which 106 are comments.
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Canada, Report SOS-83-25-D, 1983.
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Subroutine

CONTI
CORDAT

COFDAT

III. LISTING OF THE CNTL PACKAGE

Number of lines Number of words Description
(source text) (compiled code) (page of [1])
148 641 4
54 117 6
43 113 7

Listing
(page)



SUBROUTINE CONTI (LBINP,LBOUT,LINPG,LINPB,LG,LB,LOUTG, LOUTB, LTAP,V
1, VCB, NB, NTL, NLIN, OTPT)

SUBROUTINE CONTI CALCULATES AND COMPARES POWER FLOW IN
TRANSMISSION LINES BEFORE AND AFTER A CONTINGENCY

LBINP, LBOUT

LINPG, LINPB

LG,LB

LOUTG, LOUTB

LTAP
v

NB
vCB

NTL
NLIN
OTPT

VECTORS OF LENGTH NTL. LBINP(K),LBOUT(K) CONTAIN
INDICES OF BUSES INCIDENT WITH THE KTH
TRANSMISSION LINSZ

VECTORS OF LENGTH NTL. LINPG(K),LINPB(K) CONTAIN
THE INPUT SHUNT CONDUCTANCE AND SUSCEPTANCE OF
THE KTH TRANSMISSION LINE

VECTORS OF LENGTH NTL. LG(K),LB(K) CONTAIN THE
CONDUCTANCE AND SUSCEPTANCE OF THE KTH
TRANSMISSION LINE

VECTORS OF LENGTH NTL. LOUTG(K),LOUTB(K) CONTAIN
THE OUTPUT SHUNT CONDUCTANCE AND SUSCEPTANCE OF
THE KTH TRANSMISSION LIKE

VECTOR OF LENGTH NTL. LTAP(K) CONTAINS THE KTH
LINE TRANSFORMER RATIO

COMPLEX VECTOR OF LENGTH NB. IT CONTAINS THE
VALUES OF THE BUS VOLTAGES (IN RECTANGULAR
COORDINATES) OF THE POWER SYSTEM

NUMBER OF BUSES OF THE POWER SYSTEM

COMPLEX VECTOR OF LENGTH NB. IT CONTAINS THE
VALUES OF THE BUS VOLTAGES (IN RECTANGULAR
COORDINATES) OF THE POWER SYSTEM UNDER A
CONTINGENCY

NUMBER OF TRANSMISSION LINES

INDEX OF A LINE WHICH IS REMOVED

INDEX OF THE OUTPUT UNIT

INTEGER LBINP(1),LBOUT(1),0TPT

REAL LINPG(1),LINPBC(1),LG(1),LB(1),LOUTG(1),LOUTBC(1),LTAP(1)
COMPLEX V(1),VCB(1),YA(2,2),C,C1,C2,PPREC1, PPREC2, PAFTC1, PAFTC2,Y,
1Y1,Y2

K1=LBINP(NLIN)
K2=LBOUT(NLIN)

WRITE (OTPT, 120) NB

WRITE (OTPT,50) NLIN,K1,K2
WRITE (OTPT, 40)

WRITE (OTPT,70)

WRITE (OTPT, 60)

WRITE (OTPT, 80)

COMPUTE AND COMPARE THE POWER FLOW IN LINES
DO 20 1=1,NTL
COMPUTE THE ADMITTANCE MATRIX OF THE ITH LINE MODEL

K1=LBINPCI)

K2=LBOUT(I)
Y=CMPLX(LG(I),LB(I))
Y1=CMPLX(LINPG(I1),LINPBC(I))
Y2=CMPLX(LOUTG( I) ,LOUTB( I))
YAC1,1)=Y/(LTAP( I) *%2)+Y1
YAC(1,2)==Y/LTAPC])
YA(2,1)=-Y/LTAPCI)
YAC2,2)=Y+Y2

COMPUTE THE CURRENT FLOWING IN THE ITH LINE (FOR THE FPOST
CONTINGENCY STATE)
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C1=YA(1, 1)*VCB(K1)+YA(1,2)*VCB(K2)
C2=YA(2, 1)*VCB(K1)+YA(2, 2) *VCB(K2)

