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ABSTRACT

A computer model of the Tucson Gas and Electric
(TGE) power system and a computer code for the analysis of
electrical power load flow and economic dispatch through thé
system was developed for use with the Digital Equipment
Corporation System 10 (DEC-10) computer. The DEC-10 pré-
vides fast direct on-line response from remote terminals
and user timesharing of its large memory storage capacity.
The computer code was developed to demonstrate the cost
advantages available through computerized control of
electrical power distributidn in large complex systems such
as that owned by the TGE. Although preliminary data of
distribution system parameters was provided by TGE, actual
system cost and operating data were not available. System
transmission lines, power source, bﬁs, and load parameters
can be varied to permit analysis of their effect on power
flow and system opefating costs. System sizé can be varied
from a simple two or three bus system for instructional use
to a large complex system such-as that ‘serving the Tucson
metropolitan area with épproximately 50 buses and 100
transmission lines. A'unique Newton-Raphson computer code
was developed for the complex system load flow caiculations

to obtain solutions with minimum computational iterations.

vii



CHAPTER 1
INTRODUCTION

The use of digital computers in the'analysis of
"electrical power system performance is well established
(see, e.g., Happ, 1977; Sasson et al., 1971; Stott, 1974;
Subramanian and Ramachandra Rao, 1969). Howevér, little
effort hés been made to develop an interactive code to take
advantage of current high speed, timesharing computers with
large memory storage capabilities. This thesis presents
such an interactive code for use with the Digital'Eqﬁipment
Corporation's System 10 (DEC-10) computer installed at The
University of Arizona. The code was designed for the
analysis of electrical power system performance through
economic dispatch and load flow studies. Further, it was
designed to give the power systemslengineer maximum
flexibility and control of computerized solution routines
with minimum preparation and response times. In addition,
through use of the DEC-10's remote station and timesharing
capabilities the code can be used for instructional and
demonstration purposes.
» The computer code incorporates a unique algorithﬁ
for solution of the set of nonlinear load flow equations
and uses an iterative Newton-Raphson solution method. Two

1
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codes were developed. EDSPl5 was designed for instructional
and demonstration use on small systems with no more than 15
buses and 30 transmission lines. This code also includes a
successive displacement or Gauss-Seidel iterative solutién
method for comparison with the more rapid, reliable
quadratic convergence rate of the Newton-Raphson method.

The other code, EDSP50, is for use with systems serviné
large metropolitan areas such as Tucson, Arizona and can
accept up to 50 buses and 100 transmission lines.

To demonstrate use of the computer code, a model of
. the Tucson Gas and Electric Company (TGE) power distribution
system was developed. Input data usea by the code to
describe the system physical characteristics were derived
and typical operating conditions were analyzed. Unfor-
tunately, cost comparisons with actual operating condition
at TGE could not be-accomplished since their actual operating
and cost data were not available.

The characteristics, capabilities, and limitations
of the DEC-10 computér necessary for use of the code are
inciuded. Sample problems are also included to familiarize

the ‘user with the DEC-10 and the code operation.

Background

The primary function of any electrical power system
is to provide the power required by the various loads

connected to the system. Simultaneously, the generated



real and reactive power, the bus voltages, and the voltage
phase angles throughout the system must be kept within
constraints imposed by equipment and system operating limits,
while the load demands undergo large, and sometimes un- ’
predictable, changes. Therefore, the most important or
certainly the most frequently performed power system study
is "load flow" where bus voltages and phase angles are
calculated for various transmission network and load con-
figurations.

Prior to the advent of large capacity digital
computers, system load flow studies were performed by-
simulation techniques employing an analog A/C network
analyzer. Ward and Hale (1956) provided one of the first
practical automatic solution methods for use with the
digital computer employing nodal admittance énalysis and a
Gauss-Seidel iéérative process ‘to solve the set of non-
linear equatidns involved. Improvements in solution tech-
nigues developed rapidly during the late '50s and early
'60s. Among the more significant developments were: Van
Ness (1959) proposed the use of Newton's methods for a more
reliable and faster solution convergence; Tinney and Hart
(1967) and Tinney and Walker (1967) developed techniques to
drastically reduce computation time and memory storage
requirements in solutions of very large systems, i.e., in
excess of 1000 buses. Other efforts have been directed

toward further improvements in speed and reliability of




4
convergence, solution accuracy, redu;tion of memory storage
requirements, and expansion of problem size through
algorithms using diakoptics, tearing, and block-iteration
techniques (see, e.g., Stott, 1974; Subramanian and 4
Ramachandra Rao, 1969).

Solution of the load flow problem determines the
real and reactive power flow, the bus voltages, and the
voitage phase angles required to meet each bus or terminal
condition, while economic dispatch is concerned with
development of an optimum generation strategy to meet the
load demands at a minimum or optimum system operating cost.
Since there is an infinite number of generation profiles
that could meet a specified load requirement, a method must
be devised to find the least cosf schedule while observing
all the equipment and system constraints such as maximum
generator or transformer ratings, bus voltage and system
reactive power limits.

Prior to the 1930s, various methods were employed
to divide the load among the available generation units for
the minimum system operating cost. For example: the "Base
Load" method loaded the most efficient ‘unit to-its maximum
capacity first, then loaded the second most efficient unit
to its capacity, etc., or the "Best Point Loading" method
where units are successively loaded to their lowest heat
rate point beginning with the most efficient unit and

working down to the least efficient, etc. During the early




1930s, it was recognized that for the most economical
operation, the incremental cost of all machines should be
equal. In the early 40s, Steinberg and Smith (1943)
published their classic book on economic loading of powef
plants that added understanding and impetus to the egual
incremental method. 1In their approach, the generating
unit's incremental cost characteristics were represented by
straight line segments for easy applications. Also, George
(1943) provided a breakthrough in system transmission loss
calculations through the development of his loss formulas.

By 1954, a transmission loss penalty computer was developed
and used in conjunction with an incremental loading slide
rule by American. Electrical Power (AEP) to produce daily
generation schedules. In 1955, an electronic differential
analyzer was developed by Morrill and Blake (1955) for
production of daily generation schedules. Early in the '60s,
Carpentier (1962a, 1962b) provided a breakthrough in mathe-
matical formulation of the optimum power flow problem using
the Kuhn--and Tucker (1951) theorems for nonlinear programming
and a Gauss-Seidel solution procedure. Later, Dommel and
Tinney (1968) supplied a significant advance in digital
computer solution techniques by using Newton's methods for
the load flow solutions and incorporating a steepest descent
or gradient method for finding the optimum or most economical
generation profile. They also employed the more lenient

"penalty factors” instead of hard limits for equipment and




system constraints and thereby enhanped convergence
probability. Current efforts are being extended to system
security analysis, reactive power scheduling and allocation,
pollution dispatching, maximum interchange, expansion
planning, maintenance scheduling, substation switching, and
on-line automatic dispatching and control (see, e.g.,

Sasson and Merrill, 1974).

The initial effort at The University of Arizona to
develop an interactive computer code for the solution of
economic dispatch problems was developed for use with the
PDP-9 mini-computer by Martinez (1973). This code would
accommodate a 15 bus power system and used the Gauss-Seidel
iterative solution method. Later Stanley Beaver adapted it
for use on the DEC-10. This fhesis develops a new computer
code to take advantage of the large core memory and disc
storage capability of the DEC-10 and will-accommodate power
systems as large as 50 buses and 100 transmiséibn lines.
Further, the new code inéorporates an iterative Newton-
Raphson solution method to provide more rapid and reliable

convergence of the solution.



CHAPTER 2
COMPUTER CONSIDERATIONS

The Digital Equipment Cdrporation System 10 (DEC-10)
computer used'by the EDSP codes is a third generation, high
speed computer Qith a large capacity central (core) memory
of 524K words. It has a model KL10 central processor (CPU)
controlled by the timesharing, TOPS-10 operating system.
The CPU uses a 36 bit word size and includes double preci-
sion arithmeﬁic instructions. Under the TOPS-10 monitor,
interacfive service for up to 90 customers is provided
simultaneously. Fast access disk storage of o?er one
billion characters is available for temporary storage of
user files. 1In addition, three types of magnetic tape can
be used with the DEC-10; seven-track, nine-track, or
DECtape. DECtape is ideally suited for permanent storage
of source codes or low volume data files. Each DECtape
reel will store 22 files or approximately 353K characters
whichever occurs first. DEC Model VTO5, Teleray, or Infoton
terminals are available for video input/output display or
DECwriter terminals are available for printed (hard copy)
input/output products. Remote station operation is
available at numerous locations throughout the campus or
operation can be set up at any 1pcation off campus that has

7



normal telephone serQice. An acousticai coupler would be
required to connect the terminaL to any normal telephone
instrument. Several telephone numbers are a&ailable for
computer service on a 24 hour per day basis. An inter-
computer link permits routing of output products to the
high speed line printers, card or paper punch machines, or
the.Calcomp 12 inch plotter. Batch processing is also
available for off-line execution of very 1érge programs.
Several text editing routines are available for direct
input or modification of user files. The most popular and

versatile is the SOS (Son of Stopgap) text editor.

Interactive Capabilities

The interactive capability of the code in conjunc-
tion with the DEC-10 offers a distinct advantage in reduced
problem setup time, and while it is not necessary to
maintain a constant dialogue with the computer, the system
. engineer is free to make decisions during the computational
process and implement changes to optimize results without
fear of computer hang-ups. Further, data and solution
printouts can be controlled to meet specific needs. Data
input and modification is straightforward and requires no
card»punching or formating. During each run the EDSP code
will prompt the user when action or data input is required.
The specific prompfing messages and the response required

is outlined in Chapter 7.



Temporary Files

As stated above, disk storage is available for
temporary data files so that subsequent runs of the EDSP
code can be made without re-entering all input data. ‘
Although the temporary files can be created separatel&
through use of the DEC-10 SOS text editor, the code
automatically creates the temporary files as the data are
being entered during program execution. Since disk storage
is for common use by all users, large data files such as
the Y and Z bus matrix; discussed in Chapter 3, should be
deleted prior to "logging off" the terminal or they may be
transferred to DECtape for permanent storage and recalled
for use at a later date. The temporary files created during

program execution are shown in Table 2.1.

Table 2.1 Temporary Computer Files

Type Data File Name
Line Data FOR20.DAT
Bus Data FOR21.DAT
Generator Data FOR22.DAT
Generator Constraints FOR23.DAT
Y/Z2 Bus Matrix FOR24.DAT
Problem Solutions® SOL.DAT

aTemporary file of the problem solutions is optional
and must be reguested during program execution.
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User Limitations

Users are normally limited to 60 pages (30K words)
of central (core) memory use and 500 blocks (61K words) of
disk storage while "logged in" and 300 blocks (36.6K woras)
with "logging off." The difference between "logged on"
and "logging off"™ limits is to permit expanded use of disk
storage while programs are being run or edited. Increased
core and disk limits are available for large problems such
as the TGE system but operation may be restricted to other
than peak student use periods. Memory storage requirements
to run the computer code EDSP50 are 188 pages of central
(core) memory and 540 blocks of disk memory. The core
memory requirements vary with the number of buses in the

system as shown in Figure 2.1.
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CHAPTER 3
POWER SYSTEM MODEL

Most power systems consist of a generation
capability, a distribution network which transports elec-
trical power to the customer loads, and a monitoring and
control system to operate the system under normal or
emergency conditions. The objective of this chapter is to
obtain a mathematical model of a power system for study of
electrical power distribution and generation under normal
operating conditions. Mathematical expressions are derived
to describe thé physical characteristics of the transmission
line network, the bus or power 1oad-cent€ts, the generator
operating costs, and the system and equipment operating
limits.

In developing the mathematical model, a nodal
admittance form was selected since this form is more
economical in the use of computer time and it requires less
memory storage (see, e.g., Stagg and El-Abiad, 1968:258).
In addition, the mathematical notation closely follows the
transmission line network topography, making it easier to
apply to computer pfogramming techniques. Further, since

only normal operating conditions are considered, a balanced

12
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three phase power system with - a constant 60Hz frequency is

assumed.

Transmission Line Characteristics

In a normal balanced three-phase system, the
transmission line characteristics of each phase are con-
sidered identical. Thus, the computer model represents a
single phase of the three phase system, i.e., the positive
sequence network. Each transmission 1in¢ used in the
system can be represented by the following four electrical
parameters per unit length of line: series resistance (Ri)’
series reactance (Xi), shunt conductance (Gi); and shunt
susceptance (Bi). In the metropolitan areas served, the
transmission lines are usually less than 100 miles lohg and
consequently are considered "electrically short." Thus,
the distributed electrical parameters can be "lumped" into
an equivalént T circuit as shown in Figure 3.1 (see, e.g.,
Elgerd, 1971:193). 1In this equivalent circuit, the series

impedance (zik) is complex,

z i Ser = 2, jSer = (R + jX) 2 ohms (3.1)

R

line resistance per unit length in ohms

X

I

line inductive reactance per unit length in ohms

% = line length in feet, meters, or miles
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BUS; BUS,
! ]
| Zi\ SER :
b e e AN T~
(Rik+ixik)
\Yshi =Yshk/—
(G; +iB)8
= 2 T

Figure 3.1 Transmission Line Equivalent Circuit

The equivalent shunt admittance is also complex and one-half
of the total distributed admittance is applied to each leg

of the equivalent 7 network.

(G + JB)Q mhos

Yshi = Yghk = — 72— — (3.2)

G = line conductance per unit length in mhos
B = line susceptance per unit length in mhos

2 = line length in féet, meters, or miles

As shown by Elgerd (1971:170), the series elements,
of which the inductive reactance is often dominant, set.the
limit of the current flowing through the line and thereby
determine the power transmittability or capacity of the
transmission line. The series resistance is usually much

smaller than the series reactance (see, e.g., Table 3.1) but
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Table 3.1 Typical Transmission Line Parameters

Shunt admittance Series Impedance

Type Conductors (B+jG) mhos/1000' (R+3X) ohms/lOOO'
Copper #4/0 0.0 + j0.0 0.0574 + j0.1282
Aluminum AA #477MCM 0.0 + j0.0 0.0409 + §0.1195
Aluminum ACSR #366MCM 0.0 + j0.0 0.0580 + j0.1196

5

Aluminum AA #750 UG 0.0 + j4.3731x10"° 0.0320 + j0.0380

is important in that it determines the system real losses.
The shunt elements represent a "leakage" path for the line
current between the phases and ground. These leakage
currents are influenced by the geometry of the transmission
line, the physical characteristics of the transmission
cable, and are proportibnal to the line voltage. The shunt
conductance Gy is extremely small and, if leakage occurs

at all, it usually takes place along the insolator strings.
It is strongly affected by the weather, atmospheric condi-
tions, and the salt content in the air. It is customary to
neglect this parameter under normal operating conditions.
The shunt susceptance‘Bi is also negligible except for
underground cables and overhead transmission lines where
the line voltage exceeds 300KV and/or the line length
exceeds 200 miles. Typical values for these parameters are

shown in Table 3.1 for the type 1ines indicated. The EDSP
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‘computer code requires these line parameters to be entered
as "Line Data" in per unit values per unit length of trans-
mission line. For example, consider the 4-bus power system
shown in Figure 3.2. The typical line parameters were used
as indicated and are shown in Table 3.2 in per unit values

required by the code. The impedance base 2, used for the

b
system was 21.16 ohms, i.e., Zb = Vbz/sb. It should be
noted that a "starting bus" or "ending bus" shown in Table
3.2 does not exist in an actual system. These . terms are
used for the expediency of describing components of current
and power in particular transmission lines and should not'
be interpretea as limiting the actual flow of current or;
power to a particular direction. Also, the numbering of
buses and transmission lines is completely arbitrary and
used to facilitate network description only.

Transformers used to step-up or step-down the level
of voltage between buses are included by the computer code
as transmission lines. Since the transformer characteris-
tics can be represented by an equivalent T network like
the one shown in Figure 3.1 for transmission lines (Elgerd,
1971:126), the approériate equivalent impedance and admit-
tance values are included by the code as "Line Data" to
represent these transformer parameters. Problem #2 in
Appendix A includes an example of how transformers are

represented in the system.
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Table 3.2 Line Data

Line Starting Ending Length Shunt Admittance Series Impedance

No. Bus Bus (1000") (G+3B) per unit (R+jX) per unit
1 1 2 35.904 0.0 + §0.0 0.27127x1072% + 350.6059x10 2
2 2 4 27.456 0.0 + 50.0 0.19329x10™2 + 30.5648x10 2
3 1 3 21.648 0.0 + j0.0 0.2741x10™2 + j0.5652x10 2
4 3 4 20.592 0.0 + §9.2531x10”%  0.15123x1072% + 50.17958x10 2

8T
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The lLoad Flow Problem

In the nodal admittance model used to represent the
power system, nodes are buses or load centers to which the
various loads and generators are connected. Transmission
lines interconnect these nodes (buses) to transport power
between bpses as required. Power provided by the generators
SGi and power consumed by the loads SDi at bus i are complex.
That is, théy have the foliowing real and reactive compo-
nents:'sGi = PG, + jQG; and S, = PD; + jQD,. To establish
a sign convention, power into a node was considered posi-
tive. Also, Phasor quantities are represented by capital
letters. Thus, the net injected coﬁplex powef Si available

at bus i is defined as the difference between the generated

power input and the power consumed by the loads.

s; = Py + 30, = (PG - PD,) + j(QG, - oD, ) (3.3)

Any power shortage or excess at each bus must be transported
by the interconnecting transmission lines. These line
powers can be expressed in terms of the bﬁs voltages and
curreqts as follows. . Using phasor notation, let Vi or
lvileJ i represent the ith bus phase to ground voltage with
the magnitude [Vil obtained with respect to the reference

or ground node and the phase angle Gi representing the angle
between the reference "slack" bus voltage and the ith bus
voltage. Also, let I, or |Ii|ejwi represent the net

injected current (current into a bus is considered positive)
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at bus i with Y. representing the angle between the
reference "slack" bus voltage and the ith bus current.

Then the net complex bus power S; at bus i is defined as:
-jwi

_ : 1°3
§; =Py + 3Q; = VI * = lv, le |Z; e

30, as
= |vyllLgle | | (3.4)

with the complex power angle 6, = (Gi - wi). Also, in a
nodal analysis, the currents entering and leaving the node
must obey Kirchhoff's current law, that is, their algebraic
sum must equal zero. As an example, consider bus 1 in
Figure 3.2. It can be seen that the generated current IDi
that is not consumed in the load IDi must flow through the
transmission lines 1 and 3, or as statéd above IGi - IDi

- 112 - 113 = 0. Clearly, the net injected current at

Vl-V2
I, =1 - I =TI + I = V,y + —
1 Gl D1 12 13 1‘shl z125er
vV,~-V
1l "3
1“sh3 zl3ser' ,

This equation can be rewritten in terms of the bus powers
and voltages using (3.4).
*

® =V (¥gny + Ygp3) + (V) = Volyyp + (V) = Vidyy,
(3.6)

0

1
1

<
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where from Equation (3.1),

— 1 _ 1
Yix = = — mhos (3.7)

2ikser

Thus, the power flow equations for the 4-bus system in

Figure 3.2 are:

* = P.-0O. = V._* - - .
S1% = Pym0y = VMUY g HYgn3 ¥y 5+Y3) VY V)Y 3V3 ] (3.8)

S2% = PpmQy = Vot oy oV ¥ (¥ gn1 *Yena?¥12Y24) V2 ¥4V

(3.9)
S3% = P3=Qq = Va* (=¥ 3V + (¥ +¥gpat¥q3H¥34) V3—Y34Y,]

(3.10)
S*:

4% = PgmQy = V(o Vg g Vot (Yo ot Y g t¥ 041754 V4l
(3.11)

Now the general form of the static load flow equation (SLFE)

becomes apparent.

1,2,...n (3.12)

S.* = V.*T. =Vi* r V,Y. i
number of buses

1 1 hE k=1 n

In this equation [Y] is defined as the complex admittance

matrix representing the transmission line parameters in the
30

distribution network. The diagonal elements IYiiIe 1

of
this matrix are the sum of all shunt and series admittances
terminating at bus i. The off-diagonal elements IYikIeyeik
are equal to the negative of the series admittance Yix

between buses i and k. The angle 6k is the admittance
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angle of the resulting elements. As an example, the

admittance matrix for the 4-bus system in Figure 3.2 would

be:
(Ysh1t¥Ygn3 ~Y12 Y33 0
tYy5+Y,3)
~Yo1 H(¥Ysh1tYsn2 0 Y24
+Y5q1+Y o)
21%Y24
[Y]l] =
~Y33 0 (Yeh1t¥sh3 ~Y34
ty31+Y3,)
0 ~Y4 ~Y43 H(YehatYsna
RIVRITY

This is a symmetrical matrix of complex elements and in its

general form is:

Y L] L ] L ] [ 2 * * [ ] L ] L ] L] Yin
[¥] = ° ‘ * i=1,2,...n (3.13)
: * * k=1,2,...n
* ) ° n=number of buses
ni L] L 3 L] - . L ] [ ] * L ] . nn

Equation (3.12) can be rewritten into two real equations as

follows:
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A n :
P, = PG,-PD, z lVinYiklcos(eik+6k—6i? i=1,2,...n
k=1 (3.14)

Q. = QG;-QD, = ;El IV v, Y k|sn.n(9 R Gi) i=1,2,...n
(3.15)

An examination of Equations (3.14) and (3.15) shows
that only four of the eight variables PG, QG, PD, QD, V, §,
Y, and 6 are known. That is, Y and 6 are specified by the
transmission network parameters and PD and QD are the known
load requirements imposed on the system. Consequently, a
method must be devised to reduce the numﬁer of unknowns to
two per bus since there are only two independent equations
in (3.14) and (3.15) per bus. The problem is resolved by
classifying the buses into three types according to -the
function they serve in the system. The three classifica-
tions are: type l--a load bus, type 2--a voltage control
bus, -and type.3 is the.slack bus.uiThese.iypesware»discussed
below and allow two of the four unknowns at each bus to be
fixed or specified according to the type bus.

The slack bus, as indicated earliér, is used as

the voltage reference for the system. Therefore, there is
only one slack bus per system and the voltage magnitude IViI
and phése angle Gi at this bus can be set arbitrarily,
usually at a per unit value of 1.0 and 0.0 respectively.
Although the load requirements PDi+jQDi are known throughout

the system, the total generated power requirements can not
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be specified because the total system losses (TPL) are
unknown. That is, the total generated power must equal the

sum of the various loads plus the total system losses.

(UM 3 =]

z (PG, + jQGi) =

(PD. + jOD.) + TPL i=1,2,...n
. . i i
i=1 i

1 (3.16)

Consequently, the real and reactive powers are the unknowns
at the slack bus so that the extra power needed to
compensate for the system losses can be included in the
solution for generated power at this bus.

At other buses it is often desirable to control the
voltaée magnitude at a specific value for better control and
service throughéut the system. At these "voltage control"”
buses the generated real power PGi and the voltage magnitude
|Vi| are specified while the phase angle Gi and'the‘required
reactive power QGi are the unknowns. In this case, the
necessary reactive power to maintain the specified bus.
voltage may be supplied by a éenerator or a compensating
capacitor bank connectedbto the bus as shown on bus 3 in
Figure 3.2. Inductor banks are also used to consume excess
reactive power such as often occurs on long distance very
high voltage transmission lines. At the remaining "load"
type buses, the genérated real and reactive power is |

specified and the voltage magnitude and phase angles are

the unknowns.
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- Solution of the load flow problem is now possible
since with an n bus system there will be 2n unknowns and 2n
real equations given in (3.14) and (3.15). Table 3.3
illustrates this by showing the "Bus Data” in per unit
values for the 4-bus system shown in Figure 3.2. In the
- EDSP code, a negative number is used for the bus type to
indicate those buses ﬁith generators attached. As shown,
there are now 8 unknowns in the system of 8 independent

real load flow equations. They are:

_ 2
1.25-0.9 = |Vl Ylllcos(ell)

+ IVllelcos(elz-Gl) + |V1Y13|cos(913+63—61)

PG2-0.5 = |V1Y21|cos(621+61)

+ |Y22|cos(622) + |V4Y24|cos(624+64)

(3.17)
© 0.0-0.4 = |V1Y31|cos(631+61—63) |
+ |Y33|cos(933) + |V4Y34|cos(634+6 8

4~83)

0.0-0.6 = |V4Y42|cos(642-64)

) 2
+ lV4Y43|cos(e43+63-54) + |V4 Y44|cos(644)
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Table 3.3 Bus Data
Bus Bus
No. Type : PG QG PD QD \'4 S
1 -1 1.25 0.8 0.9 0.4 ? ?
2 -3 ? ? 0.5 0.4 1.0 0.0
3 2 0.0 ? 0.4 0.4 1.0 ?
4 1 0.0 0.0 0.6 0.3 ? ?
0.8-0.4 = -|v_%y._|sin(6..)
1711 11’
- |V1Y12|51n(612—61) |V1Y13|81n(613+53—61)
0G,-0.4 = -|V1Y21|sin(621+6i)
- |Y22|51n(622) - |V4Y24[sin(624+64)
(3.18)

QG3-0.4 =

- |Y33|sin(633)

0.0-0.3 = - |V4Y42|sin(942-6

- |V4Y43]sin(843+6

|V4Y34|sin(634+64—5

3"

S

- |V1Y3l|sin(63l+6

4)

1”

4}

[v

$

4

3

2

)

3)

Y44|51n(644)
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Note that the |Y|s and 6s are known quantities and the
remaining 8 unknowns are: |Vl|, §,+ PGy, QG,, 0G5, 85, |V4|,

and 64;

The Economic Dispatch Problem

Today fuel costs exceed 87 per cent of the total
plant eperating expense (see, e.g., Friedlander, 1977:48).
Thus, for the solution of the economic dispatch problem
(i.e., to determine the minimum cost power generation
profile that satisfies the total system load), a relation-
ship between the cost of fuel input and electrical power
output is required. The plant input-output curves are used
for this purpose. The curves define the heat input required
to produce the net electrical power output, usually expressed
in BTU per Kilowatt hour (see, e.g., Skrotzki and Vopat,
1960:612-617). These curves are not liﬁear and are deter-
mined empirically. For steam power plants, they are
usually obtained by steady state operation of the generator
prime mover at "valve points,” point just prior to the next
steam control valve opening, from generator no-locad up to
the generator peak rated output. The fuel required at each
valve point is multiplied by the fuel cost to obtain the
generator cost curves. Starting fuel and boiler banking
fuel is not included since these fuel expenditures are
independent of system loads. Thus, the cost function Ci

used for generator i is defined as the cost in dollars per
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hour to produce its net electrical power output SGi’ e.g.,

see Figure 3.3.

Ci = Ci(PGi) $/Hr ' (3.19)

The cost function c, is assumed to be a function of the\
real power output PGi only since-the real power is controlled
by the prime mover torque (Elgerd, 1971:276). However, the
generated reactive power QG does have an indirect influence
on operating cost. That is, the reactive power is con-
trolled by varying the generator field current thereby
varying the bus voltages throughout the system. Since the
transmission losses are a function of these bus voltage
levels, the reactive power implicitly influences the system
operating cost through its effect on system losses and their
demand for increased real power output. It is recognized
that the use of these "smooth" cost curves ignores the
detrimental effects of operating the_steam turbines

between "valve points" where steam throttling losses are
incurred. ﬁowever, studies by Ringlee and Williams (1962)
and Happ, Ille, and Reisinger (1962) indicate that a total
system cost savings of only 0.1 to 0.2 per cent could be
obtained by use of dispatching criteria that includes these
valve throttling effects. Therefore, incorporation of

these refinements was left for further study when actual

operating and cost data become available for comparison.
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The first derivative of the cost curve C; is defined
as the incremental generator operating cost Ic, in dollars
per megawatt hour. The incremental cost curves represent
the slope of the cost curve at any point and can be
obtained by graphical differentiation or curve fitting

techniques. They are then approximated by the following

second order polynomial:

oC,

- i
IC., =
i BPGi

5 ,
= a; + Bi(PGi) + yi(PGi) ‘$/MWHr (3.20)

The EDSP computer code stores the incremental cost curve
coefficients O, Bi' Yi' normalized in per unit values for
use in developing an equal incremental cost generation
schedule for all éenerators. The normalized form is

obtained by,
Ici pouo = _J;_ . (3021)

where Sb and Cb are fhe arbitrarily chosen system power
base in MVA and the system operating cost base in dollars
per hour, respectively. Figure 3.4 shows the cost and
incremental cost curves in per unit values used for the
4-bus system in Figure 3.2 and Table 3.4 shows the cost
curve coefficients and generator constraints used in per
unit values.
Equipment such as generators, capacitor banks,

transformers, etc., have operating limits beybnd which
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Table 3.4 Generator Data and Constraints
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Bus No.

Alpha Beta
2.4 4.5
2.0 4.1

Generator Constraints

PG.max PG,min QG.max
3.0 0.5 --
3.0 0.5 -
- ~= 2.0

Gamma
0.01

0.01
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operation of the equipment will result in reduced service
live, unpredictable operation, or possible complete
destruction of the equipment. The code accepts these
operating limits as "Generator Cohstraints" during problém
solution. When a limit is reached the variable is held at
the limit value and the solution continued with remaining
unconstrained generators sharing the remaining load. The

following variables are kept within the limits indicated:

. i < . < . L d
PG;min < PG; < PG;max (3.22)

QG,min < QG. < QG ,max : (3.23)

The EDSP computer code treats capacitor banks used
for reactive power compensation to control the bus voltage
magnitude at type 2 buses as generators without real power
output capability. Also, when the capacitor bank or
generator reactive power QGi reaches its limit in an attempt
to control the voltage at its specified level, the reactive
power is held at its limit value and the bus is changed to
a type 1 bus. From this point on the voltage is varied
until a solution is obtained. During economic dispatch
solutions where successive load flow solutions are per-
formed, as discussed in Chapter 5, the bus type is returned
to a type 2 between load flow solution iterations to permit
"backoff" from the limits during poWer excursions in the

economic dispatch calculations. An example of the input
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generator incremental cost data and constraint required by
the computér code is shown in Table 3.4 for the 4-bus system
in Figure 3.2. All entries are in per unit values. Note
that reactive power constraints are required for type 2 -
voltage control buses only.

With the incrementél cost functions and operating
constraints of each generator defined, the economic
dispatch or optimum load flow problem is to develop a
_process whereby the total power generated within the system
is allocated among the available generating units in such a
way as to minimize the total system operating cost.

An iterative solution method is indicated since an
infinite number of generator settings could satisfy the
system load demands. Also, it is clear that the three
functions: the generator cost curves (3.19) and (3.20),
the system power balance eqﬁation (3.16), and the equipment
constrainté in equations (3.22) and (3.25) must be related
in such a way that an optimum solution can be found.

The nonlinear programming theorem developed by Kuhn
and Tucker (1951) and first applied to the economic dispatch
problem by Carpentier (1962a, 1962b) provides the method
for obtaining the optimum cost generation profile. To
apply this theorem to the economic dispatch problem, we
first define the total.system operating cost as the sum of

"the individual cost functions.
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n
C= I C,/(PG,) i=1,2,...n (3.24)
i=1 + 7

Then using the power balance equation (3.16), we define

the function h(PGi) as the system real.power balance,

h(PGl,PGz,...PGn) = iﬁl (PGi - PDi) - TPL = 0

i=1,2,...n (3.25)

Now Equations (3.24) and (3.25) are combined to form an
augmented cost function defined as,
n ' n . . .
Ci -x(Z PG, - 1L PDi - TPL) i=1,2,...n
(3.26)

c* =

[ e =

i=1 i=1 Y i=1

The partial derivative of C* with respect to PG provides the

optimum dispatch equation,

n n ‘
9 I C, 3 Z (PG, - PD,)
ac* . _di=1 * _,_i=l * _ 3TPL,
aPG, oPG, 3PG, oPG,
1 1 hiE 1

=0 (3.27)

In this equation the partial derivative of the total
transmission losses TPL with respect to PG, is defined as
the "Incremental Transmission Loss" ITL; associated with
the generating unit i. Elgerd (1971:296-299) has developed
the following good approximation of ITL in terms of the

variables already obtained by the load flow solution:

3PL n
‘B—Gi = ITLi = 2 kgl (Pkaik - QkBik) 1=1,2,...n : | (3.28)
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where the terms aik and Bik are defined as follows:

r. g
ik

aik TW COS(Gi - (Sk) - (3.29)

Tix

Bix

and rix is the real part of the inverse Y admittance

matrix element.
ri, = Re: (|Yik| ) (3.31)

When the differentiation indicated by (3.27) is performed,
an expression is obtained for the incremental operating
cost of each generating unit in terms of the transmission

losses associated with the distribution of its power output.

ICi = l(l—ITLi) i=1,2,...n (3.32)

Thus, as shown by Elgerd (1971:294), the concept.of
scheduling power productibn by eqﬁal incremental cost of
each generating unit can now be modified to account for the
losses incurred by dispatching it through the transmission
network to the load. Figure 3.5 gives a graphic repre-
sentation of how Equation (3.32) obtains the optimum
incremental cost profile using the family of individual
generator incremental cost curves. It can be seen that an

iterative process where the value of 1 is varied until the
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power balance equation (3.25) is satisfied will produce the

optimum incremental cost schedule for each generator.

-4—1\[1 —(“l)ll [S—— |

—o—ﬂ[l -“Tl-)g]

a0t =11m),]
e I\E‘ _("l)‘]

Figure 3.5 Graphical Economic Dispatch Solution




CHAPTER 4
LOAD FLOW ANALYSIS

The objective of the load flow study is to determine
the bus voltages and phase angles associated with a selected
schedule of power generation that meets ‘the given set of
load demands. With the voltages known, the line flows and
system power losses can be calculated directly. Since the
losses are not known, a priori, an iterativelsolution
method with the nonlinear load flow equations (3.14) and
(3.15) is indicated. 1In this chapter the iterative Newton-
Raphson solution method used will be develbped to assist
the system engineer in the analysis of problem areas in.
power system load flow studies.

The main difficulty with successive displacement
or Gauss-Seidel solution methods are their inability to
solve some types of problems, such as those involving
negative reactances that may arise in the equivalent
circuits for 3-winding transformers or éroblems in which
high and low impedance brénches terminate at the same bus.
The ﬁewton-Raphson solution method was selected for use in
the computer code because, as outlined by Tinney and Hart
(1967:1450), it is not affected by these and most other ill-
conditioned situations. Also, the Newton-Raphson method

38
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provides a more rapid convergence rate, usually not more
than 3 to 5 iterations, and the number of iterations ié
relatively independent of the problem size. However, this
method is extremely sensitive to the initial starting -
conditions (see, e.g., Gross and Luini, 1971:41-48).
Fortunately, in power system problems, the use of a flat
voltage profile, V@ZE& = 1.0/0.0 per unit, as the initial
starting point is sufficiently near the final solution
point to preclude a false solution or divergence.

The iterative Newton-Raphson solution method used
is summarized as follows:

Given the set of n nonlinear equations,

fi(xl,xz...xn) =0 i=1l,2,...n (4.1)
and let,
'fl-1 er- -Axl-
Fz|. ) X E -2
Lén_ §n~ LA;n.

In order to solve this set of n nonlinear simultaneous

equations we make an initial estimate of x. Call the esti-

mated value §(°), then let Axl(o),...Axn(O) be the differ-
ence between xi(o) and the exact value Xg i.e., xi(O)
+ Axi(o) = X4 If the estimated value xi(o) is close to

the exact value X5 then the differential dfi is:
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n of . — (o) _ -(0)
af, = I |’a‘x_l| bx. ‘9 = £,x) - £, (x°") i=1,2,...n
J=1 73z (o) (4.2)
and if,
oy L —(0), |
fl(x) fl(X )
af = . .
Yo = (o)
Lfn(x) - fn(x ) A 14
then
df = 191 (&x°)) = @) - &)
_ afi
where [J] is a matrix with elements J.. = (—=)
ij axj % (0)
i,j=1,2,...n. Solving for 7% (©) ana recognizing from (4.1)
that £(x) = 0, we obtain the general Newton-Raphson form:
=) - g9, (4.3)

Thus, we may determine X approximately by,

= (o) + Z;‘O)

g -z

(1)

where x may not be exactly equal to X since the Taylor

expansion of df in (4.2) only retains the first -order terms.

= (1)

However, x is a better approximation of X than the

(o)

initial estimate x . and so the process is repeated to

obtain an even better approximation, §(2). The iterative
procedure is continued until =P i equal to or less than

some acceptable solution tolerance. In the EDSP computer
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codes, this solution tolerance (TOL) is preset at 0.0001,
but can be changed by the user during program execution.
To apply Newton's method to the load flow problem,
let two functions gi(P,V,S) and hi(Q,V,G) be defined so that
they approach zero as the estimated values of real and

reactive power approach the exact values.

exact _ p estimated
i i

g; (P,V,9) P

— 0 (4.4)

-0 estimated

hi(lela) i i

— 0 (4.5)

!
O

If the load flow equations (3.14) and (3.15) are substituted
into (4.4) and (4.5) for the estimated values of Pi and Qi,

expressions in terms of the four'variables P, Q, V, 6, are

obtained.
exact o
9; = Py - kEl IViVjYiklcos(eik+6k-6i) i=1,2,...n
- (4.6)
exact g
hy = Q; + kil IVinYik|51n(6ik+6k-6i) i=1,2,...n
' (4.7)
Now if the estimated value gip is close to the final
solution, the differential dgi is:
_ exact _ P
dg; =9 93
agip n agip n agip
= g=—dP, + I —— 46, + I —— 4av (4.8)
BBy LTy 98 Tk T L W Tk

i=1,2,...n n=number of buses
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exact

However, from (4.4) is equal to zero, therefore the

estimated value gip is equal to,

p ap ap .
g, = - :gi ap, - 1 Egi— as, - s 531— av, (4.9)
i T k=1 °%k k=1 °"k
and similarly,
5 Bhip n 8hip n ahip
h.P = - =2 @dpP, - I —2-4ds§ - I av (4.10)
i N 17 sy 9%, k T yoq 9V k

Thus, in Newton-Raphson form the solution is:
= P =Py e Py

and -

-1
=Py _ _ = P = P
Where [J] is the jacobian matrix of f(§ip) and f(ﬁip)
respectively. The next estimate of the independent
variables, P, Q, V, and § is obtained by solving (4.11) and
(4.12) for Agip and Ahip respectively and adding them to

the original estimated values,

+1
g.P

p
i 9i

and

p+l P P
h, h,” + Ahi (4.14)
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The solution continues until the changes in P, Q, V, § are
less'than or equal to the acceptable solution tolerance,
i.e., TOL.

In Chapter 3 it was established that the unknown-
variables depend on the bus type. Consequently, the solu—
tion matrix will be modified based on the type buses in the
system. That is, the elementé of the jacobian will be O,
-1, or the partial derivative of the function g; or hi
depending on the bus type.

Consider the following example based on the 4-bus
system shown in Figure 3.2. The bus types and corresponding
unknown variables are shown in Table 4.1. 1In the solution
method, the unknown variables Vl’ 61, Py, Q2, Q3, 63, and,V4
are given initial estimated values and then Equations (4.11)
and (4.12) are solved for AP, AQ, AV, AS. The first

iteration is shown in (4.15) and is solved for the changes

in P, Q, V, 6.

Table 4.1 Bus Characteristics

Bus type . PGi QGi Vi Gi
Load (Type 1) - Specified Specified ? ?
Control (Type 2) Specified ?  Specified 2

Slack (Type 3) ? ' ? Specified Specified
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'l -1 =t
] ar
¥, Ml 0 3T
91 58, 385 88, 137, 3V, 1
]
{
]
322. -1 Eﬁg ag :323 0 0 323 AP
92 38, 385 35, | 3V, 3V, 2
]
i
%93 0 293 293 {99, 0o 0 %93 AS
g —_ , o3
3 38, 38, 33, =avl 3V, 3
]
]
o 8g4 0 8g4 394 :394 o 6 ag4 rS
4 38, 38, 35, E?VI 3V, °4
-— —_— - eRD I e SEn D G D CED CED b G G GEP G S GRS Gmb W S r ------------------- -— e e
]
. EEL . 3h, 9h, |3h, . ) Efl v
1 98, 38, 3%, :avl A 1
]
]
]
h 3h, . 3h, h, I 3h, . . 3h, 0
2 38, 98, 38, |3V, 3, 2
| .
]
]
A
3 1 3 9% Vi Vy
]
. 8h, . 3h, 8h, Eah4 , . 3h, -
4 38, T 385 .19V, 3V, 4
(4.15)

To solve for the new estimated values of P, Q, Vv,

and 6, the jacobian matrix must be inverted. That is,

- bl
g;®

- -l— -
gip - [J (gip) ] £ (gip)

1

PHL _ R P _ 3071 EEP) (4.17)

i i

=2
[
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The jacobian matrix is partitioned with the elements of the

partitioned sub-matrices defined as follows:

1
| .
(3] = | —=—=k-—- : (4.18)
]
I

p—

On Diagonal Elements (i=k)

Bus Types 1 and 2

n
Jii = kil |VinYik|51n(6ik+6k—6i) i=1,2,...n
k#i
Bus Type 3
J.. = =1
ii

3, ]

|{O0ff Diagonal Elements (i#k)

Bus Types 1 ahd 2

Tk = —IVinYik|51n(8ik+6k—6i) i=1,2,...n
Bus Type 3
Jik = 0

(4.19)



[a,]

On Diagonal Elements (i=k)

Bus Type 1
Ji5 = 2[viyik|cos(eii)
n
+ kil lvkyiklcos(eik+5k—ai)
. k#i

Bus Types 2 and 3

J,..=0
ii

Off Diagonal Elements (i#k)

Bus Type 1

Tix = |ViYik|cos(Gik+6k—6i)

Bus Types 2 and 3

Jik = 0

i=l,2’...n

46

(4.20)
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On Diagonal Elements (i=k)

Bus Types 1 and 2

n
J.. = L |v.v |cos(6
ii k=1 i k ik
k#1
Bus Type 3
Ji3 =0
Off Diagonal Elements (iFk)
Bus Types 1 and 2
Tig = IVl X lk[cos(e 1k =&,
Bus Type 3
Jix = 0

k

1

)

=8y

) i=1,2,...n

i=1l,2,...n

47

(4.21)



on Diagonal Elements (i=k)

Bus Type 1

;5 = ~2|v ¥y lsinge, ;)
n

-z lvkyik|s1n(eik+5k-ai)
k=1
k#£i

.Bus Types 2 and 3

Jg3 = -1

(2]

Off Diagonal Elements (i#k)

Bus Type 1
T = -|ViYik|51n(6ik+5k-6i)
Bus Types 2 and 3

Jik.= 0

The inverse of the partitioned jacobian is obtained as

follows:

!
i
- :
|
|
|

where the partitioned sub-matrices are obtained using

i=1,2,...n

48

(4.22)

]

(4.23)

(4.19) to (4.22) as outlined by Stagg and El-Abiad (1968:

19).
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B, = (a; —.A2A4 lAB)—l
B, = -B1A2A4-l
By = —A4'1A3Bl
B, = A4"1 - A4flA3 B,

This allows Equation (4.15) to be solved for the right hand

column vector and then with (4.16) and (4.17) obtain the

first order approximation of the solution. Further itera-

tions will improve the approximations until the solution is

obtained within the desired accuracy tolerance.

Solution Method and Flow Chart

The overall strategy of the solution method can be

summarized as follows:

l.

All system paraméters are input, generator
constraints established, and~convergence~cri£eria
specified. These include the transmission line
data, bus data, geherator éata and limits, solution
tolerance and maximum number of iterations desired,
and the initial estimated values for the unknowns.
The system transmission network admittance matrix
[Y] is calculated. This calculation need be
performed only once for each network configufation.

The results are stored in the temporary SOS file
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FOR24.DAT for subsequent studies using the same

distribution network.

Using the initial voltage and phase angle estimates
at each bus, calculate the resulting net real and
reactive power at each bﬁs using the load flow
equations (3.14) and (3.15). .
Test for convergence. The specified values of real
and reactive power are compared with the values
calculated in 3 above using Equations (4.4) and
(4.5). When the difference becomes less than the
desired solution tolerance "TOL" the final solution
has been attained and the power balance equation
(3.16) has been satisfied.

If the desired tolerance is exceeded at any bus,
the solution continues using Equations (4.16) and

(4.17) to determine the new estimated values of the

-unknown variables P, Q, V, and 8. The new estimated

values of regctive power at type 2 buses are then
checked against the limits designated. If any limit
is exceeded the limit values are substituted and the
solution continued changing the type é bus into a
type 1 bus so that convergence can be attained.
Steps 3 through 5 are repeated using the new
estimated.values of P, Q, V, and 6 after each
iteration until the solution is obtained or the

maximum number of iterations has been reached.
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7. When a final solution is reached, the power flow in

each transmission line is calculated where,

2
Piy = lviyiklcos(_eik) - |VinYikl°°s(Gi“6k‘eik)
+ |V VY i lcos (e :) (4.24)
a2 : . _
Qy = ~lVi¥;ylsin(e;y) - V5 V¥ x| sin (8526, -84, )
+ Vv Y L lsin(e g .) | (4.25)

8. Calculate the total system load and transmission

losses as follows:

PD- i=1,2,oqgn (-4.26)

Total system load TPD = i
‘ 1

I o J=]

i
: n
Total system losses TPL = ® P, i=1l,2,...n (4.27)
i=1 * '
9. Print desired output.
Sample problems are included in Appendix A showing input/
output options and format. TFigure 4.1 contains a flow chart

showing the principal steps and sequence of each step in

the load flow solution.




