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A 78 500-1
Detection, estimation and correction of bad data in power system state
estimation through SRIF by K. V. Lu and N. D. Rao (The University of
Calgary, Calgary, Alberta, Canada): This paper reports the power system
state estimation and bad data analysis by Square Root Information Filtering (SRIF) technique. The estimator proposed is decoupled in nature and
is suitable for on-line sequential processing of measurements, telemetered
either one at a time or in batches. A natural outcome of the application of
SRIF algorithm is the evaluation of the residual with no extra computations. This feature of the algorithm is exploited and a method is
developed for the Detection, Estimation and Correction (DEC) of bad
data. The proposed method for handling the bad data can deal with
multiple bad data points and does not involve either additional computations or elaborate hypothesis testing logic. The theoretical results are supplemented by digital computer simulation studies and the results are compared with those reported earlier by other methods.
A 78 501-9
A Disposition Method for Data Acquisition Points in Power System State
Estimation by Tetsuji Ogawa (Central Research Institute of Electric
Power Industry, Tokyo, Japan) and Mo-Shing Chen (Energy Systems
Research Center, University of Texas at Arlington, Arlington, Texas): In
the application of a state estimation to a power system, it is necessary to
dispose the measurement points adequately. This paper proposes a new
index which evaluates the adequacy for the disposition of the measurement points, and also presents, using the index, a practical method which
expands the pertinent data acquisition system with respect to the number
and the disposition of the measurement points.

A 78 502-7
New Estimation Methods of Lightning Overvoltages in Substation and
Their Applications by T. Kawamura (Institute of Industrial Science,
University of Tokyo, Tokyo, Japan), T. Kouno (Faculty of Engineering,
University of Tokyo, Tokyo, Japan), S. Kojima and Y. Ishizaki
(Hamakawasaki Works, Tokyo Shibaura Electric Co., Ltd., Kawasaki,
Japan) and H. lshihara (Technical Research Center, The Kansai Electric
Power Co., Ltd., Amagasaki, Japan): The lightning surge waveform at
the point of arrester in the substation is investigated and is classified into
three typical patterns corresponding to circuit configurations and various
parameters concerning lightning. The general and new approximate
methods for calculating the lightning surge waveform in the substation is
presented and their accuracy is investigated. The calculated waveforms
were compared with field data. The both results are shown in very good
agreement. One of the approximate equations was applied to calculate the
statistical evaluation of insulation in 500 kV substation against lightning
surge caused by shielding failure.
A 78 503-5
Trojan Nuclear Plant Communications System Operating Experience by
R. A. Yott (Portland General Electric Company, Portland, Oregon): The
in-plant, commercial, and radio communication systems at the Trojan
Nuclear Plant are described, the operating experience to date summarized, and suggested system modifications listed. This material provides a
review of communication system experience at an operating nuclear
plant. The paper will provide basic information which should be useful
for designing nuclear plant communication systems.

A 78 504-3
A New 'Resonant' Circuit for Testing the Operation of Full H.V. Arresters by G. St-Jean, Y. Latour, and M. Roy (Institut de recherche de
l'Hydro-Quebec, Varennes, Quebec, Canada): This paper presents a new
circuit which has been designed to replace the 60-Hz power sources normally used to perform operation tests on HV arresters. The principle and
method of operation of this circuit are described as well as a proof of its
equivalence to a classical circuit. Experimental verification of its operation has been established by tests on two recent 108-kV arresters from two
different manufacturers. A first version of the circuit has been used so far
in over 1000 tests and a bigger version which is in construction will allow
duty testing of arresters rated up to 600 kV.
Discussion Available

A 78 505-0
Application of LPOF Cable to a Central Generating Station by E. B.
Pickett and L. C. Gonzalez (Burns and Roe, Inc.) and D. E. Schultz (Big
Rivers Electric Corp.): This paper presents a description of a 161-kv,
direct buried, low-pressure, oil-filled (LPOF) cable installation by the Big
Rivers Electric Corporation, carrying the bulk power output of two new
240-MW generating units to an existing switchyard. Expansion of an existing power plant presented obstacles in gaining access to the common
switchyard due to interferences with existing structures and overhead
lines. In instances where plant layout dictates the crossing of overhead
lines, consideration should be given to the use of buried cable as a viable
alternative.

A 78 506-8
Application of the Current-Injection Link as a Fault Current-Limiting
Means by B. C. Papadias (National Technical University, Athens,
Greece): The possibilities and requirements of the current-injection link
as a fault current-limiting device are examined and discussed, and the
problems encountered are pointed out. Most important of those requirements are the very fast fault detection and tripping mechanism
necessary to obtain total clearing times considerably lower than 4 ms.
Two types of application are suggested, namely the constant-current and
the constant-time types, of which the former satisfies the requirement of
constant "commutation ratio". A tentative design of a 138 KV link is attempted with an estimated overall cost of the order of $11 per KVA of
through power.
A 78 507-6
Computer Graphics in Power Plant Design by W.L. Strong and K. D.
Thomas (Duke Power Company, Charlotte, North Carolina): The
manual process for producing engineering drawings and related engineering documents is being automated with state-of-the-art computer hardware and technology. Computer graphics system drawing production
techniques, in conjunction with related engineering application computer
programs utilizing the computerized drawings, are effectively reducing
man-hours required for various aspects of power plant design. This paper
describes the development and integration of the Design Engineering
Graphics System and Data Base System at Duke Power Company.
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A 78 508-4
Uplift and Lateral Behaviour of Earth Grillage Foundations by N. F.
Ismael and T. W. Klym (Ontario Hydro, Toronto, Canada): The uplift
and lateral behaviour of earth grillages was examined by full-scale field
tests on two grillages installed in sand near Hanover, Ontario. Test results
are presented and analyzed by different methods for behavioural predictions and pertinent design parameters are obtained. Based on the results
of the testing program recommendations are made as to the potential use
of grillages as foundations for the 500 kV transmission towers.
Discussion Available

A 78 510-0
Harmonic Distortion in 3-Phase Loads Supplied by Two Single Phase
Transformers by Ronald G. Harley and Aly A. Mahmoud (Iowa State
University, Ames, Iowa) and C. Calabrese (Consolidated Edison of New
York, New York, NY): Many utilities find it both convenient and
economical to supply three phase power to small consumers, from an
open-delta distribution transformer. However, rectifier failure and
associated problems in equipment power supplies have recently been attributed to this type of transformer connection. This paper presents the
results of an evaluation of the existence and severity of consumer problems arising from the open delta connection. It describes both theoretical
and laboratory investigations of the presence of distortion in magnitude,
phase angle, and waveshape of the voltage and current waveforms. The
results show that, although there are some conditions under which the
open delta connection should not be used, the connection is, in general,
suitable for supplying most consumer loads.
A 78 511-8
An Examination of Underground Electric Power Distribution in Residential Areas by R. A. Dickie (Gilbert/Commonwealth) and R. C. Davidge,
J. H. Easley, N. R. Schultz, C. J. Tobias, and M. F. Turley (General
Electric Co.): Residential electric service throughout the world is
predominantly single-phase. Two concepts of electric power distribution
are in wide use. One concept uses three-phase circuits and equipment exclusively, and is common in Europe and certain other areas. The other
concept makes extensive use of single-phase circuits and equipment in
single-phase load areas, with three-phase primary circuits run from the
supply substation to the load area. This concept is used in the United
States and certain other countries. Comparison of these two concepts as
applied to an underground residential distribution system reveals significant advantages of the single-phase concept with regard to cost, reliability, and other characteristics.

