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Abstract

CTTM1 is a package of Fortran subroutines for power system contingency
analysis. Outages of transmission lines are simulated one at a time. The package
employs the fast decoupled method and sparse matrix techniques for solving the
load flow problem by appropriate calls to the package TTM1. The user may control
some parameters of the solution, i.e., demanded accuracy, upper bound on the
number of iterations and upper bound on the iferation time. There are two entries
to the package, namely the interactive and non-interactive entries. Using the
interactive entry the user may select in an interactive way some options and also
perform a series of contingency analyses. The package and documentation have
been developed for the CDC 170/730 system with the NOS 1.4 level 552 operating

system and the Fortran Extended (FTN) version 4.8 compiler.
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I. INTRODUCTION

Simulation of transmission line outages constitutes an important part of the
power system security assessment problem. Recently, security requirements have
also been incorporated into the optimal power flow problem [1,2].

This report describes a computer package, called CTTM1, for power system
simulation under certain emergency conditions, i.e., when one transmission line at
a time is out. To ensure computational efficiency after the simulation of a line
outage, the load flow problem [3] is solved with the use of the fast decoupled
method [4].

The package CTTM1 is written in Fortran IV for use on the CDC 170/730
system with the NOS 1.4 level 552 operating system. The package is available at
McMaster University in the form of a library of binary relocatable subroutines
which is linked with the user's program by an appropriate call statement. The
name of the library is LIBCTM1. 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,LIBCTM1/GR. - fetch the library,
/LIBRARY, LIBCTML1. - indicate the library to the loader.

The package calls subroutines FORMYT and LFLFD1M of the package TTM1
[5]. Therefore, the package TTM1 and subsequently the package MA28 for solving
sparse linear equations [6] must be available when CTTM1 is used.

The user's program should contain at least the main segment which prepares
arguments and calls either subroutine CONTA or subroutine CONTB of the package
CTTM1.

This document contains the user's manual of the package CTTM1 presented

together with illustrative examples. A Fortran listing of the package is found in [7].



II. GENERAL DESCRIPTION

The package CTTMI1 simulates removal of one transmission line selected by
the user, formulates and solves the load flow equations for the system under
contingency and, after obtaining the solution, it reconstructs the original data.
This process is either terminated after one contingency analysis or repeated for
other line outages.

It is assumed that, on entry to the package, data describing transmission lines
of the original system and also the vector of bus control variables constituting the
right-hand side of the load flow equations are given. This data can be supplied
through appropriate calls in the main segment to subroutines RDAT and FORMU of
the package TTM1. Data describing transmission lines is updated in the package
CTTM1 to simulate removal of a line selected by the user. The bus admittance
matrix is formulated using updated data (call to subroutine FORMYT of the
package TTM1) and the load flow problem is solved using the fast decoupled
method (call to subroutine LFLFD1M of the package TTM1).

Subroutine LFLFD1M implements the fast decoupled iterative method for
solving the power system load flow problem [4,5] using a sparse representation of
the bus admittance matrix. The user, in his program, may control some parameters
of the iterative procedure for solving load flow equations of the system under
contingency, i.e., demanded accuracy of the solution, upper bound on the number of
iterations and upper bound on the iteration time. When the contingency analysis is
completed the package CTTM1 reconstructs the original transmission line data.

There are two possible entries to the package, i.e., a call to subroutine
CONTA or to subroutine CONTB. The main difference is that by calling CONTA,
the user selects some options in an interactive way, while calling CONTB all input

arguments must be initialized in the main segment. Also using subroutine CONTA



it is possible to perform a series of contingency analyses in one call.

The user is supposed to choose in an interactive way the following options
while using subroutine CONTA:

- to continue contingency analysis with an alternative line or to terminate
execution,

- print out level (0, 1, 2, 3 or 4),

- the starting point for contingency analysis,

- the index of the line which is to be removed.

Using subroutine CONTB the last three options are chosen by appropriate
initialization of the call statement arguments. Only a single contingency analysis
in one call is allowed while using subroutine CONTB.

There are possible two different starting points for the iterative procedure
for solving load flow equations: the first with bus voltages initialized by the user on
entry to the package and another one with bus voltages at the solution point of the
last performed contingency analysis. The last option is applicable only when the
interactive entry to the package is used and a series of contingency analyses is

performed.

[II. STRUCTURE OF THE PACKAGE

Block diagram of the package CTTM1 is shown in.Figure 1.

Subroutine CONTA is an entry subroutine to the package when an interactive
mode is used. It organizes the interactive mode of work, reads the data which is
required to be entered in an interactive way and also checks correctness of some
parameters.