1. Data Input

2. Calculate Y Matrix
Using (3.3)

N 3. Calculate P

Using (3.14) and* (3 i5)

Advance
Iteration
Counter

p = p+l

4. Calculate g9; and h.
Using (4.4) and (4. 5}

5. Check for Convergence yes

g;max & h;max < TOL

no

6. Calculate 4pPY, 2P, Avp AS®
Using (4. ll) ané (4. iZ)

L

7. Calculate New P, p+l, le+l, \£ p+l:

Using (%.13) and (4.13)

i

yes

8. Check Qi Limits
Qimln = Qi = Qimax

9. Check Iteration Limits p = Prax

no

10. Terminate

ll. Calculate Line Power Flows
Using (4.24) and (4.25)

—

12. Calculate Total System Load and Losses

Using (4.26) and (4.27)

13. Print desired printouts

Figure 4.1 Load Flow Solution Flow Chart
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CHAPTER 5
ECONOMIC DISPATCH ANALYSIS

In the previous chapter a method was developed for
determining the power distribution throughout the system
when the system engineer specified two of the four variables
at each bus, i.e., Table 4.1. In this load flow solution,
the specified variables were selected arbitrarily by the
system engineer as an "educated guess." To obtain the
optimum or most economical power generation profile, the
total system power generation requirement, as calculated
by the load flow solution, is re-scheduled among the
available gengrating units using the incremental production
cost characteristics of each generator in such a way as to
minimize the total system operating cost in dollars per
hour $/Hr. 1In Chapter 3 it was shown that the optimum
generation profile is obtained by an iterative process
varying the Lagrangian multiplier A in Equation (3.32) and
using the incremental cost ICi of each generator in
Equation (3.20) to obtain the real power generated PGi by
each generating unit. A is varied until the sum of the
individual power generation PGi satisfies the total system
requirement, Equation (3.25), within an acceptable tolerance
ESPl. This process is constrained by the operating limits
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of each generator. That is, if a generator output limit is
reached, its output is fixed at the limit value and the
remaining unconstrained generators will share the balance
of the system load on an equal incremental cost basis.

The final solution is obtained when successive solutions
for each generator output PGi vary less than the specified
tolerance ESP2. The solution tolerances ESP1l and ESP2 are

preset in the code to 0.001 but may be changed by the user.

Solution Method and Flow Chart

The steps used by the EDSP computer code to obtain
the economic dispatch solution are as follows:

1. Input all data required for the load flow solution
and add the normalized incremental cost curve
coefficients for each generator and the individual
generator power output limits.

2. Calculate thé system transmission network admit-
ténce matrix [Y]. If a load flow analysis was
previously perfdrmed, this admittance matrix will
already be calculated and stored as "Y Bus Matrix."
For the economic dispatch solution, the Y admittance
matrix is inverted to obtain the "Z Bus Matrix."
The Z Bus Matrix is also stored for subsequent runs
and the real part of each element is used to deter-

mine Ty in calculating the ITL; s.
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Perform the load flow solution to obtain all bus
parameters Pi' Qi' Vi' and Gi.
Calculate the individual incremental transmission
losses ITLi using the variables obtained from thé
load flow solution.
Select a starting value for lambda. The computer
code arbitrarily sets the initial value of A equal
to the smallest incremental cost curve coefficient a.
Using the incremental cost curves, obtain the
incremental cost and real power output of each
generating unit corresponding to the selected
value of A.
Check that the real power output of each generator
is within limits, i.e., PGimin = i imax
Using Equation (3.25), check to see if the system
real power balance is satisfied within the
designated tolerance ESPl. If Equation (3.25) is
not satisfied, the value of A is adjusted and
steps 6 and 7 repeated until a balance is obtained
or the maximum number of iterations designated is
reached.
Solution convergence has occurred when two succes-

sive power generation profiles vary less than the

tolerance designated, i.e., ESP2.

PGip+1 - PGip < ESP2 . i=1,2,...n (5.1)
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If Equations (5.1) is not satisfied, the solution
returns to step 3 for another load flow solution
and rerun of steps 3 through 8 until the real power
output at each generator varies less than ESP2 -
between iterations or the maximum number of itera-
tions designated has been reached.

10. Calculate the individual transmission line power
flow, the total system load and transmission
losses, the individual generator operating costs
and the total system operating cost using Equations
(4.24).through (4.27), (3.20), and (3.24)

respectively.

Figure 5.1 is a flow chart showing fhe principal

steps in the economic dispatch solution method.



1. Data Input
& Initial Estimate of PGi

|
2. Calculate Y & Z Bus Matrix

|

3. Perform Load Flow Solution

4. Calculate ITLi
Using (3.24)

5. Designate Initial Value for A

l

> 6. Calculate ICi
[ Using (3.32)
Advance 1
Iteration 7. Calculate PG.
Counter Using (3.20)
& Adjust A ' : T

8. Check PG. Within Limits
Using (3.22)

nb 44 9. Check Power Balance < ESP1
Using (3.25)

yes

10. Cheik for Convergence no
PG;P¥* - pG,P < EsP2

yes

1ll. Calculate Line Power Flows
Using (4.24) and (4.25)

12. Calculate Total System Loads & Losses
Using (4.26) and (4.27)

13. Calculate Individual Unit & Total Operating Cost
Using (3.20) and (3.24)

|
14. Print Desired Output

Figure 5.1 Economic Dispatch Solution Flow Chart




CHAPTER 6
TGE POWER SYSTEM

The parameters representing a power system transmis-
sion line network, bus or load center characteristics, and
generator output cost curves have been derived. The
computef code for load flow and economic dispatch solution
methods has been developed. In this chapter the computer
model will be applied to an actual power system, i.e., the
TGE power system. The entire TGE system is described in
terms of the parameters defined and computerized solutions
of typical load flow and economic dispatch problems are
obtained. The computer outputs of solution data for the
sample problems are shown in Appendix A.

A single line schematic of the TGE system is shown
in Figure 6.1. The network is divided into districts or
load centers encircling the city of Tucson, Arizona and
interconnected by 138KV high voltage transmission lines,
i.e., North Loop, Northeast Loop, East Loop, Vail Loop,
Ft. Huachuca Sub-station, South Loop, Tucson Loop, and the
DeMoss Petrie and Irvington Generating Stations. The
system is represented by 48 buses and 59 transmission lines
with the control center and main generating plant located
at the Irvington area. This generating station also
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Figure 6.1 TGE Transmission System
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contains the "slack" bus for the system. Two intra-area
. 345KV tie lines connect the TGE system with the Arizona
Power System (APS) Saguaro generating station A and the
joint owned San Juan generating station B as shown in
Figure 6.1.

Each load center generally has three buses inter-
connected by a three winding transformer to provide three
voltage levels as indicated on the right end of each bus,
i.e., 138KV, 46KV, and 13.8KV. The fransformers inter-
connecfing these buses are usually a Y-Delta-Y configuration
with the delta winding at 13.8KV. The transformers are
not shown on the schematic but are represented as transmis-
sion lines with their equivalent network impedances .shown
as line data, e.g., lines 1, 2, and 3 ét North Loop are
transformer equivalent circuits. Bus numbers shown in the
boxes at the left end of each bus and the transmission line
numbers were assigned arbitrarily. Voltage compensating
capacitor banks are shown as shunt capacitors to ground on
the affected buses.

Since each area contains only one bus at each
voltage level, the arrows attached to these buses represent
a composite of all the loads in the area connected radially
to the indicated bus. ILumping the individual loads and
transmission losses together as one composite load does not
give a true picture of total system transmission losses.

However, power distribution at this level in the system is
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fixed and is not the primary concern of our economic
dispatch study, i.e., there is no alternate routing to
‘these loads to service them more eéonomically. Planning
studies where the economic advantages of adding additionél
alternate transmission lines to satisfy large power users
would require the model to be expanded below the load
center level in these areas.

Topping or peaking gas turbine generators are used
in the North Loop, DeMoss Petrie, and Irvington areas to
supply additional power during peak demand periods. They
are shown as circles.in the schematic. The generators shown
as I, II, III, and IV are the main boiler fired generators
at the Irvington plant. A 100MVA power base is used for

the system with all parameters shown in per unit values.

TGE Line Data

Only 1uﬁped distribution network parameters were
available from TGE; therefore, the length of all lines is
shown as unity. However, the following cable types are
typical of those used throughout the TGE system: ACSR
#795MCM for 138KV lines, ACSR #477MCM or AA #4/0 for 46KV
lines, and AA #1/0 or AA #4/0 for the 13.8 KV lines. The

values used to represent the TGE transmission line distribu-

tion network are shown in Problem 3, Appendix A.
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TGE Bus Data

. A moderate total load for the system of 6.85 per
uhits was assumed and distributed as shown in Problem 3 of
Appendix A "Bus Data." The initial estimate for the “
generator power settings was arbitrarily selected and a flat
voltage profile was used for each bus except 1 and 16.
These buses receive tie line power and consequently were
fixed at their maximum voltage levels. As explained in
Chapter 7 tie line power at a fixed cost is used prior to
local generaﬁion. All buses with compensating capacitor
or inductor banks are designated type 2 buses to determine
the amount of compensation required. Bus 26 at the
Irvington Generating Station is the "slack" bus for the
system. A negative bus type is usedAto indicate those
" buses with generators attached. The values used to.repre-

sent the TGE bus data are shown in Problem 3, Appendix A.

Generator.Data

‘Incremental heat rates for 9 typical génerating
units were obtained for the TGE system shown in Figure 6.1
in lieu of actual TGE performance data. The equation repre-~
senting each heat curve and the location of each type tur-
bine generator used is shown in Table 6.1. Y, represents
the ith turbine generator incremental heat rate in BTU per
kilowatt hour and PGi represents its net electrical output

in megawatts. To convert these curves into incremental -



Table 6.1 vapical Generator Incremental Heat
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Rates
Boiler Fired IRV I generator at Bus 28
- 2
Y,g = 8,809.36 + 10.01PG,g + 0.0441PG28 BTU/KWHr
Boiler Fired IRV II generator at Bus 29
_ ' 2
\
Boiler Fired IRV III generator at Bus 25
_ 2
YZS = 8,708.21 + 12.4PG25 + 0.0089PG25 BTU/KWHr
Boiler Fired IRV IV generator at Bus 26
= 2
Y6 = 8,399.7 + 4.205PG, . + 0.013PG26 BTU/KWHr
Gas Turbine Peaking generator at Buses indicated
- _ 2
Y,3 = 9,461.7 + 45.22PG43 0.212PG43 BTU/KWHr
_ . 2
Y44 = 9,209.8 + 138.7PG44 + 1.933PG44 BTU/KWHr
= 2
Yy = 9,209.8 + 128.7PG44 + 1.833PG45 _ BTU/KWﬁr
- _ 2
Y48 = 9,511.74 f 52.22PG48 0.212PG48 BTU/KWHr
= 9,561.74 + 55.22PG - 0.212PG2 BTU/KWHr

at Buses 5-8, 31-33, and 47
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cost curves, the fuel heating value (BTU per pound) and the
cost (dollars per pound) of the fuel used is required.
Current values of three types of fossile fuels are shown

below so that a comparison of system operating cost can be

made by type fuel (see, e.g., Friedlander, 1977; The 0il

and Gas Journal, May 1, 1978:32; June 12, 1978:100-~101)

Delivered Coal (e.g., Four Corners

Coal) 112.0¢/10° BTU
Natural Gas (e.g., West South Central 6

Gas) 147.4¢/10  BTU
0il (e.g., West South Central 0il) 155.0¢/106 BTU

The normalized incremental cost curves afe obtained by
multiplying the incremental heat rate curve coefficients
by the selected fuel cost in dollars per BTU and then using
Equation (3.21) for the per unit‘value. A power base Sb
of 100MVA was arbitrarily chosen for the system and three
system cost bases Cb were used depending on the type fuel
used. They are: $112.0/Hr for Coal, $147.4/Hr for natural
"gas, and $155.0/Hr for oil. The normalized incremental
cost curve coefficients used for each generator and an
arbitrarily selected set of generator constraints for each
generator and type 2 bus are shown in Problem 3 of
Appendix A.

A load flow and economic dispatch solution has been
included in Problem 3 using the parameters shown as input

data to describe the system shown in Figure 6.1. Actual



65
performance data were not available for comparison at this

time.



CHAPTER 7
COMPUTER CODE DESCRIPTION AND OPERATION

The computer code is a series of FORTRAN 10 state-
ments for use with the DEC-10 FORTRAN 10 optimizing
compiler. It has a main program and a series of sub-
foutines to perform special repetitive functions. Two
codes were developed: EDSP50 to accommodate a maximum of
50 buses and 100 transmission lines, and EDSP15 to accom-
-moaate 15 buses and 30 transmission lines. EDSP15 includes
an accelerated Gauss-Seidell load flow solution method for
instructional and demonstration purpéses. The code can be
changed easily to accommodate any size system by expanding
the dimension statements. Both computer code listings are
shown in Appendix B.

The computer code is designed as an interactive
program and will prompt the user when action or input is
required. The prompting messages are explained below.

) JENTER TYPE PROBLEM. A response of 0 or 1 is
required for selection of a load flow or economic dispatch
study respectively.

) )ENTER LOAD FLOW SOLUTION METHOD. This message
is received on the EDSP15 code only and permits load flow
studies by Newton-Raphson or accelerated Gauss-Seidel
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methods. The EDSP50 code solves the load flow problem by
Newton-Raphson methods only.

| ) JENTER THE TOTAL NUMBER OF (LINES, & BUSES).

) )WANT TO TYPE IN NEW (LINE DATA, BUS DATA,
GENERATOR DATA, OR OR CALCULATE Y/Z BUS MATRIX)?

A response of Y or N-is required for each data group,
i.e., "NYNN" would indicate you wish to enter new bus data
only. Note that there are no spaces or commas between
letters in the response. Also note that the letters must
be capitalized. If the response is N for any data group,
the necessary data must be stored in their respective
temporary SOS files, i.e., for each N response the code
looks in the respective SOS file as outlined in Chapter 2
for the necessary input data. When entering new data for
the first time, the entries must be in the order prompted
and each data entry must be separated by a space or a comma.
Non-integer numbers such as any system parameter may be
entered in floating point or exponential form but must be
in per unit values. If the data are entered during program
execution, temporary SOS data files as outlined in Chapter 2
are automatically created so that subsequent runs may be
made using the same data without having to re-enter it for
each run. For large programs it will probably be easier
to enter data directly into the temporary SOS data files
prior to execution of the code since editing or error

corrections are easier and quicker with the SOS text editor.
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If an entry is. unacceptable, the code will so
indicate and a corrected entry will be accepted. However,
erroneous data will not be detected and correction of the.
error must wait until after the data group is completed.'

When entering "Line Data," fhe transmission line
parameters should be in per unit value per unit length.

When entering "Bus Data," the bus type must be
.negative to indicate the presence of a generator. Also,
an initial esﬁimate is required for each generator power
PG, and QGi and the bus voltage Vi and Gi not given. These
initial estimated values are usually not critical but for
very large problems, a poor initial estimate could increase
the computation time or even cause divergence of the
solution. The best guide is to use a flat voltage profile
whe;:DlVil Zﬁi_eéuaézDi.Oég;g for the unknown voltages and

No. of Gen. and No. of Gen.

equals the estimated real and
reactive powers respectively. . The EDSP1l5 code automatically
sets’§; to 0.0 initially while the user must specify ]Vil.
When entering "Generator Daté," provisions have been
included for accepting "Tie Line" power where the generator
cost curves are not applicable. 1In this case, the generator
cost curve coefficients should be entered as 0.0 for each
coefficient alpha, beta, and gamma iﬁdicating constant cost
tie line power. The code schedules the use of this power

prior to use of locally generated power.
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When entering "Generator Constraints," the code
requires the following:

1. For load flow problems only: reactive power limits
are required for Type ¥ 2, voltage control buses,
i.e., QGimaX and QGimin' Real power limits PGimax
and PG, . are not used.

imin

2. For economic dispatch problems: the real power

limits PGimax and PGimin are required for all

generators including "Tie Line" power. The reactive

power limits QGi and QGimin are also required for

max
each Type ¥ 2, voltage control bus.
The real and reactive power limits can be used to fix the
generated power at a specific level by setting the maximum
and minimum limits at the same value.
No entries are required for convergence criteria.
They are pre-set in the computer code as follows:
1. The maximum numbeerf load flow iteration permitted
for the Newton-Raphson solution method is 5. In the
EDSP15 code the maximum number of iterations per-
mitted for the Gauss-Seidel solution method is 30.
2. The load flow solution tolerance TOL is set at
0.0001.
3. The maximum number of economic dispatch iterations
ITER for determination of X and to obtain a power

balance in the system is set at 50.
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4, The economic dispatch tolerance ESP1 for the

system power balance, Equation (3.25), is set at

0.001.

5. The economic dispatch solution tolerance ESP2 for

convergence is set at 0.001, i.e., Equation (5.1).
If values other than these "pre-set" values are desired,
they may be revised when prompted during data change
requests.

) JWANT A COPY OF (LDATA, BDATA, GDATA, OR SYSTEM

CONVERGENCE CRITERIA?) A response of N or Y is
required for each data group for which a printout is
desired, i.e., ¥YNNN will cause printout of "Line Data"
only.

) JWANT TO CHANGE (LDATA, BDATA, GDATA, OR CONVERGENCE
CRITERIA)? Again a response of N or Y is required for each
data group where data changes are desired, i.e., YNNY would
permit changes to both "Line Data" and "Convergence
Criteria." In this mode, entries may be corrected as ﬁany
times as desired, Further, the chahges may be posted to
the temporary SOS files if desired. The EDSP15 code
automatically updates the SOS file with the changes when
the data group is exited by typing O.

It should be realized that changes in one data
group may require changes in another. For instance, a
change of a bus type from 1 to 2 in "Bus Data" would reqﬁire

the addition of reactive power limits at this.bus in the
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"Generator Data" group. Another example is shown in
Problem 2, Appendix A, when changing from a load flow
study to an economic dispatch analysis, the generator cost
curve coefficients must be added and the Z bus matrix
calculated. Also, if the total number of buses or lines is
increased, the additional line, bus, and generator
parameters may be added by requesting a change in their
respective data groups.
) )JWANT A COPY OF (Y BUS MATRIX, OR Z BUS MATRIX)?
A Y or N is required for each data groupn. If a load flow
problem is béing performed the Z Bus matrix is not calcu-
lated and therefore will not print out.
) )TYPE .CODE # FOR DESIRED ACTION
1=PRINT BUS & GEN SOLUTIONS ONLY
2=PRINT LINE POWERS, BUS & GEN SOLUTIONS
3=CREAT SOS FILE OF SOLUTIONS
4=CHANGE DATA OR TOLERANCES AND RERUN
5=CHANGE TYPE PROBLEM OR SOLUTION METHOD,
RERUN WITH EXISTING DATA
6=NEW PROBLEM
7=TERMINATE
An entry of 1 or 2 will obtain a printout of the solution
data indicated at the user's terminal. An entry of 3 will
create a temporary SOS data file of bus, generator, and
line power flow solutions so that all or part of the data
may be printed on the high speed line printer. Also, the
temporary data and solution files may be transferred to
magnetic tape for permanent storage. Entering 4 or 5 will

permit changes of type problem or input data using the

previous solution as an initial sfarting point for the new
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calculations. For large programs this permits considerable
savings in computer calculation time when only small changes
to the input data are desired. Since this is less signifi-
cant for small size systems, EDSPl5 re-enters the originél
input data from the S0OS files prior to each rerun. Items

6 and 7 are self explanatory.

Diagnostics

Dufing load flow calculations the following messages
may be transmitted to inform the user when programmed limits
have been reached: A‘

"Bus ¥ exceeds QGMAX/QGMIN, bus éhanged to
type 1." This message applies to Type 2 control buses only.
As indicated, it informs the user that the specified
reactive power limits have been reached. The type bus is
then changed to é Type 1 and the‘solution continues letting
the voltage magnitude vary until a solution is obtained or
the maximum number of iterations has been reéched.‘ The -
buses that wére changed to Type 1 are returned to a Type 2
and the bus voltage magnitudes are reset to 1.0 if a rerun
of the problem is requested, i.e., action 4 or 5. Also,
the bus type and voltage magnitude are reset to type 2 and
1.0 respectively between economic dispatch iterations. This
‘permits "back-off" from limits at these buses during solu-

tion for the optimum power settings.
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"No convergence in ___ iterations." This message
indicates the specified solution tolerance could not be
obtained within the number of iterations permitted. The
calculations to this point in the solution should be
printed for study before a rerun is accomplished with an
increased number of iterations.

During economic dispatch calculations the following
messages may be received:

"System power loss is negative, check total system
power generation.” This is a check to see that the power
balance equation (3.25) was satisfied during load flow
calculations.

"Maximum constant cost power not used, load flow
problem only." This indicates that the total system load
plus losses is less than the amount of power available from
the tie line péwer. As stated earlier, constant cost tie
line power is used prior to locally generated power.

"Power balance eguation not satisfied in
iterations." This indicates that the maximum number of
economic dispatch iterations was reached before Equation
(3.25) could be satisfied by varying Lambda. The real
power generation limits, cost curve coefficients, and
convergence criteria should be reviewed before a rerun is
accomplished. Again a printout of the bus and generator

solutions will reveal calculation results to that point in



the solution process and will probably indicate the

problem area.
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CHAPTER 8
RESULTS AND CONCLUSIONS

Results

This chapter will include the findings and signifi-
cant observations made during the use of the computer code.
While space considerations preclude the inclusion of machine
runs to demonstrate each of our observations, sample
problems were provided in Appendix A for familiarization
with the computer code mechanics. Hopefully, the users will
then develop their own power system analysis technigues
with the oBservations included.

As stated in Chapter 4, the Newton-Raphson sqlution
method was chosen for the large computer code ﬁDSPSO.
Initial evaluation of load fiow solution methods showed
that the Gauss-Seidel or successive displacement method had
. many conditions for which a solution could not be obtained,
i.e., the solution would diverge, oscillate, or converge to
a point and go no further. Also, the number of iterations
increased rapidly as the problem size increased. Therefore,
the Gauss-Seidel solutién method was retained in the smaller
}code EDSP15 only. It contains an acceleration factor of 1.5
in the solution algorithm to increase the speed of con-
vergence. That is, the change in voltage magnitude and
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phase angle between each iteration is multiplied by the
acceleration factor of 1.5. Since speed of convergence is
influenced by the size of the system, impedance characteris-
tics of the transmission network, and how heavily the syétem
is loaded, there may not be an optimum acceleration factor
for this solution method. Further study may deQelop a non-
linear acceleration factor to improve this method but since
the Newton-Raphson methods proved superior in convergence
reliability, no further effort was expended on the Gauss-
Seidel method.

The computer éode description in Chapter 7 along
with the sample problems should familiarize the user with
the operation of the code and its options for the control
of power system studies. To enhance the utility of the code
to the power system engineer, a few of the more significant
results of power system studies are included below.. They
become important as the size of the system increases, e.qg.,
above 25 buses. '

1. The "slack" bus should be near the electrigal center
of the system.

2. In larger systems, as the load increases, voltagé
control at certain buses becomes critical. There-
fore, numerous type 2 buses should be used through-
out the system. This in effect places additional

reactive power "slack" buses in the systen.
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Depending on the load conditions, electrical
characteristics of the transmission network, and
the generator coét curve characteristics, the
lowest total system operating cost may not be thé
lowest total transmission loss operating point,
e.g., probleqf 1 and 2 in Appendix A.
If convergence fails, the bus, generator, and line
power flow calculations at the point of solution
termination should be printed out for study before
reruns with lower solution tolerances or increase

iteration limits are accomplished. The area of

difficulty can usually be detected. For example,

if the phase angle at a particular bus exceeds 1.5,
the maximum transmission line capacity is Being
exceeded and system convergence will fail due to the
inability to satisfy the power balance equation
(3.16). Also, if bus voltage is too low or too

high the reactive power generation and limits shéuld
be checked. If during economic dispatch analysis,
the load flow calculations converge but the economic
dispatch solution does not coﬁverge, the generator
cost curves and real power generation limits should
be checked. Solution tolerance and iteration limits
can then be relaxed if necessary to obtain solution
convergence. However, if the load flow solution is

not accomplished in 3 to 5 iterations there is
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usually an error in data entry or the initial esti-
mate of system parameters. These should be re-
checked before reruns with expanded iteration

limits are made.

Conclusions

The computer code developed is an effective
engineering tool for the énalysis of power system per-
formance. Its direct on-line calculations and interéctive
capability provide the flexibility to significantly reduce
thé engineering manhours involved in problem set-up and
system analysis. In addition, its ability to store network
parameters for use in subsequent studies further enhances
its utility for quick response problems such as serious
outage conditions. The code has demonstrated sufficient
accuracy to reliably determine system transmission losses
and operating cost data. Also, this code can be used on
nuclear or fossile fuel powered generating plants but would
not be applicable to hydroelectric plants unless a fuel
equivalent ratio were developed for the water used in
electric power generation. The timesharing feature of the
DEC-10 provides a significant cost advantage in that a high
cost computer need not be dedicated to the sole support of
the engineering effort but can serve all management

functions simultaneously.
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Current nationwide energy conservation efforts
dictate that,electrical power companies continue their
efforts to improve efficiency. The latest industry survey
by Friedlander (1977:51) indicates that 50 per cent of the
power companies have now developed some type of syétem
performance analysis capability. The computer code
developed in this thesis continues this effort to optimize
the analysis process for continued improvement in energy

conservation efforts.

Recommendations

Recent advances in computer technology have expanded
the capability of digital computers to process and store
the large quantity of data necessary to analyze electrical
power system performance. Therefore, the power system
engineer should continue to develop new and better ways to
use this increasing computer capacity for the improvement
of all'phases of electrical power prodﬁction and distribu-
tion. Research should continue in the area of ‘interactive
computer programming of electrical power system performance
and control. Extensive use of this interactive code
indicates the following areas where further development
could enhance its utility and capability. |

1. Replace the matrix.inversion routines used to
obtain Z bus matrix and the inverse jacobian matrix

in Equations (4.16) and (4.17) with a direct
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solution method using optimally ordered triangular
factorization (see, e.g., Tinney and Walker, 1967:
1801-1809; Tinney and Meyer, 1973). This would
reduce the computer time required to obtain these
inverse matrices by one-third. It would also
improve solution accuracy by reducing roundoff
errors inherent in matrix inversion routines. 1In
addition, it would preserve the sparcify that is
characteristic of the Y admittance matrix. This
would permit further reduction in central (core)
memory storage requirements (see, e.qg., Oébuobiri,
1970:150-155; Tinney and Sato, 1963).

Features could be added to accommodate tap changing
under load and phase shifting transformers (see,
e.g., Elgerd, 1971:263-270; Peterson and Meyer,
1971:103-108). This would improve flexibility in
voltage control and line power flow and further
enhance the solution convergence reliability.

The incérporation of penalty factors instead of hard
limits for reactive poWer generation and steepest
descent or gradient method for finding the optimum
power point should be investigated as ways to
further improve speed and reliability of convergence
(see, e.g., Elgerd, 1971:304-312; Dommel and Tinney,

1968; Peschon et al., 1968:40-48).

et s s n ot .



APPENDIX A -

SAMPLE PROBLEMS

Problem 1l: 4-Bus Power System
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+«KUN EDSF1503733+547)

XX X3ECONOMIC DISFATCH EXECUTIVE FROGRAM®®XX

>2ENTER TYFE FROELEM
O=LOAD FLOW FROBLEMN

1=ECONOMIC DISFATCH FROBLEM
o]

>2ENTER LOAD FLOW SOLUTION METHOD
O0=NEWTON-RAFHSON
1=ACCELERATED GAUSS-SEIDEL
2=PATTERN SEARCH

o

S>>ENTER TOTAL NUMBER OF (LINES» % RUSES).
494

>>WANT TO TYPE IN NEW(LINE DATA» BUS DATA» OR GENERATOR DATA)?
YNY

*%SYSTEM LINE DATARX

>2ENTER (LINE 3,SE $+EE #» LINE LENGTH» YSHUNT G»YSHUNT Bs2ZSERIES RsZSERIES X}
10192+35.90490.000.050.271267E~-2+0.60584E-2

20204927 .45690,010.090.19329E-210.56475E~-2
39193¢21.648+10.090.0+0.27430E-2,0.56522E-2
Ay394920.59290.0¢9.2531E-4,0.15123E-2,0.,1795B8E-2

2XSYSTEM BUS DATAXX

>>ENTER(BUSS» BUS TYPE»PG+0GsPD»QD»VSPEC)
19=1+1.25+0.8+0.9+0.4+1.0,0.0\0.0,\

20-311.2¢1.190.590.491.0

39290,090.470.490.491.,0

49190.090.090.690.3+1.0

XXGENERATOR CONSTRAINT DATAXX - . .
>>ENTER FOR TYFE -1 %t -3 BUS (BUS #+FGMAX,FGMIN) '

FOR TYPE -2 BUS (BUS #,PGMAXsFGMINyQGMAX»OGMIN)
FOR TYPE +2 BUS (BUS 4 ,0GMAX+QGMIN)

193.00¢0.5

293.010.5¢2.09~2.0

3+2.0¢-2,0

DS>UANT A COPY OF (LDATA»HDATA»GDATA,OR SYSTEM CONVERGENCE CRITERIA)?
YyYyy

**SYSTEM LINE DATAXX

LINE ¢ SB EBR LENGTH Y SHUNT Z SERIES
1 1 2 0.35904£402 O0.00000E4+00 0.00000E+00 0.27127E-02 0.860586E-02
2 2 4 0.27456E402 0.00000E400 0.00000E+00 0.19329E-02 0.56475E-02
3 1 3 0.21648E402 0.00000E400 0.00000E+4+00 0©0.27410E-02 0.56522E-02
4 3 4 0.20592E402 0.00000E400 0.92531E-03 0.15123E-02 0.17958E-02

X¥SYSTEN BUS DATAXX .

RUS TYPE PG a6 PD ap VSPEC
-1 1.25000 0.80000 0.90000 0.40000 1.00000
-3 1.20000 1.10000 0.50000 0.40000 1.00000

2 0.00000 0.40000 0.40000 0.40000 1.00000

1 0.00000 0.00000 0.60000 0.30000 1.00000

PRI N
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*¥GENERATOR CONSTRAINTS*s

RUS $ FGhAX FGMIN QGMHAX QGHIN
1 3.0000 0.5000
2 3.0000 0.5000 :
3 2.0000 -2.0000

XxSYSTEM CONVERGENCE CRITER1AX%X
LOAD FLOW I1TERATIONS= S
LOAR FLOW TOLERANCE= 0©0.10000E-03
ECON DISF ITERATIONS= 50
ESP1= 0.,10000E-02
ESF2= 0.10000E-02

>OWANT TO CHANGE (LDATA,HEDATA,GLATA» OR CONVERGENCE CRITERIA)?
YYyy

X% LINE NATA CHANGESx*%
>>ENTER (VARIABRLE $» LINE #» NEW VALUE THEN °*CR*)
1=STARTING BUS
2=ENDING BUS #
3=LINE LENGTH
4=Y SHUNT G
S=Y SHUNT B
6=2 SERIES R
7=2Z SERIES X
8=RETYFE COFY OF ALL LINE DATA
9=CHANGE TOTAL NUMBER OF LINES
>>ENTER O THEN°CR® WHEN.CHANGES COMPLETED
o

**BUS DATA CHANGESXX
>>ENTER(VARIARLE #s BUS #, NEW VALUE THEN °CR®
1=RUS TYPE
2=FG
3=06
‘A=PD
 5=QD
6=VUSPEC
7=RETYPE COPY OF ALL BUS DATA
8=CHANGE TOTAL NUMEER OF RUSES
SSENTER O THEN *CR® WHEN CHANGES COMFLETED,
o

*XXGENERATOR DATA CHANGESXX

>2ENTER (VARIAERLE $#» ERUS #» NEW VALUE THEN °CR*®)
1=ALFPHA
2=BETA
3I=GAMMA
4=PGHAX
S=PGHIN
6=0GMAX
7=QGMIN
B8=RETYFE ALL GENERATOR DATA

>>ENTER O THEN °CR® WHEN CHANGES COMFLETED.



*xCONVERGENCE CRITERIA CHANGESFYY
>2ENTER(VARIAKLE $»NEW VALUE THEN °*CR*®)
1=LUAD FLOW ITERATIONS
2=L0AD FLOW TOLERANCE
3=ECON DLISH ITERATIONS
4=ESH1
S=ESF2

SPENTER O THEN °*CR*® WHEN CHANGES COMFLETED.

o
XXGENERATING YRUS MATRIXxx

>>WANT A COFY OF (YEUS MATRIXs ZERUS MATRIX)?
YN

*xCALCULATED SYSTEM LINE DATA%XX
Y

LINE # SHUNT Y SERIES
b 0.,000000E400 0.000000E+00 0.171459E401 -0.382941E+401
2 0.000000E4+00 0.,000000E400 0.197584E401 =0.577298E401
3 0.000000E4+00 0.000000E+00 0.320870E401 ~0.661684E401
4 0.,000000E400 0.952899E~02 0.133240E402 -0.158217E402

*X%YRUS HATRIXXY¥
ROW 1 .

0+1154BE+02-0,11304E401 0.41957E401 0.19918E+401 0.73534E401 0.2

0.,00000E+00 0.,00000E+00
ROW 2

i
0223E+01

0.41957E401 0.19918E+401 0.10287E402-0.12039E+01 0.00000E+00 0.00000E+00

0,61017E401 0.19006E+401
ROW 3

0.73536E401 0.,20223E+01 0.00000E+00 0.00000E4+00 0.27864E+02-0.93559E+00

0,206B5E402 0,22707E401
ROW 4

0.00000E400 0,00000E400 0.41017E+01 0.19008E401 0.2046B5E+02 0.22707E+401

0.26458E+402-0.95418E400

*X¥SOLVING LOAD FLOW EQUATIONS RY NRx#
*X¥%*NR CONVERGENCE IN 3 ITERATIONS

>>TYFE COLE 8 FOR DESIREDR ACTION
1=PRINT BUS & GEN SOLUTIONS ONLY.

2=FRINT LINE FOWERS» RUS 2 GEN SOLUTIONS

3=CREATE SO0S FILE OF SOLUTIONS
4=CHANGE DATA OR TOLERANCES AND RERUN

S5=CHANGE TYFE FROELEM OR SOLUTJION METHOD,

RERUN WITH EXISTING DATA
6=NEW FRORLEM
7=TERMINATE

2

X¥XXSYSTEM BUS AND GENERATOR SOLUTIONSxx3%
SYSTEM LOSSES(FU)= 0.0431» SYSTEM LOADFU)=

BUS ¢ RTYFE PG ele] PD an
1 -1 1.2500 0.,8000 0.9000 0,4000
2 -3 1.1931 0.0965 0.5000 0.4000
3 2 0.0000 0.6B848 0.4000 0.4000
4 b 0.,0000 ©0.0000 0.6000 0.3000

2.4000

VMAG VANG
1.0419 -0.0521
1.0000 0.0000
1.0000 -0.1008
0.9832 ~0.0904
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*X¥xLINE FOWER FLOWx¥¥x -

LINES Sk ER REAL FOUWER REACTIVE FOUER
1 1 2 ~0.1303 0.2657
1 2 1 0.1381 -0.2481
2 2 4 0.3550 ~0.0554
2 4 2 -0.5385 0.3036
3 1 3 0.4803 0.1343
3 3 1 ~0.4667 -0.1083
4 3 4 0.0667 0.3909
4 4 3 -0.0615 -0.4034

>>TYFE COUE # FOR DESIRED ACTION
1=FRINT BUS 3 GEN SOLUTIONS ONLY.
2=PRINT LINE FOWERSs RUS 3 GEN SOLUTIDNS
-3=CREATE S0S FILE OF SOLUTIONS
4=CHANGE DATA OR TOLERANCES AND' RERUN
S=CHANGE TYFE FROHKLEM OR SOLUTION METHOD,
RERUN WITH EXISTING DATA
é=NEW FRORLEM .
7=TERMINATE

*¥XXECONOMIC DISFATCH EXECUTIVE FROGRAMXXXX

>>ENTER TYFPE FPROBLEM
0=LOADl' FLOW FRORLEM
1=ECONOMIC DISFATCH FRORLEM
1

>>1S SYSTEM LOSSLESS?
NO

>>ENTER LOAD FLOW SOLUTION METHOD
O=NEWTON-RAFPHSON
1=ACCELERATED GAUSS-SEIDEL
2=PATTERN SEARCH

0o

>>ENTER TOTAL NUMBER OF (LINESs 3 BUSES).
494

>>WANT TO TYPE IN NEW(LINE DATA» BUS DATA» OR GENERATOR DATA)?
NNN

>>WANT A COFY OF (LDATAsBDATA»GDATA»DR SYSTEM CONVERGENCE CRITERIA)?
NNYN

X¥SYSTEM GENERATOR DATAXX

NUMBER OF GENERATORS = 2

RUSH ALPHA BETA GAMMA
1 2.40000 4.50000 0.01000
2 2.00000 4.10000 0.01000

X*GENERATOR CONSTRAINTSXX

BUS ¢ FGHAX PGMIN QGMAX QGMIN
1 - 3.0000 0.5000
2 3.0000 0.35000
3 2.0000 ~2.0000

>>UWANT TO CHANGE (LDATAsBDATA»GDATA» OR CONVERGENCE CRITERIA)?
NNNN



XXGENERATING YRUS MATRKIXx%
*XCALCULATING ZEUS MATRIXx*

>>WANT A COFY OF (YHUS MATRIXs ZRUS MATRIX)?
NY :

*¥XZEUS MATRIX%X
ROW 1

0.52388E402-0.15700E401 0.52444E+402-0.15705E401 0.52478E402-0.15707E+401

0.52487E402-0.15709E401
ROW 2

0.524446E402-0,15705E4031 0,52375E402-0.15700E401 0.52486E402-0.315709E401

0.52479E402-0.15707E401
ROW 3

0.52478E402-0.,15707E401 0.52484E+402-0.15709E401 0.52474E+402-0.15707E401

0.52491E402-0.15709E+401
ROW 4 -

0.52487E402-0.15709E401 0.52479E402-0.15707E+01 0.52491E+4+02-0.15709E401

0.52474E402-0.15707E401

**SOLVING LOAD FLOW EQUATIONS BRY NRxx
*xxXNR CONVERGENCE IN 3 ITERATIONS
*2Xx0OPTIMIZING COST FUNCTIONSX%X
LAMBDA DETERMINED IN 15 ITERATIONS

X*SOLVING LOAD FLOW EQUATIONS BY NRkx
X%%XXNR CONVERGENCE IN 2 ITERATIONS
*xX0PTIMIZING COST FUNCTIONSxkxx
LANBDA DETERMINED IN 4 ITERATIONS

*¥SOLVING LOAD FLOW EGUATIONS BY NRxx
*xx¥xxNR CONVERGENCE IN 1 ITERATIONS
txx0OPTIMIZING COST FUNCTIONSkxxX
LAMBDA DETERMINED IN 0 ITERATIONS

*XSOLVING LOAD FLOW EQUATIONS BY NRxx
X%%XNR CONVERGENCE IN 1 ITERATIONS
*XX0PTIMIZING COST FUNCTIONSXXX
LAMBDA DETERMINED IN 0 ITERATIONS

>>TYPE CODE 4 FOR DESIRED ACTION
1=PRINT BUS 3 GEN SOLUTIONS ONLY.

2=PRINT LINE FOWERS» BUS I GEN SOLUTIONS»

AND SYSTEMOFPERATING COST.
3=CREATE S0S FILE OF SOLUTIONS
4=CHANGE DATA OR TOLERANCES AND RERUN
5=CHANGE TYPE PROBLEM OR SOLUTION METHO
RERUN WITH EXISTING' DATA
6=NEW PROBLEM
7=TERMINATE

2

ttttSYSTEH'BUS AND GENERATOR SOLUTIONSxxxx

Dy

ECON. DISPATCH CONVERGENCE IN 4 ITERATIONS

ESP1= 0.0010s ESP2= 0.0010y LAMBDA=. 7,909
SYSTEM LOSSES(PU)= 0.04464» SYSTEM LOAD(PU)=
BUSS BTYPE I1c ITL PG e[¢]

1 -1 7.5834 0.0412 1.1488 0.8000 0.9000
2 -3 7.3368 0.0724 1.2976 0.0760 0.5000
3 2 0.0000 0.0000 0.0000 0.7144 0.4000
4 1 0.0000 0.0000 0.0000 0.0000 0.6000

4

2.4000

PR

QD
0.4000
0.4000
0.4000
0.3000

VMAG VANG
1.0384 -0.0658
1.0000 0.0000
1.0000 -0.1105
0.9836 -0.0981
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*¥xxSYSTEH OFERATING COSTxxx#
GEN.$¢ 1= S.73F U,
GEN.$ 2= 6.,05F.U.

TOTAL SYSTEM OFERATING COST = 11.79F.U.

*x2¥LINE FOUER FLOWFXxX

LINE? SE ER REAL FOWER REACTIVE FOUER
1 1 2 -0.,1893 0.2783
1 g 1 0.199S ~0.2554
2 2 4 0.5981 -0.0686
2 4 2 -0.5788 0.1248
3 1 3 0.4381 0.1217
3 3 1 -0.4247 -0.0982
4 3 4 0.0267 0.4127
4 4 3 -0.0212 ~0.4248

>>TYPE CODE # FOR DESIRED ACTION
1=PRINT BUS %t GEN SOLUTIONS ONLY.
2=PRINT LINE FOUERS» BUS 3 GEN SOLUTIONS:,
AND SYSTEMOFERATING COST.
3xCREATE SOS FILE OF SOLUTIONS
4=CHANGE DATA OR TOLERANCES AND RERUN
S=CHANGE TYFE FROBRLEHN OR SOLUTION METHOD.
RERUN WITH EXISTING DATA
- 6=NEW FROBRLEM
7=TERMINATE
4

>>UANT TO CHANGE (LDATA»RDATAsGDATA» OR CONVERGENCE CRITERIA)?
NNYN

*¥GENERATOR DATA CHANGESXx
>>ENTER (VARIABRLE #4r BUS #» NEW VALUE THEN °CR*®)
1=ALPHA -
2=RETA
3=GAMMA
4=PGMAX
S=PGHIN
6=0GMAX
7=0GHIN
B=RETYFE ALL GENERATOR DATA
9=UPDATE SDS FILE WITH CHANGES
>>ENTER O THEN °*CR* WHEN CHANGES COMPLETED.
45101.25
FGMAX(RUS ¢ 1)= 0.12500E10%1
Sr2r1.25
FGMINC(EUS ¢ 1)= 0.12500E+01

>>UANT A COFY OF (YBUS MATRIXs ZBUS MATRIX)?
NN

¥XSOLVING LOAD FLOW EQUATIONS RY NRxx
*xx¥NR CONVERGENCE IN O ITERATIONS
¥2X0FPTIMIZING COST FUNCTIONSkxX
LAMBDA DETERMINED IN 13 ITERATIONS

*$SOLVING LOAD FLOW EQUATIONS RY NRxx
*x¥xNR CONVERGENCE IN 2 ITERATIONS
¥XX0PTIHIZING COST FUNCTIONSxxx
LAMBDA DETERMINEDR IN S ITERATIONS



*¥SOLVING LOAD FLOW EQUATIONS RY NRxx
*xx¥NR CONVERGENCE IN 1 ITERATIONS
*x¥OPTIMIZING COST FUNCTIONS¥Xx%
LAMBDA DETERMINED IN 0 ITERATIONS

>>TYPE CODE ¢ FOR DESIREDR ACTION

1=FRINT BUS & GEN SOLUTIONS ONLY.

2=PRINT LINE POWERS, BUS & GEN SOLUTIONS.,
AND SYSTEHOFPERATING COST.

3=CREATE SOS FILE OF SOLUTIONS

4=CHANGE DATA OR TOLERANCES AND RERUN

S5=CHANGE TYFE FROBLEM OR SOLUTION METHOD»
RERUN WITH EXISTING DATA

6=NEW FROBLEM

7=TERMINATE

-
-

*X¥XSYSTEM BUS AND GENERATOR SOLUTIONSkXkx
ECON. DISPATCH CONVERGENCE IN 3 ITERATIONS
ESF1= 0.0010, ESF2= 0,0010» LAMRDA= 7.4000

SYSTEM LOSSES(FU)= 0.0431» SYSTEM LOAD(FU)x 2.4000

RUS$ BRTYFE IC ITL FG QG FD
1 =1 7.0549 0.,0468 1,2500 0.8000 0.9000
2 =3 6.9078 0.,0665 1.1931 0.0965 0.5000
3 2 0.0000 0.0000 0.0000 0.6846 0.4000
4 1 0.0000 0.0000 0.0000 0.0000 0.6000

*x¥kSYSTEM OPERATING COSTx¥xxx

GEN.4 1= 6.52P .U,

GEN.$# 2= S.31P.U.

TOTAL SYSTEM OFERATING COST = 11.83F.U.