A 78 512-6
Evaluating the Effects of Isolation-Restoration Procedures on Distribution Circuit Reliability Indices by D. 0. Koval and R. Billinton (University of Saskatchewan, Sasktoon, Canada): The service reliability indices of
a group of customers connected to an individual distribution transformer
are dependent upon their location within the distribution circuit configuration and the service restoration procedures practices during an
outage. Each distribution transformer has a unique set of reliability indices which may vary significantly from a conventional average value
based on weighting factors related to the number of customers or the
magnitude of their loads. In many studies a single restoration procedure is
often assumed to be optimum for the entire circuit or the entire utility.
This paper illustrates that the characteristics of the main and lateral configurations within a distribution circuit and the statistics relating to the
outage activities have a significant effect on individual customer reliability indices and that in many cases no single procedure is "optimum" for
the entire circuit. The approaches presented in this paper can be combined
with the Zone Branch Concept and used in manual calculations or included in a digital computer program. It will permit the distribution engineer
to define and select the most efficient service isolation-restoration procedure to be employed in practice and to quantitatively evaluate the frequency and duration of interruptions to customers connected to an individual distribution transformer in a particular circuit.
A 78 513-4

Lightning Protective Zones by Stanislaw Szpor (Technical University,
Gdansk, Poland): This paper discusses concepts of protective zones in
lightning protection and presents a critical review of theoretical and
laboratory methods of determining these zones. Information about new
environmental studies is presented. The influence of corona, streamer
cut-off, and antileaders is discussed and working-voltage effect is explained, particularly for EHV lines.
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A 78 514-2
Computerized Data Acquisition and Analysis System by P. P.
Schumacher and M. E. Potter (Thomas A. Edison Technical Center,
McGraw-Edison Company, Franksville, WI): A computerized data acquisition and analysis system has been developed. It is based around a
main central processing computer that is connected to remote data taking
satellite computers. The purpose of the main computer is to develop data
acquisition programs for these computers located at various test locations. In addition, the main computer system stores and analyzes the data
generated by the remote computers and provides printed and graphical
output of test results.
A 78 515-9
Substation Wiring Design Using a Computer Graphics System by David
J. O'Neill and Paul R. Sottovia (Public Service Electric and Gas Company, Newark, NJ) and Richard C. Titus (M&S Computing Company,
Huntsville, AL): This paper describes the use of a computer graphics
system and special wiring programs to automatically generate complete
substation wiring information.
A 78 516-7
Current Operating-Economics Problems Involving Unit and Fuel
Scheduling by A report prepared for the Power System Engineering Committee by the Current Operational Problems Working Group and the
Operating Economics Working Group: This paper discusses problems
and practices in the area of power system operations commonly referred
to as "unit commitment and fuel scheduling." The potential benefits and
possible costs of utilizing various operations planning strategies are
discussed and relevant research programs planned or underway at EPRI
and DOE are summarized. It is not the purpose of this paper to state the
"best" solution for any particular system. The short note reports
presented here are intended to clarify the general nature of current operational problems (COPs) to solicit discussion and stimulate innovative

solutions.

Discussion Available

A 78 518-3

Physically Based Load Modeling by M. F. Ruane, Y. Manichaikul, and
F. C. Schweppe (Massachusetts Institute of Technology, Cambridge,
MA) and J. Woodard, Jr. (Sandia Laboratory, Livermore, CA): A probabilistic, weather dependent, continuous time structure for modeling
and aggregating physical device-level power demands is presented.
Assumptions related to capital stock and utilization factors, and problems of model identification are discussed. Several illustrative examples
and ongoing work are described.
A 78 519-1
Field Test and Analytical Experience with Dynamic Stability of a Loosely
Interconnected Power System by E. V. Larsen (General Electric Company, Schenectady, NY) and P. H. Beagles (The Montana Power Company, Butte, MT): This paper is a report of analytical and field test work
performed to investigate the effect of the addition of the first coal fired
unit at Colstrip, Montana on the stability of the Montana Power system
and its interconnections. The long transmission distances and sparsely
located generation resulted in a loosely coupled system having unique
dynamic characteristics and requiring special analytical approaches.
Analysis performed prior to installation of the Colstrip unit indicated a
potential for dynamic instability in the power system, i.e., any slight
disturbance would cause spontaneous growth of rotor oscillations in the
neighborhood of 0.4 Hz to 2.5 Hz. Anticipation of this potential problem
prompted the performance of a unique set of field tests to determine the
actual dynamic characteristics of the system. Results of these tests were
compared directly with the predictions of analytical models and used to
further develop a model of the system which could be used with more confidence in predicting the dynamic stability boundaries of the system.
Another unusual problem associated with this situation involved the commissioning of a power system stabilizer, a supplementary excitation control device used for damping power system oscillations, prior to loading
the unit. Normal stabilizer commissioning procedures require prior
testing with the unit at full load, a situation which was potentially unobtainable without the stabilizer in service. Hence, analytical procedures
were used to align the stabilizer and it was placed in service prior to
loading the unit. The analytical procedures used for this work were also
unique. Previous stabilizer analysis work reported in the literature has
been performed using a simplified model which assumes single machine
connected to a stiff system through a single transmission line; the loosely
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coupled nature of this system required a more complete system model.
Based upon the work reported here, several observations and comments
are made regarding dynamic stability analysis of loosely coupled systems,
a situation which will become more common with current trends in system
and equipment design and pressures to limit transmission expansion rates.
A 78 520-9
Fires on Dead End Wood Poles Under Contamination -A Demonstration by E. W. Boehne (Consultant, Sarasota, FL) and S. S. Kershaw and
L. A. Lesch (McGraw-Edison, Franksville, WI): Laboratory tests,
simulating field conditions of contamination on the porcelain housings of
arresters and cutouts on three phase dead-end riser poles, have
demonstrated the origin of pole fires when the hardware attached to the
pole is improperly bonded. Such fires are a hazard to life and property
and can be a cause of service outages. Corrective measures are presented.
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the main electrical parameters, particularly concerning wave propagation
in metalclad switchgear. Jointly, the ability of the digital model to compute transient states in such systems is confirmed. These results are expandable to other kinds of configurations and stations and allow a validation
of all transients computations in metal-enclosed substations.
Discussion Available

A 78 527-4
Load Referenced Power Flows by Jay P. Britton (Systems Control, Inc.,
Palo Alto, CA): Company loads are used to take up the slack in the power
flow definition, replacing the traditional choice of generator buses. This
form of solution is shown to be particularly advantageous for calculation
of loss penalty factors.

A 78 522-5
10-Megawatt Solar Central Receiver Pilot Plant by Richard N. Schweinberg (U. S. Department of Energy, El Monte, CA) and J. Lynn Rasband (Southern California Edison Company, Rosemead, CA): Through a
cooperative effort of government and private industry, a 10-megawatt
solar thermal pilot plant is to be constructed in the 1980-81 timeframe
using central receiver technology. The pilot plant will be tested for five
years and information derived will be used for future commercial solar
generating stations.
Discussion Available

A 78 528-2
A Generalized Method for Stochastic Analysis of the Dynamic Stability
of Electric Power Systems by R. C. Burchett (General Electric Company,
Schenectady, NY) and G. T. Heydt (Purdue University, West LaFayette,
IN): Recently, the dynamic (operating point) stability of an electric power
system has been analyzed in cases where there is uncertainty in the system
model parameters and/or the load and generation schedules. The method
relies on the normal approximation for the statistical model of the uncertainties. In this paper, these approximations are removed in a generalization of the technique. Also, further improvement of accuracy is obtained
by a second-order sensitivity technique which employs recently reported
results in second order power system eigenvalue sensitivities. Applications
and practical considerations are presented.

