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CNTL - AFORTRAN PACKAGE FOR PROCESSING
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Abstract

This document contains the user’s manual of the Fortran package CNTL. CNTL is a
package of three subroutines designed for comparing pre-contingencyb 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 the load flow solutions
of a power system under a contingency, i.e., when a single transmission line is removed from
the system, are also included in the package. The package and documentation have 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. A numerical example illustrates the use of

CNTL package.
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I. INTRODUCTION

Contingency analysis is a valuable tool for reliable planning and secure operation of a
power system. It is a study of the system under contingencies, i.e., a line outage, a generator
outage, etc. The main purpose of this analysis is to determine which contingencies cause
component limit violations and also the severity of any such violations, i.e., branch flow
limits, bus voltage limits and generator VAR limits. This report describes a computer
program package called CNTL for processing contingency solutions of power systems. The
main goal of the package is to determine power flow in lines of a power system for pre-
contingency and post-contingency states, the changes of the power flow in the lines and the
changes of the bus voltages in the system due to the line outage.

The whole package is written in Fortran IV for the CDC 170/730 system. At
McMaster University, it is available in the form of a library of binary relocatable subroutines
which are linked with a user’s program by the appropriate call to the subroutines in the
package. The name of the library is LIBCNTL. The library is available as a group indirect
file under the charge RIWBAND. The general sequence of NOS commands to use the
package can be as follows.

/GET, LIBCNTL/GR. - fetch the library,

/LIBRARY, LIBCNTL. - indicate the library to the loader.

To use the package the user has to prepare the main program which declares all
arguments appearing in the subroutine calls, assigns the necessary dimension of storage and
prepares the data to the form desired by the subroutines of the package.

This document contains the user’s manual of the package CNTL. A Fortran listing of

the package is found in [1].



II. GENERAL DESCRIPTION

The package CNTL is a set of subroutines that calculate:

- the power flow in the lines of the power system for pre-contingency and post-
contingency states,

- the deviation and the relative deviation of the power flow in the lines after a
contingency,

- the power losses in the lines of the power system for pre-contingency and post-
contingency states,

- the deviation of the bus voltage moduli after a contingency,

- the deviation of the bus voltage arguments after a contingency.

It is assumed that on entry to the package data describing the transmission lines and
the load flow solutions for pre-contingency and post-contingency states are given.

The data describing the transmission lines of the power system may be prepared
directly from typical data describing the power system that is studied. For the test power
systems, i.e., the 26-bus system [2,3] and the IEEE 118-bus power system [2,4], this data can
be supplied by the appropriate call in the main program to the subroutine RDAT of the
package TTM1 [5]. The load flow solutions of test power systems under contingencies, i.e.,
when single lines are removed from the system, can be obtained by the user from the
formatted group data files [6] using subroutine CORDAT of this package. Subroutine
CORDAT reads the data from these files and selects the appropriate load flow solution.

The user can fetch (and rename) these data files using the following NOS commands:

for the 26-bus system,

/GET, lfn = CL026/GR.

for the IEEE 118-bus system,

/GET, lfn = CL118/GR.

where lfn is a local file name given the file while in use.



III. STRUCTURE OF THE PACKAGE

A block diagram of the package is shown in Fig. 1. The subroutine CONTI is the main
subroutine of the package. It calculates the power flow in the lines of the power system for the
pre-contingency and post-contingency states, the changes of the power flow in the lines and
the changes of the bus voltages at the solution in the power system under the contingency.

The subroutine CORDAT is an auxiliary subroutine. It reads the data from the
formatted data files [6] and selects the desired load flow solution. The subroutine COFDAT is
also an auxiliary subroutine. It creates the formatted subfile containing the load flow

solution of the power system under a contingency.
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Fig. 1 Overall organization of the CNTL package.

IV. LIST OF ARGUMENTS

Standard entry - subroutine CONTI

The subroutine call is

CALL CONTI (LBINP, LBOUT, LINPG, LINPB, LG, LB, LOUTG, LOUTB, LTAP, V, VCB,



NB, NTL, NLIN, OTPT)

The arguments are as follows.