XX¥XLINE FPOWER FLOWXXXXx .
LINES Sh EB REAL POWER REACTIVE FOUWER
2

1 1 2 ~0.1303 0.2657
1 2 1 0.1381 -0.2481
2 2 4 0.5550 -0.0554
2 4 2 ~0.3385 0.1036
3 1 3 0.4803 0.1343
3 3 1 ~0.4667 -0.1063
4 3 4 0.0667 0.3909
4 4 3 ~0.0615 -0.4038

>>TYPE CODE ¢ FOR DESIRED ACTION
1=PRINT RUS & GEN SOLUTIONS ONLY.
2=PRINT LINE POWERS» BUS & GEN SOLUTIONS,
AND SYSTEMOFERATING COST.
3=CREATE SOS FILE OF SOLUTIONS
4=CHANGE DATA OR TOLERANCES AND RERUN
S=CHANGE TYPE FROBLEM OR SOLUTION METHOD. -
RERUN WITH EXISTING DATA
6=NEW FROBLEM
5 7=TERMINATE

sJoP T
END OF EXECUTION

CPU TIHE?: 1.54 ELAPSED TIME: 5:44.85
EXIT

an’ VMAG VANG
0.4000 1.0419 -0.0521
0.4000 1.0000 0.0000
0.4000 1.0000 -0.1008
0.3000 0.9832 -0.0906
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Problem 2: 10-Bus Power System
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RUN EDSF2503733,547)

$xx%ECONOMIC DISFATCH EXECUTIVE FROGRAMXXXX

>>ENTER TYFE PROBLEM
0=LOADl FLOW PROBLEM
1=ECONOHIC DISFATCH
o]

>>ENTER TOTAL NUMBER OF (L
9+10

>>WANT TO TYFE IN NEW(LINE DATA» BUS DATA.

OR CALCULATE Y/ZBUS MA
NNNY

PROBLEM

INES» 2 BUSES).

TRIX)?

OR GENERATOR DATAr

>>WANT A COPY OF (LDATA»BDATA»GDATA»OR SYSTEM CDNVERGENCE CRITERIA)?

Yyyy

*XkSYSTEM LINE DATAXX

Z SERIES

LINE # SB EB LENGTH Y SHUNT
1 1 7 0.22000E402 0.,00000E4#00 0.00000E+00 0.27410E-02
2 2 4 0.25000E402 0.00000E4+00 0.00000E+00 0.11720E-02
3 3 & 0.23000E402 0.00000E400 0.00000E4+00 0.27505E-02
4 4 S5 0.10000E401 0.00000E+00 0.00000E+00 0.00000E+00
3 S 6 O0.90000E4+01 0.00000E4#00 0.92535E-03 ~0.15123E~02
é 4 B 0.10000E401 0.00000E+00 0.00000E400 0.00000E+00
7 6 9 0.10000E401 0.00000E400 0.00000E+00 0.00000E+00
8 7 10 0.10000E+01 0.00000E+00 0.00000E+00 0.00000E+00
9 8 10 0.70000E+01 0.00000E+00 0.92535E~03 0.15123E-02
*4SYSTEM BUS DATAXX
BUS TYPE PG 0G PD GD VMAG
1 -1 0.80000 0.50000 0.00000 0.00000 1.00000
2 -3 1.50000 0.30000 0.00000 0.00000 1.00000
3 -2 0.70000 0.20000 0.00000 0.00000 1.00000
4 1 0.00000 0.00000 0.00000 0.00000 1.00000
S 1 0.00000 0.00000 0.70000 0.10000 1.00000
6 1 0.00000 0.00000 0.50000 0.10000 1.00000
7 1 0.00000 0.00000 0.350000 0.30000 1.00000
8 1 0.00000 0.00000 0.30000 0.20000 1.00000
9? 2 0.00000 0.00000 0.20000 0.10000 1.00000
10 2 0.00000 0.00000 0.30000 0.30000 1.00000
XAGENERATOR CONSTRAINTSEX
BUS ¢ PGMAX PGMIN GGMAX QGMIN
1 0.7500 0.0000
2 3.0000 0.0000
3 1.0000 0.0000 2.0000 0.0000
k4 2.,0000 0.0000
10 2.0000 0.0000
XXSYSTEM CONVERGENCE CRITERIAX®
LOAD FLOW ITERATIONS= 5

LOAD FLOW TOLERANCE= 0.10000E-03
ECON DISF ITERATIONS= 350

ESP1= 0.,10000E-02

ESP2= 0.10000£-02

>>WANT TO CHANGE (LDATA»BDATA»GDATA» OR CONVERGENCE CRITERIA)?
NYYN :

0.56522E-02
0.00000E+00
0.58270E-~02
0.62000E~01
0.17958E-02
0.42000E-01
0.446000E-01
0.44000E-01
0.17958E-02

. VANG
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.,00000
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$3BUS DATA CHANGESXx
»>ENTER(VARIABLE $, BUS $s NEW VALUE -THEN °CR®
1=BUS TYPE .
2=FG
3=06
4=FD
5=0D
4=UMAG
7=VANG
8=RETYFE COPY OF ALL BUS DATA
9=CHANGE TOTAL NUMBER OF BUSES
10=REENTER ORIGINAL BUS DATA FROM SOS FILE
11=UPDATE SO0S FILE WITH CHANGES
>>ENTER O THEN *CR°® WHEN CHANGES COMFLETED.

1+1¢-2

BUS TYFE(BUS ¢ 1)= =2
11

o

XXGENERATOR DATA CHANGES*x

>>ENTER (VARIABLE $+ BUS 4, NEW VALUE THEN °CR*®)
1=ALPHA
2=BETA
3I=GAMMA
4=PGHAX
3=PGHIN
&=0GHAX
7=0GMIN
8=RETYPE ALL GENERATOR DATA
9=UPDATE SO0S FILE WITH CHANGES

22ENTER O THEN °*CR*® WHEN CHANGES COMPLETED.
b91+2.0

QGMAX(RUS 4 1)= 0.20000E+01
791¢0.0

QGMIN(BUS ¢ 1)= 0.00Q00E+00
9

o]

X¥XGENERATING YBUS MATRIX:xx

>>WANT A COPY OF (YBUS MATRIXs ZBUS MATRIX)?
NN

$XSOLVING LOAD FLOW EQUATIONS BY NRkx

BUS ¢ 1 EXCEEDS GGMIN,BUS CHANGED TO TYPE 1
BUS ¢ 3 EXCEEDS QGMIN,BUS CHANGED TO TYPE 1
XExX¥NR CONVERGENCE IN 3 ITERATIONS

>>TYPE CODE & FOR DESIRED ACTION

1=PRINT BUS % GEN SOLUTIONS ONLY.

2=PRINT LINE POUWERSs BUS &t GEN SOLUTIONS.
AND SYSTEMOPERATING COST.

3=CREATE SOS FILE OF SOLUTIONS

4=CHANGE DATA OR TOLERANCES AND RERUN

S=CHANGE TYPE PROBLEM OR SOLUTION METHOD.
RERUN WITH EXISTING DATA

6=NEW PROBLEM

7=TERMINATE
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*XXXSYSTEM BUS AND GENERATOR SOLUTIONS®xxx
SYSTEM LOSSES(FPU)= 0,1138s SYSTEM LOAD(FU)= 2,5000

RUS ¢ BTYPE PG aG FD ap VHAG VANG
1 -1 0.8000 0.0000 0.0000 0.0000 1.0246 0.06467
2 -3 1.1158 -0.5159 0.0000 0.0000 1.0000 0.0000
3 -1 0.7000 0.0000 0.0000 0.0000 1.0195 0.0242
4 1 0.0000 0.0000 0.0000 0.0000 0.9474 -0.013548
S 1 0.,0000 0.0000 0.7000 0.1000 0.9765 ~0.04834
é 1 0.0000 0.0000 0.5000 0.1000 0.9804 -0.0478
4 1 0.,0000 0.0000 0.5000 0.3000 0.9823 ~0.0323
8 1 0.0000 0.0000 0.3000 0.2000 0.9927 -0.0376
14 2 0,0000 0.5276 0.2000 0.1000 1.0000 -0.0772

10 2 - 0.0000 1.2932 0.3000 0.3000 1.0000 -0.0444

*xx2LINE POWER FLOWKXXX

LINES SB EB REAL POUWER REACTIVE FOUWER
1 1 7 0.8000 0.0000
1 7 1 -0.7632 0.0758
2 2 4 1.1158 -0.5159
2 4 2 -1.071S 0.5159
3 3 é 0.7000 i 0.0000
3 é 3 =0.4702 0.0632
4 4 S 0.7308 -0.1244
4 S 4 -0.7308 0.14610
S S é 0.0308 =0.2610

-] é S -0.0298 00,2542
6 4 8 0.3407 ~0.3912
] 8 4 -0.3407 0.4090
7 é 9? 0.2000 -0.4174
7 9 6 -0.2000 . 0.4276
8 7 10 0.2632 ~0.,3758
8 10 7 ~0.2632 0.3858
9 8 10 0.0407 ~0.6090
9 10 8 -0.0368 0.6073

>>TYPE CODE # FOR DESIRED ACTION
1=PRINT BUS & GEN SOLUTIONS ONLY.
2=FRINT LINE POWERS» BUS & GEN SOLUTIONS,»
AND SYSTEMOPERATING COST.
3=CREATE SO0S FILE OF SOLUTIONS
4=CHANGE DATA OR TOLERANCES AND RERUN
S=CHANGE TYPE PROBRLEM OR SOLUTION METHOD.
RERUN UITH EXISTING DATA
é6sNEW PROBLEM
7=TERMINATE
4

>>UANT TO CHANGE (LDATA»BDATA*GDATA» OR CONVERGENCE CRITERIA)?
NYNN

x%BUS DATA CHANGESkx
>>ENTER(VARIABLE #+ BUS #, NEW VALUE THEN °CR*
1=BUS TYPE
2=PG
3=0G
4=PD
S=QD
6=UMAG
7aUANG :
8=RETYPE COPY OF ALL BUS DATA
?=CHANGE TOTAL NUMBER OF BUSES .
10=REENTER ORIGINAL BUS DATA FROM SOS FILE
11=UPDATE SOS FILE WITH CHANGES
>>ENTER O THEN °CR*® WHEN CHANGES COMPLETED.



10

6r1¢1.05

VUMAG(BUS & 1)= 0.105
6v2¢1.05

UMAG(BUS 8 2)= 0.105
6r3r1.05

VMAG(BUS # 3)= 0.105
8

*XSYSTEM BUS DATAXX
BUS TYPE PG

1 -2 0.80000

2 -3 1.50000

3 -2 0.70000

4 1 0.00000

5 1 0.00000

& 1 0.00000

7 1 0.00000

8 1 0.00000

9 2 0.00000

10 - 2 0.00000
11
o

>>WANT A COFPY OF (YBU
NN

S00E+01

O00E+01

O0OE+01

aG
0.50000
0.30000
0.20000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

S MATRIX»

PD
0.00000
0.00000
0.00000
0.00000
0.70000
0.50000
0.50000
0.30000
0.20000
0.30000

ZBUS MATR

$XSOLVING LOAD FLOW EQUATIONS BY NRxx
2 ITERATIONS

*x%2NR CONVERGENCE IN

>>TYFE CODE % FOR DESIRED ACTION
1=PRINT BUS & GEN SOLUTIONS ONLY.

2=PRINT LINE

POWERS s

AND SYSTEMOFERATING COST.
3=CREATE S0S FILE OF SOLUTIONS
4=CHANGE DATA OR TOLERANCES AND RERUN
S5=CHANGE TYFE FROBLEM OR SOLUTION METHODs

RERUN UWITH EXISTING DATA

é=NEW PROBLEM
7=TERMINATE
2

an
0.00000
0.00000
0.00000
0.00000
0.10000
0.10000
0.30000
0.20000
0.10000
0.30000

IX)?

BUS T GEN SOLUTIONS»

SXXxSYSTEM BUS AND GENERATOR SOLUTIONSX%i%x

SYSTEM LOSSES(PU)= 0.

BUS & BTYFE PG QG
1 -2 0.8000 0.1534
2 -3 1.1055 0.5551
3 -2 0.7000 0.0734
4 1 0.0000 0.0000
S 1 00,0000 0.0000
6 1 0.0000 0.,0000
7 1 0.0000 0.0000
8 1 0.0000 0.0000
? 2 0.0000 0.0567
10 2 0.0000 0.43467

*%XXLINE POWER FLOW®xXxx

LINE® SB EB REAL POUWER
1 1 7 0.8000
1 ? 1 -0.7437
2 2 4 1.1055
2 4 2 ~1.0448

1055+ SYSTEM LOAD(PU)= 2.5000

PD GD UMAG
0.0000 0.0000 1.0500
0.0000 0.0000 1.0500
0.0000 0.0000 1.0500
0.0000 00,0000 1.0193
0.7000 0.1000 1.0045
0.5000 0.1000 1.0020
0.5000 0.3000 0.9894
0.3000 0.2000 1.001S
0.2000 0.,1000 1.0000
0.3000 0.3000 1.0000

REACTIVE POUWER
0.1534
-0.0785
0.35551

0.5551

VUMAG
1.05000
1.05000
1.05000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000

VANG
0.0944
0.0000
0.0572
0.0152
-0.0289
-0.0277

0.0075
~0.60352
-0.0348
-0.0048

VANG
0.60000
0.00000
0.0003G0
0.00000
0.00G00
0.006600
0.00000
0.00000
0.00000
0.00000
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3 3 & 0.7000 0.0736
3 é 3 -0.6716 -0.0134
4 4 S 0.7286 0.2593
4 S 4 -0.7286 -0.2235
S S é 00,0286 0.1237
S é S -0.0283 -0.1318
é 4 8 0.3363 0.2959
é 8 4 -0.3363 -0.2839
7 é ? 0.2000 - 0.0452
4 9 6 -0.2000 -0.0433
8 7 10 0.2637 -0.2214
8 10 7 -0.2637 0.2270
? ;] 10 00,0354 : 0.,0839
9? 10 8 -0.0343 -0.0903

>>TYPE CODE ¢ FOR DESIRED ACTION
1=sFRINT BUS &t GEN SOLUTIONS ONLY.
2=FPRINT LINE POWERS: EBUS & GEN SOLUTIONS»
AND - SYSTEMOFERATING COST.
3=CREATE SOS FILE OF SOLUTIONS
4=CHANGE DATA OR TOLERANCES AND RERUN
5=CHANGE TYFE FROBLEM OR SOLUTION METHOD.
RERUN WITH EXISTING DATA
6=NEW PROBLEM
7=TERMINATE
s :

>>ENTER TYPE PROBLEM
0=LOAD FLOW PROBLENM
1=ECONOMIC DISPATCH PROBLEM
1

>>1S SYSTEM LOSSLESS?
NO

>>ENTER TOTAL NUMBER OF (LINESs» 3 BUSES). ly
910

>>WANT TO TYFE IN NEW(LINE DATAs» BUS DATA» OR GENERATOR DATA.
OR CALCULATE Y/ZBUS MATRIX)?
NNYY

XsGENERATOR DATAXX

>OENTER(BUS#+ALPHAYBETA»GAMMA) .

192.595.2+,0.02

212.004.390.01

392:394.8,0.02

XXGENERATOR CONSTRAINT DATASXk

S>ENTER FOR TYPE -1 t -3 BUS (BUS $:FGMAX/FGMIN)

FOR TYPE -2 BUS (BUS #PGMAX»PGMIN+:OQGHMAX+QGMIN)
FOR TYFE +2 BUS (BUS $,QGMAX.QGMIN)
190¢7590.092.0+0.0

2+24094,390.01\10.0¢3.450,2\3.050.0
391.000.0¢2:,09~-2,0
992,05,-2,0\0.2\0.0

1092.0+0.0

>>HA$T A COPY OF (LDATA+BDATA+*GDATA»OR SYSTEM CONVERGENCE CRITERIA)?
YYYY



*2SYSTEM LINE DATAx%x

LINE ¢ SB EB LENGTH ¥ SHUNT
L | 1 7 0.22000E+02 G6.0C000E+00 0.00000E+00
2 2 4 0.25000E+02 0.00000E4+00 0.00000E+00
3 3 4 0,23000E4+02 0.00000E+00 0.00000E+00
4 4 5 0.10000E+01 O0.00000E+00 0.00000E+00
S 5 6 0.90000E+01 0.00000E+00 0,92535E-03
6 4 8 0.10000E+01 0.00000E4+00 0.00000E+00
? 6 9 O0.10000E+01 ©0.00000E+00 0.00000E+00
8 7 10 0.10000E+01 0.00000E+00 0.00000E+CO
9 8 10 0.70000E+01 ©0.00000E+00 0.9253SE-03
X¥SYSTEM BUS DATAXR®
BUS TYPE PG QG PD ap
1 -2 0.80000 0.50000 0.00000 0.00000
2 -3 1.50000 0.30000 0.00000 0.00000
3 -2 0.70000 0.20000 0.00000 0.00000
4 1 0.00000 0.00000 0.00000 0.00000
S 1 0.00000 0.00000 0.70000 0.10000
é 1 0.00000 0.00000 0.50000 0.10000
7 1 0.00000 0.00000 0.50000 0.30000
8 1 0.00000 0.00000 0.30000 0.,20000
9 2 0.00000 0.00000 0.20000 0.10000
10 2 0.00000 0.00000 0.30000 0.30000
*XSYSTEM GENERATOR DATA%xX
NUMBER OF GENERATORS = 3
BUS# ALPHA BETA GAMMA
1 2.50000 5.20000 0.02000
2 2.,00000 4.30000 0.01000
3 2,30000 4.80000 0.02000
’
XXGENERATOR CONSTRAINTSkxX
BUS # FGMAX PGMIN QGHAX QGMIN
1 0.7500 0.0000 2.0000 0.0000
2 3.0000 0.,0000
3 1.0000 0.0000 2.0000 =2.0000
9? 2.0000 0.0000
10 2.0000 0.0000

*¥SYSTEM CONVERGENCE CRITERIAXX
LOAD FLOW ITERATIONS= S

LOAD FLOW TOLERANCE=

ECON DISP ITERATIONS= 50

ESPi=
ESP2=

>>UWANT TO CHANGE (LDATA»BDATA»GDATAr OR CONVERGENCE CRITERIA)T

NNNN

0+10000E-02
0,10000E-02

XXGENERATING YBUS MATRIXXX

>>WANT A COPY OF (YBUS MATRIX»

NN

0.10000E-03

_ X4CALCULATING ZBUS HATRIXxxX

ZBUS MATRIX)T

X%SOLVING LOAD FLOW EQUATIONS BY NRx¥x

XXXENR CONVERGENCE IN

2 ITERATIONS

*¥XX0PTIMIZING COST FUNCTIONSXxX

LAMBDA DETERMINED IN 1S

ITERATIONS

Z SERIES

0.27410E-02
0.11720€E-02
0.275035E-02
0.00000E+00
0.15123E-02
0.00000E+00
0.00000E+00
0.00000E+00
0.,15123E-02

VMAG
1.05000
1.05000
1.05000
1.00000
1.00000
1.00000
1.00000
1.,00000
1.00000
1.00000

0.548522F-62
0.00000F+00
-0.58270E-62
0.820GGE-01
0.17933E-C2
0.820GOE-013
0.34500E-01
0,34G00E-01
0.17958E-02

VANG
0.905000
0.00000
0.00000
0.00000
0.060000
0.00500
0.00000
0.00000
0.,00000
0.00000
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x3SOLVING LDAD FLOW EQUATIONS BY NRxx
*X¥XXNR CONVERGENCE IN 2 ITERATIONS
Xx20FTIMIZING COST FUNCTIONSxxx2
LAMBDA DETERMINED IN S ITERATIONS

$xSOLVING LOAD FLOW EQUATIONS BY NRX%
X3X3NR CONVERGENCE IN 1 ITERATIONS
¥XX0PTIMIZING COST FUNCTIONS®xx
LAMBDA DETERMINED IN 1 ITERATIONS

XXSOLVING LDAD FLOU EQUATIONS BY NRXxX
XXXXNR CONVERGENCE IN 1 ITERATIONS
X$%0OPTIMIZING COST FUNCTIONS®X%X
LAMBDA DETERMINED IN O ITERATIONS

>>TYPE CODE & FOR DESIRED ACTION

1=PRINT BUS & GEN SOLUTIONS ONLY.

2=sPRINT LINE POWERS» BUS 8§ GEN SOLUTIONS,
. AND SYSTEMOPERATING COST.

3=CREATE S80S FILE OF SOLUTIONS

4=CHANGE DATA OR TOLERANCES AND RERUN

S5=CHANGE TYPE PROELEM OR SOLUTION METHOD»

RERUN WITH EXISTING DATA
6=NEW PROBLEM
7=TERMINATE

-
-

XXX2SYSTEM BUS AND GENERATOR SOLUTIONSXxXx
ECON. DISPATCH CONVERGENCE IN 4 ITERATIONS
ESP1= 0.0010y ESP2= 0.0010y LAMBDA= §.9125

SYSTEM LOSSES(PU)= 0.1101y SYSTEM LOAD(PU)= 2.5000

BUS$# BTYPE 1c ITL PG 2] PD
1 =2 6.3424 0.0825 0.7362 0.1681 0.0000
~3 6.5350 0.0546 1.0523 0.6111 0.0000

-2 6.2532 0.0954 0.8216 0.0340 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 ©0.,0000 0.0000 0.7000
0.0000 0.,0000 0.0000 0.0000 0.5000
0.0000  0.0000 0.0000 0.0000° 0.5000
0.0000 0.,0000 0.0000 0.,0000 0.3000
0.0000 0.0000 0.0000 0.0693 0.2000
0.0000 0.0000 0.0000 0.3987 0.3000

CVDNOGUNIUN
NN == e e

[y

XXxXSYSTEM OPERATING COSTHkXxX

GEN.¢ 1= 3.25P.U.

GEN.¢ 2= 4.49P.U.

GEN.® 3= 3.51P.U.

TOTAL SYSTEM OPERATING COST = .11.25P.U.

¥XX%LINE POWER FLOWXXXxX
LINES SB EB REAL POUER REACTIVE POWER

1 1 7 0.7362 0.1481
1 ? 1 -0.7050 -0.1038
2 2 4 1.0523 0.46111
2 4 2 ~1.0130 ~0.46111
3 3 é 0.82146 0.0340
3 é 3 -0.7828 0.0482
4 4 5 0.4178 0.3012
4 S5 4 -0.4178 ~0.2731
S5 S5 6 -0.0822 0.1731
S é S 0.0828 -0.1808
6 4 8 0.3952 0.3100
é 8 4

-0.3952 ~0.2950

ab
0.0000
0.0000
0.0000
0.0000
0.1000
0.1000
0.3000
0.2000
0.1000
0.3000

VHAG
1.0500
1.0500
1.0500
1.0208
1.0032
1.0015
0.9908
1.0022
1.0000
1.0000

UANG
0.0804
0.0000
0.0859
0.0147
-0.0207
-0.0170

0.0021
-0.0072
-0.0242
-0.0074
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7 6 b4 0.2000 0.0326
7 9 3 -0.2000 -0.0307
8 7 10 0.2050 -0.19462
8 10 7 -0.2050 0.2000
? . 8 10 0.,0952 0.0950
9 10 8 ~-0.0950 -0.1012

>>TYPE CODE & FOR DESIRED ACTION
1=PRINT BUS t GEN SOLUTIONS ONLY.
2=PRINT LINE POWERS, BUS 3 GEN SOLUTIONS,
AND SYSTEMOFERATING COST.
3=CREATE S0S FILE OF SOLUTIONS
4=CHANGE DATA OR TOLERANCES AND RERUN
S5=CHANGE TYPE PROBLEM OR SOLUTION METHOD,
RERUN WITH EXISTING DATA
6=NEW PROBLENM
7=TERMINATE
4

>>WANT TO CHANGE (LDATA»BDATA»GDATA» OR CONVERGENCE CRITERIA)?
NNYN

SXGENERATOR DATA CHANGESxkx
>>ENTER (VARIABLE #» BUS #» NEW VALUE THEN °CR*)
1=ALFHA
2=BETA
J=GAMNA
4=PGHAX
5=PGNIN
&=0GMAX
7=QGNIN
8=RETYPE ALL GENERATOR DATA
9=UPDATE SOS FILE WITH CHANGES
D>>ENTER O THEN °CR®" WHEN CHANGES COMPLETED.
4915.8
PGMAX(BUS ¢ 1)= 0.80000E4+00
Ss1+.8
PGMIN(BUS ¢ 1)=.0.B80000E+00
493007
PGMAX(BUS ¢ 3)= 0,70000E+00
Se30e7
PGMIN(BUS ¢ 3)= 0,70000E4+00
(o]

>>UWANT A COPY OF (YBUS MATRIXe ZBUS MATRIX)?
NN

¥xSOLVING LOAD FLOW EGUATIONS BY NR3x
XxxsNR CONVERGENCE IN O ITERATIONS
*XX0PTIMIZING COSYT FUNCTIONSxxxX
LAMBDA DETERMINED IN 12 ITERATIONS

*XSOLVING LOAD FLOW EQUATIONS BY NRx%
XXXXNR CONVERGENCE IN 2 ITERATIONS
XXX0PTIMIZING COST FUNCTIONSkxx
LANBDA DETERMINED IN 2 ITERATIONS

*%SOLVING LOAD FLOW EDUATIONS BY NRix
XXENR CONVERGENCE IN 1 ITERATIONS
*XX0PTIMIZING COST_FUNCTIONSR3X _ .
LAMBDA DETERNINED IN O “ITERATIONS



>>TYPE CODE & FOR DESIRED ACTION
1=PRINT BUS 2 GEN SOLUTIONS ONLY.
2=PRINT LINE POWERS» BUS % GEN SOLUTIONS»
AND SYSTEMOPERATING COST.
3=CREATE S0S FILE OF SOLUTIONS
4=CHANGE DATA OR TOLERANCES AND RERUN
S=CHANGE TYPE FROBLEM OR SOLUTION METHOD.
RERUN WITH EXISTING DATA
6=NEW FROBLEMN .
7=TERMINATE
2

$XXXSYSTEM BUS AND GENERATOR SOLUTIONSXXxX
ECON. DISPATCH CONVERGENCE IN 3 ITERATIONS
ESPi= 0.0010,» ESP2= 0.0010r LAMEDA® 7.187S5

SYSTEM LOSSES(PU)= 0.1057» SYSTEM LOAD(PU)= 22,5000

BUS¢ BTYPE IC ITL PG . GG PD
1 =2 6.5313 0.0913 0.8000 0.1534 0.0000
2 -3 8.7706 0,0580 1.1057 0.5551 0.0000
3 -2 5.6698 0,0789 0.7000 0.0737 0.0000
4 1 0.0000 0.0000 0.0000 0.0000 0.0000
S 1 0.,0000 00,0000 0.0000 0.0000 0.7000
6 1 0.0000 0.0000 0.0000 0.0000 0.5000
7 1 0.0000 0.0000 0.0000 0.0000 0.5000
8 1 0.0000 0.0000 0.0000 0.0000 0.3000
? 2 0.,0000 0.0000 0.0000 0.05468 0.2000

10 2 0.0000 0.0000 0.0000 0.4368 0.3000

AXXXSYSTEM OPERATING COSTxxxx

GEN.$ 1= 3.67P.U.

GEN.$¢ 2= 4.84P.U.

GEN.3 3= 2.79P.U.

TOTAL SYSTEM OFERATING COST = 11.30P.U.

*XxXXLINE POWER FLOWxx%x%

LINES SB EB REAL POWER REACTIVE POUER
1 1 7. 0.8000 0.1534
1 4 1 -0.7437 -0.0785
2 2 4 1.1057 0.5551
2 4 2 -1.0650 ~0.5551
3 3 .8 0.7000 0.0737
3 é 3 -0.6716 ~0.,0134
4 4 S 0.7287 0.2593
4 S 4 -0.7287 -0.2234
S 5 6 0.0287 041236
S é S -0.0284 -0.1317
) 4 8 0.3344 0.2958
é 8 4 ~0.3364 -0.2838
7 6 9 0.2000 0.0451
4 ? é ~0.2000 -0.0432
8 7 10 . 042637 ~0.2215
8 10 7 ~0.2637 0.2270
? 8 10 0.0364 0.0838
14 10 8 ~0.03463 ~0.0902

oD
0.0000
0.0000
0.,0000
0.0000
0.1000
0.1000
0.3000
0.2000
0.1000
0.3000

VHAG
1.0500
1.0500
1.0500
1.0193
1.0045
1.0020
0.9896
1.0015
1.0000
1.0000

VANG
0.0944
0.0000
0.0572
0.0152
-0.0289
-0.0277

0.0075
~0.0052
~0.0369
~0.0048
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«RUN EDSPS0L3733,5471 WITH MODERATZ SYSTEM 10AD OF 6.85 pu

>>ENTER TYPE

*xxXECONOMIC DISPATCH EXECUTIVE FROGRAMXRXX

PROEBLEM

0=LOAD FLOW FROBLEM
1=ECONOMIC DISPATCH PROBLEMNM

o

D2ENTER TOTAL NUMBER OF (LINES»

5948

>>UANT TO TYPE IN NEW(LINE DATA, BUS DATAs

OR CALCULATE Y/ZEBUS MATRIX)?

NNNN

& BUSES).

OR GENERATOR DATA»

>>UANT A COPY OF (LDATA»BDATAsGDATA,OR SYSTEM CONVERGENCE CRITERIA)?

YYvYy

XXSYSTEM LINE DATARX

LINE & SB EB

1 1 2
2 1 3
3 2 3
4 3 4
S 4 5
é 4 6
7 4 7
e 4 8
9 1 9
10 ? 10
11 ? 11
12 10 11
13 ? 12
14 12 13
15 12 14
16 12 15
17 13 14
18 12 20
19 16 17
20 17 18
21 18 20
22 18 19
23 19 20
24 20 21
25 18 38
26 21 22
27 21 23
28 22 23
29 20 24
30 24 27
31 24 25
32 24 24
33 24 30
34 27 28
35 27 29
346 30 31
37 30 32
38 30 33
39 24 34
40 34 35
41 34 36
42 34 38

LENGTH
0.10000E101
0.10000E401
0.10000E+018
0.10000€¢01
0.10000£+01
0.10000E+401
0.10000E+01
0.10000E+01
0.10000E401
0.10000E401
0.10000E+01
0.10000E+01
0.10000E+01
0.10000E+401
0.10000E+01
0.10000E+01
0.10000E+01
0.10000E401
0.10000E+401
0.10000E+01
0.10000E+01
0.10000E4+01
0.10000E+401
0.10000E+01
0.10000E+01
0.10000E+401
0.10000E+01
0.10000E+01
0.10000E+01
0.10000E+401
0.10000E401
0.10000E402
0.,10000E+01
0.10000E101
0.10000E+01
0.10000€E+401
0.10000E401
0.10000E+401
0.10000E+01
0.10000E+01
0.10000E+401
0.10000E401

Y SHUNT

0.00000E400
0.00000E+400
0.00000E+00
0.00000E+00
0.00000E400
0.00000E+00
0.00000E400
0.00000E4+00
0.00000E+00
0.00000E+400
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+400
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.,00000E400
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E400
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E400
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E400
0.00000E+00
0.,00000E+00
0.00000E+00
©0.00000E+00
0.00000E+00
0.00000E+400
0,00000E+00
0.00000E+00

0.,00000E+00
0.00000E+00
0,00000E+00
0.00000E+00
0.00000E+00
0.00000E400
0.00000E+400
0.00000E400
0.82000E-02
0.00000E400
0.00000E+00
0.00000E+00
0.50000E~02
0.00000E£+00
0.,00000E+400
0.00000E400
0.00000E+400
0.B80000E-02
0.39400E+00
0.14172E401
0.00000E400
0.00000E+00
0.00000E+00
0.20000E£400
0.58300E-01
0.,00000E+00
0.00000E+00
0.00000E+00
0.,92000E-02
0.00000E+00
0.00000E+00
0.00000E4+00
0.00000E4+00
0.00000E+00
0.00000E+00
0.00000E£+00
0.00000E400
0.,00000E4+00
0.15700E-01
0.,00000E+00
0.00000E+00
0.00000E+00

Z SERIES

0.00000E400
0.00000E400
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E400
0.00000E+00
0.00000E+400
0.,10700E-01
0.00000E+00
0.00000E+4+00
0.00000E400
0.47000E-02
0.00000E+400
0.00000E+00
0.00000E+00
0.00000E+00
0.13500E-01
0.40000E-02
0.14100E-01
0.00000E400
0.00000E+00
0.00000E+00
0.55400E-01
0.40000E-03
0.00000E+00
0.00000E+400
0.00000E+00
0.35800E~-02
Q.00000E400
0.00000E+00
0.00000E+00
0.00000E+00
0.00000E400
0.00000E+400
0.00000E+00
0.00000E+00
0.00000E+00
0.40000E-02
0.00000E+4+00
0.00000E+00
0.00000E+00

0.19100E$00
0.10400E400
0.562000E-01
0.95500E+400
0.87190E+00
0.67190E100
0.67190E+00
0.67190E+00
0.52300E~01
0.70400E+00
0.13040E+00
0.45000E-01
0.462300E-01
0.10740E400
0.19210E+00
0.87500E-01
0.61700E-01
0.78300E-01
0.43400€-01
0.15260E400
0.146500E-01
0.14940E+00
0.10710E400
0.21170E+400
0.65000€E-02
0.52440E400
0.,27400E100
0.20500E+00
0.20970E-01
0.12500E400
0.19320E400
0.11750E400
0.24580E+00
0.18450E4+00
0.17720E400
0.43030E400
0.43030E400
0.43030E+00
0.31300E-01

0.93800E~01.

0.14810E4+00

0.14500E~01
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a3
44
4s
46
47
48
a9
50
s1
52
s3
54
ss.
56
57
s8
59

- 34

35
37

1
24
27

1
39
39
40
40
42
42
42
42
46
446

XXSYSTEM

BUS

T

37
34
38
24
39
42
39
40
41
41
42
a3
44
as
44
47
48

BUS
YPE

-2

N W e e D = 3R e e DR NN

-2

0.10000E+01 0.00000E+00 0.00000E+00
0.10000E401 0.00000E+00 0.00000E+00
0.10000E+01 0,00000E+00 0.00000E+00
0.10000E+01 0.00000E+00 0.12500E-01
0.10000E+01 0.00000E+00 0.52000E-02
0.10000E+01 0.00000E+00 0.00000E+00
0.10000E+01 0.00000E+00 0.7S000E-02
0.10000E+01 0.00000E+00 0.00000E+00
0.10000E+01 0.00000E+00 0.00000E+00
0.10000E401 0.00000E+00 0.00000E+00
0.10000E+01  0.00000E+00 0.00000E+00
0.10000E+01 0.00000E+00 0.00000E+00
0.10000E+01 0.,00000E+00 0.00000E+00
0.10000E+01 0.00000E+00 0.00000E+00
0.10000E+01 0.00000E+00 0.00000E+00
0.10000E+01 0.00000E+00 0.00000E+00
0.10000E401 0.00000E4+00 0.00000E+00
DATAxX

FG aG PD ap
1.10000 0.20000 0.00000 0.00000
0.00000 0.00000 0.048000 0.02000
0.00000 0.00000 0.35000 0413000
0.00000 0.00000 0.00000 0.00000
0.15000 0.,20000 0.00000 0.00000
0.15000 0.20000 0.00000 0.00000
0.25000 0.20000 0.00000 0.00000
0.25000 0.,20000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.92000 0.21000
0.00000 0.00000 0.07000 0.01500
0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 ' 0.72000 0.24000
0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0437000 0.13000
1.65000 0.00000 0.00000 0.00000
0.00000 0.00000 0.26000 0.,04000
0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.02000 0.01800
0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000
0.00000 0.10000 0.25000 0.05000
0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000
0.50000 0.20000 0.00000 0.00000
1.20000 0.20000 0.00000 0.00000
0.00000 0.00000 1.12000 0.40000
0.24000 0.20000 0.00000 0.00000
0.25000 0.20000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000
0.00000 0.,00000 0.00000 0.00000
0.00000 0.,00000 0.00000 0.00000
0.00000 0.00000 0.20000 0.35000
0.00000 0.00000 0.31000 0.34000
0.00000 0.00000 0.235000 0.01000
0.00000 0.,00000 0.34000 0.25000
0.00000 0.00000 0+,00000 0.00000
0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.42000 0.15000
0.00000 0.20000 0.36000 0.12000
0.00000 0.00000 0.41000 0.21000
0.48100 0.20000 0.00000 0.00000
0.14000 0.00000 0.,00000

0.00000

0.00000E+00
0.00000E+00
0.00000E+00
0.17700E-01
0.73000E-02
0.44000E-01
0.10400E~-01
0.00000E+00
0.,00000E+00
0.00000E+00
0.73000E-02
0.00000E+00
0.00000E+00
0.00000E+4+00
0.00000E+00
0.00000E+00
0.00000E+00

VHMAG
1.05000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.01450
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000 .
1.00000

0.14940E100
0.58100E-01
0.10710€E+00
0.10580E+00
0,42700€E~01
0.24220E+00
0.60700E-01
0.21620E400
0.12770E400
0.68100E-01
0.54400€-01
0.33320E+00
0.86280E400
0.31110£400
0.18700E400
0.54310E400
0.84810E400

VANG
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

+0.00000

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0+.00000
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! 2
46 2
47 -2
48 -2

0.13000 0.00000
0.00000 0.00000
0.24500 0.10000
0.44000 0.15000

*¥GENERATOR CONSTRAINTSXxX

BUS # PGHAX

1 1.1000
2
S 0.2510
é 0.2510
7 0.2510
8 0.2510
11
14
15
16 1.4500
19
22
25 1.0900
26 1.5900
2 0.7700
29 0.7900
31 0.2490
2 0.2490
33 0.2490
36
37
41
43 0.4810
44 0.1480
45 0.1320
44
47 0.2450
48 0.44680

PGMIN
0.0000

0.0000
0.0000
0.0000
0.0000

0.0000

0.0000
0.,0000
0.0000
0.0000
0.0000
0.0000
0.,0000

0.0000
0.,0000
0.0000

0.0000
0.0000

0.00000

«22000
0.00000
0.00000

QGHAX

0.2000
2.0000
2.0000
2.0000
2.0000
2.0000
0.8000
0.4000
0.4000
2.,0000
0.4500
0.2400
2.0000

2,0000
2.0000

0.4000
0.4300
0.4000
0.4500
0.1500
0.1400
0.3500
0.2500
0.4500

*¥SYSTEM CONVERGENCE CRITERIAXX
LOAD FLOW ITERATIONS=
LOAD FLOW TOLERANCE=
ECON DISF ITERATIONS= 50

ESP1=
ESP2=

>>WANT TO CHANGE (LDATA»BDATAYGDATA» OR CONVERGENCE CRITERIA)?

NNNNA\NNNN\YYYY

0.10000E-02
0.10000E-02

*X LINE DATA CHANGESxx%
>>ENTER (VARIABLE #+ LINE #» NEW VALUE THEN °CR°)
1=STARTING BUS ¢
2=ENDING BUS #
3=LINE LENGTH
A=Y SHUNT G
S=Y SHUNT B
&=7 SERIES R
7=Z SERIES X
8=RETYPE COPY OF ALL LINE DATA
9=CHANGE TOTAL NUMBER OF LINES
10=UPDATE $0S FILE WITH CHANGES

S
0.10000E~

0.00000
0.07000
0.00000
0.00000

GGHIN
-2.0000
-2.0000
-2.0000
-2.0000
~2.0000
-2.0000
~2.0000
-2.0000
~2.0000
~2.0000
-2.,0000
-2.0000
-2.0000

~2.0000

-2.0000

-2.0000
-2.0000
-2.0000
-2,0000
-2.0000
-2.0000
~2.0000
-2.0000
-2.0000

03

>>ENTER O THEN°CR® WHEN CHANGES dQPPLETED

1.00000
1.00000
1.00000
1.00000

0.00000
0.00000
0.00000
0.00000
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#XBUS DATA CHANGES¥x
>>ENTER(VARIABLE 4, BUS #, NEW VALYE THEN *CR®
1=BUS TYPE
2=pG
3=06
4=pD
5=0D
6=UMAG
7=2VANG
8=RETYPE COPY OF ALL BUS DATA
9=CHANGE TOTAL NUMBER OF BUSES
10=REENTER ORIGINAL BUS DATA FROM SOS FILE
11=UPDATE SOS FILE WITH CHANGES
>>ENTER O THEN °*CR® WHEN CHANGES COMPLETED.
0

XXGENERATOR DATA CHANGESxx
>>ENTER (VARIABLE #r BUS #» NEW VALUE THEN °CR*)
1=ALPHA ’
2=BETA
3I=GAMHA
4=PGHAX
S=PGMIN
&6=0GHAX
7=QGHIN
8=RETYPE ALL GENERATOR DATA
9=UPDATE SOS FILE WITH CHANGES
>2ENTER O THEN °CR*® WHEN CHANGES COMPLETED.
o

X*CONVERGENCE CRITERIA CHANGESXx
>>ENTER(VARIABLE #,NEW VALUE THEN °*CR*")
1=L0AD FLOW ITERATIONS
2=L0AD FLOW TOLERANCE
3=ECON DISP ITERATIONS
4=ESP1
S=ESP2 .
>>ENTER O THEN °*CR*®* WHEN CHANGES COMPLETED.

¥AGENERATING YBUS MATRIXxX

>>WANT A COPY OF (YBUS MATRIXr ZBUS MATRIX)?
NN

¥xSOLVING LOADR FLOW EQUATIONS RY NRxx
BUS ¢ 1 EXCEEDS QGMAX»BUS CHANGED TO TYPE 1
¥eXxANR CONVERGENCE IN 4 ITERATIONS

>>TYPE CODE 9 FOR DESIRED ACTION

1=PRINT RUS 3 GEN SOLUTIONS ONLY.

2=PRINT LINE POWERS» BUS T GEN SOLUTIONS,
AND SYSTEM OPERATING COST.