A 78 523-3
Increasing the Power System Capacity of the 50 KV Black Mesa and Lake
Powell Railroad Through Harmonic Filtering and Series Compensation
by J. J. Burke (General Electric Co., Schenectady, NY), A. P. Engel
(General Electric Co., Erie, PA), S. R. Gilligan (General Electric Co.,
Phoenix, AZ) and N. A. Mincer (Salt River Project, Phoenix, AZ): A 50
kV electrified railroad must be up-rated to double its hauling capacity
without additional substations or transmission line. Careful analysis of
the power supply requirements for rectifier drives produces a filtered,
compensated system having more than twice the former capability. A
transient network analyzer is used to evaluate the overall system and to
model the train performance. Field measurements confirm the design expectations.

A 78 530-8
Theory and Application of the Power System Probabilistic Simulation
Method by D. W. Hilson (Electric Energy Systems, U.S. Department of
Energy, Washington, DC), R. L. Sullivan (University of Florida,
Gainesville, FL) and A. J. Wilson (School of Engineering, University of
Tennessee, Chattanooga, TN): The probabilistic simulation method is
derived for the first time starting from the definition of the expected
value. Using an exact mathematical formulation the theory is extended to
include any monotonically increasing or decreasing nonlinear function of
the generator output. A technique for mathematically constructing the
Effective Load Duration Curve (ELDC) is presented, which avoids many
of the computational problems present in previous models due to the
deconvolution process.

A 78 524-1
Unbalanced Synchronous Machine Analysis Using Frequency Domain
Methods by Jeffrey D. Roark (Southern Company Services, Inc., Birmingham, AL) and Charles A. Gross (Auburn University, Auburn, AL):
Frequency domain techniques are used to derive a general matrix equation interrelating the steady-state phase voltages and currents of an ideal
three-phase synchronous machine running at constant speed. The equation is applied to a synchronous generator terminated in a general, arbitrary, specified, passive three-phase load. Using known machine
parameters, any desired stator terminal electrical quantities can be
calculated for a prescribed rotor excitation.
Discussion Available

A 78 531-6

A 78 525-8
A Novel Comprehensive Approach to Power Systems Sensitivity Analysis
by H. B. Puttgen (Presently with California State University at Fresno)
and R. L. Sullivan (University of Florida, Gainesville, FL): During the
transmission planning process it is desirable to quantify the influence of
each existing or new element on the system's state. In this paper a novel
approach to the sensitivity computation problem is presented. The
method uses the full A.C., nonlinear, steady state load-flow equations in
order to evaluate the influence of any admittance element on any complete bus voltage. The proposed method does not involve any incremental
computations nor does it require the knowledge of any analytical expression relating bus voltage to element admittances. Instead, an adjoint network type approach is used.
Discussion Available

A 78 532-4
Transmission Line Lightning Performance with Surge Suppressors at
Towers by E. J. Los (General Electric Company, Pittsfield, MA):
Lightening-induced transmission line flashover probabilities and surge
suppressor heating probabilities are estimated for a transmission line
without shield wires but with surge protective devices installed at every
tower. The results show that the lightning protection of the line can be
comparable to that afforded by shield wires even when suppressors are installed on only one phase. The probability of phase-to-phase flashover is
considered but shown to be insignificant for presently used transmission
line phase clearances.
Discussion Available

A 78 526-6
Lightning Performance of Metalclad Substations Protected by SparkGaps Part 1: Validation by Field Tests by G. Bernard and G. Le Roy
(Electricite de France, Clamart Cedex): To decide the ability of sparkgaps to protect metalclad substations, accurate computation models of
these systems are required. Field tests are described and the measurements
achieved, reproduced by digital simulation, settle the nature and value of

Diakoptic Approach to Sensitivity Analysis in Large-Scale Power Systems
by H. Kobayashi (Saitama Institute of Technology, Saitama, Japan), Y.
Tamura and S. Narita (Waseda University, Tokyo, Japan) and S. Muto
(Nagoya Institute of Technology, Nagoya, Japan): A decomposition
algorithm on the basis of the diakoptics for the calculations of sensitivity
matrices is developed for the evaluation of system characteristic constants. The proposed algorithm is applied to an illustrative example and a
model three area power system to explain the procedures and to evaluate
the effect of interconnections. The algorithm does not make any approximation, as is the case in the diakoptics, and gives exactly the same results
as the integrated approach.

A 78 533-2
An RMS Coherency Measure: A Basis for Unification of Coherency and
Modal Analysis Model Aggregation Techniques by R. A. Schlueter, H.
Akhtar, and H. Modir (Michigan State University): The principal objective of this research is to show that modal analysis and coherency based
aggregation procedures can be considered completely parallel model aggregation procedures. Thus it will be shown that modal analysis
equivalents are coherency equivalents and that procedures for aggregating
coherent groups can be considered to be equivalent to the rules of mode
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elimination for the modal analysis procedure. These results depend upon
first deriving a general probabilistic model power system disturbances and
an appropriate linearized model of the power system. An rms measure of
coherency is then defined that measures the expected value of a time
average of differences in voltage angle deviations on generator buses for
the probabilistically described disturbances. The modal analysis based
equivalent is then shown to be a coherency based equivalent by showing
that the rules of mode elimination for forming a modal analysis
equivalent for the linearized model considered can be derived by a modal
analysis of this rms coherency measure evaluated over an infinite interval
with the same linearized system model and a completely uncertain disturbance model. The procedures for aggregating coherent groups of
generators is shown to be equivalent to the rules of mode elimination for
modal analysis procedures because it is shown that (1), both methods of
reducing model order can be based on an rms coherency measure and any
particular form of the generalized model of disturbance desired and (2)
both methods should produce equivalents with approximately the same
measure of coherency as the unreduced system.
Discussion Available
A 78 534-0
Generalization of the Heffron-Phillips Model of a Synchronous
Generator by C. D. Vournas and R. J. Fleming (University of Saskatchewan, Saskatoon, Canada): The Heffron-Phillips model of a synchronous generator is a relatively simple linearized model which provides
a sound basis for the examination of the phenomena of interaction between excitation and speed control loops of the machine. It has been used
to advantage in studies of the effects of excitation control on synchronous
machine stability for the single machine-infinite bus case. This paper illustrates that the simple single-machine Heffron-Phillips model can be
readily extended to cover the multi-machine situation such as a multimachine plant for example. Such a model is particularly advantageous
from a conceptual point of view since it provides a greater degree of
physical insight into the interaction phenomena than is possible with
other types of linear model formulations. It is shown, that the state-space
formulation can be readily written directly from this extended HeffronPhillips representation. Also included in the paper are some results which
indicate the adequacy of this model formulation as compared ith a detailed non-linear model formulation for controller studies.