COMPUTE THE POWER INJECTED IN THE ITH LINE (FOR THE POST
CONTINGENCY STATE)

PPREC1=VCB( K1) *CONJG(C1)
PPREC2=VCB(K2) *CONJG(C2)
PRC1=REAL(PPREC1)
PIC1=AIMAG(PPREC1)
PRC2=REAL(PPREC2)
PIC2=AIMAG(PPREC2)
PLOS1=PRC1+PRC2

IF (NLIN.EQ.1I) GO TO 10

COMPUTE THE CURRENT FLOWING IN THE ITH LINE (FOR THE BASE CASE)

C1=YA(1, 1)%V(K1)+YA(1,2)*xV(K2)
C2=YA(2, 1) %V(K1)+YA(2,2) XV(K2)

COMPUTE THE POWER INJECTED IN THE ITH LINE (FOR THE BASE CASE)

PAFTC1=V(K1) *CONJG(C1)
PAFTC2=V(K2) ¥CONJG(C2)
PRAC1=REAL(PAFTC1)
PIAC1=AIMAG(PAFTC1)
PRAC2=REAL(PAFTC2)
PIAC2=AIMAG(PAFTC2)
PLOS2=PRAC1+PRAC2

COIMPARE THE POWER FLOW IN THE ITH LINE

XPRC1=PRC1
XPRAC1=PRAC1

IF (XPRC1.LT.©0.0) XPRC1=—XPRC1+PLOS1

IF (XPRAC1.LT.9.0) XPRAC1=—-XPRAC1+PLOS2
X1=-XPRC1+XPRAC1

X3=(100.0%X1) 7XPRC1

WRITE (OTPT,90) I,K1,K2,PRC1,PIC1,PRAC1,PIAC1,X1,X3,PLOS1,PLOS2
GO TO 20

CONTINUE

WRITE (OTPT, 100) 1,K1,K2,PRC1,PIC1,PLOS1
CONTINUE

COMPUTE AND COMPARE THE CHANGES OF THE BUS VOLTAGE DUE TO A
LINE OUTAGE

K1=LBINP(NLIN)

K2=LBOUT(NLIN)

WRITE (OTPT, 1190)

WRITE (OTPT,30) NLIN,K1,K2

WRITE (OTPT, 150)

WRITE (OTPT, 140)

DO 306 I=1,NB

X1=AIMAG(VCB( 1)) /REAL(VCB(1))

X2=AIMAG(V( I)) /7REAL(V(I))
=—ATAN(X1) +ATAN(X2)

X4=CABS(-VCB(I)+V(I))

X3=—CABS(VCB( 1)) +CAB3S(V(I))

WRITE (OTPT, 130) I,X4,X3,X1,X2,X3

CONTINUE

RETURN

FORMAT (22X, "P — REAL POWER ; @Q — REACTIVE POWER ")

FORMAT (/,2X, "INDEX OF THE LINE REMOVED: ", 13,2X, "TERMINAL BUSES: "

bbb?bbbbb?bbbbbbKPRD?P?PFPKP:D?D:b.’P’Pbbb#bb:bbPbP?PIP.’PKP:DDbbbbbbbbbbbbbb»bbbbbb

130



1,214)
60 FORMAT (22X, "LINE", 13X, " BASE CASE ",3X," CONTINGENCY "," DEV
1IATION"," RELATIVE DEVIA. ",2X, "BASE CASE",3X, "CONTINGENCY")
70 FORMAT (-/,34X, "LINE FLOWS",46X, "LINE LOSSES")
80 FORMAT (4X, "NO",2X, "FROM",4X, "TO",6X," P",7X," @ ",6X,"P ",3X,"
ie",7X, " DP "yw3X," DP/P C(IN %) "/)
906 FORMAT (2X,3(14,2X),4(F7.4,2X) ,F?7.8,7X,F7.2,11X,F6.4,3X,F6.4)
100 FORMAT (2X,3C14,2X) ,2(F7.4,2X) ,30X,F6.4)
110 FORMAT (“"1", 1X, “CHANGES OF THE BUS VOLTAGES DUE TO THE LINKE OUTAGE

1"