3=CREATE SOS.FILE OF SOLUTIONS

4=CHANGE DATA OR TOLERANCES AND RERUN

5=CHANGE TYPE PROBRLEM OR SOLUTION METHOD.
RERUN WITH EXISTING DATA

6=NEW PROBLEN

7=TERMINATE

n



*¥¥PRSYSTEM FUS AND GENERATOR SOLUTIONS*kx¥x
SYSTEM LOSSES(FU)= 0.0746» SYSTEM LOAD(FU)=

BUS # BTYFE

PG aG
1,1000 0.2000
0.0000 0.4621
0.,0000 0.0000
0.,0000 0.0000
0.1500 0.1339
0,1500 0.133%9
0.2500 0O.1488
00,2500 0.1488
0.0000 0.0000
0.0000 0.0000
00,0000 0.3979
0.0000 0.0000
0.0000 0.0000.
0.0000 0.2717
0.0000 0.2401
1.6500 ~-0.7939
00,0000 0.0000
0.,0000 0.0000
0.,0000 -0.0484
00,0000 0.0000
0.0000 0.0000
0.,0000 0.0427
0.0000 0.0000
0.0000 0.0000
0.5000 0.0344
00,9086 0.0657
0.0000 0.,0000
0.2600 0.1859
00,2500 0.1945
0.0000 0.0000
0.0000 00,0000
0.,0000 0.0000
0.0000 0.0000
00,0000 0.0000

" 0.0000 0.0000

0.0000 0.2821
0.0000 0.2542
0.0000 0.0000
00,0000 0.,0000
0.0000 0.0000
0.0000 0.3874
0.0000 0.0000
0.4810 0.0899
0.1400 0.0281
0.1300 0.0567
0.0000 0.3003
0.,2450 0.0164
0.4600 0.0932

X2XxxLINE POWER FLOW:%2x

1 -1
2 2
3 1
4 1
s -2
6 -2
7 -2
8 -2
9 1
10 1
11 2
12 1
13 1
14 2
15 2
16 -2
17 1
18 1
19 2
2 1
2 1
22 2
23 1
24 1
25 -2
26 -3
2 1
28 -2
29 -2
30 1
31 -1
2 -1
33 -1
34 1
3s 1
36. 2
37 2
38 1
39 1
40 1
41 2
42 1
43 -2
44 -2
as -2
44 2
47 -2
48 -2
LINE$ SB
1 1
1 2
2 1
2 3
3 2
3 3
4 3
4 4

EB REAL POUWER

2 -0+1064
1 0.1064
3 -0.2836
1 0.28348
3 =0.1664
2 0.1664
4 -0.8000
3 0.8000

P
0.0000
0.0500
0.3500
0.0000
0.0000
0.,0000
0,0000
0.0000
0.0000
0.9200
0.0700
0.0000
0.7200
0.0000
0.3700
0.,0000
0.2600
0.,0000
0.0200
0.,0000
0.0000
0.2500
0.0000
0.0000
0.,0000
0.0000
1.1200
0.0000
0.0000
0.,0000
0.0000
0.,0000
0.0000
0.2000
0.3100
0.2500
0.3400
0.0000
0.,0000
0.4200
0.3600
0.6100
0.0000
0.0000
0.0000
0.2200
0.0000
0.0000

ap
0.0000
0.0200
0.1300
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.2100
0.0150
0.0000
0.2400
0.0000
0,1300
0.0000
0.0400
0.0000
0.0180
0.0000
0.0000
040500 -
0.0000
0.0000
0.0000
0.0000
0.4000
0.0000
0.0000
0.0000
0.,0000
0.0000
0.0000
0.3500
0.3400
0.0100
0.2500
0.0000
0.0000
0.1500
0.1200
0.2100
0.0000
0.0000
0.,0000
0.0700
0.0000
0.0000

6.8500
VHAG
0.9981
1.0000
0.9733
0.9156
1.0000
1.0000
1.0000
1.0000
0.9883
0.9892
1.0000
0.9909
0.9865
1.0000
1.0000
1.0145
1.0359
1.0061
1.0000
1.0028
1.0038
1.0000
1.0011
0.9980
1.0000
1.0000
0.9686
1.0000
1.0000
0.9980
0.9980
0.9980
0.9980
0.9959
0.9858
1.0000
1.0000
1.0029
0.9961
0.9855
1.0000
0.9832
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

REACTIVE POWER

-0.0085
0.0108
0.2381

-0.2236
0.4312

-0.4180
0.,35116
0.3974

VANG
-0.0997
-0.0794
-0.0488

0.9612

1.0715

1.0715

1.1457

1.1457
-0.1762
-0.3148
-0.2817
-0.1893
=0.2448
-0.2313
-0.2220

0.1620

0.0915
-0.1087
-0.1159
-0.1189
-0.1758
-0.23861
-0.2114
-0.1072
-0.0102

0.0000
-0.1617
-0.1115
-0.,11359
-0.1072
-0.,1072
-0.1072
-0.1072
-0.,1204
=-0.13537
=0.1560
-0.1372
-0.1129
-0.1128
~0.1357
=0.,1439
-0.1106

0.0532

0.0124
-0.0694
-0.0281

0.1053

0.3717

104



VY TODNNG>O>OWU

e
CO VY= DHNLO LWL

11
11

12
12

pnd
-

14

-
15
13
14
12
20
16
17
17
18
18
20
i8
19
19

-
-

20

18
k-

22

21
~
2
an

23

24
24

g
-

24

24
26
24

30

28
27
29
30
31

O YLDANMOIW

-

[
0 =0

-0.1500
0.1500
-0.1500
0.1500
-0.2500
0.2500
-0.2500
0.2500
1.2084
-1.1927
0.1919
-0.1919
0.7981
-0.7981
-0.7281
0.7281
0.2027
-0.2025
0.5037
-0.5037
0.2163
~0.2143
0.3700
-0.3700
-0.2143
0.2163
-0.8875
0.8984
1.8500
-1,6381
1.3781
-1.3525
0.6206
-0.6206
0.0481
-0.0481
0.0281
-0.0281
0.2538
-0.2500
0.6838
-0.6835
0.1193
~0.1193
0.1307
-0.,1307
~0.1307
1 0.1307
~0.503%
0.5047
0.4206
-0.4206
-0.5000
0.5000
-0.9086
0.9086
-0.0000
0.0000
-0.2400
0.2400
-0.2500
0.2500
-0.0000
0.0000

-0.1048
0.1339
-0.1068
0.1339
-0.0919
0.1488
-0.0919
0.1488
~0.0082
0.0914
0.0120
0.0146
-0.0443
0.1314
-0.2244
0.2513
-0.0571
0.0550
0.0542
-0.0261
~0.,0424
0.0519
-0.0971
0.1101
-0.2139
0.2198
0.0303
0.0247
-0.7939
0.5093
~0.5493
~0.6519
0.2064
-0.1994
0.0413
~0.0407
~0.0259
0.0240
~0.1640
-0.0229
0.4042
-0.4588
0.0109
-0.0035
0.0120
-0.0073
-0.0038
0.0073
0.3127
-0.3145
0.2626
-0.2317
0.0139
0.,0346
0.0318
0.0657
0.0000
0.0000
-0.1668
0.1859
-0.1767
0.1945
0.0000
0.0000
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3z 30
37 32
k{:] 30
38 a3
39 24
39 34
40 34
40 3s
a1 34
41 35
42 34
42 38
43 34
43 37
a4 35
44 36
45 37
45 38
46 1
46 24
47 24
47 39
48 27
48 42
49 1
49 39
50 39
50 40
s1 39
s1 41

2 40,

.82, a1
53 40
53 42
54 42
54 43
sS 42
55 44
56 42
56 45
57 42
57 45
s8 45
s8 a7
59 45
59 48

>>TYPE CODE # FOR DESIRED ACTION

32
30
33
30
34
24
3s
34
36
34
38
34
37
34
36
35
38
37
24

1
39
24
42
27
39

1
40
39
41
39
a1
40
42
40
43
42
44
42
45

© 42

46 -

42
47
46
48
46

-0.0000
0.0000
-0.0000
0.0000
0.4176
-0.4145
0.3489
-0.3489
0.2111
-0.2111
=0.4555
0.4555
0.1121
-0.1121
0.0389
~0.0389
=0.2279
0.,2279
0.0684
~0.0683
0.1340
-0.1338
-0.189%94
0.1911
0,2132
-0.2128
0.1042
-0.1042
00,2424
-0.,2424
0.1176
-0.1176
-0.4334
0.4349%
-0.,4810
0.4810
-0.1400
0.1400
-0.1300
0.1300
=0.4850
0.4850
~0.2450
0.2450
-0.4600
0.,44600

0.0000
0.0000
0.0000
0.0000
-0.0173
0.0072
0.1124
~0.0997
~0.0207
0.0283
-0.422
0.4289
~0.0265
0.0285
~0.,2403
0.2438
-0.0244
0.0300

-0.0161

0.0042
0.0194
-0.0238
-0.0248
0.0350
-0.0053
0.0006
0.0499
-0.0470
-0.0267
0.0343
-0.2091
0.2131
0.1041
-0.0949
-0.,0101
0.0899
-0.010S
0.0281
-0.0505
0.0567
-0.0790
0.1207
0.0164
0.0144
0.0932
0.0932

1=PRINT BUS t GEN SOLUTIONS ONLY.

2=PRINT LINE - POWERS», BUS & GEN SOLUTIONS,

S=CHANGE TYPE PROBLEM OR SOLUTION METHOD,
RERUN WITH EXISTING DATA

6=NEW PRORLEM

7=TERMINATE

>2ENTER TYPE PROBRLEM

AND SYSTEM OPERATING COST.
3=CREATE S0S FILE OF SOLUTIONS
4A=CHANGE DATA OR TOLERANCES AND RERUN

*Xx%¥ECONOMIC DISPATCH EXECUTIVE PROGRAMXXX%R °

O=L0AD FLOW PRORLEM

1=ECONOMIC DISPATCH PROBLEM
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>>1S SYSTEM LOSSLESS?
NO

>>ENTER TOTAL NUMBER OF (LINES»

59048

>>WANT TO TYPE IN NEW(LINE DATAs BUS DATA» OR GENERATOR DATA»

OR CALCULATE Y/ZBUS MATRIX)?

NNNY

>>WANT A COPY OF (LDATA+BDATA»GDATA»OR SYSTEM CONVERGENCE CRITERIA)?

NNYN

*%XSYSTEM GéNERATOR DATARX
NUMBER OF GENERATORS = 18

BUSH ALPHA BETA GAMMA
1 0,00000 0.00000 0.00000
S ?.356170 5.32200 -2.12000
6 9.56170 3.52200 ~-2.12000
? ?.386170 5.52200 -2,12000
8 ?.56170 5.52200 -2.12000
16 0.00000 0.00000 0.00000
25 8.70820 1.24000 0.08900
26 8.,39970 0.42050 0.13000
28 8.80940 1,00100 0.44100
29 7.98410 2.78000 0.17000
31 9.56170 5.52200 -2.,12000
32 ?.356170 3.352200 -2.12000
33 ?.56170 5.52200 -2,12000
43 ?.46170 4,.52200 -2.12000
44 ?.20980 13.87000 19.33000
45 ?.20980 12.87000 18.33000
47 ?.56170 5.52200 -2.12000
48 ?.51170 5.22200 -2.,12000
XXGENERATOR CONSTRAINTSxx
RUS $ PGMAX - PGMIN QGMAX
1 1.1000 0.0000 0.2000
2 2.0000
5 0.2510 0.0000 2.,0000
6 0.2510 0.0000 2.0000
7 0.2510 0.0000 2.0000
8 0.2510 0.0000 2.0000
11 0.8000
14 0.4000
15 0.4000
16 1.43500 0.0000 2.0000
19 0.4500
22 0.2400
25 1.0900 0.0000 2.0000
26 1.5900 0.0000
28 0.7700 0.0000 2.0000
29 0.7900 0.0000 2.,0000
31 0.2490 0.0000
32 0.2490 0.0000
33 0.2490 0.0000
36 0.4000
37 0.4300
41 0.4000
43 0.4810 0.0000 0.4500
44 0.1480 0.0000 0.1500
45 0.1320 0.0000 0.1400
44 0.3400

t BUSES).

QGHIN
-2.,0000
-2.0000
-2,0000
=-2,0000
=2.0000
-2.0000
~2.0000
-2.0000
-2,0000
-2.0000
-2.0000
-2.0000
=-2,0000

=2.0000
-2,0000

~2,0000
-2.0000
-2.,0000
-2.,0000
~2,0000
-2.0000
-2.0000
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a7 0.2450 0.0000 0.2500 -2.0000
49 00,4680 00,0000 0.,4500 -2.0000

NNNN

*¥GENERATING YRUS MATRIXXX
© ¥XCALCULATING ZRUS MATRIXx%
CExceeding auota on STDN) '

[Exceeding auota on STDN]

>>WANT A COPY OF (YBUS MATRIXs ZBUS MATRIX)?
NN

¥XSOLVING LOAD FLOW EQUATIONS BY NRxx
BUS ¢ 1 EXCEEDS QGHAX+RUS CHANGED TO TYPE 1
¥x¥XNR CONVERGENCE IN 3 ITERATIONS
XXX0PTIMIZING COST FUNCTIONSX®X
LAMBDA DETERMINEDR IN 20 ITERATIONS

XxSOLVING LOAD FLOW EQUATIONS BY NRxx .
BUS ¢ 41 EXCEEDS QGHAX»BUS CHANGED TO TYPE 1
BUS # 1 EXCEEDPS QGMHAX,BUS CHANGED TO TYPE 1
*x%¥NR CONVERGENCE IN 4 ITERATIONS
X¥X0PTIMIZING COST FUNCTIONS®:xX
LAMBDA DETERMINED IN 16 ITERATIONS

*¥SOLVING LOAD FLOW EQUATIONS BY NRx%
BUS # 1 EXCEEDS QGMAX»BUS CHANGED TO TYPE 1
BUS ¢ 41 EXCEEDS QGHAXsBUS CHANGED TO TYPE 1
*¥x¥NR CONVERGENCE IN 3 ITERATIONS
¥XX0PTIMIZING COST FUNCTIONS®xx
LAMBDA DETERMINED IN 22 ITERATIONS

XXSOLVING LOAD FLOW EQUATIONS BY NRxx

RUS & 1 EXCEEDS QGMAX,BUS CHANGED TO TYPE 1

BUS # 41 EXCEEDS QGMAXsBUS CHANGED TO TYPE 1

*X¥X¥NR CONVERGENCE IN 2 ITERATIONS
*¥*XOPTINIZING COST FUNCTIONSXxX

LAMBDA DETERMINED IN 21 JITERATIONS

**SOLVING LOAD FLOW EQUATIONS BY NRxx
BUS ¢ 1 EXCEEDPS QGMAXs»BUS CHANGED TO TYPE 1
RUS ¢ 41 EXCEEDS QGMAX»BUS CHANGED TO TYPE 1
*¥X2XNR CONVERGENCE IN 2 ITERATIONS
¥¥XOPTIMIZING COST FUNCTIONSXxX
LANMBDA DETERMINED IN 20 ITERATIONS

>>TYPE CODE ¢ FOR DESIRED ACTION
1=PRINT BUS & GEN SOLUTIONS ONLY.

2=PRINT LINE POWERS» BUS & GEN SOLUTIONS»

AND SYSTEM OPERATING COST.
3=CREATE S0S FILE OF SOLUTIONS
4=CHANGE DATA OR TOLERANCES AND RERUN

S5=CHANGE TYPE PROBRLEM OR SOLUTION METHOD»

RERUN WITH EXISTING DATA
4=NEW PROBLEM
7=TERMINATE

N

>>WANT TO CHANGE (LDATA,RDATAsGDATA» OR CONVERGENCE CRITERIA)?T
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*¥xxSYSTEHN BUS AND GENERATOR SOLUTIONSxXxxx

ECON.

DISFATCH CONVERGENCE IN S ITERATIONS

ESP1= 0,0010, ESP2= 0.0010¢, LAHEDA= 10.3902
SYSTEHM LOSSES(PU)= 0.0889s SYSTEM LOAD(PU)= &.8500
BUS# RTYFPE IC ITL FG QG PD ap
1 -1 0.0000 0.0701 1.1000 0.2000 0.0000 0©.0000
2 2 0.0000 0.0000 0.0000 0.1162 0.0600 0.0200
3 1 0.0000 0.0000 0.0000 0.0000 0.3500 0.1300
4 1 0.0000 0.0000 0.0000 0.0000 0.0000 0,0000
S =2 ?+.6795 0.0684 0.0217 0.0023 0.0000 0.0000
6 «2 9.6795 0.0684 0.0217 0.0023 0,0000 0.0000
7 =2 96795 0.0684 0.0217 0.0023 0.0000 0.0000
8 -2 ?.6795 0.0684 0.0217 0.0023 0.0000 00,0000
? 1 0.0000 0.0000 0.0000 0.0000 0.0000 0©0.0000
10 1 0.,0000 0.0000 0.0000 0.0000 0.9200 0.2100
11 2 0.0000 0.0000 0.0000 0.3889 0.0700 0.0150
12 1 0.0000 .0.0000 0©0.0000 0.0000 0.0000 0.0000
13 1 0.0000 0.0000 0,0000 0.0000 0.7200. 0.2400
14 2 0.,0000 0.0000 0.0000 0.2742 0,0000 0.0000
15 2 0.0000 0.0000 0.0000 0.2447 0,3700 0.1300
16 =2 0.0000 -0,0204 1.483500 -0.7924 0.0000 0.0000
17 1 0.0000 " 0,0000 0.0000 0.0000 0.2600 0.0400
18 1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
19 2 0.0000 0.0000 0.0000 ~0.0436 0.0200 0.0180
20 1 0.0000 0,0000 0.0000 0.0000 0.0000 0.0000
21 1 0.0000 0.,0000 0.0000 0.0000 0,0000 0.0000
22 2 0.0000 0.0000 0.0000 0.0435 0.2500 0.0500
2 1 0.,0000 0.0000 0.0000 0.0000 0.0000 0.0000
24 1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2 -2 9.8304 0.0539 0.83523 0.0824 0.0000 0.0000
26 -3 ?.3969 0.0533 1.5909 0.1694 0.0000 0.0000
2 1 0.0000 0.,0000 0.0000 0.0000 1.1200 0.4000
2 -2 9.7449 0.0621 0.7111 0,2285 0.0000 0.0000
2 -2 9.7380 0.0628 0.6081 0.2229 0.0000 0.0000
30 1 0.0000 0.0000 0.0000 0.0000 0,0000 0.0000
31 -1 ?.7998 0.0548 0.0437 0.0000 0,.0000 0.0000
32 -1 ?.7998 0.0548 0.0437 0.0000 0.0000 0.0000
33 -1 ?+7998 0.0568 0.0437 0.0000 0.0000 0,0000
34 1 0.0000 0.0000 0.0000 0©.0000 0,2000 0,3500
35 1 0.0000 0.0000 ©0.0000 0.,0000 0.3100 0.3400
36 2 0.0000 0.0000 0.0000 0.2857 0.2500 0.0100
37 2 0.0000 0.0000 0.0000 0.2584 0.3400 0.2500
38 1 0.0000 0.0000 ©.0000 0.0000 0,0000 0.0000
39 1 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
40 1 0,0000 0.0000 0.0000 0.0000 00,4200 0.1500
41 1 0.0000 0.0000 0.0000 0.4000 0.3400 0.1200
2 1 0.0000 0,0000 0.0000 0.0000 0.63100 0.2100
43 -2 947315 0.0634 0.0614 0.0647 0.0000 0.0000
44 -2 ?.7331 0.04632 0.0359 0.0253 0,0000 0.0000
A5 -2 ?.7303 0.0835 0.0383 0.0688 0.0000 0.0000
46 2 0.0000 0.0000 0,0000 0.2006 0.2200 0.0700
47 <2 97275 0.0638 0.0303 0.0003 0.0000 0.0000
48 -2 947301 0.0635 0.0425 0.0008 0.0000 0,0000
*XAXXSYSTEM OPERATING COST¥xxx
GEN.¢ 1= 0.00P.U.
GEN.$ 5= 0.21P.U.
GEN.$ 6= 0.21P.U.
GEN.# 7= 0.21P.U.
GEN.¢# 8= 0.21P.U.
GEN.¢ 14= 0.00P.U.
GEN. ¢ 25= 7.89P.U.
GEN.# 24= 14,.07P.U.

UHRAG
0.9990
1.0000
0.9944
0.9986
1.0000
1.0000
1.0000
1.,0000
0.9893
0.9893
1.0000
0.9905
0.98644
1.,0000
1.0000
1.0145
1.0358
1.0058
1.0000
1.0024
1.0036
1.0000
1.0011
0.9978
1.0000
1.0000
0.9665
1.0000
1.0000
0.9966
0.9964
0.9964
0.9964
0.9956
0.9857
1.0000
1.0000
1.0027
0.9928
0.9843
0.9986
0.9787
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

VANG
=0.2242
=0.2445
-0.2474
-0.14639
~0.,1493
-0.1493
~0.1493
-0.1493
-0,.,2882
-0.4247
-0.3936
~0.2893
~0.3448
-0.,3312
-0.,3220
.0.0783
0.0078
-0.1925
~0.2000
~0.2033
-0.2603
-0.322
-0.2959
~-0.1885
-0.0227
0.0000
-0.2153
~0.0777
-0.1036
-0.1560
-0.1371
~0,1371
-0.1371
~0.2031
-0.2365
-0.2388
~0.2204
~0.,1963
-0.2285
~0.,3203
-0.3045
-0.3324
-0.3115
~0.3007
«0,3202
~0.3575
~0.3410
~0.3215
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GLeto
GEN. ¢
GEN. ¢
GEN.¢
GEN. ¢
GEN.#
GEN. ¢
GEN.$
GEN.#
GEN.¢
TOTAL

'.'0.—.
29
31=
30=
33=
43=
44=
45=
47=
4=

SYSTEM OPERATING COST =

G/t U,
LedBF U
0.42P.U.
0.42P.U.
0.42P.U.
0.59P.U.
0.34P.U,
0.36P.U.

<0.29P.U.

0.41P.U.

X¥XXLINE POWER FLOWXX®X

LINES

VODDONNOO® RS DWW RN ™

SB

[
VOV VINDLODL NDDLWWN WP

ER REAL FOUWER

Py

MO VIO INDIO DN DP) G =) P,

0.1061
~0.1061
-0.2171
-0.2171

0.0461
-0.0461
-0,0848

0.0848
-0.0217

0.0217
-0.,0217

0.0217
~-0.0217

0,0217
-0.0217

0.0217

1.0164
-1.0053

0.1919
~0.1919

0.7981
-0.7981
~-0.7281

0.,7281

0.0154
~0.,0153

0.5037
-0.5037

0.2163
-0.,2163

0.3700
-0.3700
-0.2163

0.,2163
-1.0747

1.0906

1.6500
-1.6381

1.3781
-1,3525

0.6631
-0.6631

0.0509
-0.,0509

0.0309
=0.,0309

0.2538
-0,2500

0.6386

+=0.6382

38.01P.U.

REACTIVE POMER

-0.0042
0.0064
-+ = 0.,0454
-0.0402
0.0898
-0.0892
-0.0007
0.0079
~0.,0020
0.0023
-0.0020
0.0023
-0.0020
0.0023
~0.0020
0,0023
0.,0087
0.0477
0.0134
0.,0133
-0.0389
0.1240
-0.2233
0.2499
-0.0221
0.0123
0,0518
-0.0237
-0.0445
0.0540
-0.1016
0.1147
-0.2143

0,2222

0.0769
0.0078
-0.7924
0.5077
-0.5477
-0.6529
0.2099
-0.2020
0,0395
-0.,0388
-0.0228
0.0230
-0.1646
-0.0222
0.4035
-0.458S
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20

e

22

23
20
24
24
27
24
-

24
26
24
30

-
-

28
27
29
30
31
3o
32
30
33
24
34
34
35
34

34
38
34
37
35

37
38

24
-

39
27

a2
39

40
39
41
40
41
40
42
42
43
42
44
42
45
42
446

0.1193
-0.1193
0.1307
-0.1307
-0.1307
0.1307
-0.63505
0.6524
0.2074
-0.2074
-0.8523
0.8523
-1.5909
1.5%909
-0.,1312
00,1312
-0.7111
0.7111
-0.6081
0.6081
=0.0437
0.0437
-0.0437
0.0437
=0.0437
0.0437
0.,4431
-0.44618
0.3489
-0.3489
0.2111
-0.2111
-0.4130
00,4130
0.1148
-0.,1148
0.0389
-0.,0389
-0.2252

042252

-0.3248
0.,3268
0.9249

-0.9186
0.4065

-0.,3983
0.0851

-0.0850
0.4145

-0.,4145
0.5891

-0.5891

-0.,2291
0.,2291
0.,2235

=-0.2231

-0.0614
0.0614

-0.0359
0.,0359

-0.0383
0.0383
0.1471

-0.1471

0.0106
~-0,0031
0.0116
~0.0069
~0.0034
0.0069
0.3358
~0.3338
0.2521
~0.2387
0.0593
0.0824
0.1313
0.1694
0.0068
-0.0025
-0.,1245
0.2285
-0.1486

0.222

0.,0008
0.0000
0.0008
0.0000
0.0008
0.0000
-0.0241
0.0152
0.110S
~0.0979
-0.022
0.0300
-0.4250
0.4309
-0.0284
0.0305
-0.2421
0.2457
-0,022
0.02768
0.0457
-0.06464
-0.,0251
0.0567
-0.0883
0.1368
0.0844
-0.0909
0.0577
-0.0192
-0.0234
0.0685
-0.2049
0.2116
0.0742
-0.0710
-0.0620
0.0647
-0.0236
0.0253
-0.0849
0.0488
-0.1232
0.12968
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.

S8
58
S9
59

45 47 -0.0303 0.0003
47 a4 0.0303 0.0003
46 48 -0.0425 0.0008
48 44 0.0425 0.0008

>>TYPE CODE 4 FOR DESIRED ACTION

7

STOP

1=PRINT BUS & GEN SOLUTIONS ONLY.

2=PRINT LINE POWERSs BUS % GEN SOLUTIONS,
AND SYSTEM OPERATING COST.

3=CREATE SOS FILE OF SOLUTIONS

4=CHANGE DATA OR TOLERANCES AND RERUN

S=CHANGE TYPE PROBLEM OR SOLUTION METHOD,
RERUN WITH EXISTING DATA

6=NEW PROBLEM

7=TERHINATE

+RUN EDSPS50 VITH LICHT SYSTEN LOAD OF 3.26 pu

¥XXXECONOMIC DISPATCH EXECUTIVE PROGRAMXXXX

>>ENTER TYPE PROBLEM

[}

0=L0OAD FLOW PROBLEM
1=ECONOMIC DISPATCH PROBLEM

2>ENTER TOTAL NUMBER OF (LINES» % BUSES).

59y

>>WANT TO TYPE IN NEW(LINE DATAsy BUS DATAs» OR GENERATOR DATA»

NNNI

48

OR CALCULATE Y/ZBUS MATRIX)?

NN

>>WANT A COFY OF (LDATAsBDATA»GDATAOR SYSTEM CONVERGENCE CRITERIA)?

NYY

N

XXSYSTEHM BUS DATAXxX

BU

S

TYPE PG oG PD ap
-2 1.10000 0.20000 0.00000 0.00000
2 0.00000 0.00000 0.01000 0.00500
1 0.,00000 0.,00000 0.35000 0.13000
1 0.00000 0,00000 0,00000 0.00000
-1 0.00000 0.00000 0.00000 ©0.00000
-1 0.00000 0.,00000 0.,00000 0.00000
-1 0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000
0.,00000 0+,00000 0.00000 0.00000
0.00000 0.00000 0.35000 0.21000
0.00000 0.,00000 0.07000 0.01500
0.00000 0.,00000 0.00000 0.00000
0.00000 0.00000 0.,40000 0.24000
0.00000 0.00000 0.00000 0.00000
0.00000 0.,00000 0.37000 0.13000
1.65000 0.,00000 0.00000 0.00000
0.00000 0.00000 0.24000 0.04000
0.00000 0.00000 0.00000 0.,00000
0.00000 0.00000 0.,02000 0.01800
0.00000 0.00000 0.00000 0.00000
0.00000 0.00000 0.00000 0.00000
0.00000 0.10000 0.10000 0.02000
0.00000 0.00000 0.00000 0.00000

U
[

oy
A e e D) NN N e N

VUMAG
1.05000
1.00000
1,00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.,00000
1.00000
1,00000
1.00000
1.01450
1.,00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000

VANG
0.,00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
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24 1 0.00000 0.00000 0.00000 0.00000
25 -2 0.00000 0.,00000 0.00000 0.00000
26 -3 0.,70000 0.60000 0.00000 0.00000
27 1 0.00000 0.,00000 0.,60000 0.30000
28 -2 0.00000 0.00000° 0.00000 0.00000
29 -2 0.00000 0.00000 0.00000 0.00000
30 1 0.,00000 0.00000 0.00000 0.00000
31 -1 0.00000 0.00000 0.00000 0.00000
32 -1 0.00000 0.00000 0.00000 0.00000
33 -1 0.00000 0.00000 0.00000 0.00000
34 1 0.00000 0.00000° 0,20000 0.03000
35 1 0.00000 0.00000 0.05000 0.02000
36 2 0.00000 0.00000 0.05000 0.01000

- 37 2 0.00000 0.,00000 0.,22000 0.12000
38 1 0.00000 0.00000 0.00000 0.00000
39 1 0.00000 .0.00000 .0.00000 ..0.00000
40 1 0.,00000 0.00000 0.,22000 0.01000
41 2 0.00000 0.20000 0.15000 0.05000
42 1 0.00000 0.00000 0.02000 0.01000
43 -2 0.,00000 0.00000 0.,00000 0.00000
44 -2 0.00000 0.00000 0.00000 0.00000
45 -2 0.00000 0.00000 0.00000 0.00000
44 2 0.00000 0.00000 0.02000 0.01000
47 -2 0.00000 0.00000 0.00000 0.00000
48 -2 0.00000 0.00000 0.00000 0.00000

XXGENERATOR CONSTRAINTSx%X

BUS ¢ FGHAX PGMIN aGHAX GGMIN
1 1.1000 0.0000 0.2000 -2.0000
2 2.0000 -2.0000
S5 0.2510 0.,0000
6 0.2510 0.0000
7 0.2510 0.0000
8 0.2510 0.0000

11 0.8000 -2.0000

14 00,4000 - =-2,0000

15 0.4000 -2.0000

16 1.4500 0.0000 2.0000 -2.0000

19 0.4500 -2.,0000

22 0.2400 -2.0000

25 1.0900 0.0000 .2.0000 =2.0000

26 1.5900 0.0000

28 0.7700 0.0000 2.,0000 -2.0000

29 0.7900 0.0000 2.0000 =2.,0000

31 0.2490° 0.0000

32 0.24%90 0.0000

33 0.2490 0.0000

36 0.4000 -2.0000

37 0.4300 -2.,0000

41 0.4000 -2.0000

43 0.4810 0.0000 0.4500 -2.,0000

44 0.1480 0.0000 0.1500 -2.,0000

45 0.1320 0.0000 0.1400 =2.0000

46 0.3400 ~2.0000.
47 0.2450 0.0000 0.2500 -2.0000

48 0.4680 0.0000 0.4500 -2.0000

>>WANT TO CHANGE (LDATA»BDATA,GDATA» OR

NNNN

CONVERGENCE CRITERIA)?

>>WANT A COPY OF (YBUS MATRIXs ZBUS MATRIX)?T

NN

1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000
1.00000

+~=3-00000 .

1.00000
1.00000
1.00000

1.00000
1.00000
1.00000
1.00000
1.00000
1.00000

0.00000
0.00000
0.00000
0.00000
0.00000
0.,00000
0.00000
¢.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

-0.00000

0.00000
0.,00000
0.00000
0.00000
0.00000
0.00000
0,00000
0.00000
0.00000
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#¥SOLVING LOAD FLOW EQUATIONS RY NRxx
sxx3¥NR CONVERGENCE IN 3 ITERATIONS
*¥20PTIMIZING COST FUNCTIONSx:x
LAMBDA DETERMINED IN 220 ITERATIONS

*¥SOLVING LOAD FLOW EQUATIONS BY NRx%
*2x3NR CONVERGENCE IN 2 ITERATIONS
*220PTIMIZING COST FUNCTIONSx®%X
LAMBDA DETERMINED IN 18 ITERATIONS

>>TYPE CODE # FOR DESIRED ACTION
1=PRINT PUS & GEN SOLUTIONS ONLY.

2=FRINT LINE POWERSs BUS 3 GEN SOLUTIONS.

AND SYSTEM OPERATING COST.
3=CREATE SOS FILE OF SOLUTIONS
4=CHANGE DATA OR TOLERANCES AND RERUN
S=CHANGE TYPE PRORLEM OR SOLUTION METHOD,
RERUN WITH EXISTING DATA
6=NEW FROBLEM
7=TERMINATE

2

¥XX¥SYSTEM BUS AND GENERATOR SOLUTIONS:xxx
ECON. DISPATCH CONVERGENCE IN 2 ITERATIONS
ESPl= 0.0010» ESP2= 0.0010» LAMBDA= 8.6383

SYSTEM LOSSES(PU)= 0.0456s SYSTEM LOAD(PU)= 3I.2600

BUS$ BTYPE Ic ITL PG QG FD
-2 00,0000 0.022 1.1000 -0.0703 0.0000
0.0000 0.0000 0.0000 0.0912 0.0100
0.0000 00,0000 0.0000 0.0000 0.3500
0.0000 0.0000 0.0000 0.0000 0.0000
8.4448 0,0224 0.0000 0.0000 0.0000
-1 B8.4448 0.0224 0.0000 0.0000 0,0000
-1 B8.4448 0.0224 0.0000 0.0000 0,0000
-1 8.4448 0.0224 0.0000 0.,0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.3500
0.0000 0.0000 0.0000 0.2577 0.0700
0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.,0000 0.0000 0.0000 0.2000
0,0000 0.0000 0.0000 0.1524 0.0000
00,0000 0.,0000 0.0000 0.1597 0.3700
0.0000 0.0100 1.4500 -0.8335 0.0000
0.,0000 0.0000 0.0000 0.0000 0.24600
0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 -0.1608 0.0200
0.,0000 0.0000 0.0000 0,0000 0.0000
0.0000 0.0000 0.0000\ 0.0000 0.0000
0.0000 0.0000 0.0000 0.0472 0.1000
0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
8.5614 0.0089 0.0000 0.0774 0.0000
8.5656 0.,0084 0.3551 0.0705 0.0000
0.0000 0.0000 0.0000 0.0000 0.5000
8.5433 0.0110 0.0000 0.0890 0.0000
8.5471 0.,0106 0.2005 0.0762 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000
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31 -1 8.5617 0.0089 0.0000 0.0000 0.0000
32 -1 8.5617 0.0089 0.0000 0.0000 0.0000
33 -1 8.5617 0.0089 0.0000 0.0000 0.0000

34 1 0.0000 0.0000 0.0000 0.,0000 0.2000
0.0000 0.0000 0.0000 0.0000 0.0500

w
u
[

ap
0.0000
0.0050
0.1300
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.2100
0.0150
0.0000
0.2000
0.0000
0.1300

.0.,0000

0.0400
0.0000
0.0180
0.0000
0.0000
0.1000
0.0000
0.0000
0.1000
0.1000
0.3000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0300
0.0200

UMAG
1.0000
1.0000
0.9947
0.9947
0.9947
0.9947
0.9947
0.9947
0.9966
0.9907
1.0000
0.9979
0.9913
1.0000
1.0000
1.0145
1.0376
1.0134
1.0000
1.0095
1.0135
1.0000
1.0057
1.0043
1.0000
1.0000
0.9871
1.0000
1.0000
1.0043
1.0043
1.0043
1.0043
1.0071
1.0020

VANG
-0.0379
~0.0586
=-0.,0647
-0.04847
=0.0647
-0.0447
-0.0447
-0.0647
-0,0702
~-0.1271
-0.1148
-0.0740
-0.0913
-0.0875
=0.1085

0.2412

0.1707
~0.0283
-0.03460
-0.0394
-0.0627
~0.0874
-0.0767
~0.0416
-0.0416

0.0000
-0,0910
-0.0910
-0.0550
-0.0416
~0.0416
~0.0416
~0.0416
~0.0393
-0.04350
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36
37
s
39
40
41
42
43
44
45
a6
a7
48

U
RIRNNRIIIN = 1) e e 130

0.0000
0,0000
0.0000
0.0000
0.0000
0.0000
0.0000
8.5248
8.5268
8.5268
0.,0000
8.5245
8.5265

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0129

.0.0129

0.0129
0.0000
0.0129
0.0129

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.,0000
0.0000
0.0000

*xxXxSYSTEM OFERATING COSTX%xx

GEN. ¢
GEN. #
GEN. ¢
GEN. ¢
GEN. $
GEN.#
GEN.#
GEN.#
GEN.#
GEN. ¢
GEN. ¢
GEN. $
GEN.#
GEN.#
GEN.#
GEN. #
GEN.$
GEN.$
TOTAL

1= 0.00P.U,
5= 0.00P.U.
&= 0.00F.U.
7= 0.00P.U.
8= 0.00FP.U.,
16= 0.00P.U.
25= 0.00P.U,
D6= 3.01P.U.
28= 0.00P.U.
29= 1.44P.U,
31= . —-0.00P.U.-
32= 0.00P.U.
33= 0.00P.U,
43= 0.00P.U,
44= 0.00P.U.
45= °  0.00P.U,
47= 0.00P.U.
48= 0.00F.U,
SYSTEM OPERATING COST =

*xx*xLINE POWER FLOWXXxx
REAL POWER
0.1083
-0.1083
0.2517
-0.2517
0.0983
-0.0983
~0.0000
0.0000
-0.0000
0.0000
-0.0000
0.0000
-0.0000
0.0000
-0.0000
0.0000
0.5129
-0.5100
0.0792
-0.0797
0.3403
<0.3403
-0.2703
0.2703
0.,0900
<0.0%900

LINES

VODMDNNIGOCUUE LWL -

SR

VOUC O+ TBE2NDIDODILUNDLDWWNUE I

ER

[
COM VLD OENDOIUNWINUWHWTN

0.0339
0.0714
0.0000
0.0000
0.0000
0.0711
0.0000
0.0076
0.0029
0.0081
0.0251
0.0000
0.0000

4.47F.U.

0.0500
0.2200
0.0000
0.0000
0.2200
0.1500
0.0200
0.,0000
0.0000
0.0000
0.0200
0.0000
0.0000

REACTIVE POWER
0.0011
0.0011
0.0530

-0.04460
0.0851
-0.0840
-0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.,0000
-0.02935
0.0377
0.0107
-0.00461
-0.0183
0.0338
-0.2039

0.

2091

-0.0301
0.0257-

0.1100
0.2200
0.0000
0.0000
0.0100
0.0500
0.0100
0.0000
0.0000
0.0000
0.0100
0.0000
0.0000

1.0000
1.0000
1.0110
1.0004
0.9986
1.0000
0.9975
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

-0.0457
-0.0486
-0.0320
-0.0504
-0.0881
-0.0816
-0.0906
-0.0906
-0.0904
-0.0906
-0.0939
-0.093¢9
-0.0939
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12
13
12
14
12
15
13
14
12

-
-

16
17
17

18
20
18
19
19
20
20
21
18
38
21

22

21
23

23

24
24
27

hnd
-

24
26
24

30

-
-

27
29
30
31
30

30
33
24
34
34
35
34

34
3s

37
35
36
37
38

pAYAS

-

37

0.1402
~-0.1402
0.0598
-0.0598
0.3700
-0.,3700
-0.0598
0.05%8
-0.4800
0.4832
1.63500
-1.6379
1.3779
-1.3526
0.6920
-0.6920
0.0524
—0.0324
0.0324
-0.0324
0.1007
-0.1000
0.6082
-0.6079
0.0477
=-0.0477
0.,0523
-0,0523
=0.03523
0.0323
0.1406
=0.1404
0.3917
-0.3917
~0.0000
0.0000
=0.3551
0.,3351
~0.,0000
0.0000
~0.0000
0.0000
=0.2005
0,2005
~0.0000
0.,0000
=0.0000
0.0000
=0.0000
0.0000
-0.0878
0.0879
0.0416
-0.06168
0.0384
-0.0384
-0.4508
0.4308
0.0429
-0.0429
0.0116
~-0.0114
-0.1571
0.1571

0.0627
-0.0601
-0.0104

0.0111
-0.0176

0.0297
-0.13%9¢9

0.1413
-0.0603

0.0707
-0.8335

0.5502
-0.5902
~0.6270

0.244)
-0.2354

0.0913
-0.0897
-0.0888

0.0898
~0.1461
-0.0560

0.29146
~0.3484

00,0248
-0.0252

0.0293
-0.0283
~0.0276

0.0283

0.2211
~-0.2289

0.1479
-0.1242

0.0225
=0.0224

0.0444
~0.,0295

0.0000

0.0000

~0.0481"°

0.0690
-0.0681
0.0782
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
-0.0789
0.0635
00,0549
-0.,0542
0.0425
-0.0420
-0.2388
0.2431
0.0480
~0.0471
0.0342
~0.0341
-0.1014
0.1053
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44 1 24 0.0271 -0.0517
46 24 1 -0.0271 0.0394
" 47 24 39 0.2187 0.0534
47 39 24 -0.2184 -0.,0544
48 .27 42 -0.0078 -0.0377
48 42 27 0.0079 0.0380
49 1 39 0.2000 -0.0433
49 39 1 -0.1996 0.0383
50 . 39 40 0.1737 0.0114
50 40 39 -0.1737 . «0.0049
s1 39 a1 . 0.2442 0.0069
51 41 39 ~0.2442 0.0007
52 40 41 -0.0942 -0.0198
52 41 40 0.0942 0.0204
53 40 42 0.0479 0.0147
53 42 40 -0.0479 ~0.0145
54 42 43 -0.0000 -0.0075
54 43 42 0.0000 0.0076
55 42 44 -0.0000 ~0.0029
55 44 42 0.0000 0.0029
56 42 45 -0.0000 ~0.0081
58 45 42 0.0000 0.0081
S7 ° 42 . 48 0.0200 -0.0150
57 44 42 -0.0200 0.0151
58 48 47 -0.0000 0.0000
58 47 44 0.0000 0.0000
59 46 . a8 -0.,0000 0.0000
59 48 44 0.0000 0.0000

>>TYPE CODE # FOR DESIRED ACTION
- 1=PRINT BUS ® GEN SOLUTIONS ONLY.
2=PRINT LINE POWERSs RUS : GEN SOLUTIONS»
AND SYSTEM OPERATING COST.
3=CREATE SOS FILE OF SOLUTIONS
4=CHANGE DATA OR TOLERANCES AND RERUN
S=CHANGE TYPE PROBLEM OR SOLUTION METHOD»
RERUN WITH EXISTING DATA
6=NEW PROBLEM
7=TERMINATE
7
stToP

END OF EXECUTION
CPU TIME: 3:54.54 ELAPSED TIME: 17:48.93
EXIT
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APPENDIX B

COMPUTER CODE LISTINGS

Computer Code EDSP50

ECONOMIC DISPATCH EXECUTIVE PROGRAN

THIS PROGRAN PROVIDES LOAD FLOW SOLUIIONS AND XCONOHIC
DISPATCH POR POWER SYSTEMS WITH A MAXISUE OFP 50

BUSES AMD 160 TRANSEISSICN LINES. IT SCLVES POR SYSTEN
LOAD,LOSSES,GENERATOR INCRENENTAL COSTS,REAL POWER
GENERATION,TRANSHISSION LINE REAL & REACTIIVE POWER TPLOWS.

REAL LNGTH,LANMBDA,IC

INTEGER ABORT,ANS,BDAT,BTYPE, BUSH,CE,CC,CG,CEC,CRB,CHG,CHL,
cL, cny,Cnz,EB,GOAT,QDAT,8BUS,BGSOL,LPSOL,SB,ILDAT, TBDAT,
1TGDAT,TBUSH

DOUBLE PRECISION AJ1,1J2,AJ3,3J4,BJ1,BJ2,BJ3,BJ4,
1CALP,CALQ,DQ,DVANG,TYNAG,G,H,1ITL, P, C,VANG, VBAG,
2XX,YANG,YHAG,YY,YYSHT,ZANG,ZH8AG,YSER

ccamMon/ / AJ1(50,50),  AJ2(50,50), AJ3(50,50),
1434 (50,50), ALPHA (50), BDAT, BETA(S0) ,
1BGSOL, B31(50,50), BJ2(50,50), BJ3(50,50),
1B34(50,50), BTYPE(50), BUSH, CALP (S0),
1CALQ(50), cB,ccC, cG, CEB,

tcae, . CHL, cL, cay,

1z, DQ(S0), DYAXNG (50) , DYSAG(50) ,

123 (100), BSP1, BSP2, G(50) ,

1GANNA (50) , GDAT, H(S50), IC(50),

11, ITER, ITL(50), KINY,

1LARBDA, LDAT, LITER,

1LNGTH(100), 1¥o, 10ss, 1psoL,

1LSET, .  MBUS, XS, ¥SUGB,

1P(50), PD(50), PG (50) , PGRAX (S0) ,
1PGHIN(50), Q(s0) , QD (50) ,QPAT, QG (50) ,
10682 (50) , QGNIN (50), SB(100), YYSET(100,2),
1TOL, TLDAT, TPD, TBOAT, 1PL,TGLAT, YANG (50) ,
1V8AG (50) , XX(50,50), YANG(50,50),

1Y8AG(50,50), YSHT(100,2), YY(50,50), ZANG (50,50) ,
1Z81G(50,50), ZSER(100,2), YSE&(100,2), ABORT, IBT (50)
DATA

1ABORT/0/, BDAT/0/, BISN/0/, CB/%NYy,
1CG/ N 7, CHB/'N'/, CHC/ N/,

1CHG/ Y /, CHL/' X'/, CL/'NY/,

1IcHY/eNYy, crz/ Ny, ESP1/0.001/,
1E5P2/0.001/, GDAT/0/, ITER/50/, KINV/0/,
1LDAT/0/, LITER/S/, L0SS/%N Y/,

1TOL/0. 0001/, QDAT/0/

CALL ERRSET(0)
TYPZ 1000
FORNAT (15X* #**sECONOBIC DISPATCE EXECUTIVE PROGRAN®#es?)

C SYSTEM INITIALIZATION

20
" 1010

22
2000

1012

24
26
1018
28

TYPE 1010
PORMAT(/1X,*>>ENTER TYPE PROBLER'/8X,'0=10AD PLOW PROBLENM‘/

. 18X,*1=ECONONIC DISPATCH PROBLEN')

ACCEPT 2000,KINV

PORNAT (I1)

IP ((KINV.EQ.O) .OR. (KINRV.EQ.1)) GO TO 284

TYPE 1012

PORMAT(1X,*VRONG ENTRY, HUST BE O OR 1, TRY AGAIN')
GO TO 22 . .
IP(KINV)30,30,26

TYPE 1014

PORBAT(/1X,*>>1IS SYSTEM LOSSLESS?')

ACCEPT 2001,L0SS
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2001

1013
30

1020

2008

1016

C CBHECK
40
1030

50

1015

2008

"PORNAT(1A1)

IP((LOSS.2Q.'H?) .OR. (LOSS.2Q.°Y")) GO TO 30

TYPE 1013 .
PORMAT(1X,°WRONG BNTRY, HXUST BE "Y® OR "N*, TRY AGAIK.°)
GO 10 28

IP ((LDAT.EQ. 1) AND, (BDAT.EQ.1) .AND. (GDAT.EQ. 1))

160 TO 70

TYPE 1020

FORNAT (/11,*>>ENTER TOTAL NUMBER OF (LINES, & BUSES).?!)
ACCEPT 2008Q,LXO0,2BUS

PORMAT (21)
IP(((LNO.GE.1) .A¥D. (LNO.LE.100)) .AND. ( (NBUS.GE.1)

1.AND. (NBUS.LE.50))) GG TO &0

TYPE1016

PORNAT(1X,'WRONG ENTRY,TOTAL LINES=1 TO 100 £10TAL BUSES=1 TO S0,
1TRY AGAIN.")