A 78 535-7
Higher Order Transfer Functions of Amplitude- and Phase-Modulated
AC Servomotors by Owen T. Tan and F. Shokooh (Louisiana State
University, Baton Rouge, LA): Using two reference frames for the motor
equations, a sixth-order transfer function is developed for an amplitudeand a phase-modulated two-phase servomotor, taking fully into account
the electromechanical transients, rotor current and speed feedback, unbalanced excitation and all initial conditions. The transfer function coefficients are explicitly expressed in the conventional motor parameters
readily obtainable from the manufacturer's data, and the continuous excitation voltage magnitude(s) by which the nonzero dominant pole is
greatly affected. A numerical example compares the frequency responses
for amplitude and phase modulations, and illustrates their fourth-order
approximations as well as the differences with several transfer functions
available in the literature.
A 78 536-5
Induction Motor Transient Performance Prediction in a Distribution Network by Aly A. Mahmoud and Ronald G. Harley (Iowa State University,
Ames, Iowa) and C. Calabrese (Consolidated Edison of New York, NY):
The effects of motor starting and running on the subtransmission network power requirements, bus bar voltages, and distribution line and
cable voltages and currents, are of importance to utilities and users. A
digital Time Variable induction motor model by which these effects can
be predicted both accurately and economically is presented. It accurately
predicts both electrical and motional transients at a considerable savings
of computer time compared with available techniques. Results of the effects of various substation impedances are presented. Voltage dips and inrush currents are accurately calculated. The conditions under which the
induction motor would not start and substation requirements for
minimizing light flicker are also investigated.

A 78 537-3
Effect of Various Machine Variables on the Steady-State Performance of

Inverter-Fed Induction Motor Drive System-An Approach to Motor

Redesign by T. V. Avadhanlu and R. B. Saxena (University of Roorkee,
India): The increasing use of rectifier-inverter induction motor drive

systems has resulted in a number of problems pertaining to the performance and design of the drive motors. In this paper an investigation of
the effects of various machine variables upon the steady-rate performance
characteristics of an inverter-fed induction motor drive system is carried
out over a wide range of frequencies. An analysis of the results presented
is oriented towards the redesign aspects of the drive motor suitable for
different application requirements. Certain design recommendations of the
drive motor for satisfactory operation of the drive system are proposed.

A 78 538-1
Operating Experience Trends in U.S. Light Water Reactors Point to the
Desirability of Longer Refueling Cycles by E. T. Burns, R. C. Erdmann,
and R. R. Fullwood (Science Applications, Inc., Palo Alto, CA):
Operating experience in U.S. light water reactors (LWRs) has shown that
the impact of refueling outages on plant unavailability is much higher
than has been previously anticipated. The purpose of this summary is to
identify the principal causes of the extensions of refueling outages, the effect of these outages on plant productivity, and an alternative refueling
cycle to reduce their impact. In order to provide a perspective on the
refueling outages, major outages greater than 100 hours in duration are
also included in this assessment. Both the refueling outages and other major outages are displayed as a function of plant age; this method allows
identification of trends in these outages as a plant matures. The result of
the evaluation indicates that utilities can improve plant availability by up
to 60%6 per year by increasing the time between refuelings from an annual
to an 18 month refueling cycle.
A 78 539-9
A Method for Constructing Terminal Models for Single-Phase n-Winding
Transformers by R. C. Degeneff (General Electric Co., Pittsfield, MA):
Power systems continue to grow in size and complexity. At the same time
the necessity for high system reliability increases. One of the major concerns in the area of system reliability is the ability of a power system to
withstand transient over voltages. Surprisingly, as common as the power
transformer is upon utility and industrial power systems, an adequate, yet
simple, lumped paramter model accurately representing its terminal transient voltage response and frequency characteristic does not exist. This
paper presents a method for constructing a lumped parameter model of a
power transformer which accurately reproduces the transformers terminal transient voltage response and impedance versus frequency
characteristic. These models are generated from information currently
available to transformer users. Several examples are presented comparing
calculated and measured response.

A 78 540-7
Economic-Reliability Analysis of Simple Alternates for the Design of
Auxiliary Electric Systems by Gary R. Engmann (Black & Veatch, Consulting Engineers, Kansas City, MO): Reliability analysis are gaining in
sophistication and effectiveness in the assessment of complex systems.
However, there is little evidence of application of these techniques by
most engineers. Several examples of the application of the fundamentals
of economic-reliability techniques in the actual design of a generating station auxiliary electric system are given. The examples demonstrate the application of the fundamentals of reliability analytic techniques can prove
helpful in the selection of an auxiliary electric system design.
A 78 541-5
In Plant Paging Systems for Nuclear Plants by R. M. Weidenheimer
(GAI-Tronics Corporation, Reading, PA): This paper is a compilation of
successfully operating, intra plant communication facilities for Nuclear
Power Plants, as experienced by the communications manufacturer.
Plant operational communications, which includes paging and party line
facilities as well as the various other intra plant communications facilities
are discussed.

A 78 542-3
The Effect of Voltage Reduction on Distribution System Loads by P. L.
Wheeler and A. H. Dickenson (So. Calif. Edison Co., Rosemead, CA)
and T. J. Gibbs (Cal State Polytechnic University, Pomona, CA): The
subject of voltage reduction and its effect on energy consumption and demand has been debated widely but there have been relatively few tests
made to accurately quantify the true effect. This paper describes a test
procedure and instrumentation package designed to provide answers to
these questions. The results are discussed and demonstrated in the form
of graphs for different primary voltage levels and different customer

classes.

Discussion Available
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A 78 543-1
Plant Engineering Approach to Availability Engineering in Power Plant
Design by Vagn Jensen (Northern States Power Company, Minneapolis,
MN): The application of reliability and availability engineering concepts
into power plant design has become an important design engineering activity at Northern States Power Company (NSP). This paper includes our
plans and methods for learning about and obtaining the power plant component/equipment history and failure reports and how we intend to use
this information in implementing reliability into new plant design. The
objective is to improve the overall plant operating availability for both
fossil and nuclear plants.
Discussion Available
A 78 544-9
A Generalized Stochastic Power Flow Algorithm by P. W. Sauer (University of Illinois at Urbana-Champaign, Urbana, IL) and G. T. Heydt
(School of Electrical Engineering, Purdue University, West LaFayette,
IN): This paper presents a general algorithm to determine the affects of
uncertainty in bus load and generation on the output of conventional
power flow analysis. The use of statistical moments is presented and
developed as a means for representing the stochastic process. Under this
concept, statistical moments are used to describe the probability density
functions, allowing virtually any type of distribution, and eliminating any
requirements of statistical independence. The power flow equations are
represented as a quadratic function evaluated at the expected values of input load. Conditional expected values are computed as well as probabilities to indicate overload severity. The results are compared with
Monte Carlo simulation.
Discussion Available
A 78 545-6
Design and Testing of a Microprocessor-Based Directional Distance
Relay by E. 0. Schweitzer (Ohio University, Athens, OH) and A. J.
Flechsig, Jr. (Washington State University, Pullman, WA): A directional
distance relay has been developed and tested which uses a low-cost
microprocessor to execute a computationally-efficient digital algorithm.
It provides, simultaneously, "lens"- and "tomato"-shaped tripping
zones in the impedance plane, and responds to in-zone faults within an
average time of 1 ½2 cycles. The relay provides less than four percent maximum overreach, good transient immunity, and excellent directionality.
The relay hardware, software, tests and test results are described.
Discussion Available
A 78 546-4
Multi-Area Generation Reliability Studies by C. K. Pang, and A. J.
Wood (Power Technologies, Inc., Schenectady, NY) and R. L. Watt
(SWEPCO, Shreveport, LA) and J. A. Bruggeman (Central & South
West Services, Dallas, TX): This paper presents the results of a com-