LBINP, LBOUT

LINPG, LINPB

LG, LB

LOUTG, LOUTB

LTAP

are INTEGER vectors of dimension NTL. On entry to the
subroutine, LBINP(k), LBOUT(k) must contain the indices of buses
incident with the kth line (k=1,2,... NTL). The vectors are not
altered by the subroutine.

are REAL vectors of dimension NTL. On entry, LINPG(k),
LINPB(k) must contain the input shunt conductance and
susceptance of the kth transmission line (k=1,2,...,NTL). These
vectors are not altered by the subroutine.

are REAL vectors of dimension NTL. On entry to the subroutine,
LG(k) and LB(k) must contain the line conductance and susceptance
of the kth transmission line (k=1,2,...,NTL). These vectors are not
altered by the subroutine.

are REAL vectors of dimension NTL. On entry to the subroutine,
LOUTG(k), LOUTB(k) must contain the output conductance and
susceptance of the kth transmission line (k=1,2,...,.NTL). The
vectors are not altered by subroutine.

is a REAL vector of dimension NTL. On entry to the subroutine,
LTAP(k) must contain the value of the kth line transformer ratio.
The vector LTAP is not altered by the subroutine.

is a COMPLEX vector of dimension NB. On entry to the subroutine,
it must contain the values of bus voltages (in rectangular
coordinates) at the solution of the power system under a contingency.

This vector is not altered by the subroutine.



VCB is a COMPLEX vector of dimension NB. On entry to the subroutine,
it must contain the values of the bus voltages (in rectangular
coordinates) at the solution of the po‘wer system. This vector is not
altered by the subroutine.

NB is an INTEGER argument. On entry, it must be equal to the number
of buses of the power system. Not altered by the subroutine.

NTL is an INTEGER argument. On entry, it must be equal to the number
of transmission lines of the power system. Not altered by the
subroutine.

NLIN is an INTEGER argument. On entry NLIN must be set to the index
of a line removed from the original power system. Not altered by the
subroutine.

OTPT is an INTEGER argument which must be set to the index of the

output unit.

Auxiliary subroutines

Subroutine CORDAT

The subroutine call is
CALL CORDAT (NB, NLIN, V,INPT, NS, IFLAG)
The arguments are as follows.
NB is an INTEGER argument. On entry, NB must be set to the number
of buses of the power system. Not altered by the subroutine.
NLIN is an INTEGER argument. On entry, NLIN must be set to the index
of a transmission line removed from the original power system. Not

altered by the subroutine.



\% is a COMPLEX vector of dimension NB. On exit from the subroutine
V stores the values of bus voltages (in rectangular coordinates) at the
solution of the power system with the NLINth line removed.

INPT is an INTEGER argument that must be set to the index of the input
unit. Not altered by the subroutine.

NS is an INTEGER argument. On entry to the subroutine it must be set
to the number of the load flow solutions of the power system under
contingencies stored on the input file.

IFLAG is an INTEGER parameter. Return flag from the subroutine.

Subroutine COFDAT

The subroutine call is
CALL COFDAT (NB, NLIN, V, OTPT)
The arguments are as follows.

NB is an INTEGER argument. On entry, it must be set to the number of
buses of the power system. Not altered by the subroutine.

NLIN is an INTEGER argument. On entry, it must be set to the index of
the line removed from the power system. Not altered by the
subroutine.

\% is a COMPLEX vector of dimension NB. On entry, vector V must
contain the values of the bus voltages (in rectangular coordinates) at
the solution of the power system with the NLINth line removed. Not
altered by the subroutine.

OTPT is an INTEGER parameter. It must be set to the unit index of the

output file.



V. EXAMPLE

In this example the pre-contingency and post-contingency states of the 26- bus test
power system are studied. The listing of the program PCSTATE is on pages 10,11.

Permanent group file CL026 [6] contains the set of the load flow solutions of the power
system under investigation with the different single lines removed. The permanent group file
B026SVA [2] contains the data describing the 26-bus system with bus voltages at the
operating point under normal conditions.