Go TO 36

METHOD OF DATA INPUT(SOS FILE/CRT/TTY)

TYPEZ 1030

PCRAAT(/1X,°*>>%ANT TO TYPE I¥ MNEX(LINE DATA, BUS DATA, OR
1 GEHERATOR DATA,'/SX,'OR CALCULATE Y/ZEUS HATRIX)?')
ACCEPT 2008, TILDAT,TBDAT,TGDAT,TBUSH
IP(((TLDAT.EQ.*N*).OK. (TLDAT.EQ.'Y"}).2ND. ( (TBDAT-EQ.*N?)
1.0R. (TBDAT.EQ.°Y"*)) «AND. ((TGDAT.EQ.'N').CR. (TGDAT.EQ.'Y")
1.18D. (TBUSM.EQ."N') .OR. (TBUSE.2Q.°X*)))GC TO 60

TYPE 1015

PORNAT(1X,*WRONG ENTRY, NUST BE "N" OR "I" POR

1EACH DATA GROOP,*/1x,’i.e. "XYN™ means type in bus

1data only, please use CAP N & Y,'/1x,%try again.?)
PORNAT(8AY)

GO TO SO

C READ SYSTEN DATA FROM SOS PILE,TTY,OR CRT

60

52
8000

54
400S

55

80
90
C CEZCK

70
1050

IF(LDAT.EQ.O)CALL LDATA

I?(ABORT.EQ.1)GO TO 320

IP(TBUSX.2Q.'Y*)GO TO B0 .
OPEN (URIT=28,DEVICE='DSK', ACCESS=!SEQIF', DISPOSE='SATE',
1PILE='POR2L.DAT')

DO 52 I=1,LNO
nzAD(2C,0000)(!!SBT(I,I),!!SBT(I,Z),!S!B(I,l),!S!ﬂ(I,Z))
PORMAT (4D)

DO 54 I=1,nBUS )
READ(24,4005) (YEAG(I,J) ,YA¥G(I,J) ,J=1,8B0S)

PORNAT(2D) ‘
BOSK=1 :

IP (KINY.EQ.0)GO TO 80

DO 55 I=1,KBUS

READ(28,4005) (ZMAG(1,J) , ZANG (X,J) ,J=1, BBUS)

BUSH=2

IP (BDAT.2Q.0) CALL BDATA

I? (ABORT.EQ.1)GO TO 320

IP(GDAT.2Q.0)CALL GDATA

1P (ABORT.EQ.1)GO TO 320

POB PRINTOUT OF SYSTEN DATA

TYPE 1050

POBEAT(/1X,*>>HART 'A COPY OF (LDAT!,BDIT!,GDATI,
10B SISTEN CONYERGEECE CRITERIA)?)
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100
2020

1019

110
120
130

140
142
1065

C CBECK
145
1070

150
2040

1021

160

1090

170
2050
1100
180
181
1110
182

READ(5, 2020)CL,CB,CG,CC

FORAAT(4A1)

IP(((CL.EQ.*N').OR. (CL.EQ.'Y")) . A¥D.
1((CB.EQ.'X*).OR. (CB.2Q.'Y"')) .A¥D.
2((CG.EQ.*N') .0B. (CG.2Q.'Y')).AND.
3((CC.EQ.*N').OR. (CC.EQ.'Y1)})CO TO 110

TIPE 1019

PORHAT (1X,*WRONG ENTRY, NUST BE "N"™ OB "Y" FOB
1EACH DATA GROUP.'/1X,¢I.E."NYNY® REANS TYPE OUT
2BUS DATA AXD CONVERGENCE CRITERIA ONLY.®/1X, *TRY AGAIN.')
G0 70 100

IP(CL.EQ.'Y')CALL LDATA

17 (C3.2Q.'Y') CALL BDATA

IF (CG.EQ.'Y')CALL GDATA

PRINT SYSTEB CONVERGENCE CRITERIA

Ir (CC.2Q.*N*)GO TO 145

YRITE(S5,1065)LITER, TOL,ITER,ESPV,ESP2

FORBAT(/1X, '**SYSTEN CONVERGENCE CEITERIA®**/10X,

1'LOAD FLOW ITERATIONS=',I3/

110X, 'LOAD PLOV TOLERANCE=',E13.5/

210X, '2COX DISP ITERATIONS=',I3/10X,'ESP1=',E13.5/10X,'ESP2=",
3E13.5)

POR CHANGES TO CONVERGENCE CRITERIA OR SYSTEN DATA

TYPEZ 1070

PORMAT (/1X, ">>VWANT TO CHANGE

1(LDATA,BDATA, GDATA, OR COKVERGENCE CRITERIA)?')

ACCEPT 2040,CHL,CHB,CEG,CHC

FORNAT (81 1)

TP (((CHC.EQ. 'N*) .OR. (CHC.EQ.*Y")).AND.
1((CHL.ZQ.'X*) .OK. (CHL.2Q.'Y')) .AND.
1((CHB.E2Q.'X') .OR. (CHE.BQ. *Y*}) . AND.
1((CHG.E2Q.'N') .OR. (CEG.EQ."Y"))) GO I0 160

TYPE 1021

PORNAT (1X,'WRONG ENTRY, NUST EE “H® OR "Y" POR EACH DATA
1GROUP, TRY AGAIN.')

GO TO 150

IP(CHL.ZQ.'Y*)CALL LDATA

Ir(CHB.EQ.'Y*) CALL BDATA

1r (CEG.EQ.'Y')CALL GDATA

1P (CHC.EQ. *X')GO TO 190

TYPZ 1090

PORBAT (/1X, '**CONVERGENCE CRITERIA CHANGES®s¢/
11x,*>>ENTER (VARIABLE #,NEV VALUEZ THEN "CR%)°/
110X, * 1=10AD PLO¥ ITERATIONS'/10X,%2=LOAD FLOW TOLERANCE'/
210X, *3=ECON DISP ITERATIONS®/10X,*&=BSP1'/10X,"S=ESP2'/
310X,'>>ENTER O THEY ."CR® WHEN CHANGES CCMFLETED.')
READ(S5,2050) NAME,X

PORNAT (I, P)

IP ((NABE.GE.O) .AND. (NANE.L2.5)) GO TO 180

TYPE 1100

PORKAT (1X, ' WRONG ENTRY,VARIABLE NUST BE 1-5, TRY AGAIN.Y)
GO TO 170

IP (KABE.2Q.0)GO TO 190

GO TO(181,182,183,184,185) XARE

LITER=IPIX(X)

TYPE 1110, LITER

PORNAT (8X,°LOAD PLOR ITERATIONS=?,Y3)

GO TO 170 .

TOL=X
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121

TYPE 1120,TOL
1120 PORBAT (8X,°*LOAD PLOU TOLERANCE=',E13.5)
GO T0 170
183 . ITER=IPIX(X)
TYPE 1130,ITER
1130 PORNAT(8X,°OPT DISP ITERATIONS=',I3)
GO TO 170
184 ESP1I=X
TYPE 1140,ESP1
1180 FORMAT(8X,*ESP1=',E13.5)
GO TO 170
185 ESP2=X
TYPE 1150,B5P2
1150 PORMAT(8X,*ESP2=',2113.5)
GO TO 170

C CHECK POR COPY OF Y/ZBUS MATRIX
€ CHECK POR COPY OF Y/ZBJS HAIRIX

190 17 ((BUSK.EQ.0).OR. ((BUSH.NE.2).AND. (KINV.E2Q.1)))CALL YBOSH
222 TYPE 1152

1152 PORBAT(/1X,*>>RANT A COPY OF (YEBUS NATRIX, ZBUS HATRIX)?')
223 ACCEPT 2060,CNY,CAHZ

. IF(KINV.EQ.0)CHZ='N?

2060 FORBAT (241)
IP(((CAY.EQ.'¥') .OR. (CAY.EQ."Y*)).AND. ((CHZ.2Q.'%") .OR.
1(CHZ.20.*Y"))) GO TO 223

TYPE 1021
G0 TO 223

224 IP ((CHT.EQ.'TI').OR.(CHZ.EQ."Y'))CALL YBOSA
225 CONTINOE

C SYSTEM INITIALIZED STARTING LOAD FLOW CALCULATIONS
LS5ET=0

C CALCULATING LOAD FLOV BY REWTON-RAPHSON
CALL NRLP
1P (ABORT.2Q.1)GO TO 320 .
Ir (KINV.E2Q.0)GO TO 320 :

C CALCULATING OPT DISP POWER EALANCE BQU‘TIOIS

CALL OPT

GO TO 330
320 ABORT=D
330 TYPE1210

1210 PORBAT(/1X,*>>TYIPL CODE $ POR DESIRED ACTION'/
© 18X,*1=PRINT BUS & GEN SOLUTICNS ONLY.'/8X,'2=PRINT LINE
2POWERS, BUS & GBY SOLUTIONS,*/13IX,*AND SYSTEM
2 OPERATING COST.'/8I,'3=CREATE SOS PILE OF
2 SOLUTIONS'/8X,*4=CHANGE DATA OR TOLERANCES AND RERUN'/
18X, *S=CBANGE TYPEZ PROBLEX OR SOLUTION lBTHOD,‘/13X,'lEBUl RITH
1EXISTING DATA'/8X,°6«NEW PROBLEN'/8X,*7=TERNINATE')

340 ACCEPT 2000,ANS
IF((ANS.GE.1).AND. (AS.LE.7))GO TO 350

. TYPE 1220

1220 FPORMAT(1X,*HRONG ENTRY, MUST BEZ 1 TO 7, TEY AGAIN.')
GO TO 340

350 GO T0(361,362,380,363,365,367,500)A¥S



361 N5=5
. BGSOL=1
LPSOL=0
cail sot
GO TO 330
362 NS=§
BGSOL=1 .
LPSOL=1
CALL soOL
GO TO 330
363 LSET=0
TBDAT=*N*
DO 65 I=1,MBUS
IP(IBT(I).¥E.2)GO TO 65
BTYPE(I) =ISIGH (2,BTYPE(I))
YEAG(I)=1.0
. IBT(I)=0
€S CONTIXOE
GO TO 145
LSET=0
365 TBDAT='N*
DO 66 I=1,nBUS
IF (IBT(I).NE.2)GO TO 66
BTYPE(I)=ISIGN (2,BTYIPE(I))
VAAG (I) =1.0
: IBT(I)=0
66 CONTINOZ
GO TO 10
367 LDAT=0
BDAT=0
GDAT=0
QDAT=0
LSET=0
Go TO 10

C CPEATING SOS PILE OF BUS & GENERATOR SOLUTIONS, AND
C LINEZ POWER PLOW.

380 OPEN(UNIT=1,DEVICE="DSK',ACCESS=*'SEQOUT",
1DISPOSE=*SAVE' ,FILE='SOL.DAT")
NS=1
BGSOL=1
LPSOL=1
CALL sOL
CLOSE(ONIT=1
§S=5 :
GO TO 330

500 CONTINUZ
STOP
EXD

SUBROUTINE LDATA
C SUBROUTIHE TO READ, WRITE, AND CBANGE LIXE DATA

REAL LEGTE

INTEGER ABORT,BUSH,CL,CHL,EZB,SB,ILDAT

DOUBLE PRECISION AJ1,1J2,1J33,1J64,B31,BJ2,E33,BJ4,
1caLp,CaLQ, DQ,DVANG,DYHAG,G,H,ITL,P,Q,YANG,VYRAG,
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2XX,IANG,THAG, YI !YSHTnglG +ZBAG, !S!B

consons ; 232150,50), 133(50,50),
1234 (50,50) , ILPHA(SO), EDAT, BETA (50) ,
1BGSOL, - BJ1(50,50), BJ2(50,50), B33(50,50),
1BJ4(50,50), BTYPE(50), BosH, CALP(50) ,
1CALQ(50) , CB,CC, cG, CHB,
1CHG, CHL, cL, cnr,

11z, 0Q(50), DVANG(50), LVEAG (50) ,
1EB(100), ESP1, ESP2, 6(50),
1GANHA(50), GDAT, B(50), 1C(50),

I, ITER, ITL (50), KINY,
1LANBDA, LDAT, LITER,

1LNGTH (100) , L¥O, 10ss, 1PSoL,
1LSET, 8BOS, ¥5, ¥SHGB,

1P (50) , PD (50) , PG (50), PGRAX (50) ,
1PGHYIN(50), Q(50), QD (50) ,QDAT, QG (50) ,
106RAX(50), QGRIN(50), $B(100) , YYSET (100,2),
170L, TLOAT, TPD,TBDAT, TPL,TGDAT, VANG(50),
WBAG(50), XX (50,50), YANG (50,50) ,

17826 {50,50), YSHT(100,2), YY{(50,50), ZANG (50,50),
1Z8AG(50,50), ZSER(100,2), YSER(100,2), ABOET

ILD=0
IP(LDAT.EQ.1)GO TO 50
IF(TLDAT.EQ.'Y*)GO TO 20

C READ LIRE DATA FOR SOS PILE POR20.DAT

OPEN (UNIT=20,DEVICE=*DSK',ACCESS="SEQIN', DISPOSE=*SAVE",
1PILE=*POR20.DAT*)

DO S I=1,LNO
READ(20,#)K,SB(I) ,EB(1) ,LNGTH(I) ,YSHT(I,1) ,YSHT(X,2) .
1ZSER(I,1) ,ZSBR(I,2)

CLOSE(J¥IT=20)

PORMAT (31,5P)

IP (K-EQ.LNO)GO TO 40

TIPE 8 .

FORMAT (1X,'TOTAL NUMBER OF LINES EXKTERED DOES ¥OT ZQUAL
1RUMBER OPF DATA LINES IN POR20.DAT®)

ABORT=1

LDAT=0

RETUBN

.

C READ LIRE DATA FRCH CRT/TTY
20

1000

21
22
2002

1002
25

OPEN (U¥IT=20,DEVICE=*DSK',ACCESS='SEQOUT?, DISPOSE=*SAVE",
1FILE='POR20.DAT')

IF (ILD.EQ.1)GO TO 21

TYPE 1000

PORNAT(/1X,9 *+SYSTEN LINE DATA®*¢/1X,*>>ENTER (LINE ¢,
1SB 4,EB ¢, LINE LENGTHE, YSHUNT G,YSRONT B,

2ZSERIES R,ZSEZRIES X))

DO 30 I=1,LNO

IF(ILD.2Q.1)GO TO 25

ACCEPT 2002,K,SB (1) ,ZB (1), LHGTB(I), YSET (X, 1) , YSBT(L,2),
1ZSER (I, 1) ,2SER (I,2)

POREAT (3X,5P)

IP(X.2Q.I)GO TO 25

TIPE 1002,I

FORMAT (1X,'WRONG ENTRY, LIKE ¢ SHOULD=*,I3,°*, TRY AGAIN®)
€0 TO 22
WRITE(20,1008)X,5B () ,EB(I),LNGTR(I),YSET (I, 1),YSHT (X,2),
1ZSER(I, 1), ZSER (I,2)
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C CHICK
50
1010

60
1020

C CEEICK
70

1030

80
2010

10480

100
110
1060
120
1070
130
-1080

1090
150

ronnlréaxs 5812.5)

CLOSE(UNIT=20)
IP(ILD.2Q.1)GO TO BO
BUSH=0

LDAT=1

FOR LINE DATA PRINT OOT

IF(CL.EQ.*¥*)GO TO 70

TYIPE 1010

TOBRNAT (/1X, ***SYSTES LINE DATA®'/1X, 'LINE $°,1X,
195B*,1X, YERY,8X, 'LENGTH' ,12X,%Y SRUNT',19X,°Z SERIES®)
DO 60 I=1,LNO .

TYPE 1020,I,SB(I),EB(I),L¥GTH(I),YSET(I, 1), YSBT(I,2),
1ZSER(X, 1) , ZSER (I, 2)

PORNAT (1X,13,2X,213,1X,212.5,2(1X,2E12.5))

CL=tN*

Ir(ILD.EQ.1)GO TO 80

YOR LINE DATA CEANGES

IP(CHL.EQ.'N*)GO TO 180

TIPE 1030

PORBAT(/1X,'** LINE DATA CHANGES®st/

11x,'>>ENTER (YARIABLE &, LINE §, NEW VALUE TEEN %CR%) ¢/

110X, *1=STARTING BUS #°'/10X,*2=ENDING BUS #'/10X,'3=LINE
1LENGTH' /10X, '4=Y SHONT G*/10X,%5=Y SHOUNT B°*/10X,'6=Z SERIES R'/
210X,7=2 SERIES X'/10X,'8sBETYFE COPY OF ALL LIKE DATA'/10X,*
1$=CHANGE TOTAL HUNBER OF LINES®/10X,*10=UPDATE SOS

1FILE WITK CHANGES'/10X,*D>>ENTER O THEN

1nCR® UHEN CEANGES CONPLETED®)

READ (5,2010) ¥AXE,I,X

PORMAT (21,F)

IP (NABE.EQ.0)GO TO 179

IP(¥AEE.BQ.8)GO TO 172

I7(NANE.EQ.9)GO TO 173

IP(NAKE.EQ.10)GO TO 175

IP(((NABE.GE.1).AND. (NARE.LE.7)).AND. ((1.GZ.0).AND. (I.LE.LYO)))
160 TO 100

TYPEZ 1040,LNO

FORBAT(1X,*URONG ENTRY, VARIABLE # BUST BE 1-7,%/

11x,'LIKE ¢ BUST BZ 1 TO',I3,*, TRBY AGAINY)

GO TO 80

BUSH=0

G0 TO(110,120,130,1%0,150,160,170) NARE

SB(I) =IPIX(X)

. TYPE 1060, I,SB (1)

?ORBIT(lx,'SB(L!lt 0,13, =, 13)

GO TO 80

EB(I)=IPIX(X)

TYPE 1070,I,BB({I)

FORNAT(1X,*EB(LINE ¢°,13,%)=*,13)

GO TO 80

LUGTH(I) =X

TYPEZ 1080,I,L¥GTH (I)
IOBHAT(1!,'L2!GTB(LI¥2 $%,13,¢) =" ,B12.95)
GO TO 80

YSHT(I, 1) =X

TYPE 1090,I,YSHT(I,1)

PORMAT(1X,*YSHT G (LIKE ¢°,13,°¢)=*,£12.5)
GO TO 80

ISHT(I, 2) =X
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1100
160
1110
170
1120
172

173

1130
175
179
180

TYPE 1100,I,YSHT(I,2)

FORNAT (11, *YSHT B

GO TO 80
ZSER(X1,1) =X

TYPE 1110,I,ZSER(I, 1)

FORMAT (1X, *ZSBP R

GO TO 80
2SER(1,2) =X

TYPE 1120,I,ZSER(I,2)
FORMAT(1X,'ZSER X (LINE #',13,°)=',E12.5)

GO TO 80
ILD=1
CL='Y"

GO TO 50
LNO=I
BUSH=0

TYPE 1130,1

(LINE #¢,I3,%)=*,212.5)

(LINE »*,I3,%)=',E12.5)

FORHMAT(1X,*TOTAL NUNMBER OF LINES =¢!,I3)

GO TO 80
ILD=Y

GO TO 20
ILD=0
CHL=*'N*
RETORN
END

SUBROUTINE BDATA
C SUBROUTINE TO READ,WRITE,AND CHANGE BUS DATA

INTEGER ABORT,BOAT,BTYPE,CB,CHB,BBUS,T3DAT
DOUBLE PRECISION AJ1,1J32,13J3,AJ4,B31,B32,533,BJ4,
1CALP,CALQ,DQ,DVANG,DVAAG,G,H,ITL,P,Q,VARG,YNAG,

2XX,YANG,YNAG,YY, YYSHT,2ANG,ZNAG,YSER

conuoN/ / 231(50,50), AJ2(50,50), AJ3(50,50),
1AJ4(50,50), ALPEA(S50), BDAT, BETA (S0) ,
1BGSOL, BJ1(50,50), BJ2(50,50), BJ3(S0,50),
1B34(50,50), BTYPE(SO0), BUSH, CALP (50) ,
1CALQ(50) , cB,CC, cG, CB8B,

1CHG, CHL, cL, cay,

1caz, pQ(50) , DYANG(50), LYAAG (S0),
1BB(100), ESP1, BSP2, G(50) ,
16AXNA(S0), GDAT, H(S0), IC(50),

111, ITER, ITL(S0). KINY,

1LANBDA, LDAT, LITER,

1LNGTH (100) , L¥O, - LOSS, LPSoOL,

1LSET, #BOS, ¥S, ¥SVGH,

1P (50) , PD (S50) , PG (50), PGRAI(S0),
1PGAIN(S0), Q(50) , QD (50) ,QDAT, QG (50) ,
1Q68AX(50) , QGHIN(S0), SB(100), YYISHT (100,2),
1T0L, TLDAT, TPD, TBDAT, TPL,TGDAT, YANG(50) ,
1VRAG (50) , XX (50,50), YANG (50,50) , .
1YMAG (50,50), YSHT(100,2), YT (50,50), 21%6G(50,50) ,

1ZMAG(50,50) ,
IBD=0

ZSER (100,2),

IF (BDAT.EQ.1)GO TO 50
IP(TBDAT.EQ.'Y*)GO TO 20

YSER(100,2),

C READ BUS DATA PRONM SOS FILE YOR21.DAT

ABORT
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10
15

2000

500

OPEN (UNIT=21,DEVICE=*DSK',ACCESS=*SEQIN' ,DISPOSE=*SAVE',
1FILE=* POR21.DAT?Y)

DO 15 I=1,ABUS

BEAD (21,*)X,BTYPE (1) ,PG (1), QG (I) ,PD (1) ,QD(I),
1VEAG (I) ,VANG {X)

FORMAT (21, 6F)

CLOSE (UNIT=21)

IF(K.2Q.8BUS)GO TO 45

TYPE 500

PORNAT(1X,'TOTAL NUNBER OF BUSES ENTEEED DOES NOT
1EQUAL NUNBER OP DATA LIXES IN POR21.DAT')

BDAT=0

ABORT=1

BETURN

C READ BUS DATA FRCH CRT/TTY

19

20
1000
21

22

1005
25
1010

30

45

C CEECK
50

1020

1030
60

C CEECK
70

1040

OPEN (UNIT=21,DEVICE=*DSK', ACCESS=¢SEQOUT', DISPOSE=¢SAVE",
1FILE=*FOR21.DAT')

IP(IBD.EQ.1)GO TO 21

TYPE1000

PORNAT (/1X, ' **SYSTEN BUS DATA®*'/1X,'>>ENTER (BUSE,
1 BUS TYPE,PG,QG,PD,QD,VAEAG,VANG) *)

DC 30 I=1,4BUS

IF(IBD.EQ.1)GO TO 25

ACCEZPT 2000,K,BTYPE(I),PG (I),.QG (I),PD (I} ,QD(I),
1VEAG (1), VANG (I)

IF (K.2Q.I)GO TO 25

TYPE 1005,1

FORMAT (1Y, 'FROSG ENTERY, BUS ¢ SHOULD=*,I3,*,TRY AGAIN.')
GO TO 22
WRITE(21,1010)I,BTYPE(I),PG(I),QG(I),PC(1),.QD(I),
1VHAG (I),VAKG (I)

FORMAT (213, 6P10.5)

CONTINDE

CLOSE(UNIT=21)

BDAT=1

IF (IBD.EQ.1)GO TO 80

FOR PRINTOUT OF BUS DATa

IP(CB.EQ.'N')GO TO 70

TYPE 1020

PORNAT (/1X,***SYSTEN BUS DATA®*'/2X,'BUS’,3X,'TYPE’,
15x,'»G* ,8X,"QG',BX,*PD*,8X,*QDY,7X, *VEAG!,6X, *VANG')
DO 60 I=1,8B0S

TYPE 1030,I,BTYPE(I),PG(I),QG(I),PD(I),QD(I),
1VBAG (I) ,VANG (I)

FORNAT (1X,13,4X,13,6r10.5)

CONTINUZ

CBat N

IP(IBD.2Q.1)GO TO B0

FGR BUS DATA CBANGES

IP (CHB.EQ.'N')GO TO 170

TIPEZ 1040

FORBAT(/1X,'**BUS DATA CHANGES#s'/
11X,*>>ENTER(VARIABLE ¢, BUS #, NEU VALUE THEN “CR%‘'/
1101, *1=BUS TYPE*/10X,*2=PG*/101,3=QG*' /10X, 4=PD"*
1/10X,¢ 5=QD? /10X, *6=VHAG® /10X, * I=VANG®
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80

2010

1050 .

100
110

1060
120
1070
130
1080
140
1090
150
1100
160
1110
162
1

164
1120
165

166

170

1/10X,'8=RETYPE COPY OF ALL BUS DATA®
1/10X,'9=CHANGE TOTAL BUMBZK OF BUSES'/10IX,

11 10=REENTER ORIGINAL BUS DATA ZROB SOS FILE*/10X,
2411=0PDATE SOS FILE SITH CHAKGES'/10X,
1'>>ENTER O THEN "CP® WHEN CHANGES COMFLETED.!)
READ (5,2010) MAME,I,X

FORNAT (21,F)

IF(NAME.EQ.0)GO TO 170

IP(NANE.EQ.9)GO TO 164

IF (NAME.EQ. 10)GO T0 165

IP(KAME.EQ.11)GO TO 166
IP(((¥AMB.GE.1) .AND. (NAME.LE.8)) .AND.
1((X-GE.0) .AND. (I.LE.HBUS)}))GO TO 100

TYPE 1050,MBOS

FORMAT(1X,'WRONG ENTRY, VARIABLE KANME NUST BE 1~ 3,'/

11X,'B0S ¢ ¥OST BE % 70°',I3,',TRY AGAIN.')
GO TO 80
GO TO(110,120,130,140,150,160, 162, 163) NARE
BTYPE(I)=IPIX(X)
TYPE 1060,I,BTYPE (I)
PORNAT(1X,*BUS TYPE(BUS #°%,I3,%)=*,13)
GO T0 80
PG (I) =X
TYPE 1070,I,PG (I)
PORNAT(1X, 'PG(BUS #',13,%)=',E12.5)
GO TO 80
QG (I) =X
TYPE 1080,I,Q6 (I)
PORMAT (1X,'QG(BUS ¢¢,13,¢)=',E12.5)
GO TO 80
PD(I) =X
TYPE 1050,I,PD (1)
PORMAT (1X,'PD(BUS #9,13,%)=*,E12.5)
GO TO 80
QD (I) =X
TYPE 1100,1,0D (1)
FORMAT(1X,'QD(BUS #°,13,%)=",E12.5)
GO TO 80
VYHAG (I) =X
TYPE 1110,I,VHAG (T)
FORMAT (1X,'VHRG(BOS #',13,°)=',E12.5)
GO TO 80
VANG(I) =X
TYPE 1111,I,VAKG (I)
FOEMAT(1X, ' VANG (BUS#*,I3,%=",E12.5)
GO TO 80
CB=tY!
IBD=1
GO T0 50
HBUS=I
TYPE 1120,I
FORNAT(1X,°TOTAL KUMBER OP BUSES =!,13)
GO TO 80
IBD=1
1527=0
GO TO 5
IBD=1
GO TO 19

IBD=0
CHB='N*
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BETURN
END

.SUBROUTINE GDATA
C SUBROUTINE TO READ,WFITE,AND CHANGE GENEEATOk CATA

INTEGER BTYP2,CG,CHBG,GDAT,GNO,MNBUS,IGDAT,QDAT
DOUBLE PPECISIGN AJ1,AJ2,4J3,0J4,BJ31,B32,BJ3,BJ4,
1CALP,CALQ,DC,DVANG,CYNAG,G,H,ITL,P, C,VANG, V3AG,
2XX,YANG,YNAG,YY,YYSHT,ZANG,Z8AG,YSER

ConHON/ /
1434 (50,50),
18GSOL,
15J4(50,50) ,
1CALQ(50),
1cH6,

1cnz,
1EB(100) ,
1GA%XA (50) ,
111,

1LANBDA,
1LNGTR(100),
1LSET,

1P (50),
1PGHIN(50),
1Q6XAX (50) ,
1TO0L, TLDAT,
1VBAG (S50) ,
144G (50,50),
1ZMAG (50,50) ,

IGB=0

4J1(50,50),
ALPHA (50) ,
BJ1(50,50),

BTYPE(S0) ,

cB,CC,

CEL,

DQ (50),
ESP1,

. GDAT,

ITER,
LDAT,

LYo,
EBUS,
PD(50),
Q(s50) ,
QGAIN (50), °
TPD, TBDAT,
1X(50,50),
YSHT (100,2),

ZSER(100,2),

IF(GDAT.EQ.1)GO TO 56
IF(KINY.EQ.0)GO TO 25
IP(TGDAT.ZEQ.'Y*)GO TO 20

232(50,50),
BOAT,
BJ2(50,50),
BOSK,

cG,

cL,
DVANG (50),
25P2,
B(50),
ITL(50),
LITER,
LoOSS,
X5,
PG (50) ,
QD (50) , QDAT,
SB(100) ,
TPL,TIGDAT,
YANG(50,50),
Y1(50,50) ,
YSER(100,2),

C READ GENEBATOR DATA PROM SOS PILE POR22.DAT
OPEN (UNIT=22,DEVICE='DSK', ACCESS=*SEQIN',DISPOSE=*SAVE",
1FILE=*POR22.DAT')

10

2000
15

GNO=0

DC 15 I=1,NEUS
IF((BTYPE(I)).GE.OQ0)GO TO 15

READ(22,%)K,ALPBEA(I) ,BETA (I) ,GANNA (1)

FORBAT(I,3F)
GNO=GNO+1
CONTINUEZ

CLOSE (ONIT=22)

GO TO 40

C READ GENERATOR DATA FROB CRT/TTY

20

1000
29

OPEN (UNIT=22,DEVICE=*DSK",ACCESS=*SEQOUT',DISPOSE=*SAYVE",

1PILE=*POR22.DAT")
I? (IGB.EQ.1)GO TO 29

TYPE 1000

133 (50,50),
BETA(50) ,
BJ3(50,50),
CALP(S0),
CEB,
car,
DVNAG (50) ,
G(50) .
1C(50),
KI3YV,

1PSoL,
NSEGB,
PGHAX (50) ,
Q6(50),

" YYSET(100,2),

ViiG (50),

Z1¥G (50,50) ,
AEORT

PORRAT (/1X,***GENERATCR DATA®**'/1X, *>>EZETER (BUS$,ALPHA,

1BETA,GAHNA) *)
DO 30 I=1,XBOS

IF (BTYPE(I).GE.0)GO TO 30
IF(1GB.2Q.1)G0 TO 33
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129

32 ACCEPT 2002 X,ALPHA(I) ,BETA(I),GARAL (I)
2002 FORNAT (1,3
IP (K.EQ- x)co ‘T0 31
TYPE 1010,I
1010 FORNAT(1X, 'LRONG BNTRY, BUS @ saouLn-',xa, + TRY AGAIN.')
GO TO 32
31 GNO=GNO+ 1
33 WRITE(22,2003)1,ALPHA (1) ,BETA(I),GABNA(I)
2003 TGRHAT (I3, 3F)
30 CONTINDE
CLOSE(UNIT=22)
40. GDAT=1

IF(IGB.2Q.1)GO TO 48

C INITIALIZING GENERATOR AND Q CONSTIRAINTS
25 IP(QDAT.2Q.1)GO TO 56 . ,
IP(TGDAT.2Q.*N*) GO TO 50

C READ CONSTRAINT DATA P20N TTY/CRT.
TYPE 1006

1006 PORMAT(/1X,*#*GENERATOR COKSTSAINT DATA®*'/1X,¢>>ENTER FOR
1TYPE -1 & -3 BOS (BOS ¢,PGHAX,PGAIN)'/9X,'POR TYPE -2 BUS
1 (BOS #,PGRAX,PGAIN,QGNAX,QGRIN) */9X,'POR TYPE +2 BUS
1 (BUS 4,0G2AX,QGRIN)*)
DO 36 I=1,HBOS

3s IP(BTYPE(I).GE.0)GO TO 38
IP(BTYPE(I).EQ.-2)GO TO 37
ACCEPT 2005,K,PGNAX(I),PGRIN (I)

2005 PORNAT(I,2F)

GO TO 39
37 ACCEPT 2020,K,PGMAX(I) ,PGHIN(I),QGEAX(I) ,QGHIX (I)
2020 FORBAT (I,8F)
GO TO 39
38 IZ(BTYPE(I).¥E.2)GO 10 36
ACCEPT 2005,K,QGHNAX(I),QGBIN(I)
39 IP(K.2Q.I)GO TO 36 -

TYPE 1015,1I
1015 PORBMAT (1X, *WRONG ENTRY,BUS & SHOULD BE=',X3,',TRY AGAINK.')

GO0 TO 35

36 CONTINUE

C ENTER COESTRAINT DATA INTO SOS FILE FOE23.DAT

48 OPEN (UNIT=23,DEVICE='DSK',ACCESS=*'SEQOUT*,DISPOSE="*SATR’,
1rILE='FOR23.DAT')

DO 52 I=1,2BUS
IP(BTYPE(I) .GE.0)GO 170 53 .
1?7 (BTYPE(I).EQ.=2)GO TO 51

. WRITE(23,2007)I,PGEAX(I) ,PGHIX (I)

2007 PORBAT(1X,I3,2711.8)

GO TO 52
51 WRITE(23,2006) I,PGEAI(I),PGAIN(I),QGHAX (I),QGHIN (I)
2006 YOEBAT(1X,13,8711.4)
GO TO 52
53 I? (BTYPE (I).NE.2)GO TO 52

WRITE(23,2009)I,QGHAX(I) ,QGHIN (I)
2009 PORMAT(1X,13,22X,2P11.4)
52 CONTINOE

CLOSE (ORIT=23)

IF(IGB.2Q.1)GO TO 80



54

0 TO
C BREAD CONSTRAINT DATA FEOM SOS FILE POB23.DAT

50

a1
42
46
54

C CEECK
56

1020

1030
60

1032

1034

62
1036

€4

1038
66

C CEXCK
70

1080

80
2010

OPEN (UNIT=23,DEVYICE=*DSK®,ACCESS='SEQIN',DISPOSE=*SAVE',
1FILE=' POR23.DAT®)

DC 46 I=1,MBUS

IP (BTYPE(I) .GE.0)GO TO 82

1P (BTYPE (I) .EQ.~2)GO TO &1

READ (23,%)X,PGBAY (1) ,PGNIN (I)

GO TO 46 .

RZAD (23,2020) K,PGHAX (I) , PGHIN(I),QGHAX (I),QGHIN (I)
GO TO 46

IP (BTYPE (I).NE.2)GO TO &6

READ (23, 2005) K, QGBAX (I) ,QGHIN (I)

CONTINDE

CLOSE(UNIT=23)

QDAT=1

FOR PRINTOUT OF GENERATOR DATA
IP(CG.2Q.'¥')GO TO 70

IF (KINV.EQ.0)GO TO 61

TYPZ 1020,GXO

POREAT (/1X,'*+SYSTEN GENERATOR DATA®®'/1X,'NUBBER
10P GEINERATORS =?,I3/1I,'BDSe?,4X,
1*ALPHA®,4X, ' BETAY, 6X,'GAUNA?)

DO 60 I=1,HBUS

IF ((BTYPE(I).GE.0))GO TO 60

TYPE 1030,1I,ALPHA (I),BRTA(I),GANNA(T)
FGEFXAT(1X,13,3P10.5)

CONTINUEZ

PRINT GENERATOR CONSTRAIKRTS

WEITE(S, 1032)

PORAAT(/1X,"**GENERATOR CONSTRAINTS®**!/1X,'BUS #°,
13X,°'PGHAX®,5X, *PGEIN',7X, QGNAX",6X,QGHIN")

DO 65 I=1,8BUS

Ir((BTYPE(I)).GE.0)GO TO 64

IF (BTIPE(I) .2Q.~2) GO TO 62
WRITE(5,1034)I,PGHAX(I), FGHIN (I)
FORMAT(1X,13,2P11.4)

GO TO 65
WRITZ2(5,1036)I,PGHAY (I) , PGHIN (I) ,QGHAX(I) ,QCHIN (I)
FORNAT(1X,I3,8F11.4)

GO TO 65

IF(BTYPE(I).NE.2)GO TO 65

WRITE (5,1038) I,QGNAX (I) ,QGHIN(I)
PORMAT(1X,13,22X, 2!11.“)

CONTINDE

CG=}yY

Ir(1Ge.2Q.1)GO TO 80

FOR GEMERATOR DATA CHAMNGES

17 (CBG.2Q.'K')GO TO 180

TYPEZ 1040

FORBAT(/1I,'**GENEEATOR DATA CHANGESes'/

13X,'>>ENTER (YARIABLE §, BUS §, NEW VALUZ TBEE "CR%) '/

110X, *1=ALPHA' /10X, *2=B2TA" /10X, 3=GABSA* /10X, ' 4=PGEAX' /10X, *

25=pGNIN' /10X, 6=QGHAX® /10X, T=QGNIN' /10X,  8=RETYPE ALL
1GENERATOR DATA'/10X,'9=UPDATE SOS PILEZ WITH CHANGES®
1/10X,'>>EMTER O TEEN "CR® WEEN CHANGES COMFLETED.')
READ(5,2010) ¥An2,I,X

POBEAT (2I,F)
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1050

90
100
110
1060
120
1070
130

1080

140

1090
150
1100

160

1110

170

1120

172

175

180

IF (NANZ.EQ.0) GO TO 180

IF(NANE.EQ.8)GO TO 172

IF(KABE.EQ.9)GO TO 175
IP(((NARB.GE.1) .AND. (NABRE.LE.7)) .AND. ((I.G2.0) .AND.
1(I.LE.NBUS)))GO TO 90

TYPE 1050,8BUS

POKEAT(1X, URONG ENTEY, VARIABLE NUST BE 1-8,%/
11X,*BUS ¢ MUST BE 0 TO',13,°,CBECK BUS TYPE IS'/
11X, *NEGATIVE,AND TRY AGAIN.Y)

GO TO 80

CONTINUE

60 TO(110, 120, 130,140,150,160,170) NABE
ALPHA(I)=X

TYPZ 1060,1,ALPHA (I)
FORMAT (1X, ALPHA (BUS #°,I3,%)=',212.5)
GO TO 80

BETA(I) =I

TYPE 1070,I,BETA ()
PORNAT (1X, *BETA(BUS #*,I3,")="212.5)
GO TO 80

GAMMA (I)=X

TYPE 1080,1,GAuna (I) ,
FOBALAT(1X,'GAMMA (BUS #°,I3,°)=?,B12.5)
GO TO 80

PGEAX(I)=X

TYPE 1090,I,PGSAX(I)
FORNAT(1X,'PGHNAX (BOS ¢°,I3,%)=',212.5)
GO TO 80

PGHIN (I) =X

TYPEZ 1100,I,PGHIN(I)
FORMAT (1X, *PGNIN (BOS #°,I3,%)=',E12.5)
GO TO 80

QGHMAX(I)=X

IF (QGHAX(I) .LT.QG (X)) QG (I) =QGHAX (I)
TYPE 1110,1,QGNAX (I)
PORAAT(11,°QGNAX (BOS $°',13,')=',E12.5)
GO TO 80

QGHIN(I)=X

-IP(QGHUIN(Y) . GT. QG (I)) QG (X)=QGNIN (I)

TYPE 1120,1,QGHIX (1)
FORNAT (1X,*QGNIN (BOS #°,I3,°)=',E12.5)

GO TO 80
CG=*1"
1GB=1
GO TO 56

16B=1
IF(KINV.EQ.0)GO TO &8
GO TO 20

16B=0
CHG='N"*
RETURN
END

SUBROUTINE YBUSH

C SUBROUTINE TO CALCULATE YBUS AND ZBUS MATRIX
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REAL LNGTH

INTESER BUSH,CHY,CHNZ,EB,NBUS,SB
DCUBLE PRECISION AJ3%,AJ2,AJ03,A04,BJ1,BJ2,833,B04,
1CALP,CALQ,DQ,DVANG,DVHAG,G.H,ITL, P, C, VANG, VHAG,
2XX,YANG,YMAG,YY,YYSHT,ZANG,2Z8AG,YSER,D

132

CoxnON/ / 131(50,50), ° AJ2(S0,50), A433(50,50),
1138 (50,50), ALPHA(50), BDAT, BETA(S50) ,
1BGSOL, BJ1(50,50), BJ2(50,50), BJ3(50,50),
1BJ4(50,50), BTIPZ(SO), BUSH, CALP (50),
1CALQ (50) , c8,cc, cG, cEB,

1CEG, CHL, cL, cny,

1cnz, pQ(50) , DVARG(50), DYMAG (50) ,

128 (100), £sPi, 2sp2, 6(S0),
1GANBA(50), GDAT, H(S0), IC(50),

11, ITEK, ITL(50), KINv,

1LANBDA, LOAT, LITER,

1LNGTH (100) , L¥0, L0sS, LPSOL,
“1LSET, ABUS, ¥S, ESHGB,

1P (50), PD (S0) , PG (50) , PGHAX (50),
1PGATN (50) , Q(50), QD (S0) ,QDAT, QG (50), .
1QGHATX (50) , QGHIK (50) , $B(100), YYSET (100,2) ,
17CL, TLDAT, TP0,TBDAT, TPL, IGDAT, YANG (50) ,

1VHAG (50),
11826 (50,50),
12846(50,50),

XX (50,50} ,
ISET (100,2),
ZSER(100,2),

YANG(50,50) ,
11(50,50),
YSER (100,2),

Z10¥G(50,50),
ABORT

IF((BUSK.2Q.2).0R. ((KINV.2Q.0) .AKD. (BUSH.EQ.1))) GO TO 90
TIPE 1000 »

OPEN (UNIT=24,DEVICE=*DSK',ACCESS='SEQOUT', DISPOSE=*SAVE",
1PIL2=* POR24. DAT') :

1000 FORMAT (/1X,'**GENERATING YBUS NITRIX*s!)

C CALCULATIXG LINE SHINT AND SERIES ADNITTANCE
DO 15 I=1,Ll)0
YYSHT (I, 1) = (DBLE(YSET (I, 1)) *DBLE (LEGTE(I))) /2.0D0
YYSHT (I,2)= (DBLE(YSHT (I,2)) *DBLE (LNGTH (I)}))/2.0D0
D= (DBLE (LNGTH (1) ))* ((DBLE (2SER (I, 1) ) *DELE(2SER (I, 1)))
14 (DBLE(ZSER(I, 2)) *DBLE(ZSER(I,2})))
IP(D.BQ.0.0D0)GO TO 20
YSER(I, 1) =DBLE(ZSER(I, 1)) /D
YSER (I,2) *-DBLE (ZSER (I,2))/D

GO TO 15 .
20 ISER(I,1)=0.0D0
. YSER(I, 2)=0.0D0

15 continue

DO 1 I=1%,LKRO

1 WRITE (24,2000) YYSHT (I,1) ,YYSHT(I,2) ,YSER (I, 1),YSER(I,2)
2000 FORMAT (4 D)

C CALCOLATING YBUS BATRIX
Do 30 I=1,MBOS
DO 30 J=1,ABUS
YEAG (I,3) =0.0D0
YAXG(I,J)=0.0D0
A31(I,J) =0.0D0
4J2(1,3)=0.0D0
IP(3.2Q.I)GO TO 60

.
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C OFF DIAGONAL ELENENTS (I.NE.J)
D

42

22
24

2¢€
28
29

80

0 40 L=1,LKO

IP(((SB(L) -EQ.I).AND. (EB(L).EQ.J)).0R. ({S5(L).2Q.J)
1.AND. (EB(L).2Q.1})) GO TG &2

GO TO 40

YNAG(I,J) =DSQRT ( (YSER(L,1) *YSER(L,1)) + (YSER(L,2) *YSER(L,2}))
IF(YSER(L,1).EQ. (0.0D0)) GO TO 22

YANG({I,J) =DATAN2 (-YSER (L,2) ,~YSER(L, m

GO TO 29

IF (YSER (L,2))24,26,28

YANG(I,J) =1.570796326794897

GO TO 29 -

YANG(I,J)=0.0D0

GO TO 29

YANG(I,J) =-1.570796326794897

IP(KINV.EQ.0)GO TO &40

AJ1(1,J)=~YSER(L, 1)

A32(1,3)=-YSER(L,2)

CONTINUE

60 TO 30

C ON DIAGOMAL BLESEETS (I.EQ.J)

60

46
45

31
32

33
k1]
30

2
2010
35

-YANG(I,J3)=+1.570796326754897

DO &5 L=1,LNO

Ir((sa(L) 2Q.I).OR. (2B(L).EQ.I)) GO TO &6
GO TO

AJY (I, J)-AJI(I J) +YYSHT (L, 1) +YSER(L, 1)
AJ2(1,J)=AJ2(I,J) +YYSHT (L,2) +YSER(L,2)
CONTINUE

YNAG (I, J) =DSQRT (AJ1 (I,J) *AJ1(I,J) +AJ2(I,J)*AJ2(I,J))
IP(AJ1(I,J).EQ.(0.0D0))GO TO 31

YANG (I,J) =DATAN2 (032 (X,J),A31(1,3))

Gc TO 30

Ir(aJ2(1,J))32,33,38

YANG(I,J) =-1.570796326794897

GO TO 30

YANG (I, J)=0.0D0

GO TO 30

CONTINOUE

DO 2 I=1,MBUS

WRITE (24,2010) (YBAG (I,J) ,YAKG(1,J),J=1, NBUS) ‘
FORNAT (2D)

BUSH=1 .
IP (KINV.EQ.0)GO TO 90

C CALCULATING ZBUS MATRIX

1005

50

80

TYPE 1005

PORKAT (15X,' #*CALCULATING ZBUS BATRIX®et)
DO SO I=1,XBUS

DO 50 J=1,HBUS

BJ1(1,J) =AJ1(X,3)

BJ2(I,J)=AJ2(I,J)

BJ3(1,J3)=0.0D0

BJI&(I,J)=0.0D0 -

CALL CTRI (BJ1,BJ2,BJ3,BJ4,ABUS)

CALL CTRIY(BJ3,BJ4,BJ1,BJ2,8BUS)

DO 80 I=1,MBUS .