prehensive multi-area generation reliability study of various possible interconnections of several power systems in the Southwestern portion of
the U.S. Ten utility systems were represented in the study in distinct areas.
System equivalent models were developed to represent these areas in five
and six area models. A multi-area reliability program which incorporates
the limitations of the transmission system on reserve and load-loss sharing
was used to compute the loss-of-load probability (LOLP) of each area for
various, different interconnections configuration and capacities. This
reliability computation recognizes the limitations on transfer capabilities
between the areas even when the network contains loops and the individual lines have non-zero forced outage rates. Summaries of the
models and computational methods used are given in the paper. Overall
system data and interconnecting configurations are also provided. In
general the calculated results show improvements in the various area
reliability levels with increasing interconnection strength. Various studies
were performed in order to test the models and system equivalents used.
The paper presents a summary of the results of these tests and points out
the usefulness and relative accuracy of various simplifications which may
be used to increase the computational efficiency of the method. The
authors believe that this is the first multi-area generation reliability study
where more than three areas are interconnected without restrictions
the network configuration.

on

A 78 547-2

Design Considerations for the Intraplant Communications System for
Modern Nuclear Power Generating Stations by Jan G. Shingler and Dale
A. Raquet (Gilbert/Commonwealth, Reading, PA): Design considerations for the intraplant communications systems of nuclear power
generating stations are presented with emphasis on the design aspects for
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improved performance. Operational parameters are described for the
paging, maintenance and calibration, commercial telephone, radio, and
safe shutdown communications systems. Design criteria are also
presented for the communications requirements of 10 CFR 73.55 "Requirements for the Physical Protection of Licensed Activities in Nuclear
Power Reactors Against Industrial Sabotage."
A 78 548-0
An Annotated Bibliography of Power System Reliability
Literature-1972-1977 by S. Vemuri (University of Nebraska, Lincoln,
NE): Reliability of a system may be defined as the probability of successful operation of the system. With reference to a power system, 'successful operation' or 'satisfactory service' is something difficult to define.
From a practical point of view, if the voltage level at a load point is less
than a specified value (because of, say, line outages) the system may be
hardly considered to be in satisfactory service. However, in power system
reliability studies, it is generally assumed that 'satisfactory service' and
'continuity of service' are synonymous terms. The Great Blackout of
1965, first raised the real concern of the reliability of power systems and
spurred co-ordination between different utilities. Now, events of the past
summer, including the New York City blackout have once again raised
the subject of reliability in power systems to top priority status. In the last
fifteen years, the development and application of quantitative reliability
techniques in the areas of utility planning, design and operation has increased considerably. Further, reliability evaluation has become an integral part of the economic analysis of alternate proposal and development plans. This paper is intended for engineers who are involved in electric utility planning, design or operation. In this bibliography, the
publications are classified according to the particular problem studied
rather than on the particular measure or figure of reliability used (which
include the loss of load probability, frequency and duration of outages,
etc.). This classification, arbitrary as it is, is similar to the classification of
chapters in the book by Roy Billinton. This bibliography is by no means
exhaustive. Due to limitations on pages the classifications-Reliability of
Nuclear Power Plants and Power System Security-are not included here.
Publications, in languages other than English, are included whenever
their abstracts (available in the English language) suggest that they may be
relevant.
Discussion Available
A 78 550-6
Evaluation of a Microcomputer for HVDC Converter Control by John
Reeve and W. J. Giesbrecht (University of Waterloo, Ontario, Canada):
A microprocessor-based system has been developed for converter control
in HVdc transmission. The implications of the microcomputer aspects are
assessed with reference to an existing non-computer controller, representative of the current state-of-the-art. Advantages for basic control functions are marginal but additional functions can be advantageously accommodated.

A 78 552-2

Stability at Large in Power Systems, Through the Liapunov Method by
Rino Curti (Escola Politecnica da Universidade de Sao Paulo, Sao Paulo,

Brazil): This paper describes the application of the second method of
Liapunov to the study of the Power System Stability, first a synchronous
machine, a transmission line and an infinite bus; second for the general

case of n

machines feeding a network. Liapunov's function is determined

by Zubov's method, making possible the complete solution of the pro-

blem.
A 78 553-0

Digital Study of Heat Flow for Closely Spaced Underground Power
Transmission Cables Using Simulation Technique by M. El-Sherbiny, M.
Abdel-Salam, and S. Abdel-Sattar (University of Assiut, Assiut, Egypt):
This paper examines the temperature distribution at the core, sheath, and
around the vicinity of a closely spaced underground cable. The approach
has been based on thermal simulation technique. Results have been
verified by an experimental electrolytic tank analog. A digital computer
program has been established to perform calculation of temperature-rise
at any point around the cable, from which Kennely's approach for solving
such heat problem has been evaluated and discussed.
A 78 554-8
Multi-Mode Wide-Range Subsynchronous Resonance Stabilization by
Yao-nan Yu, M. D. Wvong, and K. K. Tse (The University of British Columbia, Vancouver, B. C., Canada): The paper presents a supplemental
excitation control to stabilize one or more mechanical modes of a steam-
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electric power system

over a wide range of capacitor compensation. The
First Bench Mark Model is extended and the mass-spring, the steam turbines and governor, the generator and excitation, and the transmission
and capacitor compensation are combined in ONE model. Conventional
supplemental excitation control of the lead-lag compensation type and
other system effects on the subsynchronous resonance are examined, and
a new supplemental excitation control using a linear combination of
system output signals as the control input is designed. Computer results
show that the new supplemental excitation control not only can stabilize
the subsynchronous resonance of one or more mechanical modes, but
also is effective over a wide range of capacitor compensation.
Discussion Available

A 78 556-3
Three-Dimensional Calculation of Fields and Losses in the Rotor of a
Superconducting Synchronous Generator by T. Bratoljic (Brown Boveri
& Cie, Baden, Switzerland) and H. W. Lorenzen, H. von Markus, and J.
Sergt (Technical University Munich, Federal Republic of Germany): The
fields and losses arising in a superconducting turbogenerator can be fully
satisfactorily determined only by using a three-dimensional field analysis
which formally includes end winding effects. This paper describes the
theory of such a three-dimensional calculation which includes the effects
of rotor eddy currents due to the time-varying fields caused by an asynchronously rotating stator current wave. The theory is based on a higherorder vector potential whose curl is the magnetic vector potential. The
fields and losses in the rotor due to negative sequence and 5th harmonic
components of stator current distribution, in a superconducting
generator, are given as examples.
Discussion Available
A 78 557-1
Some Economical Aspects of Solar Electrical Systems Solar Power Packs
by A. Braunstein (Tel-Aviv University) and D. Biran (IDF): Though the
costs of solar cells is decreasing fast, the cells are still expensive for wider
use and the number of cases in which such systems are economical is
limited. According to several institutes and researchers, the breakeven
point (compared with conventional systems) will be reached in 1983-5
with the costs of 0.5 to 1 $ per peak watt. Inspite of the relative high costs
of solar cells (II to 20 $ per peak watt today), there are cases in which
solar electrical systems compete favourably with conventional power
packs. Some economical aspects of solar electrical systems are described
in this paper and form the basis for comparison with some conventional
systems. The equations presented here are given in a general form and can
be applied directly by insertion of various cost factors. Some examples are
given based on Israeli economical and operation conditions and experience gained. The comparison of the total annual costs of solar power
packs (SPP) vis-a-vis conventional power packs (CPP) gives an adequate
answer to the question of where, when and under which conditions, SPPs
are more favourable.