Subroutine CONTB either is called by subroutine CONTA or it is an entry

subroutine to the package for the non-interactive mode of work. Subroutine



CONTB distributes the workspace provided by the user into a set of vectors used by
the called subroutines and initiates the contingency analysis.

Subroutine CONTC simulates the line removal by updating appropriate data,
formulates the bus admittance matrix of the system under emergency conditions
(call to subroutine FORMYT of the package TTM1) and initiates the load flow
solution (call to subroutine LFLFD1M of the package TTM1). The original data
describing power system is reconstructed in subroutine CONTC after completing

the contingency analysis.

User's
program

r— YT T T YT T T T

CONTA j———» CONTB

CONTC

Package CTTM1

Package
TTM1

Fig. 1 Structure of the package CTTM1.



IV. LIST OF ARGUMENTS

Interactive Entry (Subroutine CONTA)

The subroutine call is

CALL CONTA(LBINP, LBOUT, LINPG, LINPB, LG, LB, LOUTG, LOUTB, LTAP,

BTYP, BSTL, BCV, V, W, LW, NB, NTL, NLB, ITER, TOLV, TIME, INPT, 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
package, LBINP(k) and LBOUT(k) must store the indices of buses
incident with the kth transmission line (k = 1, 2, ..., NTL) [5].
Neither vector is altered by the package.

are REAL vectors of dimension NTL. On entry, LINPG(k) and
LINPB(k) must store the input shunt conductance and susceptance
of the kth transmission line (k = 1, 2, ..., NTL) [5]. These vectors
are not altered by the package.

are REAL vectors of dimension NTL. On entry, LG(k) and LB(k)
must store the conductance and susceptance of the kth transmis-
sion line (k = 1, 2, ..., NTL) [5]. These vectors are not altered by
the package.

are REAL vectors of dimension NTL. On entry, LOUTG(k) and
LOUTB(k) must store the output conductance and susceptance of
the kth transmission line (k = 1, 2, ..., NTL) [5]. Neither vector is
altered by the package.

is a REAL vector of dimension NTL. On entry to the subroutine,
it must contain the line transformer ratios [5]. LTAP is not

altered by the package.



BTYP

BSTL

BCV

LW

NB

NTL

NLB

is an INTEGER vector of length NB-1 of bus types (0 for load bus,
1 for generator bus).

is a REAL vector of dimension NB. On entry, it must contain bus
static loads [5]. Not altered by the package.

is a REAL vector of dimension 2*(NB-1). On entry, it stores the
scheduled values of bus control variables [3,5]. BCYV is not altered
by the package.

is a COMPLEX vector of dimension NB. On entry to the package,
it must store initial values of bus voltages in rectangular coordi-
nates. On return, V stores values of bus voltages at the solution.
is a REAL vector of dimension LW. W is used as workspace by the
package.

is the length of the workspace W. It must be at least

LW = max (14*NB+5*NLB+9*NYT+6*NZ2,10*NB+16*NLB+9*
NYT+7*NZ2, 21*NB+10*NYT),

where NYT = NB+2*NTL and NZ2 is the integral part of
(NYT*(NLB**2))/((NB-1)**2).

When the declared length of the workspace is less than LW, the
program execution is terminated and an appropriate message is
printed.

is an INTEGER parameter. On entry, NB must be equal to the
total number of buses and is not altered by the package.

is an INTEGER parameter. On entry, NTL must be equal to the
number of transmission lines of the original system and is not
altered by the package.

is an INTEGER parameter. On entry, NLB must be equal to the

number of load buses and is not altered by the package.



ITER

TOLV

TIME

INPT

OTPT

is an INTEGER parameter that controls the iterative procedure
for solving load flow equations. On entry, ITER is the upper
bound on the number of iterations; if ITER < 0 the number of
iterations is unbounded. On return, ITER is equal to the number
of iterations performed [5].

is a REAL parameter that controls the iterative procedure for
solving load flow equations. On entry, TOLV is the required
accuracy of the solution of load flow equations. The iterative
procedure terminates when the maximal value of the modulus of
corrections of bus voltages is not greater than TOLV. On return,
TOLV is the attained accuracy of the solution [5].

is a REAL parameter that controls the iterative procedure for
solving load flow equations. On entry, TIME is the upper bound on
total iteration time (in seconds); if TIME < 0, the iteration time is
unbounded. On return, TIME is equal to the value of the total
iteration time [5].

is an INTEGER argument which must be set to the unit number
that is used to input data in an interactive way. The value of
INPT is not changed by the package.

is an INTEGER argument which must be set to the unit number
that is used for the printed output generated by the package.
Usually it is the unit number of the file OUTPUT. The value of

OTPT is not changed by the package.