The program PCSTATE calls the subroutine RDAT of the package TTM1 [5] to read
data describing the power system and to prepare it as required by the subroutine CONTI. The
user has to supply the index of the removed line from the power system under study. The
appropriate load flow solution is selected by the subroutine CORDAT.

The results of processing the contingency solution of the 26-bus system with the line
(15,1) removed are shown on pages 12,13. More results of processing the contingency

solutions of the 26-bus system are presented in [7].
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PROGRAM PCSTATE(B118,CLXXX, INPUT, OUTPUT, TAPE3=B118, TAPE6=0OUTPUT, IR
1ES, TAPE7= IRES, TAPE2=CLXXX, TAPE4= INPUT)

THIS IS THE MAIN PROGRAM FOR PROCESSING OF THE RESULTS OF THE
ANALYSIS OF A POWER SYSTEM UNDER A CONTINGENCY

THE DATA DESCRIBING THE POWER SYSTEM IS READ FROM THE FILE B118

THE LOAD FLOW SOLUTIONS OF THE SYSTEM UNDER A CONTINGENCY ARE
READ FROM THE FILE CLXXX

THE RESULTS OF PROCESSING ARE PRINTED OUT ON THE FILE IRES

INTEGER BTYP(118) ,LBINP(180),LBOUT(1890) ,0TPT, CLXXX

REAL W(9000),LINPG(180),LINPB(1806),LG(189),LB(1806),LOUTG(180),L0UT
1B(180) ,LTAP(180) ,BSTL(118)

COMPLEX BCV(118),V(118),VV,VCB(118)

SET THE INDICES OF THE INPUT AND OUTPUT UNITS

INP1=3
CLXXX=2
OTPT=6

IRES=7

NB=120
NTL=179
IVRITE=0©

I1=1

I2=11+NB
13=12+NB
I14=13+NB
15=14+NB
16= I5+NB

SUBROUTINE RDAT OF THE TTM1 LIBRARY PREPROCESSES INPUT DATA
DESCRIBING THE POWER SYSTEM

CALL RDAT (LBINP,LBOUT, LINPG,LINPB,LG,LB,LOUTG,LOUTB,LTAP,W(I1),BT
1YP,WCI2) ,W(I3),W(I4),WC(IS),W(1I6),BSTL,W(I1),NB,NTL,NLB, INP1, IWRITE
2)

NS=23

IF (NB.EQ.118) NS=4

IS1=12-1

1S2=13-1

DO 10 I=1,NB

VMOD=W( IS1+1)

VARG=W( IS2+1)

VCB( 1) =CMPLX( VMOD*COS( VARG) , VMOD*S IN( VARG))

10 CONTINUE
20 CONTINUE

WRITE (6,69)

READ (4,%) ISTER

IF C(ISTER.EQ."YES") GO TO 30
IF (ISTER.NE. "STOP") GO TO 20
STOP

30 CONTINUE

WRITE (6,70)

THE INDEX OF A LINE REMOVED FROM THE POWER SYSTEM IS READ FROM
THE FILE INPUT ’

il g g S S T I I I T T T I T T T TN YS

Tt ok ok ok
CARUN=SOONOALNN -
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READ (4,%) NLIN

IF (NLIN.LE.®) STOP
REWIND CLXXX

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

CALL CORDAT (NB, NLIN, V,CLXXX,NS, IFLAG)
IF (IFLAG.LT.®) GO TO 40

SUBROUTINE CONTI OF THE CNTL LIBRARY CALCULATES POWER FLOW. IN
LINES OF THE POWER SYSTEM BEFORE AND AFTER A CONTINGENCY

CALL CONTI (LBINP,LBOUT,LINPG,LINPB,LG,LB,LOUTG, LOUTB, LTAP,V,VCB,N
1B, NTL, NLIN, IRES)

GO TO 20
40 CONTINUE
WRITE (IRES,50) IFLAG
STOP
50 FORMAT (1X, "IFLAG FROM CORDAT= ", I3)
60 FORMAT (-7, 1X,43HTYPE "YES" FOR PROCESSING OR "STOP" TO STOP)
70 FORMAT (/71X, "ENTER LINE INDEX")
END

PEpppRpRpPpRRRRRERRRRDRRDRRR
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