A 78 558-9

Voltage Control in a Large Industrialized Load Area Supplied by Remote
Generation by H. K. Clark and T. F. Laskowski (Power Technologies,
Inc., Schenectady, NY) and A. Wey Fo. and D. C. 0. Alves (Companhia
Energetica de Sao Paulo, Sao Paulo, Brazil): The control of voltage in the
heavily industrialized greater Sao Paulo City area is studied for the period
1979-1980. At this time the load will be about 5800 MW, with 4500 MW
supplied by a 600 km 440 kV system, 900 MW by a 350 km 345 kV system,
and 360 MW by local generation. The study examines transient and
dynamic behavior of the estimated 3,500,000 horsepower of motor load
in the city area following 440 kV system faults, and the control of voltages
in the immediate post-transient period for the purpose of defining static
and dynamic voltage support equipment requirements. The required
voltage control equipment was found to be very sensitive to load
characteristic assumptions.
A 78 559-7
Transient Stability Sensitivity to Detailed Load Models: A Parametric
Study by Harrison K. Clark and Timothy F. Laskowski (Power
Technologies, Inc., Schenectady, NY): A parametric study is made to
evaluate the effect of increased detail in load models on transient stability
study results. Two system arrangements and 10 different load model
variations are examined. Conventional load models representing power as
an algebraic function of voltage are compared with detailed models including nonlinear characteristics of discharge lighting and induction
motors. Critical switching times are shown to be decreased by including
induction motor effects, and increased by including discharge lighting effects.
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A 78 560-5
Feasibility Constraints in Power Systems by F. D. Galiana and J. Jarjis
(McGill University, Montreal, Quebec, Canada): Feasibility is that property of the parameters and variables of a power system under which a
steady state equilibrium is physically realizeable or feasible. This property
imposes constraints on the system parameters which can be active under
both the transient and steady state. In order to explicitly analyze and prevent unfeasibility, two main results have been developed and are
presented here. The first is a technique for characterizing the region of
feasibility near a given operating point by finding the closest boundary
point and its corresponding critical feasibility constraint. The second is a
method to characterize the active portion of the feasibility region relative
to engineering and performance constraints. Implications and applications of these results are presented.
A 78 561-3
An Improved Infrared Method for Determining Acidity in Transformer
Oils by T. J. Gedemer and G. Maller (McGraw-Edison Company,
Thomas A. Edison Technical Center, Franksville, WI): An improved
method to measure acid number in transformer oils employing infrared
spectroscopy has been developed. The method is based on the observation
that as oils degrade two absorption bands are formed in the carbonyl
region of the infrared spectrum at 1775 cm-' and 1710 cm-'. By determining the absorbance values of these two bands a good estimate acid number
can be obtained. Other advantages of this improved method are that it requires extremely small amounts of sample, it is a fast and simple procedure to perform, and it provides information on the nature of structural
changes occurring in the oil and degradation products being formed during the aging process.

A 78 563-9
Impulse Impedance of Grounding Systems by B. R. Gupta and B. Thapar
(Punjab Engineering College, Chandigaph, India): The paper presents the
results of analytical investigations to evaluate the impedance offered by
grounding systems when dissipating impulse or high frequency current to
ground. The magnitude of the current considered is such that it does not
cause breakdown of the soil. Different grounding configurations are considered. Empirical formulae for the effective length and impulse coefficient for the different configurations are presented. The validity of
analytical method presented in the paper has been verified experimentally
with model tests. From the results of the various configurations studied, a
general method to find effective length and impulse impedance of any
configuration of a simple grounding system has been developed.
A 78 564-7

Diakoptics and Block Elimination by Ibrahim N. Hajj (University of
Waterloo, Waterloo, Ontario, Canada): In this paper it is shown that all
recently-proposed sparse matrix solution algorithms for the diakoptic
analysis of power systems belong to a set of algorithms which is derived
by applying block elimination to a partitioned system of equations. The
computational and storage requirements of the algorithms are calculated
and rules are obtained for determining which algorithm is most efficient
for a given system. Different ordering strategies for solving subsystem
equations are also investigated.
Discussion Available

A 78 565-4
Excitation Controller Design for the Damping of Self-Excited Oscillations in Series Compensated Lines by H. M. A. Hamden and F. M.
Hughes (UMIST, Manchester, UK): The suppression of self excited
oscillations in series compensated power lines has been tackled by many
approaches, most of which involve the installation of additional and expensive equipment on the system itself. The most economic way to damp
out these unwanted oscillations is to make use of the turbo alternator control scheme and the capability of a fast response excitation system to this
end has been demonstrated. However, the control signals and compensation used to provide damping would generally appear to have been obtained by intuitive and experimental means. In this paper a formal approach to the design of an excitation control scheme to suppress self excited oscillations is presented based on frequency response methods. The
approach enables the most beneficial control signals to be readily identified and their associated stabilisation elements to be directly established.
A 78 566-2
A Quantitative Method for Transmission System Reliability Calculations
by T. P. Hayes, Jr. (Westinghouse Electric Corporation, Pittsburgh,
PA), R. P. Webb (Georgia Institute of Technology, Atlanta, GA) and J.
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T. Day (Westinghouse Electric Corporation, East Pittsburgh, PA):
System planners are continually faced with the problem of evaluating
future system performance. This evaluation is complicated by uncertainties in both the load and the network availability state. These uncertainties have generally been accounted for by repetitive load flow calculations; one load flow calculation for each combination of possible load
and network availability. This paper presents a method for systematically
dealing with load and network uncertainities. The method accounts for
load uncertainties by using stochastic decoupled load flow techniques. A
systematic approach using outage probabilities is developed which
calculates the effects of network uncertainties. Indices are calculated for
each bus in the network which relate to the event that the load will not be
satisfied at that bus; the frequency of this event and the expected portion
of time associated with this event. The "expected portion of time" index
is comparable to the Loss of Load Probability (LOLP) at that bus. The
effect of an overloaded line is analyzed with the use of sensitivity factors.
These sensitivity facotrs are calculated from the decoupled reactive power
flow equations and represent the change in line flow for a specific line due
to a change in power flow at a specific bus. These sensitivity factors allow
an orderly, efficient evaluaion of line overloads. The procedure is
evaluated by comparing the indices with the simulated performance of a
90-bus network. The procedure is also compared to previously existing
conditional probability methods on three- and five-bus networks.
Discussion Available