Non-interactive Entry (Subroutine CONTB)

The subroutine call is

CALL CONTB(LBINP, LBOUT, LINPG, LINPB, LG, LB, LOUTG, LOUTB, LTAP,



BTYP, BSTL, BCV, V, W, LW, NB, NTL, NLB, ITER, TOLV, TIME, LN, ISTART,

ICALL, OTPT, IWRITE).

List of arguments of subroutine CONTB contains all arguments appearing on
the list of arguments of subroutine CONTA except parameter INPT. The meaning
of these arguments is the same in both subroutines. It should be noted, however,
that the non-interactive entry requires also 4 arguments which do not exist when
the interactive entry is used.

LN is an INTEGER argument. On entry, LN must be equal to the
index of a transmission line which is to be removed. When the
interactive entry is used this argument is supplied interactively.

ISTART is an INTEGER argument to select a starting point for the
contingency analysis. For the non-interactive entry this
parameter must be set to zero. When the interactive entry is
used the value of ISTART is entered interactively.

ICALL is an INTEGER argument. On the first call to subroutine CONTB
this parameter must be set to one. It is advised to set ICALL to
the value greater than one in subsequent calls. On return from
the package, ICALL is increased by one.

IWRITE is an INTEGER argument that controls printed output. When the
interactive entry is used the value of this parameter is entered
interactively. In normal conditions the non-interactive entry may
generate printed output only due to call to subroutines FORMYT
and LFLFD1M of the package TTM1. Possible values of IWRITE
for both interactive and non-interactive entires are
< 0 all prints are suppressed,
=1 total number of iterations ITER, return flag from subroutine

LFLFD1M, attained accuracy of the solution TOLV and the
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total iteration time TIME are printed out,

=2 as above and additionally

- vector of bus voltages at the solution in rectangular and
polar coordinates,

- short information about each iteration performed, i.e.,
iteration number, iteration type, accuracy obtained are
printed out,

=3 as above and additionally

- bus admittance matrix of the system under contingenecy
in a sparse form,

- vector of bus voltages for each iteration in rectangular
coordinates are printed out,

> 4 as above and additionally
- matrices of the power flow decoupled equations are

printed out in a sparse form.

V. GENERAL INFORMATION

Common Blocks

COMMON /C1/JIRYT, JICYT, JYT, JVI, JWS, LWS, JMAX
where
JIRYT, JICYT, JYT, JVI, JWS
indicate locations in the workspace vector W of the first elements
of vectors JRYT, ICYT, YT, VI, WS. These vectors are used by
the called subroutines FORMYT and LFLFDIM of the package

TTM1 [5].
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LWS is the length of the workspace vector WS used by subroutine
LFLFD1M.
JMAX is the length of the workspace vector W used by the package.
COMMON/C2/IFLAG
where
IFLAG is the return flag from subroutine LFLFD1M [5].
Workspace

Provided by the user; see arguments W and LW.

Error Diagnostics

When the length LW of the workspace W declared by the user is too small or
when the return flag IFLAG from subroutine LFLFD1M is less than zero, the
program execution is terminated and an appropriate message is printed out.

More error diagnostics may appear due to subsequent calls to subroutines

MA28A and MA28C of the package MA28 [6].

Input/Output

Input (for the interactive entry only) as defined by the user; see argument
INPT. Output as defined by the user; see argument OTPT. Printed output is

controlled by the parameter IWRITE.

Related Software

Package CTTM1 calls subroutines FORMYT and LFLFD1M of the package
TTM1 [5]. Due to subsequent calls subroutines MA28A and MA28C of the package

MAZ28 [6] are also used.
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VI. EXAMPLES

Example 1

In this example contingency analysis of the American Electric Power 118-bus
test power system [8] is considered. The listing of the main program CNT118 is on
page 13.

Permanent group file B118SVA [9] contains data desecribing the system
considered with bus voltages at the operating point under normal conditions. These
voltages (in rectangular coordinates) constitutes the vector of initial bus voltages
for the contingency analysis.

Program CNT118 calls subroutines RDAT and FORMU of the package TTM1
to read data and to formulate the vector of bus control variables as is required by
the package CTTM1. The demanded accuracy of the solution of the load flow
equations of the system under contingency is 104. The number of iterations is
limited to 25 and the execution time is limited to 2.0 seconds. Subroutine CONTA
of the package CTTM1 is called, i.e., the interactive entry is used.