DO 80 J=1,HBUS

ZBAG (I, J) =DSQRT (BJ1 (I,J3) *BI1(X,J)+BJ2(1,J)*BI2(I,d))
IP(BJ1(I,J).2Q.0.0D0)GO TO 82
ZANG(I,J)=DATA¥2(BJ2(I,J),BJ1(1,J))



82
82

au

8c
81

GO TO 81

IP (R32(X,3))83,84,85

ZANG (X,J) =~1.570796326794897
G0 TO 81

ZANG (I,3) =0.0D0

GO TO B1

ZANG (I,J) =1.570796326794897
CONTIKUE

DO & I=1,HEUS

¥RITE(24,2010) (Z8AG (I,J) ,ZANG (I,J) ,J=1,EBUS)
BUSN=2

C PRINTOUT OF YBUS AND ZBOUS MATRIX

90

4000

8100
95

1010
1020
1030
100
105

1080

110

120

CLOSE (UNIT=24)

IP(CHY.EQ.'¥')GO TO 105

TYPE 4000

PORNAT (/1X, * *sCALCULATED SYSTEN LINE DATA®®'/1X,
1'LINE #',15X,'Y SHONT',23X,°Y SERIES')
DO 95 I=1,LNO

TYPE 4100,I,YYSHT(I,1) ,YYSHAT(I, 2).xszn(x 1) ,YSEE(I,2)
YORNAT (I8.8X,2E18.6,2X, 2218 6)

CONTINUE

TYPE 1010

FOBEAT (/1I, ' **YBUS MATRIXs¢')

DO 100 I=1,xBUS

TYPE 1020,I

FORMAT (1X, *BOV? ,I3)

TYPE 1030, (YHAG(I,J) ,YANG(I,J),Jd=1, uaus)
FORNAT (6E12.5)

CONTINUE

ChaY=t)?

IF (KIKV.2Q.0)GO TO 120

IP(CMZ.EQ.'X*)GO TO 120

TYPE 1040

FORMAT (/1X, ***ZBUS EATRIX#s1)

DO 110 I=1,nBUS

. TYPE 1020,I

TYPE 1030, (ZHAG (I,J),ZARG(I,J),3=1, BBUS)
CONTINUE
CBZ='N*

RETUBN
END

SUBROUTINE MRLP

CALCULATES P,Q,V,AND ANGLE AT EACE BUS
INTEGER ABORT,BTYPE, BBUS

DIMENSION DP(50)

DOUBLE PRECISION AJ1,AJ2,AJd3,1J%,831,BJ2,R33,BJ%,
1CALP,CALQ, DQ,DYANG,DVNAG,G,H,ITL, P, Q, VANG,VEAG,
2XX,YANG, YBAG,YY,YYSHT,ZANG,Z8AG,YSER,GNAX,BEAX,DP

conznon/ / A31(50,50), 1J2(50,50), AJ3(50,50),
1134(50,50), ALPHA(50), BDAT, BETA (50) ,
1BGSOL, BJ1(50,50), BJ2(50,50), BJ3(50,50),
1BJ4(50,50), BTIPE(50), BOSH, CALP (50) ,

1CALQ (50) , cB,CC, cG, cas,
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1CHG, CHL, cL, car,

1¢az, DQ (50), DViNG (50), CVaAG (S0) ,
1EB (100), ESP1, zsp2, 6(50),
1GAANA (50}, GDAT, H(50) , IC(50),

111, ITER, ITL(50), KINY,
1LANBDA, LDAT, LITER,

1LNGTH (100) , LYo, ross, i1psor,
1LSET, uBUS, ¥S, ¥SuGH,
1P(50) , PD (50) , PG(50), PGBAX (50),
1PGRIN(S50), Q(s0), QD (50) ,QDAT, QG (50) ,
10681X(50) , QGHIX (50), S$B(100), YYSHT (100,2) ,
1T0L, TLDAT, TPD,TBDAT, TPL,TGDAT, YAKG(50),
1Y42G(50), XX(50,50), YA¥G {50,50) ,

1Y526(50,50), Y¥YSHT(100,2), YY (50,50), Z1RG (50,50),
1Z8AG(50,50), ZSER(100,2), YSER(100,2), ABORT,IBT(50)

LL=0

TYPE 100 .
100 PORMAT(/1X,'**SOLVING LOAD PLOU EQUATIONS BY NKRes?)
[ CALCULATING G AND H AT EACH BUS

IF(LSET.EQ.1)GO TO 13

DO 1 I=1,ABUS

P(I) =DBLE (PG (I))~DBLE(PD (X))

Q(I)=DBLE(QG(I))-DBLE(QD(I))
1 CONTINOEZ
13 COBTIKIE

DO 7 1=1,MBUS

CALP (I) =0.0D0

C1LQ (I) =0.0D0

DO 8 J=1,8BUS
CALP (I) =CALP (I) +VEAG (I) *V5AG(J) *YNAG (I,J)
1#DCOS (YANG (X,J) -VANG (I) +VANG (J))
CALQ(I)=CALQ(I)~-V2AG (X) *VAAG (J) *YHAG (I,J)
1%DSIE (+YANG (I,J) =VANG (I) ¢VANG (J)) .
a4 CONTINUE

G(I)=P(I)-CALP(I)
B(I) =Q(I)-CALQ(I)

7 CONTINUE

o CHECK FOR CONVERGENCE(GMAX 6ESAI.LI.TOL)
G¥AX=0.0D0
B8AX=0.0D0

DO S I=1,MBUS
I? (GMAX.LT.DABS(G(I))) GHAX=DABS (G (I))
IP (BMAX.LT.DABS (H(1))) HEAX=DABS(E(I))
5 CCNTINOE
) IP((GBAX.LE.TOL).AND. (88AX.LE.TOL)) GO 10 56

Cesos0esssoGENERATING JACOBIAN AJ1
DO 6 I=1,4BUS .
DO 8 J=1,uBOS
IP(IABS (BTYPE(J)).2Q.3) GO TO 10
IF(J.EQ.I) GO TO 9
AJ1(1,J)=-VYHAG(I)*VAAG(J)*YNAG(I,J)



12

10

11

8
6
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1onsxuéxxuc(x,a)-vnnc(x)¢v1uc(a))
GO0 TO
AJ1(I,J)=0.0D0

DO 12 K=1,BBUS

IF (K.BQ.I) GO TO 12
AJ¥(I,J)=AJ1(1,J) +VHAG(I) *VHAG (K) *Y¥AG (I K)
18DSIN(YANG(I,K) ~VANG (I) +YAKS (K))

CONTINUE

G0 10 8

1?7 (3.EQ.I) GO TO 11
AJ1(I,J)=0.0D0

G0 TO 8
AJ1(I,J)==1.0D0

CONTINUE
CONTINOE

Ce®22242s42GENERATING JACOBIAN AJ2

15

16

19

18

17
L

DO 14 I=1,HNBUS

DO 17 J=1,HBUS

IP(IABS (BTYPE(J)).GT.1) GO TO 18
IF(J.2Q.I) GO TO 15

232 (1,J3) =VBAG (1) *YHAG(I,J)

1%DCOS (YANG (X,3)—=VANG (I) +VANG (J))
G0 TO 17

232 (1,J) =0.0D0

DO 19 K=1,HBOS

IP (X.NZ.I) GO TO 16

AJ2(I,J) =AJ2(I,J) +2*VYKAG (I) * YNAG (I,I)
1#DCOS(+ YANG (I,X))

GC TO 19

CCYTINUE

1J2(1,J) =AJ2 (I,J) +VHAG (K) *TBAG(I,X)
1#DCOS (YANG (I,K)-VANG (I) +VANG (K) )

- CONTINUE

60 10 17
AJ2(1,J) =0.0D0

CONTINUE
CONTINUE

C**3ss2420sGZNERATING JACOBIAN AJ3

23

DO 20 I=1,nBUS

DO 24 J=1,MBUS

IP(IABS (BTYPE(J)).E2Q.3) GO TO 22
Ir(J.2Q.I) GO TO 23

AJ3 (I,J) ==VHAG (I) *VEAG (J) *YHAG(I,J)
1#DCOS (TANG (I,J) -VARG (I) ¢VA¥G (J))

6o TO 24
493 (I,J) =0.0D0

DO 21 K=1,8BUS
IF(K.2Q.J) GO TO 213
AJ3(X,J) =AJI(I,J) +VEAG (I) *YHAG (K) *TBAG (I,K)
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1*DCOS (YANG (I,K)~VAKG (1) +YANG (K))

21 CONTINUE
GO TO 24
22 AJ33(1,J)=0.0D0
24 CCRTINJE
20 CONTINOE

_Cwessssesvs GENERATING JACOBIAN AJY
DO 29 I=1,MBUS ’

DO 25 J=1,BBUS

IF (IABS (BTYPE(J)).GT.1) GO TO 27
IF(J.EQ.I) GO TO 28 :
AJ4(I,J)=-VRAG(I)*YHAG(I,J)
1*DSIN(YANG (I,J) -VAKG(I) +VANG(J))
G0 TO 25

28 A34(I,3)=0.0D0

DO 26 K=1,MBOS
IF (K.NE.I) GO TO 30
AJ4(X,J) =AJ 4 (I,3)-2%VHAG (I) *YEAG (I, I)
1*DSIN(+IANG(X,I))
G0 TO 26
30 CONTINUE

AJ4 (X, ) =234 (I,J) ~YBAG (K) *Y HAG (T, K)
1*DSIK (YANG (I,K) ~VAKG (I) +YANG(K))

26 CONTINIE
GO TO 25

27 IP(J.2Q.I)GO TO' 31
AJ4(I,J) =0.0D0
GO TO 25

n AJ4(I,J)=-1.0D0

25 CONTINOE

29 CONTINIE

c INYERTING JACOBIAN AJ8

CALL BINV(AJ4,nBOS)

C#esesssessGENERATING INVERSE SUBMATRIX RJ1,EJ2,EJ3, B4
c BJ 1=[ 43 1~132 (AJ4s®=1) AJ3 Jee=1 :

CALL ASULT(XX,AJ2,0J34,8B0S)
CALL ABMOLT(YY,XX,AJ3,HBUS)
DO 37 I=1,aBUS

DO 39 J=1,4B0S
BJ1(I,J) =AJ1(1,3)-YY(I,J)

39 CONTINUE
37 CONTIXUE
C INVERTING JACOBIAX BJ1

CALL MINY(BJ1,8BUS)

Cesesrssss+CENERATING JACOBIAN BJ2



45
4u

BJ2=-BJ1*AJ2% (AJuse~-1)

CALL A3SULT(YX,BJ1,AJ2,ABUS)
CALL ANOULT (BJ2,YY,AJ4, ABUS)
DO 44 I=1,MBUS

DO 45 J=1,MBUS
BJ2(I,J)=-1.0D0* (BI2(X,J)}
CORTINUE

CONTIKUE

ChessssssssGENERAITING JACOBIAN BJ3

c

48

47

BJ3== (AJ4e*=1) *1J3*BJ1
CALL AMNULT(YY,AJ3,BJ1,8BUS)
CALL AMULT(BJ3,1J4,YY,HBUS)

DO &7 I=1,aBUS

DO 48 J=1,XBUS
BJ3 (I,J) =-1.0D0*BJ3 (I,J)

CONTINUE
CONTINUEZ

Cs22sx2¢s+4GENERATING JACOBIAN BJG

(o}

50
51

53

54

64
55

65
52

BJI4= (AJuss~1) = (AJ4s*=1) $1I3%BJ2
CALL ANULT (YY,AJ%,AJ3,HBUS)
CALL AXULT (XX,YY,BJ2,HEUS)

DO 51 I=1,MBUS

DO 50 J=1,HMBUS

B34 {I,J) =AJ4 (I,J) -XX (I,J)
CORTINUE

CONTINUE

CALCULATING DELTA P,Q,VEAG,ANGLE
DO 52 I=1,8BUS

DP (1) =0.0D0

DQ(I)=0.0D0

DVHAG (I) =0.0D0

DYANG (I} =0.0D0

IP(IABS (BTYPE(I)).EQ.3)GO TO 54

IP (IABS (BTYPE(I)).EQ.2)GO TO 55

DO 53 J=1,HBUS

DVHAG (1) *DVNAG (I) +BI3(X,J) *G(J) +BI4 (I,J) *B (J)
DVANG (I) =DVANG(I) +BJ1(I,J) *G(J) +BI2(I,J) *k (J)

GG TO 52
DO 64 J=1,uBUS

DP (I) =DP (X) +BJ1 (X,J) *G (J) +BI2(X,J) *B(J)

DQ (I) =DQ (X) +BI3 (X,J) *G (J) +BIL(I,J) *H(J)

GO TO 52
DO 65 J=1,nBUS

DQ(I) =DQ(X) +BI3(I,J) *G (J) +BIG(I,J) *H (J)
DVANG (I) =DVANG (X) +BJ1(I,J) *G(J) ¢+BI2 (I,J) *B (J)

CONTINUE

CALCULATING NE% P,Q,V,EANGLE
DO 62 I=1,KBUS
P(I)=P(I)+DP(I)

Q(I)=Q(I) +DQ(I)

VHAG(I) =VEAG(X) +DVEAG (I)

VANG (X) =VANG (I) +DVAKG (I)
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3000

58

3001
62

. 2300

2400

70
60

IF (IABS (BTYPE(I)).NE.2)GO TG 62
QnAX=QGNAX(I)-QD (I)
QNIN=QGAIN (1) -QD(I)

IP(Q(I).LT.DBLE (QNAX)

Q(I)=D3LE(QMAX)

BTYPZ (I) =ISIGN (1,BTYPE(I))

IBT(I)=2
TYPE 3000,I

)60 TO 58

PORNAT(1X,*BUS #¢,X3,2X,*EICEEDS QGBAX,
1B0S CEANGED TO TYPE 1°%)

GO TO 62

IP(Q(I).GT-DBLE (QBIK))
. Q(I)=DBLE(QHIN)

BTYPE (I) =ISIGN(1,BTYPE(I})

IBT(I)=2
TYPE 3001,I

FORNAT(1X,*8US #',I3,2X,*EXCEEDS QGEIN,

1BUS CHAMGED TO TYPE 1°)

CONTINUE
IL=LL+1
I? (LL.LT.LITER)

TIPE 2300,LL

PORMAT(1X,'see*UIIL NCT COMNVERGE IN',X3,2X,*' ITERATIONS')

ABORT=1
GO TO 60

GO TO 13

PRINT OOT SOLUTIONS

TYPE 2600,LL

PORMAT (1X,'****¥R COKVERGENCE IX*,I3,'

DO 70 I=1,MBUS

PG (I) =P (I) +PD(I)
QG (1) =Q(I)+QD(I)

BETORN
END

SUBROUTINE OPT

C SOUBROUTINE TO CALCULATE IZTL,IC,
C CALCULATES OPTINUN LANMBDA FOR SYSTER

REAL IC,LANBDA

INTEGER ABORT,BIYPE,HMBUS
DINENSION PGSAV (50)

GO TO 62

ITERATIONS')

AND PO¥ER FOR EACE GENERATOR

DOUBLE PRECISION AJ1,AJ2,A33,2J8,BJ1,8J2,BJ3,BJ34,
1CALP,CALQ,DC,DV ANG,LVHAG,G,H,ITL, P, C, YANG,VNAG,
2XX,YANG, YSAG,YY,YYSHT,ZANG,ZNAG,YSER,A,B

CoRNMON/ /
1AJ8 (50,50),
1BGSOL,

1BJ4 (50,50) ,
1CALQ(50) ,
1cHG,

1cnz,
123(100),
1GAN2A (50) ,
11,
1LAR3DA,

1J1(50,50),
ALPHA {S50) ,

BJ1(50,50),
BTYPE(S0) ,

cs,ccC,

CHL,

DQ (50) ,
BSP1,
GDAT,

ITER,

LDAT,

LITEE,

132(50,50), 1J3(50,50),

BDAT, BETA(50),

BJ2(50,50), B33(50,50),

EGSH, CALP (50) ,
cG, CHB,

cL, cny,

DVANG (50) , DVEAG (50) ,

ESP2, 6(50),

H(50), 1¢(S0),

ITL (50) , KINV,
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ILWGTH (100) , 1¥0, L0ss, 1PSOL,

1LSET, BBOS, NS, - ESYGB,

1P (50) , 2D (50) , PG (50), PGEAX (50),
1PGAIK (50), Q(50), @D (50) ,QDAT, QG (50) ,
1Q6H1X(50) , QGaIK (50), SE(100) , YYSHT (100,2),
1TOL, TLDAT, TPD,TBDAT, TPL, TGDAT, VABG(50),
1V5AG (50) , XX(50,50), YANG(50,50) ,

1Y8A3 (50,50), YSHET(100,2}), YY(50,50), ZA¥NG (50,50) ,
1Z31G(50,50), 2ZSER(100,2), YSER(100,2), ABOKI,IBT (50}
II=0

L=0

TPD=0.0

TPL=0.0

TPGCC=0.0

C CONMPUTE TOTAL POWER DENAND & LCSS AXD TOTAL POWER
C GENERATED AT CONSTANT COST

10

C CHECK

1000°

20

1010

DO 10 I=1,NBUS

TPD=TPD+PD (I)

TPL=TPL+P (I)

1P (BTYPE(I) .GE.0)GO TO 10

IFP ((ALPHA(I).EQ.0.0).AND, (BETA(I).EQ.0.0).2ND.
1(GANNA (I) . 2Q.0.0) . EQ.0.0) TPGCC=TPGCC+PGYUAX (I)
COXTINUE

FOR NEGATIVE ITOTAL POWER LOSS

Ir(TPL.GE.0.0)GO TO 20

TYPEZ 1000

FORMAT(11X,°'SYSTEN POWER LOSS IS NEGATIVE.'/11X,' CHECK
1TOTAL SYSTEN POWER GENEEATION')

RETORN

IF (LOSS.2Q. *Y') TPL=0.0

I7 (TPGCC.LT. (TPD+TPL)) GO TO 30

TYPE 1010 ,
PORMAT(11X,'NAY CONSTANT COST POWER ¥OT USED.'/11X,  _
1'10AD PLOVW PROBLEM CNLY')

RETORN :

C DETERMINE INITIAL LAMBDA

30

50

40
1020

IP(LSET.EQ.1)S0 TO &0

LANBDA=5000.0

DO 50 I=1,nBUS

Ir ((BTYPE(I).GE.0).OR. (ALPHA(I)-2Q.0))GO TO S0
IP (ALPHA (1) .LT.LABBDA) LANBDA=ALPHA(I)
PGSAV(I)=PG (I)

CONTINUE

DLAN=0.8¢LANBDA

LSET=1

TYPE 1020

PORBAT (SX,'*¢¢0OPTINIZING COST FUNCTIONSs®e?)

C SKIP ITL CALCULATIONS IP 1LOSSLESS SYSTEAM

IF(LOSS.2Q.'Y')GO TO 60

C CALCULATIEG ITL'S

DO 70 I=1,HBOS

1P (BTYPE(I).GE.0)GO TO 70
ITL(X)=0.0D0

DO 80 J=1,HBUS



80
70

IF (BTYPE(J).GE.0)GO TO 80

A= ((zZ8AG (I, J)-nc05(z1xc(1 J)) )/ (YHAG (1) *VEAG(J)) ) *
1DCOS (VANG (I)-VANG (J))

B= ((ZMAG (I, J) *DCOS (ZAXG(I,J)))/ (VEAG(I)*VEAG (J)))*
1DSIN (YANG (I)-VAKG (3))
ITL(I)=ITL (I)+ (P (J) *A-Q(J) *B)

CONTINUE

ITL(I)=ITL(I)+ITL(I)

CONTINUE

C OPTINMIZING LANBDA

60
85

DPSAV=0.0

CONTINUE

TPG=0.0

DO 90 I=1,MBOS

IF(BIYPE(I) .GE.0)GO TO 90

IP ((ALPEA(I) .EQ.0.0) .AND. (BETA(I) .EQ.0.0) .AND.
1(GAAKA (I).B0.0.0))GO TO 100
IF (LOSS.EQ. *N*) GO TO 110
IC(I)=LAaBDA

GO TO 120

IC(I)=LANBDA® (1.0-ITL(I))

1P (IC(I).GE. ALPEA(I))GO TO 120
PG (I) =0.0

GO TO 8Y

C CONPOTE PG*S PROX COST PUNCTIONS

120
130

[+
1030
135
140

c
1032
100

89
C CHECK
1036

105

[
1038

IF (GANHA (I) .XE.0.0)GO TO 130

PG (I)=(IC(I)~ALPHA(I)) /BETA (I}

G0 TO 89

C=BETA(I) *BETA(I)~4.0% (ALPHA (I)=IC (1)) *GANAA (1)
IP(C.GE.0.0)GO TO 140

TYPZ 1030,1

PORNAT(1X,'COST CURVE COEPFICIENTS GIVE KEGATIVE
1DETERNINANT,GENERATOR',I3,2X, SET TO ZEROY)
PG (1) =0.0

GO TO 89

C=5QzT (C)

PG (I)=(~BETA(I) +C) /(2.0%GANNA {I})

IP (PG (I) . GE.PGHIN(I)) GO TO 89

PG (I) = (=BETA (I) =C) / (2.0*GANNA {1} )

IF (PG (I).GE.PGAIN(I))GO TO 89

PG (I) =PGHIN (X)

TYPE 1032,Y

FORMAT (1X,13,1X,'PG NEG, GEN. SET TO 0.0%)

GO TO 89

PG (I) =PSAAX (I)

IP ((ALPHA(X) .EQ.0.0) .AND. (BETA(I) .2Q.0.0) .ARD.
1(GANNA (I).BQ.0.0))GO TO 150

CONTINUE

POB PGEAXY CONSTRAINTS

IP (PG (I).LE.PGHAX(I))GO TO 105

PG (I) =PGHAX (I)

TYPE 1036,I,PGNAX (I)

PORMAT(1X,I3,'PG BICIEDS PGHAX, GEN RESET TC',P12.7)
GO TO 165

IP (PG (X).GE.PGHIN(I))GO TO 150

PG (I) =PGNIN (I}

TYPE 1038,I,PGRIN(I)

FOREAT(1X,I3,1X,'PG ZXCEEDS PGMIN, GEN RESET 70°*,212.5)
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165 icluan(x) .N2.0.0)GO TO 160
C(I)=ALPHA (I) ¢BETA (I) *PG (I)
co TO 150
160 IC(X)=ALPHA(I)¢BETA (I) *PG(I) *GARNA(I) *PG (I) *PG (1)
150 TPG=TPG+PG (I)

90 CONTINOE

C CEECK PCVER BALANCE LESS THAM ESP1
DP=TPG-TPD-TPL
IP (ABS(DP).LE.ESP1) GO TO 210
L=L+1
IF(L.LE.ITER)GC TO 170
TYPE 1040,L
1040 PORNAT (11X, ' POVES BALANCE PQUATICNS HOT SATISEIED IN°®
1,13,2X,*XTERATIONS, /11X, CHECK COST CURVES AND
2:0Lzaxuczs')
RETURN

C ADJUST LAMBDA IN CONPARISON TO PREVIOUS ITERATION
170 IF ((DPSAV.GE.Q.0) .AND. (DP.GT.0.0)}GO IO 180
. IP((DPSAV.LE.0.0).AND. (DP.LT.0.0))G0O TO 190

I? ((DPSAV.GE.0.0) .AND. (DP.LT.0.0)} GO TO 200
DLAN=0.5*DLAM

180 LANBDA=LANBDA-DLAN
DPSAV=DP
Go TO 85

200 DLAN=0.5%DLAN

190 LANBDA=LASBDA+DLAXN
DPSAV=DP

. - GO TO 85

210 II=YL+1

TYPE 1050,L

1050 PORMAT (11X, *LANBDA DETERMINED IN ¢, 13,2X,'ITERATIONS')

C CEECK PG(I) CONVERGENCE .LE. BSP2
DO 220 1=1,MBUS
. IF(BTYPE(I).GE.0)GO TO 220 .
Ir(ABS(PG(I)-PGSAV(I)).GT.ESP2)GO TO 230

220 CONTINUE
: RETURN
230 DO 200 X=1,MBOS
PGSAY (I)=PG(I)

P(I) =DBLE (PG (I) ) =DBLE (PD (1))
IP(IBT(I).NE.2)GO TO 240
BTYPE(I) =ISIGN (2,BTYPE(I))
VHAG(I)=1.0
IBT (1) =0

240 CONTINUE
DLAN=0.5%LANBDA

250 CALL NBRLP
GO T0 S
ZND

SUBROUTINE CTRI(A,B,C,D,N)
DOUBLE PRECISION A(S50,50),B(50,50),C(50,50),D (50, 50),:(2) .SUR(2)

C TRIANGULARIZE A INTO B (LOWER) AND



100

105

200

205

L ‘ 250
| 275
1

280

10
. 20

22
25

3  UPPER TRIAG HATRIX
DO 100 I=1,N

C(I,1)=2(I,1)
D(I, )=B(I,1)
DO 105 J=2,N
CALL CDIV(T(1),T(2).,A(%,J),
BA,D A1) ,3(1,1))
C(1,J)=T(1)
D(1,3)=T (2)

DO 275 1J=2,1

DO 250 J=IJ,N

DO 250 I=1J,¥
IP(I.LT.J) GO TO 205
JRi=J-1

S0n (2) =0.0D0

SUN (1) =SUA (2)

DO 200 K=1,JH1

CALL CHOUL(T(V),T(2).C(I,K),
bp(1,X),C(k,J) ,D(K,J))
SUK (1) =SUA (1) +T (1)
SUN (2) =SIR (2) +T (2)
C(1,J)=A(I,d)~-S08(1)
D(I,3)=B(I,J3)-50n(2)
GO TO 250

COXTINUE

CALL CDIV(T (1),T(2),C (3,1},
D(J,1),C(X,XI),D(I,I))
C(1,J)=T (1)
D(I,J)=T(2)

CONTINUZ

CONTIRUZ

DO 280 I=1,N

DO 280 J=1,N
IP(I.GE.J) GO TO 280
D(I,J)=0.0D0
C(I,J)=D(I,J)

CONTIXOE

RETURN

END

SUBROUTINE CTRIV(A,B,C,D,H)
DOUBLE PRECISION A(50,50),B(S0, 50) +€(50,50) ,b(50,50) ,
1508 (2) , T (2) ,AI ]

I=¥

COKTINUE

K=I

CONTINUE

SOR (2)=0.0D0
SUN(1)=S0n (2)
AXI=S0N(1)
IP(X-I) 25,22,25
AI=1.0D0

J=K¢1

IF(J.GT.¥) GO TO 80

DO 30 JJ=J,¥ :
CiLL CHUL(T(1),7T(2),A(3J,K),
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1 B(3J,K),C(X,3d),D(I,JJ})

. SUM(1)=SUK (1) +I (1)

a0 SUH (2) =SUN (2) +T (2)

40 T (1) =AI-50K (1)
T (2) =~S0n(2)
CALL CDIY (SUN(1),SUM(2),T(N).T(2)

1,A(X,X),B(K,K))

C(K,I)=S0% (1)
C(I,K)=C(K,TI)
D(X,I)=508(2) .
D (I,K)=D(K,I)

K=K-1
IF(K.EQ.0) GO TO 50 -
GO TO 20 :
50 I=I-1
IP(I.EQ.0) GO TO 60
GO TO 10
60 CONTINUE

RETURN

EXD

SUBROUTINE SOL

C SUBROUTINE TO CALCOULATE ARD PRINT BUS & GENERATOR SOLUTIONS
c AND LINE POWER PLOW

REAL LAXBDA,IC

INTEGER BTYPE,BGSOL,EB,SB

DOUBLE PRECISION 131,1J2,133,1J4,BJ1,B32,E33,BJ4,
1CALP,CALQ,DQ,DVANG,DVAAG,G,H,ITL,P,Q,VANG,VEAG,
2XX,YANG,YNAG,YY,YYSHT,ZANG,2Z8AG,YSER,

3YA, YN, YSHTA,YSBTH,PLN, QLN

CONNMON/ / 131(50,50), AJ2(50,50), 1J33(50,50),
1A34(50,50), ALPHA (50) , BDAT, BETA (50),
1BGSOL, BJ1(50,50), BJ2(50,50), B33(50,50),
1BJ4(50,50), BTYPE(50), BOSH, CALP(50),
1CALQ(50) , cB,cC, cG, CHEB,

1CRG, CHL, cL, cny,

cnz, DQ(50), DYANG(50) , DYNAG (50) ,
1EB (100) , esP1, BSP2, G (50),
1GAENA (50), GDAT, E(50), IC(50),

11, ITER, ITL(50), KINY,
1LAMBOA, 1DAT, LITER,

1LNGTH(100), LEo, LOSS, LPSOL,
1LSET, MBOS, ¥S, ¥SUGB,

1P (50), PD(50) , PG (S0) , PGHAX (50) ,
1PGHIN (50), Q(50), QD (50) ,QDAT, QG (50) ,
10GHAX (50) , QGHIR (50), SB(100), YYSHT(100,2),
1TOL, TLDAT, TPD, TBDAT, TPL,TGCAT, YANG (50) ,
1YHAG (50) , Xx(50,50), YANG(50,50),

1Y8AG(50,50), YSHT(100,2), YY(50,50), ZANG(50,50) ,

128AG(50,50), ZSER(100,2), YSER(100,2), ABORT



IP (BSSOL.2Q.0)GO TO 280
IF (KINV.EQ. 1)GO TO 265
TPD=3.0
TPL=0.0
DO 275 I=1,1BUS
TPD=TPD+PD (I)
TPL=TPL+P(I)

275 CONTINUE
VRITE (N5,1157) TPL,TPD

1157 PORNAT (/1X,%¢+*+¢SYSTEN BUS AND GENERATCER SOLUTIONSsesset/
11X,'SYSTEN LOSSES(PU)=",P8.4,¢, SYSTEN LOAD(PU)=",P8.4,/
21X,¢BOS #¢,1X,*BTYPE',6X,*PG*,6X,°CG*,6X, PD?, 6X,
3°QD*,5X, *VHAG® ,4X, *VANG")
pO 277 I=1,MBUS
PG (I)=P (I)+PD(X)
QG (I) =Q (I) +QD (1)

277 WRITE(NS,1158) I,BTYPE(I) ,PG (1) ,QG(I) ,PD(I) ,QD(I) .,
1VELAS (1), VANG (X)

1158 FORMAT (1X,13,3X,13,3X,6r8.3)
BGSOL=Q
GO TO 280

265 WRITE(NS, 1155) I1,ESP1,ESP2,LANBDA,TPL,IPD

1155 PORUAT (/1X, *#*¢+SYSTEA BUS AND GENEEATOR SOLUTIONS®ses1/
16X, *2CON. DISPATCE CONVERGENCE IN',I3,* ITERATIONS'/
12X,'ESP1=* ,P8.4,*, BSP2=',P8.8,', LASBDA=¢,P8.4,/1X,°SYSTEN
3LOSSES (PU)=*,PB.4,°, SYSTEN LOAD(PU)s*,F8.8,/
41X,°BUS#', 1X,*BTYPE® ,4X,*IC*,51, ' ITL?,61,°PG*,6X,
5'QG',6X,'PD*,6X,°QD*,5X, VHAG®,8X, *VANG®)

DO 270 I=1,HBOS
PG (I) =P (I)+PD(I)
QG (I) =Q (I) +QD (T)
270 WRITE(NS,1160) I,BTYPE(I) ,IC(I),ITL(I) ,PG(I),QG(L).,
1PD(I),QD(I),VHAG (I) ,VANG(I)
1160 POREAT(1X,13,1X,I3,F10.4,7P8.4)
BGSOL=0
280 CONTINUE
IP (LPSOL.2Q.0)GO TO 300
1P (KINV.EC.0)GO TO -287

C CALCULATING BUS POWER COST
B=0.0
C=0.0
WRITE(NS, 1165)
1165 PORMAT(/1X, *##*+SYSTEN OPERATING COSTeses?)
DO 285 I=1{,HBUS
IP(BTYPE(I).GE.0)GO TO 285
B=ALPHA (I)*PG(I) « (BETA (I) *PG (X) *PG (I)) /2
1+ (GAMMA (I) *PG (I) *PG (I) *PG(I)) /3
YRITE (85,1170) 1,8
1170 PORMAT(1X,%GEN. $',I3,%=",P8.2,%P.0.")
C=C+B
285 CONTINOE
WRITE (¥5,1180)C
1180 FORAAT(1X,*TOTAL SYSTEN OPERATING COST =°,P10.2,'P.U.*)

C CALCULATING LINE POWER PLOW

287 WRITE (¥5,1190)

1190 FOBNAT(/1X,*****LINE POVER FLOR®®®s! /{I ¢LINES* ,3X,*SB*,8X, EB*,
14X,*REAL PONER',4X,'REACTIVE PONER')
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DO 300 I=1,LNO

L=SB(I)

¥=EB (I)

YH=DSQRT( (YSER(I, 1) *YSEE (I, 1))+ (YSER(I,2)*YSER(Z,2)))
YSHTN=DSQRT ( (YYSHT (X, 1) *TYSHT (I, 1))

14 (YYSHT (I,2) *YYSHT (1,2)))

IF (YSER(I,1).EQ.0.0C0)GO TO 302

YA=DATAN2 (YSER(I,2) ,YSER(I, 1))

G0 TO 306
302 Ir(YSER(X,2))303,304,305
303 Y)=~1.570796326794857
GO TO 306
304 Y1=0.0D0
GO TO 306
30S Y1=1.570796326794897
306 IF(YYSET(I,1).2Q.0.0D0)GO TO 308
YSATA=DATAN 2(YYSET(I,2) ,YYSHT(I, 1))
GO TO 314
308  IP(YYSHT(I,2)) 309,311,312
309 YSHTA=-1.570796326794697
GO TO 314
311 YSHTA=0.0D0
G0 TO 314
312 YSHTA=1.570796326794897
31 CONTINUE
JJ=0
310 PLE=VAAG (L) *VAAG (L) *YA*DCOS (Y4)

1-VRAG (L) *VHAG () *TH*DCOS (VANG (L) =Y AMG (M) -YA)
24VHAG (L) *VHAG (L) *YSHTH®DCOS (ISHTA)

QLN=-VNAG (L) *VEAG (L) *YN*DSIN(YA)
1-VMAG (L) *VEAG (K) *YR*DSIK (VANG (L) -VANG(8)~Y])
2-YHAG (L) *VHAG (L) *YSHTE*DSIN (YSETA)
WRITE(NS,1200)I,L,%,ELN, QLN
1200 PORMAT(1X,13,4X,13,3X,13,712.8,6X,F12.4)
IF (JJ.EQ.1)GO TO 300
Ja=1 ‘
L=EB(I) . .
#=SB (I)
GO TO 310
300 CONTIKUE
LPSOL=0
RETURN
END

SUBROUTINE ANULT (Z,X.Y,H)
. DOUBLE PRECISIOM Z(50,50),X(50,50),¥(50,50)

DO 1 I=1,8
DO 1 J=1,4
Z(1,J3)=0.0D0
DO 1 K=1,8
Z(I,3)=2(1,3)+X (I,K)*I(K,J)
1 COMTINOE
RETORN
EXD

SUBROUTINE CHOL(X,Y,A,B,C,D)



nonaNN

oo

nnoaonNn N

DOUELE PRECISION X,Y,1,B,C,D
X=A*C-B*D

Y=1%D4B*C

PETURN

IND

SUBROUTINE CDIV(X,Y,1,B,C,D)
DOUSLE PREECISION X,Y,A,B,C,D
X=C*CeD*D

Y= (B*C~1*D) /X

I= (A*C+B*D) /X

RETURN

END

'SUBROUTINE CINVT(A,B,C,D)

1=C/ (C*C+D*D)
B=-D/(C*C+D*D)
RETURN

END

PUNCTION CABS(A,B)

DOUBLE PRECISION CABS,A,B,DSQRT
CABS=DSQRT (A*A+B*B)

RETORN

ERD

SGBROUTINE DPINVT (A,B,C,D)
DOUBLE PRECISION 1,B,C,D
1=C/ (C*C+D*D)

B==D/ (C*C+D*D)

RETURN

END

SUBROUTINE HINV (A,N)

THIS SUBPROGRAM IS FOR MATRIX INVERSIOK AND SIauL
LINEAR EQUATIONS

A=THE GIVEN COEPFICIENT MATRIX A;A**-1 WILL BE
STORED IN THIS NATRIX AT RETURN T0 JHE MAIN PROGRAN

¥=ORDER OF A;¥.GE.1 . .
DIMENSION IPYOT (50) ,INDEX(50,2)
DOUBLE PRECISION 1(50,50),B(50,50) ,FIVOT(50),T
EQUIVALENCE (IBOW,JROW), (ICOL,JCOL)

FOLLOWING 3 STATEMENTS FOR INITIALIZATION
A=0 ’

DET=1.0

DO 17 J=1,8

IPVOT (J) =0

DO 135 I=1,X

POLLOWING 12 STATEMENTS FOR SEARCH FOR
PIVOT ELEMENT
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12
33

2
109

anon

205

135

222

T=0.0D0

DO 9 J=1,¥

1F (IPVOT (J).EQ.1) GO TO 9
DO 23 K=1,X .

IF (IPVOT(K)~-1) &3,23,81
IF (DABS(T) .GE.DABS (A (J,K))) GO TO 23
I1rOW=J

ICOL=K

T=A(J,K)

CONTINOZ

CONTINOE

IPVOT(ICOL)'IP'OT(ICOL)01

PCLLOVING 15 STATENINIS TO PUT PIVOZ
ELENMENT ON DIAGONAL ’

IF (IROF.EQ.ICOL) GO TO 109
DET = -DET

DO 12 L=1,N
T=1(IFOU,L)

A(IROW,L) = A(ICOL,L)
A(ICOL,L) = T
IP(5.LE.0) GO TO 109
DO 2 L=1,1

T=B (IBOW,L)
B(IRO¥,L)=B(ICOL,L)
B(ICOL,L)=T
INDEX (I, 1) =IROW
INDEX(I,2)=1ICOL
PIVOT (I) =1 (ICOL,ICOL)
DET=DET*PIVOT (I)

FOLLOWING 6 STATEMEKTS TO DIVIDE PIVCT ROW
BY PIVOT ELENMENT

A (ICOL,ICOL)=1.0D0

DO 205 L=1,N
A(ICOL,L)=1(ICOL,L) /PIVYOT(I)
IF (M.LE.0) GO TO 387

DO 52 L=1,8
B(ICOL,1) =B (ICOL,L) /PIVOT (I)

POLLOVING 10 STATEENTS TO REDUCE NOM-PIVOT ROWS

DO 135 LI=1,X
IP(LI.EQ.ICOL) GO TO 135
T=A(LI,ICOL)
A(1LI,ICOL)=0.0D0

DO 89 L=1,¥
A(LI,L)=A(LI,L)~A(ICCL,L)*T
IP(4.LE2.0) GO TO 135

DO 68 L=1,K
B(LI,L)=B(LI,L)~B(ICOL,1)*T
CONTINUE

POLLOWING 11 STATEMEMTS TO INIERCEAMGE COXLUSES

DO 3 1I=1,)
Laj=-I+1
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IF (I¥DEX (L, 1).BQ.INDEX(L,2)} GO IC 3
19 JEQU = INDEX(L, 1)

JCOL = INDEX(L,2)

DO 549 K=1,X

T = A(K,JROW)

A(K,JROW)=A(K,JCCL)
A(K,JCOL) =T

549 CONTINDZ

3 CONTINDE

81 RETURN

END



C
C
Cc
[
[
Cc

10
1000

C SYSTEHN INITIALIZATION
20

1010

22
2000

1012

24
26
1014
28
2001

Computer Code EDSP15

ECONONIC DISPATCH EXECUTIVE PROGHANM

THIS PROGRAM PROVIDES LOAD FLCV SOLUTIICNS AND ECONCHNIC
DISPATCH FOR POWER SYSTENS WITH A HMAXINUN OF 15

BUSES AND 30 TRANSHMISSION

LINES.

1T SCLVES FOR SYSTIEN

10AD,LOSSES,GENERATOR INCRENENTAL COSTS,REAL POWER
GENERATION,TRANSNISSIOX LINE REAL & 'REACTIVE PCWER FLOWS.

REAL LNGTH,LAXBDA,IC
INTEGER ABORT,ANS,BDAT,BTYPE, BUSH,CE,CC,CG,CBC,CHB,CBG,CHL,

ICL,CB!,C!Z,Bl,GDIT,QDLT,SBUS,BGSOL.LFSCL,SB,ILDAT,TBDAT,TGDAT

DOUBLE PRECISION AJ1,AJ2,4J33,4J4,331,E32,E33,BJ4,
1CALP,CALQ,DQ,DVANG,CVIAG,G,H,ITL,P,Q,YANG,VHAG,
2XX,YANG,YNAG,YY,YYSHT,ZANG,Z8AG,YSER

CCMHNON/ /
1434 (15,15) ,
1BGSOL,
1B34(15,15),
1CALQ (15) ,
1CHG,

icnuz,

1EB (30),
1G2H3A(15),
uI,

1KsoL,

1LEGTH (30) ,
LSET,

1P (15),
1PGHIN (15),
10GHAX(15) ,
1TOL, TLDAT,
1VEAG(15),
1T8AG (15,15) ,
1ZBAG (15, 15) .

-DATA

1ABGRT/0/,
1CG/' N/,
1CHG/'N Y/,
1CHY/ N/,
185P2/0.001/,
1KSOL/0/,
170L/0. 0001/,

CALL ERRSET(O)

TYPE 1000

AJ1(15,15),
ALPHA (15),
BJ1(15,15),
BTYPE(1S),
¢B,CC,

cHL,
DQ(15).,
®SP1,

GDAT,

ITER,
LANBDA,
LuO,

nBUS,
PD(15),
Q(15),
QGNIN (15),
TPD, TBDAT,
VSPEC (15),
YSHT (30,2),
ZSER (30,2) ,

BDAT/0/,
CEB/'NY/,
CHL/'NY/,
cuz/ ¥y,
GDAT/0/,

1LDAT/0/,

QbAT/0/

132(15,15) ,
BDAT,

BJ2(15,15)% -

BUSH,

CcG,
cL,
DYARG(1S),
ESP2,
B(15),
ITL(1S),
LDAT,
10ss,
%S,
PG (15) ,
QD (15) ,QDAT,
SB(30) ,
TPL,2GDAT,
XxX(15,15),
1Y (15, 15),

A33(15,15),
EETA(1S), .
BJ3(15,15),
CALP(15),
caB,
cany,
TVEAG (15),
G(15),
IC(15),
KINY,
LITER,
1PSoL,
¥SYGB,
PGAAX (15) ,
QG (15),
YYSH?T (30,2),
VAKG(15),
YANG (15,15),
ZANG (15,15),

ISER(30,2), ABOLT,1BT(15)
BUSE/0/, CB/NY/,
CBC/'N'/,
CL/'n'y/, .
BSP1,0.001/,
ITER/SO/, KINV/0/,
LITER/5/, L0SS/'¥Y/,

PORMAT (15X *#*»#%ECONONIC DISPATCH EXECUTIVE PROGRAN®*»s¢)

TYPE 1010

POFMAT(/1X,*>>ENTEE TYPE PROBLEA®*/8X,°0=10AD PLOW PROBLEN'/
18X,*1=ECONOMIC DISPATCH PROBLEN')
ACCEPT 2000,KINYV

PORRAT(I1)

IF ((KINV.E2Q.0).OR. (KINV.2Q.1)) GO TO 24

TYPE 1012
GO TO 22

POBHAT(!!,'“ROIG EXTRY, NUST BE O OR 1, TRY AGAIN')

IP(KINV)30,30,26

TIPE 1014

POFMAT(/1X,*>>1S SYSTEAN LOSSLESS?') -
ACCEPT 2001,L0SS

FORKAT(1A1)

150



1013
30
1018
32

1017
348

1020
36
2004

101€

C CBECK
40
1030

50

1018

2008

151

IF ((LOSS.EQ.'K*) .Ok. (LOSS.2Q."Y*})GO 10 30
TYPE 1013

FORMAT (1X, *WRONG ENTRY, BOST BE "Y™ OR "N®, TRY AGAIK.?)
GO TO 28

TYPE 1018

PORBAT(/1X, *>>ENTER LOAD PLO¥ SOLUTICX MEIECD®/8X,
190=NEWTON-RAPHSON' /8, * 1= ACCELERATELC GAUSS-SEIDEL'/8X,
1v2=PATTERN SEARCH')

ACCEPT 2000,KSOL

IF ((XSOL.GE.0) . AND. (KSOL.LE.2))GO TO 3&

TYPE 1017

PORRAT(1X, *WRONG EHTRY,HUST BZ 0,1, OB 2,TRY AGAIN.!)
60 TO 32 .

IP(XSOL.EQ.2) KSOL=0
IP((KSOL.2Q. 1) +AND. (LITER.LT.30)) LITER=30
IP((LDAT.EQ.1).AND. (BDAT.EQ.1)«AND. (GCAT.EQ. 1)}

160 TO 70

TYPEZ 1020 ) .
POPHAT(/1X, *>>ENTER TOTAL MURBER OF (LINES, & BUSES).')
ACCEPT 2004 ,LNO,NBOS

FORNAT (21)
IP(((LNO.GE.1).AND. (LHO.LE.30)) . AND. { (§BUS.GE. 1)

1.AND. (#BUS.LE. 15))) GO TO 40

TYPE1016

PCREAZ(1%, 'KEONG LEXPY,TOTAL LINES=1 T¢ 33 ¢I3TAL EUZES=1 TO 15,
1TRY AGAIN.')

60 TO 36

METHOD OF DATA INPOT (SOS FILE/CRTI/ITY)
TIPEZ 1030 .