A 78 567-0
On Minimum Completion Time and Optimal Scheduling of Parallel
Triangulation of a Sparse Matrix by John. W. Huang and Omar Wing
(Columbia University, New York, NY): We consider the problem of
triangulating a sparse matrix in a parallel processing system and attempt
to answer the following questions: (I) How should the rows and columns
of the matrix be reordered in order to minimize the completion time of the
parallel triangulation process if an unrestricted number of processors are
used? (2) If the number of processors is fixed, what is the minimum completion time and how should the parallel operations be scheduled? Implementation of the parallel algorithm is discussed and experimental
results are given.
A 78 569-6
Series Compensation Operating Limits-A New Concept for Subsynchronous Resonance Stability Analysis by E. V. Larsen and D. H. Baker
(General Electric Co., Schenectady, NY): A new concept is presented for
analyzing the stability of turbine-generator torsional modes of oscillation
in the presence of series compensated transmission lines. A method is
described for obtaining a locus representing as a function of series compensation levels in two transmission lines. A digital computer program
names SCOL which performs the computations and plots the results in a
directly usable form has been developed and validated against the
MANSTAB program, used to establish the IEEE benchmark eigenvalue
calculations. The paper includes an example which demonstrates the utility of this analytical tool for studying subsynchronous resonance on a major transmission system in the southwestern United States. This method
provides the system planner with a direct means of calculating maximum
allowable compensation levels in two lines at a time. Currently used
methods, such as eigenvalue analysis, are indirect and require many
calculations and engineering interpretation to achieve the equivalent information. Utilization of the method described in this paper can result in
considerable savings in both computer and engineering time. It is felt that
the development of this concept and digital computer program represents
a valuable advancement in the state of the art for analyzing the problem
of subsynchronous resonance stability on large ac transmission systems
requiring the use of several series compensated lines.
Discussion Available
A 78 570-4
Determination of Electromechanical Damping Coefficients for Power
System Transient Stability Studies by H. K. Lauw (Delft University of
Technology, Delft, The Netherlands): The calculation of electromechanical damping coefficients for the transient stability analysis of
power systems is conventionally based on expressions which are derived
from the single-machine system, i.e. the synchronous generator swinging
against an infinite bus. Consequently, these calculations do not take into

the influence of system-components external to the generator. A
straight and rigorous method to find the electromechanical damping coefficients for a general n-machine system, depending on all baisc systemparamters, is presented. The procedure to generate numerical values for
these coefficients, requiring minute computer facilities even for relatively
large systems, is given.

account
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A 78 572-0
Radio Communication Systems for Nuclear Plants by Paul D. Lindholm
(Motorola C&E, Inc., Schaumburg, IL): The radio system communication requirements in a nuclear plant include: communications with local
law enforcement, company load dispatcher, company environs group,
security and operating engineers. Each radio system is designed to provide
the communications required. The internal communications is most difficult because of the hostile environment, i.e., the plant is designed to prevent nuclear radiation from penetrating one area to another, but the radio
radiation is to penetrate the entire plant. The stationary radio equipment
is to be concentrated in one secure area to protect it from sabotage.
A 78 573-8
An Algorithm for Decoupled Dynamic State Estimation of Power
Systems by A. K. Mahalanabis, K. K. Biswas, and G. Singh (Indian Institute of Technology, New Delhi, India): A new algorithm for dynamic
state estimation of an interconnected power system is proposed. A
dynamic model is first assumed for the state vector which involves n
unknown parameters, where n is the dimension of the state vector. These
unknown parameters and the state variables are then proposed to be
estimated in a decoupled manner by separately processing the active and
reactive power data from all the nodes. The two stage Kalman filtering
technique recently proposed by the authors for avoiding nonlinear estimation problems is utilised in each decoupled estimator. The utility of the
proposed algorithm is illustrated through a case study involving a part of
the Northern India power grid.
A 78 575-3
The Current-Carrying Capacities of Overhead-Line Conductors by Vincent T. Morgan (National Measurement Laboratory, CSIRO, Sydney,
Australia): The current-carrying capacities of overhead-line conductors
are calculated for steady, unsteady or intermittent, and short-circuit loads
by solving the appropriate heat balance equations, using new heat
transfer data. Factors considered include: conductor stranding, magnetic
heating of the steel core, the radial temperature gradient within the conductor, corona, solar heating, mixed convection, wind turbulence and
rain. It may be necessary to take into account some or all of these factors
on probabilistic basis, particularly if long-term annealing of the conductor is a constraint in design. Curves are given for determining the variation of the temperature of conductors for unsteady and short-circuit
loads.
A 78 576-1
Long Range Distribution System Planning Based on Optimum Economic
Reliability Levels by Mohan Munasinghe (World Bank, Washington, DC)
and Walter G. Scott (Scott and Scott Consultants, St. Charles, MO): This
paper presents a methodology and case study for long range distribution
system planning in the capital scarce developing country context. A
simulation procedure is used to determine an optimum range of target
reliability levels for system planning purposes, based on a comparison of
the economic costs and benefits of different levels of reliability. The
technique is general enough to also be used for generation and transmission system planning.
Discussion Available
A 78 577-9
An Automatic Transient Recording System-The CLD Monitor Station
by G. Nourse (American Electric Power Service Corporation, Canton,
OH) and D. G. Thomas and N. A. Marshall (Hughes Research
Laboratories, Malibu, CA): The need for a fault current limiting device
(CLD) has been established in several conferences, symposia, and
technical papers. The American Electric Power Service Corporation and
Hughes Research Laboratories have collaborated to install a CLD at a
1 38-kV station of the AEP system. This paper describes the design and installation of an unattended transient monitoring station that has the
capability of making 100-kHz-bandwidth recordings of fault currents and
other system transients. Optically isolated signal transmission lines are
used to provide immunity from electrical noise. A companion paper
describes the design and tests associated with the CLD logic and control
unit.
Discussion Available

A 78 578-7
Overvoltages Produced on Transmission Lines with EHV Transmission
Lines Supported on the Same Towers by T. Ono and H. Matsubara (Central Research Institute of Electric Power Industry, Tokyo, Japan) and S.
Matsumura (Kansai Electric Power Co., Inc., Osaka, Japan): This paper
describes overvoltages produced on transmission lines with EHV
transmission lines supported on the same towers. Two kinds of over-
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voltages, (1) induced voltages of switching surges from upper system to
lower system, and (2) abnormal voltages occuring when a line-to-ground
fault in lower system was cleared, were analyzed with Transient Network
Analyzer. Field test results are also presented.
A 78 579-5
Modes of Oscillations of Wind Generators in Large Power Systems by D.
K. Pantalone (Clarkson College, Potsdam, NY) and A. A. Fouad (Iowa
State University, Ames, IA): This paper deals with a potential problem
resulting from the presence of many large wind generators tied to an interconnected power system. This problem is associated with dynamic stability for which poorly damped natural frequencies of oscillation of the
power system are of concern. These frequencies may be excited when the
natural modes of oscillation of the wind generator systems coincide with
those of the power system. A parametric eigenvalue analysis of three wind
generators tied along a radial line has been conducted. The basis for the
above concern is demonstrated and, from this analysis, conclusions are
drawn with respect to wind generator system design and network configuration.
A 78 581-1
Computer-Aided Design of High Speed Synchronous Machines by
Perez and J. G. Kassakian (Massachusetts Institute of Technology, Cambridge, MA): A wound field synchronous machine has been modeled
from electrical, magnetic, and thermal viewpoints. The models are detailed and valid for a wide range of operating conditions, including unusually
high and low magnetic saturation, mechanical stresses beyond yield
strength, a variety of cooling conditions with the option of operation in a
high vacuum environment, and no restriction on the rotational speed,
(i.e., speeds above 50,000 rpm have been considered). Nonlinear programming is used to select the set of independent design parameters which
optimize a prescribed figure ofmerit. The resultant program may be used
to perform either specific designs or parametric studies. A particular application to study the effect of rotational speed on the design of minimum
size machines is described.
1. J.