Contingency analysis of the system considered was performed with different
transmission lines, different starting points and different printing levels. The
results of the analysis are shown on pages 14-18. It can be noted that by proper
choice of the starting point we may reduce the number of iterations needed to get
the solution. In the example discussed outage of the 30th transmission line was
simulated twice with different starting points. In the first analysis initial bus
voltages were taken as a starting point (i.e., bus voltages initialized on entry to the
package). In the subsequent analysis bus voltages at the solution point for the last
performed contingency analysis (line 109) were taken as a starting point. The

number of iterations needed to get the solution was less in the second case due to
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- 26HEC2CET00
.9858380E+00
cZ9000CCE+0D
- 200804TET0O
. 1GOOOCBE+D1
. 10DCO0DE+D 1
. 121929243E+01
. 12163238E+01
. LOGCCEeRE+O 1
. LOBC220E+0 1
. 1020642E+01
. 1832832 8E+01
. 049786 8E+00
. CED0QCOE0D
L PHLZT IEE0D
. 280CCGDE+G0O
2000QUBEL0D
. 2600000 E+GD

L28TB290E+00

~. 4147 115E+@®
~.4012009E+0D
-, 4BBTI7EE+Q0
= 41456926E+00
~.4161235E+89
~. 495153 1E+0D
~.36068498E+09
~.4081689E+0@
~. 4165 159E+00
~ . 30BYTOIETOO
~, 26BY64BE+00
- . SZ08393E+Q0
~ . 2282177ELGO
~. 21028285E+00
~. 1Z59957E+09
~.,2181978E-01
-.3B02492 1E+00
~. 335 10G5E+60
~.36382495+09
~. 270894 E+09
-, BCBTT2OE+0D
- S4TOI22E+0P
= 40453590+ 0B
- . 2B9553%E+60
~.8089232E+00
~ . AP28FTIE+CD
~. 859 13245+00
-, 2683 148E+00
~ . 4@206Y2EFCD
~ . 42ZBOILON+00
- . 43B0268E+00
=~ 4152764E+00
~ . 869427V3E+Q0
~.2935587E+00
. 24999 16E+00
. 1948511E+890
. 1521580E+00
. 1635218E+09
. 1443 103E+00
~. 1716980E+00
- . Z2B22460E+08
~.21856308E+G0
~=.21400B8E+0%
~. 1855116E+00
-, 41267 10E+00
~ . 20936 T4ETCD
~ . 2002V E+00
~.Z2108967E+QR
~. 18202 10E+09
-. 1218899E+0@
~. 828288 7E~-91
~., 1031905 E+60
~. 1055833E+00
~.T9E3965E~91
~.8482824E~-01
~-.24151308-91
-. 7924369 1E-01
~.599347¢4E~01
~. 12825 14E+00
-. 12766 7T2E+0P
—-. 14 13064T+00
~. 1945658E+09
~. 1483062E+09