FORMAT(/1X,*>>¥ANT TO TYPE 1IN XNEW (LINE DATA, BUS DATA, Ok

1 GENERATOR DATA)?')

ACCEPT 2008, ILDAT,TBDAT,TGDAT
IP(((TLDAT.EQ.*H") «ORe (TLDAT.EQ.'Y') ) «2Nl. ((TECAT.LQ.5Y)
1.0R. (TBDAT.EQ.*Y")).AND. ({TGDAT.EQ.*N') .OR. (IGDAT.PQ.°'Y")))
2GO TO 60

TYPE 1015

FORMAT(1X,°*WROXG ENTRY, NOST BE "N® OR "Y™ FOR .
1EACH DATA GROUP,*/1x,'i.e. “NIN™ aeans type in bus -
1data only,please use CAP ¥ & Y, '/1x, *try agaiun.')
PORNAT(311) :

GO TO 50

C READ SYSTEN DATA FROX SOS PILE,TITY,OR CRT
60

80
90

-

C CHECK
70
1050

100
2020

IF(LDAT.EQ.0) CALL LDATA
IF(ABORT.EQ.1)GO TO 320
IF(BDAT.EQ.0) CALL BDATA
IF(ABORT.EQ.1)GO IO 320
IP(GDAT.E2Q.0) CALL GDATA
IP(ABORTI.EQ.1)GO TO 320

FOR PRINTOUT OF SYSTEX DATA

TYPZ 1050 .

PCRHAT(/1X,*>>EANT LA COPY OF (LDATA,BDATA,GDATA,
10R SYSTEM CONVERGEXCE CRITERIA) 2°')
RELD(5,2020)CL,CB,CG,CC

YORMAT(¥11)

IP(((CL.2Q."¥*).OR. (CL.2Q.'Y')) .AND.
1((CB.2Q."¥') .OR. (CB.2Q.*Y')).AHD.
2((CG.2Q.'%*) .OR. (CG.2Q.°Y*}).AND.



1019

110
120
130

- 180

142
1065

C CHEICK
145
1070

150
2040

1021

160

1090

170
2050
1100
180
181
1110
182
1120
183

152

3((CC.EQ.*N’) .OR.(CC.EQ."'Y*)))GO TO 110
TYPE 1019

YORHMAT (1X,*WRONG ENTRY, BUST BE "N" OB "Y*" FOR

1ZACH DATA GROUP.*/1X,°*I.E."NYNY™ EEANS IYPE OUT

2B6US DATA AND CONVERGENCE CRITERIA CXLY.'/1X, °*TRY AGAIN.')
GO TO 100

IP(CL.EQ.'Y')CALL LDATA

IF(CB.EQ.*Y*)CALL BDATA

IF(CG.EQ.*'Y')CALL GDATA

PRINT SYSTEM CONVERGENCE CRITERIA

IF(CC.EQ.'N')GO TO 14S

WRITZ(5,1065) LITER,TOL,ITER,ESP1, ESP2

FORMAT(/1X,***SYSTES CONVERGENCE CRITERIA®*'/10X,

1*LOAD PLOV ITERATIONS=*,I3/

110X,'LOAD FLOW TOLZRANCE=',E13.5/

210!,;2COH DISP - ITERATIONS=*,I3/10X,*ESP1=*,E13.5/10X, 'BSpP2=",
3E13.5)

FOR CHANGES TC CCNVERGENCE CRITERIA OR SYSTEH DATA

TYPE 1070

PORBAT(/1X, '>>WANT TO CHANGE

1(LDATA,BDATA,GDATA, CR CONVERGENCEZ CRITERIA)Z')

ACCEDPT 2040,CEL,CHB,CHG,CHC

FTORMAT (3A1)

IF(((CHC.BQ.'N') .OR. (CHC.EQ.'Y")) .AND.
1((CHL.2Q. *N') .OR. (CAL.Z2Q.*Y"')) . AND.

1((CHB. EQ. *N*) .OR. (CEB.2Q. *Y*} ) .AND.
1{(CHG.BQ.*N') .OR. (CHG.2Q.*Y")})) GO TO 160

TYPE 1021

PCRHAT(1X,*VRONG ENTRY, XUST BE "N® OR ™Y¥ POE EACH DATA
1GKOUP, TRY AGAIN.')

GC TO 150

IF(CHL.272.'Y') CALL 1DATA

IF(CEB.EX.YYY)CALL EDATA

TF (CHG.EQ.'1') CALL GUATA

IP (CHC.EQ.*N*)GO TO 190 : -
TYPE 1090

PORMAT(/1X, ' #*CONVERGENCE CRITERIA CHANGESsst/
11x,$>>BENTER(VARIABLE #,NEW VALUE THEN "CE") '/

110X, '1=LOAD PLOW ITERATIONS'/10X,'2=10AD PLOW TOLERANCE'/
210X, *3=ECON DISP ITERATIONS'/10X,'4=ESP1'/10X, *5=ESP2'/
310X, '>>ENTER 0 THEN “CE® WHEN CHANGES CCMPLETED.®)
READ(5,2050) HARE, X

PORMAT(I,F)

IP((NABE.GE.O) .AND. (NANE.LE.5)) GO 10 180 )

TYPE 1100

PORBAT(11,'WRONG BNTRY,VARIABLE MOST EE 1-5, TRY AGAIN.Y)
GO0 TO 170

IF (NASE.2Q.0)GO TO 190

GO TO (181,182, 183, 184,185) NANE

LITER=IPIX (X)

TYPZ 1110,LITER

PORNAT (8X,°LOAD PLOW XITERATIONS=',I3)

co T0 170

TOL=X

TYPE 1120,TOL

PORMAT (8X,'LOAD FLOVW TOLERANCE=*,E13.5)

Go TO 170

ITER=IPIX(X)

TYPEZ 1130, ITER



1130 POENAT(8X,*OPT DISP ITERATIONS=*,I13)
GC TO 170

184 ESP1=X

) TYPE 1140,ESP1

1140 FORNAT(8X,*ZSP1=',E13.5)
GO TO 170

185 ESP2=X
TYPE 1150,ESP2

1150 FPCREAT(BX,*ESP22t,E13.5)

GO TO 170
190 IP ((BUSY.20.0) .OR. ((BUSE.XE.2) .AND. (KINV.EQ.1)))CALL YBUSH
222 TYPE 1152

1152 PORNAT(/1X,*>>WANT A COPY OF (YBUS MATRIX, ZBUS MATRII)?')

223 ACCEPT 2060 ,CHY,CEZ
IF (KINV.BQ.0)CHZ='Y"

2060 FOERAT (211)
IF(((CHY.BQ.*N") .OR. (CHY.EQ.'Y')) .AND. ((CHZ.ZQ."'H"').0R.
1(CHZ.BQ.'Y")))GO TO 224 .

TYPE 1021
GO0 TO 223
224 IFP ((CAY.EQ.'Y').OR. (CBZ.EQ.'Y"))CALL YEUSH
225 CONTIRUZ
C SYSTEN INITIALIZED STARTING LOAD PLOVW CALCULATIONS
LSET=0
230 IP(KSOL) 250,240,250
C CALCULATING LOAD PLOW BY NERTON-RAPHSCH
240 CALL NBLF
GO TO 260
C CALCULATING LOAD FLOW BY GAUSS-SEIDEL
250 CALL GSLP
260 IF(ABORT.2Q.1)GO TO 320

Ir (KINV.EQ.0)GO TO 320

C CALCULATING OPT DISP POWER EALANCE EQUATIONS

CALL OPT

GO TOo 330 4
320 ABOEKT=0
330 TYPE1210

1210 FCEMAT(/1X,*>>TYPE CODE # POR DESIRED ACIICN'/

. 18X,'1=PRINT BUS & GEN SOLUTIONS ONLY.'/8X, *2=PRINT LINE
2POWERS, BUS & GEN SOLUTIONS'/8X,°3=CKEATE SOS FILE OF
2 SOLUTIONS'/8X,'8=CHAXGE DATA OR TCLERANCES AND RERONY/
18X,*'S=CHANGE TYPE PEOBLEM OR SOLUTION METHOD,*/13X,'RERUN WITH
1EXISTING DATA'/8X,'6=XEW PROBLEN'/8X,'7=TIERBINATE')

340 ACCEPT 2000,ANS
IP ((ANS.GE.1).AND. (ANS.LE.7))GO TO 350
TYPE 1220
1220 FORMAT(1X,'WRONG ENTRY, MUST BE 1 TO 7, TRY AGAIN.‘)
GC TO 340
350 GO TO(361,362,380,363,365,367,500) ANS
361 N5=5
BGSOL=1
LPSOL=0
CALL SOL
GO TO0 330
362 N5=5
BGSOL=1

153



363

365

367

154

LPSOL=1 . :
CiLL SOL '
Go TO 330
BDAT=0
TBDAT=¢ N
CALL BDATA
G0 TO 145
LSET=0
BDAT=0
TEDAT=*N*
CALL BDATA
G0 TO 10
LDAT=0
BDAT=0
GDAT=0
QDAT=0
LSET=0

G0 TO 10

C CREATIRG SOS PILES OF LINE, BUS, GENERATOE DATA,
C YBUS & ZBUS MATRIX, BUS 6 GENERATOR SOLOUTIONS, A1MND

C LINE PORER PLOW, AND CONMAND FPILE POR TRABSFER OF DATA
C T0 TAPE. ’

380

445

3030

3040
450
3050

3060

860
3070
465

500

OPEN(UNIT=1,DEVICE=*DSK®, ACCESS=*SEQOOT’,
1DISPOSE=* SAVE', FILE='SOL.DAT')

XS=1

BGSOL=1

LPSOL=1

CALL SOL

CLOSE(UNIT=1)

N5=5

OPEN(UNIT=24,DEVICE=*DSK',ACCESS='SEQOUT*,
14ISPOSE='SAVE' , PILE=*YBUSA. DAT®)

¥RITE (24,3030)

PORMAT (15X, **YBUS MATRIX®*')

DO 450 I=1,MBUS iy
WRITE(24,3040)1

FORMAT (1X, 'RO¥*,I3)

VRITE (24, 3050) (YHAG (I,3) ,YANG (I,J) ,J=1,HBUS)

FORMAT(6212.5)

IP (KINV.EQ.0) GO TO 465

WRITE (24, 3060)
FORBAT (15X, ***ZBUS BATRII®*¢)
DO 860 I=1,HBUS

WRITE (24,3080) I .
WRITE(24,3070) (Z8AG(I,J) ,ZANG (1,J) ,3=1,HBUS)
PORBAT(6212.5)

CLUSE (UNIT=24)

GO TO 330

CONTINUE

STOP

END

SUBROUTINE LDATA

C SUBRCUTINE TO READ, WRITE, AND CHAKGE LINE DATA



REAL LNGTH

INTBSER ABORT,BUSH,CL,CHL,ZB,SB,TLLCAT
DOUBLE PRECISION AJ1,1J2,AJ3,AJ%,BJ1,BJ2,EJ3,BJ4,
1CALP,CALQ,DC,DV ARG, DVHAG,G,H,ITL, P,Q, VANG, VAAG,

2XX,YANG,YHAG, YY,YYSHT,ZANG,28AG,YSER

CoNNON/ / AJ1(15,15), AJ2(15,15), AJ3(15,15),
1AJ4(15,15), ALPHA(15), BDAT, BETA(15),
1BGSOL, BJ1(15,15), BJ32(15,15), BJ3(15,15),
1638 (15,15), BTYPEZ(15), BUSH, CALP(15),
1CALQ(15), cB,CC, cG, CHB,
1cn6G, cHL, cL, cnY,

1cnz, DQ(15) . DVANG(15) , CVBAG(15) ,
1BB(30) , ESP1, BSP2Z, G(15)
1GAKHA (15) , GDAT, H(15), Ic(15),

111, ITER, ITL(15), KINY,

1KsoL, 1LAXBDA, LDAT, LITER,
ALEGTH(30), L¥O, 1oss, LPSCL,
1LSET, HBUS, x5, ¥SUGB,

1P (15), 2D (15), PG (15) , PGEAX (1S) ,
1PGNIN (15), Q(15), QD (15) ,QDAT, Q6 (15),
1068 (15) , QGHIK (15), SB(30) , YYSHT (30,2),
1TOL, TLDAT, TPD, TBDAT, 1PL,TGDAT, VANG (15) ,

1VHAG (15),
1Y2AG (15, 15),
1Z8AG (15,15) ,

ILD=0

VSPEC(15),

YSHT(30,2),
ZSER(30,2),

IF (LDAT.EQ.1)GO TO 50
IP(TLDAT.EQ.'Y*)GO TC 20

Ix(15,15),
Yr(15,15),
1S28(30,2),

C READ LINZ DATA FOR SOS FILZ FOE20.DAT
OPEN (UNIT=20,DEVICE=1DSK!,ACCESS=' SIQIN' ,DISPOSE='SAVE’,
1FILE='POR20.DAT') °

DO 5 I=1,L¥O

YANG(15,15),
ZAKG(15,15),
ABORT

RBID(ZO,‘)K,SB(I),!B(I),LHGTE(I),!SBT(I,I),XSHI(I,2),
1ZSeR (I, 1),2ZSER(I1,2)

CLOSE (UNIT=20)

PFORMAT (3I,5P)

IP(K.EQ.LNO)GO TO 40

TIPE 8

FORBAT(1X,'TOTAL.-NUMBER OF LINES ENTERED DOES ROT EQUAL
1NUMBER OF DATA LINES IN POR20.DAT!)

AEORT=1
LDAT=0
BETURN

C READ LINE DATA FROM CRI/TTY

20

1000

21
22
2002

OPEX (OMIT=20,DEVICE=*DSK',ACCESS=*SEQOUT',DISPOSE='SAVE®,

1PILE='POR20.DAT')
Ir(ILD.EQ.1)GO TO 21

TYPE 1000

"PORMAT (/1X, ***SYSTER LINE DATA®®*/1X,*>>ENTER (Lxlz 6,

1SB ¢,E3 ¢, LINE LENGTH, YSHUNT G,YSHUXT B,

2ZSERIES R,ZSEZRIES I) ')

DC 30 I=1,LEO

IF (ILD.2Q.1)GO TO 25

ACCEPT 2002,K,SB(I) ,EB(I) ,LNGTHE(I),YSHI(I,1),YSHT(I.2),
12ZSER(I,1),25ER(I,2)

FORMAT (31,57)
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IF (K. 2Q.I)GO TO 25
TYPE 1002,1
1002 FORAAT(1X,'¥RONG ENTRY, LINE § SHOULD=',I3,%, TRY AGAIN')
GC TO 22
25 WRITE (20,1004) I,SB(I),EB(I),LNGTH(I),YSHT (I, 1), YSHT (1,2),
1ZSER(I, 1), ZSER (I,2)
1008 PORMAT (313,5E12.5)

30 CONTINUE
CLOSZ (UNIT=20)
IP(ILD.2Q.1)GO TO 180
840 _  BUSH=0
LDAT=1

C CEECK PCR LINZ DATA PRINT OUT ’
50 IP(CL.EQ.*N*)GO TO 70
TYPE 1010
1010 PORMAT(/1X,* **SYSTEN LINE DATA®**'/1X, LINE #°%,1X,
1°SB’,1X,'EDB* ,4X, " LENGTH®,12X,*Y SHUNT®*,19X,°'Z SERIES®)
DO 60 XI=1,LNO
60 IYPE 1020,1,S83(1),EB(I),LNGTH(I) ,YSBT(X,1),ISETI(I,2),
) 12SER(I,1) ,2SER(1,2)
1020 PORNAT(1X,13,2X,213,1X,E12.5,2(1X,2E12.5))
CL=*N?®

1P (ILD.EQ.1) GO TO 80

C CHECK FOR LINE DATA CHANGES

70 IP(CHL.EQ.'N*)GO TO 180
TYPE 1030

1030 PORMAT (/1X,*s* LINE DATA CHANGES*s*,
11x,'>>2NTER (VARIABLE ¢, LINE #, NEW VALUE THEN “CE")'/
110X,°* 1=STARTING BUS #'/10X,'2=ENDING EUS #°'/10X,'3=LINE
1LENGTH®/10X,'d4=Y SHUNT G'/10X,*SsY SHUKT B'/10X,°'6=Z SEEIES R'/
210X,'7=2 SERIES X'/10X,'8=RETYPE COPY O ALL LINE DATA'/10X,°
19=CHANGE TOTAL NUMBER OP LINES®/10X, *>>ENTER 0 THEX
I1"CR" VAEN CHANGES COMPLETED')

80 READ(S5,2010) NARE,I,X

2010 FORMAT (21,7)
IF (NANE.2Q.0)GO TO 175 .
IF (NANE.EQ.B)GO TO 172
IF (NANE.EQ.9)GO TO 173 :
IP{((NANE.GE.1) . AND. (NANE.LE.7)) «AED. ((I.GE.0).AND. (I.LE.LKO)))
160 TO 100
TYPE 1080,LNO

1040 YORMAT (1X,*WRONG ENTRY, VARIABLE ¢ MOST BE 1-7,%/
11x,'LINE ¢ HUST BE 1 TO®,I3,°, TRY AGAIN')

GG TO 80 .
100 BUSH=0

GO TO(3110,120,130,140,150,160,170) XANE
110 SB (I) =IPIX(X)

TYPE 1050, I,SB(I)

1060 POEMAT(1X,*SB(LINE $¢,13,*)=?,13)
GO TO 80

120 EB (I) =IPIX(X)
TYPE 1070,1,EB(I)

1070 FORMAT(1X,'EB(LINE #¢,I3,°)=°,13)
GO TO 80

130 LEGTE (I)=X
TYPE 1080,I,LNGTH (I)

1080 PORNAT(1X, ' LENGTH (LINE #4,13,%) =2, E12.5)
Go TO 80

140 YSHT (I, 1) =X



1090
150
1100
160
1110
170
.1120
172

173

1130
175

TYPE 1090,I,YSHT(I,1)
FORMAT(1X,'YSHT G (LINE ¢°,X3,°%)=',E12.5)

GO TO 80
YSET(I,2) =X

TYPE 1100,I,¥YSAT(I,2)

PORMAT(1X,'YSHT B (LINE

GC TO 80
2SER(I,1)=X

TIPE 1110,I,2SER(I, 1)

PORMAT(1X,*ZSER R (LINE

GO TO 80
ZSER(1,2) =X

TYPEZ 1120,I,%ZSER(I,2)

FORNAT (1X,'ZSER X (LINE

GO TO 80
ILD=1
CL='Y!?

GO TO 50
LNO=I
BUSH=0

TYPZ 1130,2I

FORMAT(1X,*'TOTAL NUMBER

GO TO 80
CHL='N?
ILD=1

GO TO 20
ILD=0
RETURN
END

SOBROUTINE BDATA
C SUBROUTINE TO RZAD,WRITE,AND CHAMGE BUS DATA

IXTEGER ABORT,BDAT,BTYPZ,CB,CHB,XBUS,IBDAT

$0,13,%) =", E12.5)

$9,13,%)=*,E12.5)

$4,13,%) =2, E12.5)

Or LINES =',13)

DOUBLE PRECISION AJ1,AJ2,3J03,434,BJ1,EJ2,E33,E34,
1CALP,CALQ, DQ,DVANG,DVXAG,G,HB,XTL,P,Q,VANG,VHAG,
2XX,YANG,YNAG,YY,YYSHT,Z2AKG,ZHAG,YSER

CONNON/ /
1AJ4(15,15) ,
1BGSOL,
1B34(15,1S),
1CALQ(15) ,
1CHG,

1caz,

1EB (30) ,
1GANNA(15),
1z,

1xsoL,

1LNGTE (30) ,
nser,

1P (15),
1PGAIN(15),
1QGHAY (15) ,
1TOL, TLDAT,
1YHAG (15),
1YRAG (15,1S),
1Z8AG(15,15),

1BD=0

AJ1(15,15),

" ALPHA(15),

B31(15,15),
BTYPE(15),
cB,CC,
CEL,
DQ(15),
ESP1,
GDAT,
ITER,
LAMBDA,
L¥0,

uBUOS,

QGHIN (15),
TPD, TBDAT,
VSPEC(15) ,
YSHT (30,2),
ZSEk (30,2),

IP(BDAT.EQ.1)GO TO 50

132 (15,15),
BDAT,
B32(15,15),
BUSH,

cG,
cL,
DVARG(15),
Zsp2,
BE(15).
ITL(15),
LDAT,
10ss,
¥S,
PG(15),
QD (15) ,QDAT,
SB(30),
TPL,TGDAT,
XX(15,15),
1Y (15,15),
YSER(30,2),

AJ3(15,15),
BETA (15) ,
BJ3(15,15),
CALP (15) ,
CEB,
cay,
DYEAG(15),
G(15),
IC(15),
KINV,
LITER,
LPSOL,
BS¥GB,
PGEAX (15),
QG (15) ,
TYSHT (30,2),
YANG(15),
YANG (15,15) ,
2A¥G(15,15),
ABORT
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IF (TBDAT.EQ.°Y*)GO TC 20

C READ BUS DATA FKCH SOS PILE POE21.DAT
OPEN (UNIT=21,DEVICE=*DSK', ACCESS=*SEQIN®, DISPOSE='SAVE",
1FILE='POR21.DAT').
10 DO 15 I=1,MBOS
15 READ(21,%) K, BTYPE (I) ,EG (1), QG (X) ,PD (I),QD(X),VSPEC (I)
2000 FORNAT(2I,5?)
CLOSE(ONIT=21)
IF (K.2Q.HBUS)GO TO 4S5
TYPE S00
500 PORNAT(1X,*TOTAL NOUMBER OF BUSES ENTERED DOES MOT
1EQUAL ¥OKBER OF DATA LINES IN POR21.DAT')
BDAT=0
ABORT=1
RETURY

C READ BUS DATA PROH CRT/TTY

12 OPEN (UNIT=21,DEVICE=*DSK®,ACCESS=*SEQOUT® ,DISPOSE=" SAVE’,
1PILE=*POR21.DAT")
1F (IBD.EQ.1)GO TO 21

20 TYP21000

1000 PORNAT (/1X,***SYSTEN BOS DATA®®¢/1X, *>DENTER (BUSS,
1 BUS TIPZ,PG,QG,PD,QD, VSPEC) *)

21 DO 30 I=1,MBOS
IF (IBD.EQ.1)GO TO 25
22 ACCEPT 2000,K,BTYPE (I),PG (I),QG(I), FD(I),GD (I), VSPEC (I)

IP(K.22.1)GO TO 25
TYPE 1005,

1005 POPMAT(1X,°*WROXG ENTERI, BUS & SBOULD",IB,',TRY AGAIN.')

GO TO 22
25 WRITE(21,1010)I,BTYPE(I),PG(I),QG(I),PD(X),QD (1), VSPEC (I)
1010 PORKAT (213,5P212.5)
30 CONTINOE
CLOSE (UKIT=21)
us BDAT=1

IF(IBD.2Q.1)GO TO 170 -

C CBECK FOR PRINTOUT OF BUS DATA
50 17 (CB.EQ.'N*)G0 TO 70
TYPE 1020
1020 POREAT(/1X, ¢ #*SYSTEN BUS DATA®®¢/2X,*BOS*,3X,'TYPE',
15x,'pG* ,8X,'QG*,8X,*PD*,8X,*'QD*,7X, *YSPEC?)
DO 60 -I=1,MBOS
TYPE 1030,X,BTYPE(I),PG(I),QG(I) ,PD(I) ,QD(I) ,VSPEC(I)
1030  PORBAT(1I,I3,4X,I3,5F10.5)
60 COXTINOE
CE='R*
17 (1BD.2Q.1)GO TO 80

C CHECK FOR BUS DATA CBANGES

70 IF(CEB.EQ.*X%*)GO TO 170
TYPE 1040

1080 PORNAT (/1X,'**BUS DATA CHABGES*e*'/
11X,*>>ENTER(VARIABLE #, BUS ¢, NEW VALOEZ THEN "CE"‘/
110X,' 1=BUS TYPE'/10X,*2=PG'/10X,*3=QG'/10X, *4=pD"
1/10X,¢5=QD* /10X, *6=VSPEC*/10X,* 7=RETTPE COPY OF ALL BUS DATA®
1/710X,*8=CHRANGE TOTAL ¥OUMBER OF BUSES'/10X,



80
2010

1050
100
110
1060
120
1070
130
1080
140
1090

150
1100
160
110
162

163
1120
165

170

1*>>ENT2R O THEN “Ck™ WHEN CHANGES COANPLETED.')
READ(5,2010) NABE,X,X

YORAAT(2L,r)

1F (NABE.EQ.0)GO TO 165
IF (NANEZ.EQ.8)GO TO 163
IP(((SAME.GE.1).AND. (NAHE.LE.7)) .ANL-
1((I.GE.0) .A¥D. (I.LE.XBUS))) GO TO 100

TYPE 1050,8BUS

POESAT(1X,*URONG ENTRY, VARIABLE NAME MUST BE 1-7,%/

11x,°B0S ¢ NOST BZ 1 TO',I3,°,TRY AGAIN.')

GO TO 80

GG TO(110,120,130,1%0,150,160,162) XAKE
BTYPE (I) =IFIX (X)

TIPEZ 1060,I,BTIPE(I)
FORMAT (1X,*BOS TYPE (BUS #°,13,°)=%,13)

GO TO 80
PG (I) =X

TYPEZ 1070,I,P5(I1)
FPORNAT(1X,°PG (BUS #',13,')=*,E12.5)

GO TO 80
QG (I) =X

TYPE 1080,X,QG(I)
FORMAT(1X,°QG (BUS #',I3,')=",E12.5)

GO TO 80
PD (X) =X

TYPE 1090,1,PD(I)
FORNAT(1X,'PD (BOS #',I3,')=',E12.5)

GO TO 80
QD (I) =X

TYPEZ 1100,I,0QD(IX)
FORMAT (1X, *QD (BUS #',13,°)=*,E12.5)

GO TO 80
VSPEC(I) =X

TYPE 1110,I,VSPEC(I)
PORNAT(1X,*VSPEC(BUS #*,13,')=',E12.5)

GO TO 80
CB.'!'
IBD=1

GO TO 50
MBOS=I
TYPE 1120,I

PORSAT(1X,*TOTAL NUNBER OF BUSZS =*,I3)

GO TO 80
CHB='N*
IBD=1

GO TO 19

IBD=0
RETURN
END

SUBROUTINE GDATA
C SUBROUTINE TO READ,WRITE,AND CHANGE GEXERATOR DATA

INTEGER BTYPE,CG,CHG,GDAT,GNO,HMBUS,IGDAT,CDAT
DOUBLE PRECISION AJ1,AJ2,033,AJ4,BJ1,BJ2,833,BJ4,
1CALP,CALQ,DC,DVANG,DYHNAG,G,R,IT1, P, Q, VANG,YARAG,
2XX,YANG,YBAG,YY,YYSHT,ZABG,Z8AG,YSER

connony /

2J1(15,15),

AJ2(15,15),

233(15,15),
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1A3B(15,15) ,
1BGSOL,

188 (15,15) ,
1€ALQ(15),
1CHG,

tcez,
1EB(30),
16A8HA(15) ,
111,

KsoL,
1LNGTH (30) ,
iLser,

1P (15),
1PGHIN(15),
10GHAX(15),
1TOL, TLDAT,
1WHAG(15),

1Y8AG (15,15) ,
12846 (15, 15) ,

1GB=0

ALPRA;IS).
BJ1(15,15),
nr!pz(ls),
¢s,cc,

CHL,
DQ(15),
ESP1,

GDAT,

" ITER,

LANBDA,
1¥0,
nBUS,

- PD(15),

Q(15),
QGMIN(15),
TPD,TBDAT,
YSPEC(15) ,
YSHT (30,2),
ZSER (30,2),

1P (GDAT.EQ.1)GO TO 56
IF (KINV.EQ.0)GO TO 25
IP(TGDAT.EQ. *Y*) GO TO 20

BDAT,
BJ2(15,15),
BUSH,

<G,
cL,
DYANG(15),
ESP2,
H(19),
ITL(15),
LDAT,
Loss,
¥S,
PG(15),
QD (15) ,QDAT,
SB(30),
TPL,TGDAT,-
XX(15,15),
1Y (15, 15),
YSER(30,2),

c Rilb GERERATOR DATA FROB SOS FILE FOR22.DAT
OPEN(UNIT=22,DEVICE=*DSK* ,ACCESS=*SEQIN®,DISPOSE=*SAVE?,
1PILE='POR22.DAT')

10

2000
15

C RIAD GENERATOR DATA PRON CRT/TTY
20 OPEN (UNIT=22,DEYICE=*DSK',1CCESS=*'SEQOUT?,DISPOSE=*SAVE',

1000
29
32
2002
1010
N
20023
30

40

GNO=0

DO 15 I=1,4BDS
IP ((BTYPE(I)).GE.0)GO TO 15

READ (22,%) X, ALPHA (I) ,BETA(I) ,GAKHA(X)

FORBAT (I, 3F)
GNO=GNO+1
CONTINOE

CLOSE (UNIT=22)

GO TO &0

1FILE=*POR22.DAT')
Ir(1GB.2Q.1)G0 TO 29

TYPE 1000

PORNAT (/1X, ' **GENBRATOR DATA®*'/1X, '>D>ENTER (BUS#,ALPHA,
1BETA,GANHNA) 1)
DO 30 I=1,HBUS

IP(BTYPE(I).GE.0)GO TO 30
IF(I1GB.2Q.1)GO TO 33
ACCEPT 2002,K,ALPHA (X) ,BETA (I),GANNA (I)

PORNAT(I,3P)

I? (K.EQ.I)GO TO 31

TYPE 1010,1I

PORBAT (1X,*WBONG !NTB!, BUS ¢ SBOULt".IJ.

GO TO 32
GNO=GNO+1

WRITE(22,2003) X,ALPHA (I) ,BETA () ,GABNA(I)

POREAT(13,3P)

CONTINUE

CLOSE (UNIT=22)

IF (IGB.EQ.1)GO TO 48

GDAT=1

2ETA(15),
BJ3(15,15),
CALP (15),
CHB,
cay,
DYAAG(15),
G(19),
1C(15),
KIXY,
LITER,
1PSoOL,
NSYGB,
PGHAX(15),
QG (15),
YYSHT (30,2},
VANG(15),
YANG (15,15) ,
ZAXNG (15,15) ,
ABORT

¢ TRY AGAIN.')
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c- IIITIILIZIHG GENERATOR AND Q CONSTRAINTS
25 I7 (ODAT.EQ.1)GO TO 56
IP(TGDAT.EQ.'N*)GO TO 50

C READ COXSTRAIST DATA PRON TTY/CRT
TYPEZ 1006

1006 FORMAT (1X,***GENERATOR CONSTEAINT TATA**'/1X,'>>ENTER FOR
1TIPE -1 & -3 BUS (BDOS $§,PGHMAX,PGNIN)'/9X,'PCR TYEE =2 BUS
1 (BDS #,PGHNAX,FGRIN,QGHAX,QGHIN) */$X,"FCR TYPE +2 EUS
1 (BUS &,QGHAX,QGHIN) ')
DO 36 I=1,HBOS

35 IF(BTYPE(I).GE.0)GO TO 38
IF(BTYPZ(1).EQ.-2)GO TO 37
ACCEPT 2005,K,PGHAX(I), Pcuxu(x)

2005 PORNAT (I, 2P)

GO TO 39
37 ACCEPT 2020,K,PGHAX (I),PGIIN(I) ,QGHAX(I) ,0GBIN(I)
2020 PORMAT(I,4P)
G0 TO 39
38 IP (BTYPE(I).NE.2)GO TO 36
ACCEPT 2005,K,QGNAX (I),QGHIN (I)
39 IF (K.EQ.I)GO TO 36

TYPE 1015,I

1015 PORHAT (1X, ' HRONG ENTRY,BUS § SHOULD az=',13, +TRY AGAIN.®)
GO TO 35

36 CONTINOE

C ENTER CONSTRAINT DATA INTQO SOS PILE FOR23.DAT
48 OPEN (UNXT=23 ,DEVICE='DSK',ACCESS=*SEQOUT',DISPOSE=*SAVE*,
1PILE=*POR23.DAT?)

DO 52 I=1,HBOS °
IF (BTYPE(I) .GE.0)GO TO 53
« IFP (BTYPE(I).EQ.-2)GO TO 51
WRITE(23,2007)I,PGMAX(I),PGAIN(I)
2007 PORMAT (1X,I3,2P11.4)

GC TO 52
51 WRITE (23,2006)I,PGHAX(I), PG!II(I)pQG!l!(I)oQGBIH(I) .
2006 PORAAT(1X,13,4r11.8)
GO TO 52
53 IP (BTYPE(I).KE.2)GO TO 52
WRITE(23,2009)1,Q0G8AX(I) ,QGBIN(I) .
2009 PORNAT(1X,13,22X,2FP11.8)
52 CONTINUE
CLOSE(ONIT=23)
IP(16B.2Q.1)GO TO 180
GO TO 58

C READ CONSTRAINT DATA FRCH SOS FILE FOR23.DAT
50 OPEM (UNIT=23,DEVICE= *DSK', ACCESS='SEQIN®,DISPOSE='SAVE',
1PILZ='POR23.DAT')
DO 46 I=1,XBUS
IP(BTYPE(I) .GE.0)GO TO &2
IP (BTYPE(I).2Q.-2)GO TO &1
READ (23 ,%) K, PGEAX (I) ,PGHIN (I)

GO TO 46

41 READ (23,2020) XK, PGEAX (I) ,PGHIN¥ (I) ,QGHAX (I),QGNIN (I)
GO TO 46

42 IP (BTYPE(I).NE.2)GO TO 86

READ(23,2005)K,QGHEAX (I) ,QGHIN (1)



46
54

C CHECK
56

1020

1030
60

61
1032

1038

62
1036

64
1038

65
66

C CBECK
70

1040

80
2010

1050

90
- 100
110

CONTINUE
CLOSE (UNIT=23)
QDAT=1

POR PRINTOOT OF GENERATOE DATA
IZ(CG-EQ.'N*)GO TO 70

IP (KINY.EQ.0)GO TO 61

TYPE 1020,GNO

POEMAT (/1X,'*sSYSTEX GENERATOR DATA®**/1I,' NOEBER
10F GENERLTORS =',13/1X,'BUS#',4X,
1°ALPHA®,4X, *BETA,6X, 'GARAA?)

DO 60 I=1,%BOS

IP((BTYPE(I).GE.0))GO TO 60

TYPE 1030,1,ALPHA(I),BETA(I),GANNA (I}
FPORNAT(1X,I3,3F10.5)

CONTINOE

PRINT GENERATOR CONSTRAINTS

WEITE(5,1032) -

FORBAT (/1X, * **GENERATOR COMSTRAINTS**'/1X,'BUS ¢°,
131,°'PGHAX*,5X, ' PGAIN',7X,'QGEAX',6X, 'CCHIN")

DO 65 I=1,nBUS

IF((BTYPE(I}).GE.0)GO TO 64

IF(BTYPE(I).E2Q.-2)GO TO 62
WRITE(S,103%)I,PGEAX (1) ,PGHIE (I)

PORMAT (1X,I3,2711.8)

GO TO 65
SRITE(5,1036)I,PGHAX (I) , PGNIN (1) ,QGHAX (I),QGRIN (I)
FPORNAT (1X,I3,8711.8)

GG TO 65

1F (BIYPE(I).¥E.2)GO TO 65
WRITE(5,1038)I,Q0GM1X(I),QGHIN (I)

PORNAT (1X,13,22X,2F11.4)

CONTINDE

CG-'NI

IF(IGB.EQ.1)60 TO 80

FOR GENERATOR DATA CHANGES

IF(CEG.EQ.'N')GO TO 180

TYPEZ 1040

PORNAT (/1X,***GENERATCR DATA CHANGES®st/

11X,*>>EXTER (VARIABLE ¢, BUS #, NEN VALUE THZN “CR®) '/
110X, 1=ALPHA' /10X, * 2=BETA* /10X, *3=GANAA /10X, '4=PGRAX' /10X, *
25=PGHIN' /10X, 6=QGHAX' /10X, T=QGKIN' /10X, S=RETYPE ALL
1GEXERATOR DATA'/10X,*>>BNTEZR O THEN "CR"

3WHEN CHANGES COMPLETED. ‘)
BEAD(5,2010) NA#E,I,X
FORMAT (2I,F)
IP(NABE.2Q.0)GO TO 175
IP(((NABE.GE.1).A¥D. (MANE.LE.8)).AKL. ({I.G2.0).1XD.
1(I.LE.NBOS)))

260 TO 90

TYPE 1050,HBUS :
PORNAT(1X,*WRONG BXTRY, VYARIABLEZ NOST BE 1-8,°/
11X,'B0OS ¢ BOST BE 0 T0°',I3,*,CHECK BUS TIPE IS'/
11X, *NEGITIVE, AND TRY AGAIN.')

GO TO 80

CONTINOE

GO TO(110,120, 130,140,150,160,170,172) SABE
ALPHA (I) =X

TYPE 1060,1,ALPHA (I)

.
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1060
120
1070
130
1080
140
1090
150
1100
160
1110
170
1120

172

175

180

FORMAT(1X,* ALPEA (BUS
GO TO 80

BETA(I) =X

TYPE 1070,I,BETA (I)
FORMAT (1X, ' BETA (BUS ¢
GO TO B8O

GANAA(I)=X

TYPZ 1080,X,GARKA (I)
FCREAT(1X, ' GANAA (BUS
G0 TG 80

PGHAX(I) =X

TYPZ 1090,I,PGHAX (I)
PORNAT( 1X,*PGAAX (BUS
GO TO 80.

PGHIN(I)=X

TYPEZ 1100,I,PGHIK(Y)
ronuxr(lx,'pcnxl(aus
GO TO 80

QGEAX(I)=X

TYPZ 1110,1,QGHAX(X)
PORMAT (1X, *QGNAX (BUS
GO TO BO

QGHEIN (I)=X

TYPZ 1120,I,QGHIE (I)
PORMAT (1X, ' QGMIN (BUS

GO TO 80
CG='Y?*
IGB=1
GO TO 56

CHG=* §*

1GB=1

IP (KIKV.EQ.0)GO TO 48
GO TO 20

IGB=0
RETURY
END

SUBROUTINE YBUSH

o',IJ,-)--,itz.S)
',13,')="E12.5)

1°,13,%)=",212,5)
,13,0 = 212.5)
9°,13,%)=',212.5)
#,13,1)=1,212.5)

$1,I3,1)=1,212.5)

C SURRCUTINE TO CALCULATE YBUS AND ZBUS HATRIX

REAL 1¥GTH

INTEGER BUSH,CHY,CHZ,Z2B, BBUS SB
DOUBLE PRECISION AJ%, lJZ 133,3348,BJ31,832,E33,BJ4,
1ClLP,ClLQ,DQ,DVlKG,DV!lG,G,K,ITL,P,Q,'I!G,‘!IG,
2XX,YANG,TNAG,YY, YYSHT,ZANG,ZHAG,YSER, D

consoN/ / AJ31(15,15), 132(15,15),
1A38(15,15), ALPHA(15), BDAT,
186s0L, B31(15,15), B32(15,15),
1BJ&(15,15), BTYPZ(15), BUSH,
1CALQ(15), ¢B,cc, ) cG,
1cnG, cauL, cL,

1cnz, pa(15), DVANG (15) ,
12B(30), ESP1, ES5P2,
1GanNA(15) , GDAT, H(15),

333(15,15),
BETA (15) ,
BJ3(15,15),
CALP(15),
cus,
cny,
DVEAG(15),
G(15),
1C(15),
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1000

11,

1KsoL,

1LNGTH (30) ,
iLser,

1P (15),
1PGHIN(15),
1QGHAX (15) ,
1T0L, TLDAT,
WaAG(15),
178G (15,15) ,
1ZHAG (15, 15) ,

IP((BUSH.EQ.2) .OR. ((KIBV.2Q.0) .AKD. (BUSH.EQ.1)))GO TO 90

TYPE 1000

FORHMAT (/1X,***G

ITER, 1:;{15).
LisBba, LDAT,

LNO, 10SS,

NBUS, s,

PD (15) ., 26(15),
Q(15), QD (15) ,QDAT,
QGHIN (15}, $8(30),

TPD, TBDAT, TPL,TGDAT,
YSPEC(15) ., X2(15,15),

YSHT (30,2}, YI(15,15),
ZSEB (30,2), ¥SEE(30,2),

EXERAIING YBUS BATBIX#se!)

C CALCULATING LINE SHONT AND SERIES ADEITTANCE

20
15

DO 15 I=1,LHO

KINY,
LITER,
LPSOL,
NSWGB,
PGHAX(15),
QG (15) ,
YISHT (30,2),
VANG(15),
IANG (15,15) ,
2A¥G (15, 15),
ABOPT

YYSHT(I, 1)'(DBLZ(!SBT(I,1))‘DBLB(LIGIH(I)))/2.0DO
YYSHT(I,2)=(DBLE(YSHT(I,2))*DBLE(LXGTB(I)))/2.0D0
D= (DBLE (LNGTH(I)))* ((DBLE(ZSER(I,1))*DBLE(ZSER(I, 1}))

14 (DBLE(ZSER(I,
IP({D.2Q.0.0D0)C
YSER(I, 1) =DBLE(
YSER(I,2) =~-DBLE
GO TO 1S

YSER(I, 1) =0.0D0
YSER(I, 2)=0.0D0
continue

2) ) *DBLE(ZSBR(I,2))))
0 TO 20 -
ZSER (I, 1)) /D
(ZSER(X,2))/D

C CALCULATING YBUS NATRIX

DO 30 1=1,EBUS
DO 30 J=1,HBUS
YMAG(I,J3)=0.0D0
YANG (X, ) =0.0D0
AJ1(I,J)=0.0D0
4J2(1,J)=0.0D0
1r(3.2Q.1)GO TO

60

C OFP DIAGONAL ELENENTS(I.NE.J)

42

22
24

26
28
29

80

DO 40 L=1,L¥0

IFP(((SB(L) «2Q.I) .AND. (BB (L) .EQ.J)} -OR. ((SB (L) EQ.J)
1.AND. (EB (L) .EQ.I))) GO TO 42

GC TO 80

YMAG(I,J) =DSQRT ((YSER(L, 1)‘!SBR(L,!))*(!SER(L,2)‘!S£R(L 2)))

IF (YSER(L, 1) . BQ. (0.000)) GO 70 2
YANG (I, J) =DATAN2(~TSER(L, 2),-!5:3(1 1)

GO TO 29

IP(YSER(L,2)) 24,26,28
YANG (I,J)=1. 570796326795897

GO TO 29
YANG (I,J)=0.0D0
GO TO 29
YANG (I,J3)=-1.57

0796326794897

IF (KINV.EQ.0)GO TO B0
AJ1(1,J) =-YSER (L, 1)

AJ2(I,J) =-YSER{(
CONTINUE
GO TO 30

L,2)
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C O¥ DIAGONAL ELEMENTS(I.EQ.J)
60 DO

46

45

n
32

33
34

30
35

5 L=1,L50
IF ((SB(L).EQ.I).OR. (EB(L).2Q.I))GO 10 46
GO TO 45
AJ1(1,3)=AJ1(X,J) +YYSHT(L, 1) +YSER(L, 1)
AJ2(1,J3)=AJ2(I,J) +YYSHT (L,2) ¢YSER(L,2)
CONTINUE
YZAG(I,J)=DSQRT (AJ1(X,J)*AJ1(1,J)+AJ2(X,J)*AJ2(1,J))
I¥ (AJ1(1,J).BQ. (0.0D0))GO TO 31
YANG(I,J) =DATAN2 (AJ2(I, J),lJi(I J))
GO TO 30
Ir(ajJ2(1,J))32,33,34
!ANG(I,J)--1.57079632679u897
GO TO 30 :
YANG(I,J)=0.0D0
GO TO 30
YANG(I,J)=+1.570796326794897
CONTINUE
BUSH=1
IF(KINV.EQ.0)GO TO 90

C CALCULATING ZBUS MATRIX'

1005

50

80

82
83

84

85
81

TYPE 1005

PORMAT (15X, '#*CALCULATING ZBUS MATRIX®#?)
DO S0 I=1,KBOS

DO S0 J=1,BBOS

BI1(I,J)=AJ1(I,J)

BJ2(I,J)=AJ2(I,J)

BJ3(I,J)=0.0D0

BJ& (I,J) =0.0D0

CALL CTRI(BJ1,BJ2,BJ3,BJ4,HBUS)
CALL CTRIY (BJ3,BJ%,BJ1,BJ2, #BUS)

DO 80 I=1,ABUS

DO 80 J=1,BBUS

Z8AG(I,J) =DSQRT (BJ1(I,J) *BJ1(I,J) +BJI2(I,J) *BJ2 (1,J))
I¥ (BJ1(I,J).EQ.0.0D0)GO TO 82
ZANG(I,J) =DATAN2 (BJ2(I,J),BJ1(I,J))
GO TO B1

Ir(BJ2(1,J))83,84,85

ZANG(I,J)=~1. 57019632679u897

Go TO 81 .
ZANG(I,J)=0.0D0

GO TO B1
ZANG(I,3)=1.570796326794897
BUSH=2/

C PRINTOUT OP YBUS AND ZBUS MATRIX

90
4000

4100
95

1010

1020

IP(CNY.EQ.'H')GO TO 105

TYPE 4000

FORNAT(/31X,* **CALCULATED SYSTE® LINE nxr:t-'/1x,
1'LINE ¢',15X,'Y SEORT',23X,'Y SERIES')

Do 95 I=1,LNO

TYPE u1oo,x,r!sar(r,1),!xsnr(x,z),xsza(x,t),1553(1.2).
PORAAT (I9,9X,2E14.6,2X,2214.6)

CONTINUE

TYPE 1010

PORSAT (/1X,'#*YBUS MATRIX#®')

DO 100 I=1,RBUS

TYPEZ 1020,X

PORNAT (11X, *ROW',13)



1030
100

105

1040

120

100

TYPE 1030,5?%:G(I,J),YAIG(I,J),J-I,BBUS)

PORMAT (6E1
CONTINUE
CHy=*N?