120 FORMAT ("1", 1X, "CONTINGENCY ANALYSIS OF THE", I3, "~BUS POWER SYSTEM
"

130 FORMAT (3X, I14,3X,3(F8.4,8X))

149 FORMAT (44X, "BUS", 3X, "MOD(VA-VB) *,4X, "MOD(VA)-MOD(VB) ",4X, "VB ANGLE
1",8X, "VA ARGLE",4X, "ANGLE DEVIATION"/)

150 FORMAT (2X, "VB-BUS VOLTAGE FOR A PRE-CONTINGENCY STATE *“,.,2X, "VA-
1BUS VOLTAGE FOR A POST-CONTINGENCY STATE"“,/)

END

PR epbERRRPEPRRLRD
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SUBROUTINE CORDAT (NB,NLIN,V, INPT,NS, IFLAG)

THIS SUBROUTINE SELECTS FROM THE INPT FILE THE LOAD FLOW
SOLUTION OF THE POWER SYSTEM WITH THE NLINTH LINE REMOVED:

NB NUMBER OF BUSES

NLIN INDEX OF THE LINE REMOVED FROM THE POWER SYSTEM

v COMPLEX VECTOR OF DIMENSION NB. IT STORES THE
SOLUTION SELECTED

INPT INDEX OF THE INPUT UNIT

NS NUMBER OF THE LOAD: FLOW SOLUTIONS ON THE INPUT FILE

IFLAG RETURN FLAG FROM SUBROUTINE

REAL RB(3)
COMPLEX V(1)

DATA RB/" BNR", "BVREAL", "BVIMAG", "BVMOD", "BVARG"/

IT=0

IFLAG=0

CONTINUE

IT=1T+1

IF (IT.GT.NS) GO TO.40

READ THE HEADER

READ (INPT,30) A,NB,NLINR
READ (INPT,60) (RB(I),I=1,3)
DO 30 1=1,NB

READ THE BUS VOLTAGE

IF (NLINR.NE.RLIN) GO TO 20

READ (INPT,76) K,C1,C2, BVMOD BVARG-
V(X)=CMPLX(C1,C2)

GO TO 30

CONTINUE

READ (INPT,70)

CONTINUE

READ THE END OF THE SUBFILE:

READ (INPT,80) A,NB,NLINR
IF (NLIN.NE,.NLINR) GO TO 10
RETURN

CONTINUE

IFLAG=-1

RETURN

FORMAT (-/1X,A2,213.37)

FORMAT (1X, A3, 2(7X, A6),2(7X, AT, 1X))
FORMAT (1X, 13, 2X, 4(2X.Ell 3))-
FORMAT (1X,A3,213.3)

END
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SUBROUTINE COFDAT (NKB,NLIN,V,0TPT)

THIS SUBROUTINE CREATES A SUBFILE CONTAINING THE LOAD FLOW
SOLUTION OF THE POWER SYSTEM WITH THE NLINTH LINE REMOVED

NB NUMBER OF BUSES .
NLIN THE INDEX OF THE LINE REMOVED FROM THE POWER SYSTEM
v COMPLEX VECTOR OF DIMERSION NB. IT CORTAINS THE
LOAD FLOW SOLUTION: OF THE SYSTEM WITH THE NLINTH LINE
REMOVED
OTPT INDEX OF THE OUTPUT UNIT

INTEGER OTPT
REAL RB(J3)
COMPLEX V(1),C

DATA RB/* BNR", "BVREAL", "BVIMAG", "BVMOD", "BVARG*"~

PRINT OUT THE HEADER

WRITE (OTPT,20) NB,NLIN
WRITE (OTPT,30) (RB(I),I=1,3)
Do 10 1=1,NB

PRINT OUT THE BUS:VOLTAGE

BVMOD=CABS(V(I))

C=vV(D)

BVARG=ATAN(AIMAG(C) 7REAL(C))
WRITE (OTPT,40) 1,C,BVMOD,BVARG
CONTINUE

PRINT OUT THE END.OF THE SUBFILE
WRITE (OTPT,30) NB,NLIN

FORMAT (-1X, "CL",213.3/)

FORMAT (1X,A5,2(7X,A6),2(7X,A5,1X)
FORMAT (1X,15,2X,4(2X,E11.3))-
FORMAT (1X, "END",213.3)

RETURN

END
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