I I

. 13T5294E+Q0
. L1244385+9D
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TG . 084DGESELQO ~. 1054298E+00 L . 94008C2E+60 ~. 1123984E+00
T . 1Q09898E+@1 ~, 1458290E-01 L IB100D0E+01 ~, 1443902E~01
s . 299D3B4L+09 ~,26134851E-01 L2RPBOVIELGO ~.2615326E~01
D . 1GO5899E+01 ~., 163 1888E~-01 . 1OD6QAZEF0L ~. 1622176E~01
o0 . 1939324E+G1 .3T42568E-01 . 104000 E+01  .369612YE~01
1 . 1BOBTOYE+OHL . 2882Y76E-@1 © L 1@BEOYOEFGE L Z28B2607Y9E~61
&2 .9015164E+63 L 1139228E~-01 LOD1I581I8E+20 L 11458925E-01
&3 L2877 1489E+69 (9462028501 L2BY7EERE+00 - 3505658501
Eh .0B06604E+C0 L 8220113501 9840923 E+00 - . B3I62672E-91
& LOBOYILIYELGO . 1114058E+00 .9200CB0E+00 . 1127V697E+0O
&6 .2889962E+00 .E321813E-01 L8800 IE+Q0 . 2011450E-~01
a7 . 1G05394E+01 .92635190E-01 . 101C000E+01L  .98543232E-01
&5 .07 163845+, 1622BL2ET00 LDO6R62ENA00 L 172452 1E4+09
&9 L9695 783EF0S . 2448012E+00 . 16080Q0RE+D1 .24731465+00
S0 L98120921E+6¢0 | 1316388E4+00 .9000000E+0D . 18336845400
91 . 9702692 1E+68 . 1327Y368E+G0 .2800000E+00 . 1358684L+00
932 .9794289E+60 . 1442881E+008 L2000900EFCD ., 1462665E+09
93 L0B8194945+6G .9 137830E-61 . 286 1220E+090  .2272082E-01
S . 0828047EFGD L B403448E-01 .29 12VE5E+00 . B458692E-01
05 LoB118745+00 3168640 1E-01 .2516980E+00 . 3220028E-01
26 .998BVE4E+09 L 22812YV2E-01 LGO3633BN+CO 226589 1E-01
o7 .1011650E+01 .(2884316GE~01 . 19119224E4+01 - . 2326778E-01
28 . 19243488+01 .2358097E~-061 . 10246 16E+61 .2296768E-01
90 . 10993888 E+0L . 3069TEBE~D1 . 1310030E+01L .3634231E-01
109 .101B292E+01 .5870832E-01 . 1326008E+01  .BY53901E-01
1@l .99029880+69 YOZ3282E-01 . 02346345400 . TOB3893E-01
192 .OB2B3VEEAG9 . 128@TIVEEL0O L28992VYEAOD . 122270400
103 . 1099804E+91 . 1988234E~01 L1Q10020E+01 . 19686Y0E~01
1O4 2094046 E+60 — 28280 10E-01 COTVD0OCOELOD ~,8503820E-01
193 .GEB6VECEFCGY —~,  G04888VE~-01 . 2600CO0E+C0 ~.5208524E-¢1
196 .25647VB2E+0% —~.8816381E~01 .25B82450E+0C® ~.6073560E-01
197 . 94438868+0Q —, 103 1028E+00 L2EQOCOOESAGO ~ . 108743 1E+00
108 .9595408E+00 —.6932498E-01 . P620418E+0D ~,.721227V9E-01
199 L0060 1422E+00 . V64Z7I6E~G1 L9263 1IVOZEFO0 ~ ., T24B235E~01
119 .06BB442E+20 ~ . 8269381E-601 LOTVROOGRET00 ~.9260013E-01
111 LOTEDLOQEFCD ~  63BEE6SE~G1 .SE0CCOOET0O0 ~.646937BE-01
iz 000D IBBEFEY —~. 146297T2E+08 230000 EFED -, 1498429E+0%
11e 028296 1E+00 ~, 355481 1E+00 LG900000EFQ0 ~ . 86YVE191E+OD
114 .9914421E+69 —.3316383E+00 26051 12E+00 ~ . 3B25293E+00
115 L9004 1398E+00 — ., 382BYE2E00 LCG63208BE+00 ~,  CE22883ET00
1id .O8BBYITTETGD — . 14926 18E+0D . 1002000 EY0L ~. 1498216E+00
11 .B101883E+09 -, 3784890E+-00 L G229709E+00 ~.4339898E+00
118 . 1G8Be0eE+0O1L D, . 103C0C0E+01 ©.

BINPUT: "YEse

SRLECT PRINTOUT LEVEL (@,1,32,3 OR 4)
2 INPUT 1

SELECT STARTING POIRT (O~ IRITIAL POINT, 1-LAST SOLUTIONM
R IHEPUT: 1

ENTER LINE INDEX
®INPUT 30

LINE HEMOVED., TERMINAL BUBES: 28, 24
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LOAD FLOW SOLUTION OF 1158~BUS SYSTEM UBING THE FASET DECCUPLED METHOD

RESULTS OF ANALYSIS

HUMBER OF ITERATICHS: T
RETURN FLAG: D
AGUURACY OBTAINED: cGETLE-04
ANALYSIS TIME: .GE2 SECONDS

®IHPUT% "YES"

SELECT PRINTOUT LEVEL (2,1,2,8 O0R 49
RINPUT= 1

SELECT STARTING POINT (@-INITIAL POIRT, 1-LAST SOLUTION
RIWPUT: @

ENTER LINE INDEX
2 I[HPUT= 34

LINE REMOVED. TERMINAL BUSES: 2Y, @ 28

LOAD FLOW SCLUTION OF 115-BUS SYSTEHM USING THE FAST DECGOUPLED METHOD

RESULTS OF ANALYSIE

HUMBER OF ITERATIOKRS: 25
RETURN FLAG: 1
AGUURACY OBTAINED: LGETOE-21
ANALYBIS TIME: 1.088 SECONDE

S IWPUT: "sSTOP"
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that both lines 30th and 109th have one common bus. It should also be noted that

in the last performed contingency analysis (line 34) the limit of iterations has been

reached and the solution has not been found.

(1]

(2]

[3]
(4]

(5]

(6]

(7]

(8]

(91
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