IF (KIKV.2Q.0)GO TO 120
IF (CHZ.EQ."N*)GO TO 120

TIPE 1040

PORMAT(/1X,***ZBUS MATRIX®**')

DO 110 I=1,4BU0S

TYPEZ 1020,I

TYIPE 1030, (ZBAG(I,J),ZAXG(I,J3),J=1,8ECS)

CONTINOE
caz=*'N*

EETURN
E8D

SUBBOUTINE NBLY
CALCULATES P,Q,V,AND ANGLE AT EACH EUS
INTEGER ABORT,BTYPE, EBUS
DIBENSION DP(15) '

DOUBLZ PRECISION AJ1,AJ2,1J3,AJ4,B31,8J2,B33,B34,
1CALP,CALQ,DQ,DVANG,DVYNAG,G,H,ITL,P,C, VARG, VHAG,
2XX,YANG,YNAG,YY,YYSET,ZANG,ZHAG,YSER, GNAX, BHAX, DP

conson/ /
1134(15,15),
1BGSOL,

1BJ4 (15, 15) ,
1CALQ(15) ,
1CHG,

1cyz,
12B(30) ,
16ann1 (15) ,
11,

1KsoL,
1LNGTA(30),
11sert,

1P (15),
1PGRIX(1S),
106HAX (15) ,
1701, TLDAT,
178G (15) ,
1326 (15, 15),
1Z8A6 (15,15) ,

LL=0
TIPE 100

AJ1(15,15),
ALPHA{15),
BJ1(15,15),
BTIPE(1S),
CB,CC,

CHL,
DQ(15),
ESP1,

GDAT,

ITER,
LANBDA,
LNoO,

uBUS,

QGHIN (15),
TPD, TBDAT,
VSPEC(15),
ISAT(30,2),
ZSBR(30,2),

AJ2(15,15),
BDAT,
BJ2(15,15),
posa,

CcG,
CL,
DYANG(15),
ESP2,
H(15).
ITL{(15),
LDAT,
LOSS,
NS,
PG(15) ,
QD (15) ,QDAT,
SB(30), -
TPL,TGCAT,
XX (15, 15),
YY(15,15),
YSER(30,2),

A33(15,15),
BETA(15),
BJ3(15,15),
CALP(1S),
CHB,
cay,
DVRAG(15) ,
G(15) ,
1C(15),
KINY,
LITER,
LPSOL,
XS¥GB,
PGHAX (15) ,
QG (15),
YYSET (30,2),
YANG(15),
YANG(15,15),
ZANG (15,15),
ABORT, IBT (15)

POBHAT(/1X,**¢SOLVING LOAD PLOW EBQUATIONS BY MNR®*s?)

CALCULATING G AND B AT EACH BUS
IP(LSET.E2Q.1)GO TO 13

DO 1 I=1,H4BUS

VEAG(I)=DBLE(VSPEC(I))

VANG(I) =0.0DO

P(I)=DBLE(PG (I))=~DBLE (PD(I))
Q(I)=DBLE(QG (I))-DBLE(QD(I))

CONTIRUE
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13

CONTINUE

DO 7 1=1,mB0S
CALP(I)=0.0D0
CALQ(I) =0.0D0

DO 4 J=1,%50S
CALP(I)=CALP (I) +VBAG (I) *VHAG (J) *YHAG (I,J)
1*DCOS (YANG (I,J)} ~VANG (I) +7ANG (J))
CALQ(I)=CALQ(I)~VEAG (I) *VEAG (J) *YNAG (I,J)
1=DSIN (+YANG (X, J) -VAKG (I) +VANG(J))
CORTINOE

G(I)=P (I)~CALP (I)
H(X)=Q(I)~-CALQ(I)

CONTINUE
CHECK POR COMVERGENCE (GHAX GENMAX.LT.TOL)

GrAX=0.000
H¥AX=0.0D0

DO 5 I=1,uB0S

IP(GEAX.LT.DABS(G(I))) GBAX=DABS(G(I))

IP (HXAX.LT.DABS(B(I))) HMAX=DABS(H(I))
CONTINODE
IP((GIAX.LE.TOL) .AND. (EMAX.LE.TOL)) GO TO 56

Ceess242435GCENERATIEG JACOBIAN AJY

12
10
11

8
6

DO 6 I=1,MBUS

DO 8 J=1,4B0S

IF(IABS (BTYPE(J)).2Q.3) GO TO 10,
IP(J.2Q.I) GO TO 9

AJ1(X,3) =-VHAG (1) *VHAG (J) *THAG(I,J)
1%DSIN (YANG (I,J)=VANG (I) +VANG (J))

GO TO 8

AJ1(X,J) =0.0D0 !

DO 12 K=1,MBUS

IF (K.ZQ.I) GO TO 12
AJ1(T,3)=AJ1(I,J) +VHAG(I) *VHAG (K) *TBAG (I,K)
1*DSIN(YANG (I,K)-VANG (I) +VANG (K))

CONTINUE

G0 T0 8 - :
IP (3.2Q.I) GO TO 1
AJ1(I,J3)=0.0D0
GO TO 8

-AJ1(I,3)=-1.0D0

CONTINUE
CONTINOE

C*s2%40ssosGENERATING JACOBIAN AJ2

DO 14 I=1,MBOS

DO 17 3=1,nBUS

IP(IABS (BTYPE(J)).GT.1) GO TO 18
I?(J.2Q.I) GO TO 15
AJ2(I,J) =VHAG (I) #YNAG(I,J)

1#DCOS (YANG (X,J)=VANG (I) +VANG (3))
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15

16
19
18

17
14

GO TO 17

AJ2(1,J)=0.0D0

DO 19 K=1,MBUS -

Ir (K.¥E.I) GO TO 16
AJ2(I,J3)=AJ2(X,J) +2*VHuAG(I)*YnuAG(I,I)
1*DCOS (+YANG (X,1))

GG TO 19

CONTINUE
AJ2¢I,J)=032(X,J) +VNAG {K) *YEAG(I,K)
1*DCOS(YANG(X,K) ~VANG (I) +VANG (K))
CONTINOE

GO TO 17

1J2(1,3)=0.0D0

CONTINUE
CONTINUE

Cesssss2ssGENERATING JACOBIAN AJ3

23

21

22

C 28
20

DO 20 I=1,4BUS

DO 24 J=1,4B0S

IP(IA3S (BTYPE(J))-EQ.3) GO TO 22
I?(J.2Q.I) GO TO 23

AJ3(1,J) =-VHAG(I) *VHAG (J) *Y¥AG(I,J)
1%DCOS(YANG (I,J) ~VANG (I) VANG (J))

GO TO 24
2J3(X,J)=0.0D0

DO 21 K=1,MBUS

IF(K.E2.J) GO TO 21
2J3(1,J3)=233(X,J) +VHAG (I)*VAAG (K) *YNAG (I,K)
1#DCOS {YANG (I, K)-VANG(I) +VANG (K))

CONTINOE

GO TO 24

AJ3(1,J)=0.0D0

CONTINUZ
CONTIKUE

Ceessssesss GENERATING JACOBIAN AJ4

28

30

DO 29 I=1,MBUS

pDC 25 J=1,MBUS

IP(IABS (BTYPE(J)).GT.1) GO TO 27
IP(3.EQ.I) GO TO 28

234 (I,3)==VHAG(I)*YHAG(I,J)
1#DSIN(YANG (I,J)~VANG(I) +VANG(J))
GO TO 25

AJ& (I,J)=0.0D0

DO 26 K=1,MB0S

IF (K.NE.I) GO TO 30

AJS (I,J) =AJ4 (I,J)=-2¢VEAG (I) *YNAG (I,I)
1%DSIN(+YANG(X,I))

GO TO 26

COXTINUE
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169

AJA(I,J)=A34(1,J3)~VHAG(K) *TBRAG(X,K)
1*DSIN(YANG (I,K) =VANG (I)+VANG(K))

2€ CONTINUEZ
G0 TO 25
27 IP(J.2Q.I)GO TO 31
_AJ8(1,J3)=0.0D0
GC TO 25
31 AJ8(I,J)=-1.020
25 CONTINOE
29 CONTINUE
C INVEATING JACOBIAN 134

CALL AIKYV (AJ4,HBUS)

 CeessssssesGENERATING INVERSE SUBMATRIX EJ1,EJ2,EJ3,BJ&
c BJ1=[ AJ1~AJ2 (RJG**=1)AJ3 J**~1

CALL ARULT (XX,AJ2,AJ4,HBUS)
CALL AMULT(YY,XX,AJ3,HBUS)
DO 37 I=1,8BUS

DG 39 J=1,4B0S )
BJV(I,J) =A31(1,J3)-YY(I,J

39 CONTINUE
37 CONTINUE
Cc INVERTING JACOBIAN BJ1

CALL MINYV(BJ1,MBUS)

C#ssesssassGENZRATING JACOBIAN BJ2
c BJ2=-BJ 1*AJ2# (13 4**-1)

CALL AMULT(YY,BJ1,AJ2,HBUS)
CALL AMULT (BJ2,YY,AJ4,NBUS) .
DO 48 I=1,HMBUS
DO 45 J=1,MBOS
BI2(I,J)==1.000% (BI2(X,J))
45 CONTINUE
4y CONTINUE

Ce*ss248s2s2GENERATING JACOBIAX BJ3

[+ BJ3=- (AJ4®e~1) =AJ3*BI1
CALL AMOLT(YY,AJ3,BJ1,HBUS)
CALL ANULT (BJ33,AJ4,YY,NBUS)

DO 47 I=1,uBUS

DO 48 J=1,MBUS .
BJ3(I,J) ==1.000#BJ3 (I, J)

LT:] CONTIRUE
47 CONTINUE

CaesessvsssGENERATING JACOBIAN BJG
c BJ4= (AJu**-1) - (AJasn~1) ¢ AJ3*BI2
CALL ANULT(YY,AJ4,0J3,HBUS)



50
51

53
54

64
55

65
52

3000

58

3001
62

2300

CALL ASULT(XX,YY,BJ2,HBUS)
DO 51 I=1,HBUS

DC S50 J=1,1BUS

BJ4 (I,J) =AJ& (I,J) -XX (I,J)
CONTINUE

CONTINUE

CALCULAIING D2LTA P,Q,VHAG,ANGLE

Do 52 I=1,ABUS

DP (I) =0.0D0

DQ(I)=0.0D0

DVHAG (X) =0.0D0

DVANG (I) =0.0D0

IP(IABS (BTYPE (I)).EQ.3)GO TO S&

IF (IABS (BTYPE(I)).EQ.2)GO TO 55

DG 53 J=1,HBUS

DVIAG(I) =DVEAG(I) +BJI3(I,J) *G (J) +BJ4 (I,J) *H (J)
DVANG (I) =DVANG(I) +BJ1(I,J) *G(J) +BJI2 (X, J) *H (J)
GG TO 52

DO 64 J=1,ABDS

DP (I) =DP (I) +BJ1 (I,J) *G(J) +BI2(I,J) *B(J)

DQ (1) =DQ (I) +BJI3 (X,J) *G (J) +BJI4 (1,J) *B (J)

GO TO 52

DO 65 J=1,R30S
DQ(I)=DQ(I)+BI3(I,J) *G(J) +BJI4 (I,J) *H (J)

DVANG (I) =DVANG (I) +BJ1(I, J) *G(J) +EJ2 (I,J) *H (J)
CONTINUE

CALCULATING NEW P,Q,V,EANGLE
DO 62 I=1,MBUS

P (I)=P(I) +DP (I)

Q(X)=Q(X) +DQ(I)

VEAG (I) =VEAG (I) + DVHAG ()
VANG(I) =VANG(I) +DVANG(I)
IP(IABS (BTYPE (I)).NE.2)GO TO 62
QEAX=QGMAX (I)-QD (I}

QHUIN=QGNIN (I)-QD (I)
IF(Q(I).LT.DBLE(QHAX))GO TO S8
Q(I)=DBLE (QHAX)

BTYPE (I) =ISIGN (1,BTIPE(I))
IBT(I) =2

TYPE 3000,X

PORMAT (1X, 'BOS ¢°,I3,2X,"EXCEEDS QGHAX,
1BUS CHANGED TO TYPE 1°)

GO TO 62 .
IP(Q(I).GT.DBLE(QNIN)) GO TO 62
Q(X) =DBLE (QBIN)
BTYPE(I)=ISIGN(1,BTIPE(I))
IBT(I) =2

TYPE 3001,

PORBAT(1X,*BOS #',I3,2X, EXCZEDS QGHIN,
1BUS CHANGED TO TYPE 1*)
CONTINOE

LL=LL+1

I? (LL.LT.LITER)GO TO 13

TYPE 2300,LL

PORBMAT (1X,*****UILL XOT CONVERGE IN®,I3,2X,* ITERATIONS®)
ABORT=1
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26800

70
60

GC TO 60

PKINT OUT SOLJITIONS

TYPE 2800,L1

PCEMAT (1X,'®*seN3 CCNVERGEKCE I¥ °*,I3,' ITZRATIONS')
DO 70 I=1,MBUS -

PG (I) =P (I) +PD(I)

QG (I) =Q (I) +0D (I)

RETURN

ESD

SUBROUTINE GSLP

CSUBROUTIKE TO CALCULATE LOAD rLOW EQUATIONS BY GAUSS-SEIDEL

1000

INTEGER MBUS,ABOKT, BTYPE
DIKENSION AI (15),BI (15,15)

DCUBLX PRECISION AJ1,AJ2,XJ3,1J4,B3%,BJ32,EJ3,B38,
1CALP,CALQ,DQ,DVANG,DVHAG,G,H,ITL,P,C,YANG,VHBAG,
2XX,YANG,YNAG,YY,YYISHT ,ZANG,ZHAG,YSER,

3SHAG(15) ,SAN5(15) ,AX,BI, VI, VI, VYNEU,DELY,DYNAX, NAKG

conXoN/ 7 - A31(15,15),  A32(15,15), AJ3(15,15),
12358 (15,15),  ALPHA(1S), BDAT, BETA(15),
1BGSOL, B31(15,15), BJ2(15,15), BJ3(15,15),
1BJ4 (15,15),  BTYPE(15), BUSH, CALP (15),
1CALQ (15), cs,cc, cG, CHB,
1CHG, CHL, cL, cuy,

1cnz, DQ(15), DVANG (15), DVXAG(15),
12K8(30), ESP1, Ese2, - G{15) ,
1GANNA(15), GDAT, BE(15), IC(15),

11, ITER, ITL(15), KINV,

1xscL, LABBDA, LDAT, LITER,
1LEGTH (30), 1¥0, 10Ss, LPSOL,
1LSET, HBUS, x5, ¥SHGB,

1P (15), PD (15), PG (15), PGHAX (15),
1PGAIN(15), Q(15), QD (15) ,QDAT, QG (15) ,
- 1QGHAX(15), QGBIN(15), SB(30), YYSHT (30,2) ,
1TOL, TiDAT, TPD,TBDA, TPL, TGDAT, YANG (15),
1VRAG(15), VSPEC (15) , XX(15,15), YANG (15,15) ,

11826 (15,15), YSHT(30,2), YY(15,15), ZANG (15,15),
1ZMAG(15,15), 2ZSER(30,2), YSEB(30,2), ABORT,IBT(15)

TYPE-1000
PORBAT(/1X,"**SOLVING LOAD PLOW EQUATIONS BY GS**¢)

C CALCULATING COMPLEX BUS POWER AND VARIABLES A & B

12

pDC 10 I=1,8BUS

1P (LSET.EQ.1)GO TO 5

VBAG(I)=D3LE(YSPEC (1)) .
VA NG (I) x0.0DO0

IP (IABS (BTYPE(X)).NE.3)GO TO 12

KSWGBaI

GO TO 10

P (1) =DBLE (PG (I) ) -DBLE(RD (I))

. IP(IABS(BTYPE(I)).EBQ.2)GGC TO 25

Q(X)=DBLE (QG (I) ) -DBLE (QD (X))

SBAG (I) =DSQRT (P (1) *P (I) +Q (I) *Q(I))
IP(P(I) .2Q. (0.0D0)) GO TO 14

SANG (I) =DATAN2 (Q(I) ,P (1))
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GO T0 22
14 IP(Q (1)) 16,18,20
16 SANG(I) =-1.570796326794897
G0 TO 22
18 SANG(I)=0.0D0
GO TJ 22
20 SANG(I)=+1.570796326754897
22 AI (1) =SHAG (I)/Y4AG (I,1)
25 DO 10 J=1,ABUS
BI (I,J) =YHAG(I,J)/YH¥AG(I,I)
10 CONTIKOE .
L=0
28 DVMAX=0.0D0

C CALCULATISG BUS YOLTAGES

DO 30 I=1,MBUS

IP (IABS (BTYPE (I)).EQ.3)GO TO 30
40 IF(IABS (BTYPE(I)).NE.2)GO TO B0

C TIPE 2 BUS VAAG IS BESZT TO VSPEC, Q IS CCEPUTED AND
C VIRIABLES AI & AII ARE RECOMPUTED.
Q(I)=0.0D0
QHAX=Q33AX (I)~QD (I)
QRIN=QGHIN (I)-QD(I)
DO 60 J=1,HBOS
60 Q(I)=Q(I)-DBLE(VSPEC (I)) *VEAG (3) *THAG (I,J)*
1DSIN(YANG(I,J) ~YANG (I) ¢VANG(J))
IF(Q(I).LE. DBLE (QNAX))GO TO 70
Q(I)=DBLE(QNAT)
BIYPE (I) =ISIGN (1,BTYPE(I))
IBT(I)=2
TYPZ 3000,I
3000 PORAT(1X,'BUS #',I3,2%, EXCZEDS QGHAZ,
1BUS CHANGED TO TYPEZ 1')
GC TO 72
70 IF(Q(I).GZ.DBLE (QBIN))GO TO 72
Q(I)=DBLE (QHIN)
BTYPE (I) =ISIGN (1,BTYPZ(I))
IBT(I)=2
TYPZ 3001,I
3001 FORBAT(1X,'BUS #',I3,2X,'2ZXCEEDS QGRIN,
1BUS CHANGED TO TYPZ 1Y)
72 SHAG(I) =DSQRT (P (1) *P (I) +Q (I)*Q(I))
IP(P(I).EQ. (0.0D0))GO TO 74
SANG (X) =DATANZ (Q (X) ,P (1))

GG TO B84

74 IP(Q(I))76,78,82

76 SA¥G(I)=-1.570796326794897
GO TO 84

78 S1KG (1) =0.0D0
GO TO 84

82 SANG(I) =+1.570796326794897

85 AI (1) =SHAG (I} /YHAG (I,I)

C CALCULATING COMPLZX BUS YCLTAGES

80 VI=(11(I)/VHAG(I)) *DCOS(VANG(I)-YANG (I,I)-SANG(I))
VIXI= (AL (I) /VEAG (I)) *DSIN (VANG (I)-YANG(I,X)-SANG (1))
DO 90 J=1,nBUS
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90

86
88

92
94

173

IP(J.EQ.I)GO TO 90

YI=VI~-BI (1, J).*V3AG(J) *DCOS (VANG (J)
14YANG (I,J) -YANG(I,I))
YII=VII-BI(I,J)*VHAG(J) *DSIN(VANG(J)
14YANS (I,J0) =YANG(I,I))

CONTINOE

VNEW=DSQAT ((VI®VI) ¢ (VII*VII))
IFP(VNEV.EQ.0.000)GO TO 92

IF (VI.2Q. (0.0D0))GO TO 86
FRANG=DATAN2 (VII,VI)

GO TO 95

IP(VII)88,92,94
¥ANG=~1.570796326794897

GO TO 95

NANG=0.0DO

GO TO 95

BANG=+1.570796326794897

C CALCULATING VOLTAGE NAGNITUDE DIFFEIRENCE BETNEEN ITEEATIONS
C AND MULTIPLY BY ACCELERATICN PACTOR OF 1.5

95

96
30

1010

VEEE=VAAG (I) +1.5D0% (VNEU=-VHAG (I))
NANG=VANG (I) +1.5D0* (XANG-VANG (I))
DELY=VNEU-VEAG (I) .

IF (DABS (DELV).GT.DVAAX) DVNAX=DABS(DELY)
IP (IABS (BTYPE(I)).EQ.2)GO TO 96
YHAG(I)=VNEW

VARG (I) =KANG

CONTINUE

IF(DVMAX.LE.TOL)GO TO 100

L=L+1\

IP(L.LE.LITER)GO TO 28

TYPE 1010,L

PORMAT (11X, *NO CONVEEGENCE IN *,I3,2X,*ITERATIONS')
ABORT=1

RETURN

C COMPUTE SWING BUS POWER

100

110
1020

120

I=N5VGB

P(I)=0.0D0 , ' .
Q(I)=0.0D0

DG 110 J=1,HBUS :

P(I) =P (I) ¢ VHAG (I) *VEAG (J) *YHAG(X,J) *

1DCOS (YANG (I,J) =YANG (I) +VANG (J))
Q(I)=Q(I)=-YXAG(I)*VHAG (J) *YNAG(I,J)*
1DSIN(YANG (I,J) —VANG (I) +VANG(J))

CONTINUE

TYPE 1020,1

PORNAT (11X, *GSL? CONYERGENCE IX',I3,2X,'ITERATIONS®)
DO 120 I=1,8BUS

PG (I) =P (I) +PD (I)

QG (I)=Q(I) +QD(IX)

RETURN

END

SUBROUTINE OPT

C SUBRROUTINE TO CALCULATE ITL,IC, AND POVER FOR EACH GENERATOR
C CALCOLATES OPTINUM LANBDA FOR SYSTENM

REAL IC,LANBDA



INTESER ABORT,BTYPE,BBUS
DIMENSION PGSAV({15)

174

DOUBLE PEECISION 2J1,0J32,133,334,BJ1,BJ2,E33,BJ4,
1CALP,CALQ, DQ,DVANG,DVHAG,G,H,ITL,P,Q, VANG,VHIG,
2XX,YANG,YNAG,YY,YYSHT,ZANG,ZH8AG,YSER, ), E

conuoN/ /
1234 (15,15) ,
1BGSOL,

+ 1BJ&(15,15),
1CALQ(15) ,
1CHG,
ez,
1EB(30),
1GANNA(15),
11,
1KSOL,
1LXGTH (30) ,
1LS2T,
12(15),
1PGEIN(1S),
1062AX(15),
1TOL, TLDAT,
1VEAG(1S),
1Y5AG (15,15),
1Z8AG(15,15),

II=0

5 L=0
TPD=0.0
TPL=0.0
TPGCC=0.0

2J1(15,15),
ALPHA (15) ,
BJ1(15,15),
BTYPE(1S),
CB,CC,

caL,
DQ(15),
zse1,

GDAT,

ITER,
LAHEDA,
LNO,

EBUS,

PD (15) ,
Q(15) .
QGHIN(15) ,
TPD,TBDAT,
¥SPEC(15),
YSHT(30,2),
ZSER(30,2),

2J2(15,15),
BDAT,
BJ2(15,15),
BOSH,

cG,
cL,
DV1NG(15),
ESP2,
BE¢1S),
ITL(1S),
10T,
10ss,
¥S,
PG(15),
QD (15) ,QDAT,
SB(30),
TPL, TGDAT,
XX(15,15),
YY(15,15),
YSER({30,2),

133 (15,15),
EETA(15),
BJ3(15,15),
CALP (15),
CEB,
cauy,
DVHAG (15) ,
G(15),
IC(15) .
KINY,
LITER,
LPs0L,
NS¥GH,
PGEAX(15),
QG (15),
YYSHET (30,2),
VANG(15),
YAXG (15,15) ,
ZA¥G (15,15),
ABORT, IBT(15)

C CONPUTE TOTAL POUER DEMAND & LOSS AED TOTAL POWER
C GENERATED AT CONSTANT COST

DO 10 I=1,XBUS

TPD=TPD+P9D (X)
TPL=TPL+P(I)

IF(BTYPE(I) .GB.0)GO TO 10
IP ((ALPHA(I).2Q.0.0) .AND. (BETA(I) .EQ.0.0) .AND.
1(GAnNA(I).EQ.0.0).2Q.0.0) TPGCC=TPGCC+PGHAX (I)

10 CONTINDE

C CBECK FOR NEGATIVZ TOTAL POVWER LOSS
IP(TPL.GE.0.0)GO TO 20

TYPE 1000

1000 PORBAT(11X,°SYSTEM POVER LOSS IS NEGATIVE.*/11X,' CHECK
1TOTAL SYSTEM POVER GENERATION')

RETORN

20 IP (LOSS.2Q.*Y') TPL=0.0
I7 (TPGCC.LT. (TPD+TPL))GO TO 30

TYPE 1010

1010 PORMAT (11X,°BAX CONSTANT COST POVWER NOT USED.'/11X,
1*LOAD PLOV PROBLEM ONLY®)

RETORYN

C DETERMINE INITIAL LAMBDA

30 IP{LSET.EQ. 1)GO TO &0
LA8BDA=5000.0

DO 50 I=1,8BO0S



50

40
1020

IP ((BTYPE(I).GE.0).OR. (ALPHA(I).2Q.0)) GO TO 50
IF (ALPHA (I) . LT. LANBDA) LANSDA=ALPHA(I)
PGSAY (1) =PG (I)

CONTINO®

DLAN=0.3%LANBDA

LSET=1

TYPE 1020

PORMAT (5X,'***OPTINIZING COST PUNCTIONSess?)

C SKIP ITL CALCULATIONS IF LOSSLESS SISTEXM

IF(LOSS.EQ.'Y')GO TO 60

C CALCOLATING ITL'S

80
70

DO 70 I=1,MBUS

17 (BTYPE(I).G2.0)GO TO 70

ITL(I)=0.0D0

DO 80 J=1,MBUS

IP(BTYPE(J) .GE.0) GO TO 80

A= ((2HAG(I,J)*DCOS (ZANG(X,3)))/ (VAAG (I) *VHAG(J)))*
1DCOS (VANG (I)=VANG (J))

B= ( (ZBAG (I, J) *DCOS (ZAKG (I,J)))/ (VEAG(I)*VAAG(J)))*
1DSIN(VANG (I)=VANG (J))

ITL(I) =ITL () + (P (J) *2-Q(J) *E)

COMTINOE

ITL(I)=ITL(I)+ITL (I)

CONTINUE .

C OPTINIZING LANBDA
60

85

DPSAY=0.0

CONTINUZ

TPG=0.0

DO 90 I=1,RBUS
IF(BTYPE(I).GE.0)GO TO 90
IP((ALPHA(I).2Q.0.0).AND. (BETA(I).EC.0.0).AKD.
1(GAnNA (I) .EQ.0.0))GO TO 100
IP(LOSS.BQ.'N')GO TO 110

IC(I) =LANBDA

GO TO 120

IC(I) =LANBDA® (1.0~ITL(I))
IF(IC(I).GE.ALPRA (1)) GO TO 120
PG (1)=0.0

G0 TO 89

C CCMPUTE PG'S FROM COST PUNCTIONS

120
130

[+
1030
135
140

IF(GANNA(I) .¥E.0.0)GO TO 130

PG (I) = (IC(I)-ALPHA (I))/BETA(I)

GO TO 89

CBETA (1) #BETA (1) ~8.0% (ALPHA (1) ~IC(1)) *CazaA (1)
IF (C.G2.0.0)GO TG 140

TYPE 1030,I

PORMAT (1X, *COST CURVE COEFPICIENTS GIVE NEGATIVE
IDETERAINANT ,GENERATOR®,13,2X,'SET 10 ZERO')

PG (I) =0.0

GO TO 89 ]

C=SQRT(C)

PG (I) = (~BETA (I) +C) / (2.0%GABAA(I)) .

IP (PG (I) .GEL.PGAIN (1)) GO TO 89

PG (1) = (~BETA(I)-C)/(2.0%GABNA(I))

IF (PG (I).GE.PGHIN (I))GO TO 89

PG (I)=PGAIN (1)

TYPE 1032,I
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1032
100

89
C CHECK

C
1036
105
c

1038
165

160
150
90

C CBECK

1080

176

PCEH&?&IX,I3.IX,'PG KEG, GEN. SET TO 0.0°')
GO TO 89

FG (I) =PGRAX (I)

IF ((ALPHA(I).2Q.0.0) .AND. (BETA(I) .EQ.0.0) .AKD.
1(GA%NA (1) .2C.0.0))GO TO 150

CCNTINUE

FPOR PGBAX CCNSTRAINTS

IF (PG (I).LE.PGHAX(I))GO TO 105

PG (1) =PGHAX (T)

TIPE 1036,X,PGHAX (I}

FORMAT(1X,13,'PG EXCEEDS PGEAX, GEN EESET TC*,F12.7)
GO TO 165

IF (PG(X).GE.PGHI¥(I))GO TO 150

PG (I) =PGHIX (I)

TYPE 1038,1,PGHIN(I)

PORXAT (1X,I3,1X,'PG EXCEEDS PGHIN, GEX EESET TO',P12.5)
IF (GANHA (I) .NE.0.0)GO TO 160

IC(I)=ALPHA(I)+BETA (I)*PG(I)

GO TO 150
IC(I)=ALPHA(X)+BETA (I)*PG(I) +GANNA (I) *PG (I) *PG (I)
TIPG=TPG+PG (I)

CONTINUZ

PCUER BALANCE LESS THAN BSP)
DP=T2G~TPD~TPL
1F(ABS(DP).LE.ESP1)GO TO 210
L=L+1

IP(L.LE.ITER)GO TO 170

TYPE 1080,L

PORMAT(11X,*PO8ER BALANCE ECUATIONS XOT SATISFIED IN?
1,13,2X, *ITERATIONS, /11X, *CHECK COST CURVES AND
2TOLERANCES')

RETORN

C ADJUST LANBDA IN COMPARISON TO PREVIOUS ITERATION

170

180

200
190

210

1050

C CBECK

220

230

IF ((DPSAV.GE.0.0) .AND. (DP.GT.0.0))G0O 70 160 ‘
IF ({(DPSAV.L2.0.0) .AND. (DP.LT.0.0))GO TO 190 °
IP ((DPSAV.GE.0.0) .AND. (DP.LT.0.0))GO IO 200
DLAN=0.5+DLAN

LANBDA=LAXBDA-DLAN

DPSAV=DP

GO TO 85

DLAN=0.5*DLAN

LANBDA=LANBDA+DLAY

DPSAV=DP

GO TO 85

II=II¢1

TYPE 1050,L

FORBAT (11X, 'LAXBDA DETERMINED IN °,13,2X,°'ITERATIONS?)

PG (I) CONVERGENCE .lE. ESP2
DO 220 I=1,4BUS
Ir(BTYPZ(I).GE.Q)GO TO 220

Ir (ABS(PG(I)-PGSAV(I)).GT.ESP2)GO 10 230
CONTIBUE
RETURN

DO 240 I=1,aBUS
PGSAV(I)=PG (I)
P(I)=DBLE(PG(I))~-DBLE(PD (X))



, , 177

_IF(IBT(I).NE.2)GO TO 240
BTYPE (1) =ISIGY (2,BTYPE (I))
VMAG({I)=1.0
IBT (1) =0
240 CONTINUE
IF(KSOL.EC.1)GO TO 260
250 CALL NRLP
GO TO S
260 CALL GSL?
GO TO S
EXD

SUBROUTINE CTRI (A,B,C,D,N)
DOUBLE PRECISIOK 1 (15,15),B(15,15),C(15,15),0(15,15),T(2) ,SUN(2)

C TRIANGULARIZE A INTO B (LOVER) AND ’ :
c B UPPER TRIAG MATRIX

DO 100 I=1,M

C(L,1)=A(I,1)
100 D(I,1)=B(I, 1)

DO 105 J=2,R
CALL CDIV(T(1),T(2),1(1,J),
1B (1,3) ,A(1,1),B(1,1))
C(1,3)=T(V)
105 D(1,J) =T (2)

DO 275 1J=2,¥
DO 250 J=IJ, N
DO 250 I=1J,X
IP(X.LT.J) GO TO 205
INi=J-1
Sb#(2)=0.0D0
SUM (1) =STH (2)
DO 200 K=1,JN1
CALL CNUL(T(1),T(2),C(I,K), X
1 p(1,K),C(K,J),D(K,J))
SUM (1) =S0N (1) +T (1)
200 SUN (2) =SUR (2) +T (2)
C(I,J)=A(I,J)=508(1)
D(X,J)=B(1,J)-50n(2)
GO TO 250
208 CONTINUE
CALL CDIV(T(1),T(2).C(J, I},
1D(J3,I),C(1,I),D(1,X))
C(X,J)=T (1)
D(X,J)=T(2)
250 CONTINUE
275 CONTINUE

DO 280 I=1,N
DO 280 J=1,XM .
IP(I.GE.J) GO TO 280
D(I,J)=0.0D0
. C(I,3)=D(1,3)
280 CORTIKUE
BRETURN
END
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20

22
25

30

40

50

60

[

SUBROUTINE CTRIV (4,B,C,2,K)
DOUBLE PRECISION 4(15,15),B(15,15),C(15,15),0(15,15),
1SUK(2) ,T(2) ,AI

I=N .
CONTINUE

K=1

CONTINUZ

Sun (2) =0.0D0

SUN (1) =SUA (2)
AI=SUA (1)

1r(x-I) 25,22,25
1I=1.0D0

J=K+1

IF(J.GT.¥) GO TO 40

DO 30 JJ=J,K
CALL CHUL(T(1),T(2),A(3J,K),
1 B(JJ,K),C(I,33),D(X,3d))
S0R (1) =SUR (1) +T (1)
SUM (2) =SUN (2) +T (2)
T (1) =AI-SUA (1)
T (2) =-508(2) ..
CALL CDIV(SUA(1),S08(2),T(1),T(2)
1,A(K,K),B(K,K))
C(K,I)=S0H (1)
C(I,K)=C(K,I)
D(K,I)=SUN (2)
D (I,K)=D(K,I)

K=K=-1

IP(K.EQ.0) GO TO 50
GO TO 20

I=1-1

IF(I.2Q.0) GO TO 60
GO TO 10

CONTINUE

RETURN

END

SUBROUTINRE SOL

C STBROUTINE TO CALCULATE AND PRINT BUS €& GENERATOR SOLUTIONS

AND LINE POWER PLOW

BEAL LAXBDA,IC

INTEGER BTYPE,BGSOL,EB,SB

DOUBLE PRECISION AJ1,AJ2,1J3,AJ04,B37,532,B33,BJ4,
1CALP,CALQ, DQ,DVANG,DV8AG,G,H,ITL,P,Q,VANG,VEAG,
2XX,TANG,YNAG,YY,YYSET,ZANG,ZH8AG,YSER,

3YA, I8, YSHTA,YSHTE,PLH,QLY

COMHON/ / AJ1(15,19), AJ2(15,15), A33(15,15),
1J4(15,15), ALPHA (15), BDAT, BETA(15),
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275
1157

277

1158

265
1155

270
1160
280

1BGSOL, B5J1(15,15), BJ2(15,15), . B33 (15,15),
1BJ4 (15,15), BTYPE(15), BOSH, CALE (15),
1CALQ(15), ¢B.cC, ce, cHs,
1CHG, CHL, cL, cuy,

1c8z, DQ(15) , DVANG(15) , CYAAG(15) ,
1EB(30), ®SP1, ESP2, . G(15) .,
1GANNL (15) , GDAT, - H(15), 1c(15),

11, ITER, ITL(15) , KINY,

1rsor, LANBDA, LDAT, LITER,
1LEGTH(30), N0, - 10sS, 1pscL,
1LSET, MBUS, xs, NSWGB,
1?(15), PD(1S), 26 (15) ., PGEAX (15) ,
1PGBIN (15), 0(15) . QD(15), QLAT, . Q6 (15) ,
1QGaAX (15), QGHuIN (15) , SB(30), YYSET(30,2),
170L, TLDAT, TPD, TEDAT, 1PL,TGDAT, VARG (15) ,
1VEAG (15) , VSPEC(15) , IX(15,15), YAKG(15,15),

112G (15,15), YSHT(30,2), 1Y(15,15) , 2ANG(15,15) ,
1Z8A0G6(15,15), 2ZSER(30,2), YSER(30,2), ABORT

IF(BGSOL.EQ.0)GO TO 280

IP(KINV.EQ.1)GO TO 265

TPD=0.0

TPL=0.0

DO 275 I=1,KBUS

TPD=TPD+PD (1)

TPL=TPL+P (I)

CONTINUE

WEITE(NS5,1157) TPL,TPD

PORMAT (/1X, '##ssSYSTER BUS AND GENERATCE SOLUTIOESssess/
11X, SYST2ZN LOSSES(PU)=*,F8.4,%, SYSTEN LOAD(PU)=*,F8.4,/
21X,*BUS #',1X,*BTIPEY,6X,*PG',6X, QG",6X, PD?,6X,
3'QD!,5X,'YHAG?,4X, ' VANG?) :

DO 277 I=1,EBUS

PG (I)=P (1) +PD(I)

QG (I) =Q (1) +QD(I)

WRITE(NS, 1158) I, BTYPE (1) ,PG (I) ,QG(I) ,PD(I),QD(I) .,
1VAAG (I) ,VAKG (I)

PORSAT(11,13,3X,13,4X,6F8.8)

BGSOL=0 .
GO TO 280

WRITE(NS, 1155) II,ESP1,ESP2,LABBDA, 1PL,IPD

FORKAT (/1X,***#sSYSTEN BUS AND GENXFATCR SOLUTIOES®s®ss/
16X, 'ECON. DISPATCH CONVERGENCE IN',I3,' ITERATIONS'/
12X,'ESP1=* ,P8.4,, BSP2=',F8.4,%, LANBDA=',P6.4,/1X,°SYSTEN
31L05SES (PU)=*,P8.4,*, SYSTEN LOAD(BO)=',FB8.4,/
81X,°BUS#', 1X,'BTIPE? ,4X,'IC?,5Y,9IIL*,6X, 'PG®,6X,
5'QG',6X,°PD',6X,°QD',5X, VNAG*,8X, * VANG®)

DO 270 I=1,HBOUS

PG(I) =P (I) +PD(I)

QG (I) =Q (I) +QD(I)
WEITE(NS,1160) I,BTYPE(I) ,2C(I) ,ITL(I) ,BC () ,QG (),
1PD (1) ,QD(I) ,VBAG (I) ,VANG (I)
FOREAT(1X,13,1X,13,F10.4,7P8.4)

BGSOL=0

CONTINOE

IP(LPSOL.EQ.0)GO TO 300

C CALCULATIMG LIXE POVER rLOW

SRITE (85,1190)
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1190

302
303

304
305
306
308
309
an
312
314

310

1200

300

180

PCREAT (/1X,'sessLINE POVER FLO?""'/IX,'Lluzo',3x,'58',bx,'£5'
14X, *REAL POWER',4X, 'REACTIVE POWER®
DO 300 I=1,LNO

1=SB (1)

B=EB (1)

YN=DSQRT ((YSER (I, 1) YSER (I, 1)) ¢ (YSER(I,2) *YSER(I,2)))
YSHTH=DSQRT ( (YISHT (I, 1) *YYSHT (I, 1))
14 (YYSHT (I,2) *YYSHT (1,2)))

IP (YSER (I, 1) .EQ.0.0D0)GO TO 302
YA=DATAN2 (YSER(I,2),YSER(I, 1))

GC TO 306 .
IP(YSER(I,2)) 303,304,305
YA=-1.570796326794897

GO TO 306

Y1=0.0D0

GO TO 306

YA=1.570796326794897
IF(YYSHT(I,1).EQ.0.0D0)GO TO 308
YSHTA=DATAN2(YYSHT(I,2),YYSHT(I,1))
G0 TO 318

Ir (YYSHT(I,2)) 309,311,312
YSHTA=~1.570796326754897

GO TO 318

YSHTA*0.0DO

GO TO 314

YSHTA=1.570796326794897

CCHTINUE

JJ=0

PLM=VHAG (L) *VHAG (L) *YN*DCOS (YA)

1-VHAG(L) *VEAG (4) *Y2*DCOS (VAKG (L) ~VANG (B) -=YA)
24VHAG (L) *VHAG (L) *YSHT#*DCOS (YSHTA)

QLH=~VHAG (L) VHAG (L) *YN*DSIX (Y1)

1-VHMAG(L) *VHAG (1) *YA*DSIN (YANG (L) -VANG (%)-YA) '
2-VXAG(L) *VAAG (L) *YSHTA®DSIN (YSHTA)

WRITE (¥5,1200)I,L,4,E14, QLY
PCREAT(1X,I3,4X,I3,3X,I3,F12.4,6X,F12.8) .
17(JJ.20.1)GO TO 300

JI=1

L=EB (1)
¥=SB(I)
GO 7O 310
CONTINDE
LPSOL=0
RETURN
END

SUEROUTINE ABOLT (Z,X,Y,H)
DOUBLEZ PRECISION Z(15,15),X(15,15),Y(15,15)

DOV I=1,H

DO 1 J=1,Hn

Z(1,J)=0.0D0

DO 1 K=1,18

zZ(1, J)-Z(I 3)+X (1K) *T(K,)
CONTINUE

BRETURN

END
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57
17

SUBROUTINE CMUL(X,Y,A,B,C,D)
DOUBLE PRECISION X,Y,A,B,C,D
X=A*C~-B*D

Y=A*D¢B*C

RETURN

END

SUEROUTINE CDIV (X,Y,A,B,C,D)
DGUBLE PRECISION X,Y,A,B,C,D
X=C*C+D*D

Y= (B*C~A%D) /X

X= (A*C+B*D) /X

RETORN

END

SUBROUTINE CINVT(A,B,C,D)
A=C/ (C*C+D*D)
Bx=D/(C*C+D*D)

RETURN

END

FUNCTION CABS(A,B)

DGUBLE PRECISION CABS,1,B,DSQRT
CABS=DSQRT(A*A+B*B)

RETURN

END

SUBROUTINE DPINVT(A,B,C,D)
DOUBLE PRECISION A,B,C,D
A=C/ (C*C+D*D)

B=-D/ (C*C+D*D)

RETORN

END

SUBROUTINE MINV (A,N)

THIS SUBPROGRBAN IS POR MATRIX INVERSION AND SIHBUL

LINEAR EQUATIONS

A=THE GIVEN COEFPICIENT MATRIX A:A**-1 WILL BE
STORED IN THIS MATRIX AT RETURE TO THE MAIN PROGRAN

K=ORDER OF A;N.GE.1
DINENSION IXPVOT(15) ,INDEX(15,2)

DOUBLE PRECISION A(15,15),B(15,15), F1Vv0T (15),T
EQUIVALENCE (IROW,JRO¥), (ICOL,JCOL)

POLLOVING 3 STATEMENTS FOR INITIALIZATIOX

E=0

DET=1.0

DO 17 J=1,H
IPYGCT (J)=0

DO 135 I=1,¥
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nao

12
33

109

nnoan

205

89

18
68
135

FOLLOVING 12 STATEMENTS FOR SEARCHE FOB
PIVOT ELENENT

T=0.0D0

DO 9 J=1,¥

IP (IPVOT(J).EQ.1) GO TO &

DO 23 X=1,N

IP (IPVOT(K)-1) 43,23,81

1P (DABS(T)-GE.DABS (1(J,X)}) GO TO 23
IROW=J

1COL=K

T=4(J,K)

CONTIKUE

" CCNTINUE

IPVOT (ICGL) =IPVOT (ICOL) 1

FOLLOWING 15 STATENENTS TO PUT P1YOT
ELEMENT ON DIAGONAL

IF (I30¥.EQ.1ICOL) GO TO 109
DET = -DET

DO 12 L=1,N

T=A (IROY,L)

A(IROW,L) = A(ICOL,I)
A(ICOL,L) = T
IF(X.LE.0) GO TO 109
DO 2 L=1,n

T=5 (LROW, 1)
B(1IBO¥,L)=B(ICOL,L)
B(ICOL,L)=T
INDEX (I, 1) =IROW
INDEX(I,2)=ICOL

PIVOT (I)=1(ICOL,ICOL)
DET=DET*PIVOT (I)

POLLOWING 6 STATEHMENTS TO DIVIDE PIVOT EOW
BY PIVOT ELEMENT

A(ICOL, ICOL) =1.0D0

Do 205 L=1,N

A(XCOL,L)=A (ICOL,L) /PIVOT(I)
I? (8.LE.0) GO TO 347

DO 52 L=1,K

B(ICOL,L)=B (ICOL,L)/PIVOT (I)

FOLLOWING 10 STATMENTS TO REDUCE NOK-PIVOT ROWS

DO 135 LI=1,%
IF(LI.EQ.ICOL) GO TO 135
T=A (LI, ICOL)
A(LI,ICOL)=0.0D0

DO 89 L=1,N
A(LX,L)=A(LI,L)-A(ICCL,L)*T
IF(8.LE.0) GO TO 135

DO 68 L=1,n

B(LI,L) =B(LI,L)-B(ICOL,L)*T
CONTINUE

FOLLOWING 11 STATEMENTS TO INTERCHANGE CONLUAS
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3
61

DO 3 I=1,K

L=N-I+1
IF(INDEX(L,1).EQ.INDEX(L,2)) GO 7O 3
JPOW = IXDEX(L, 1)
JcoL = INDEX(L,2)
DO 549 K=1,N

T « A(K,JEOK)
A(X,JRON) =1 (K,JCOL)
A(K,JCOL) =T
CCNTINUE

CONTINUE

RETORY

END
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