A 78 582-9
Ocean Thermal Energy Conversion by William G. Pollard (Institute for
Energy Analysis, Oak Ridge Associated Universities, Oak Ridge, TN):
Ocean Thermal Energy Conversion (OTEC) systems are briefly described,
together with some of the engineering problems encountered in their
development. Such systems utilize stable thermal gradients in tropical
oceans for thermal input to a closed cycle for electric generation. Thermal
to electric conversion efficiencies of the order of20Wo are contemplated.
Large areas of heat exchangers in marine service are required and primary

objectives of government R&D are concerned with biofouling and corrosion of heat exchanger surfaces and materials. Transmission of power
from the floating OTEC station at sea to load centers on land is by submarine cable or liquid hydrogen for longer distances. This paper provides
a general description and assessment of OTEC systems for the purpose of
judging their future utilization in electric utility systems. Detailed studies
and engineering designs are contained in the references for those desiring
more specific assessments of particular aspects.
Discussion Available

A 78 583-7
AC Harmonic Measurement Results for Square Butte HVDC System by
Ivars Vancers (Minnesota Power & Light Co., Duluth, MN) and F. S.
Prabhakara (Gilbert/Commonwealth, Jackson, MI): The ac harmonic
measurement results for the ac lines and HVdc converter stations at
Center, North Dakota and Arrowhead, Minnesota of the Square Butte
HVdc system are presented in this paper. The results are presented in the
form of I T product, KV T product, current and voltage TIF and percent
voltage distortion. Measurements were made for many system operating
conditions including different as filter configurations and HVdc system
modes. Results from probe wire measurements under the ac lines are also

included.

A 78 584-5
Telephone Noise Induction Analysis for Square Butte HVDC Transmission Line by F. S. Prabhakara (Gilbert/Commonwealth, Jackson, MI)
and Ivars Vancers (Minnesota Power & Light, Duluth, MN): This paper
presents the calculated and measured longitudinal induced noise voltages
(INV) in the adjacent communication circuits affected by the Square
Butte HVdc transmission line. The calculated INV profiles for bipolar,
monopolar metallic and earth return modes of HVdc system operation
are given. Calculated INV for varying separations, different crossing
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angles and different earth resistivities are also presented. The results
presented compare the measured and calculated INV in probe wires near
Arrowhead (inverter) and Center (rectifier) terminals. The characteristic
harmonic INV as well as the total INV for the probe wire method are given.
Discussion on the noise induction analysis performed for the telephone exposures in the 3-mile corridor of the HVdc line is also included.
A 78 585-2
AN, RI and TVI

Performance of Square Butte HVDC Line by F. S.
Prabhakara (Gilbert/Commonwealth, Jackson, MI) and Ivars Vancers
(Minnesota Power & Light Co., Duluth, MN): The calculated and
measured values for electrical environmental factors such as audible noise
(AN), radio interference (RI), and television interference (TVI), for the
± 250 kV Square Butte HVdc transmission line are presented.
Discussion Available

A 78 586-0
Effects of the Generating Unit Design and Performance on the Expected
Duration of Capacity Shortage and Energy Loss by N. S. Rau (National
Energy Board, Ottawa, Canada) and K. F. Schenk (University of Ottawa,
Ottawa, Canada): Many North American utilities have collected extensive
data on the outages of generating units. This paper proposes a new
method of using this data in its entirety to calculate the probability of
losing a certain amount of capacity for given duration. Further, the
probability of loss of a certain amount of energy can be easily obtained by
this method. The method gives rise to very fast and efficient algorithm
to calculate the above probabilities and is amenable to hand calculations.
The proposed method is ideally suited for further work on the worth of
reliability.
Discussion Available
a

a

A 78 587-8
Influence of Shorted Turns on Thermal Unbalance in Large Generators
by L. T. Rosenberg (Turbogenerator Consultant, Wauwatosa, WI): The
causes of thermal unbalance in turbogenerators are discussed and
available methods for correction are reviewed. The limitations in loading
imposed by one, two and three shorted turns on the same pole, are compared on a 416 Mva, 3600 r/min rotor. Test results on a 4-pole generator
with three of the four center coils shorted are described in so far as they
limited the unit output. A procedure for locating running short circuits
that disappear at rest, from the analysis of static and dynamic unbalance
measurements is explained. A special facility for thermal balance instability correction, installed in two 500 MW generators, is described.
Losses at the contact and in the shorted turn are derived in the appendix
for both constant current and load.
Discussion Available
A 78 588-6
An Indirect Optimization Algorithm Using Tangent Conversions to Include the Inequality Constraints by S. S. Sachdeva (Sachdeva PowerTech
Inc., Mississauga, Canada) and J. W. do Nascimento (Universidade
Fedral, Natal, Brasil): In recent years, a considerable amount of work has
been carried out in the development and application of non-linear optimization techniques to power system studies. These methods are broadly
classified into direct and indirect optimization approaches. The direct
techniques, using point by point search, locate the extremum of the objective function and the weighted mismatches of equality and inequality constraints. The indirect method determines the extremum by the
simultaneous solution of the Kuhn and Tucker conditions. The available
indirect approaches are often limited for the numerical optimum. The
paper illustrates the development and application of an indirect optimization method in which the numerical optimum is reached by the
maintenance of the variable degree of freedom throughout the iterative
procedure. The proposed technique converts the control variables into
Tan-' functions reaching towards infinity at the limiting values.
A 78 590-2
Suppression of Flicker Due to Arc Furnaces by a Thyristor-Controlled
Var Compensator by A. Seki, J. Nishidai, and K. Murotani (Nissin Electric Company, Limited, Kyoto, Japan): Flicker due to arc furnace(s) occurs at random. The human eye is most sensitive to flicker of frequencies
around 10 Hz and a flicker suppression system must be capable of quickly
following such a fluctuation of 10 to 20 Hz. Our thyristor-controlled var
compensator has succeeded in high-speed var compensation with a time
delay of 5 ms through direct, analog firing-phase control of the thyristors,
connected in series with the respective compensation reactors by the instaneous bus voltage and arc furnace current. The application results have
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shown up to 59% suppression of flicker.
Discussion Available
A 78 592-8
A Direct Optimization Approach to Distribution Substation Expansion
by Stephen E. Shelton (Iowa-Illinois Gas and Electric Co., Davenport,
IA) and Aly A. Mahmoud (Iowa State University, Ames, IA): Among the
very important distribution system problems is that of determining the
size, location, and timing of distribution substations. The primary objective of this paper is the development of a model for the economic expansion of substations. Technical and economic factors are defined and a
mathematical representation of the distribution system is developed in acceptable mixed integer programming form. This direct optimization approach insures that all possible expansion alternatives are inherently considered in the model.
A 78 593-6
Nelson River HVDC Bipole 2 Part 2-General Design of Converter Terminals by R. K. Shemie (Teshmont Consultants Inc., Winnipeg, Canada),
J. Kauferle (Brown Boveri & Company Ltd., Baden Switzerland) and A.
F. Buelow (Manitoba Hydro, Winnipeg, Canada): The transmission
capacity from the generation system on the Nelson River via the existing
HVDC transmission system is being increased from the present 1620 MW
to 3420 MW by the addition of a second bipole of terminal facilities using
solid state converter devices. This paper outlines, in general, the most
significant features in the design of the converter terminals and equipment. The application of water cooled air insulated thyristor valves constitutes the most novel feature and basis of the modern design of the
HVDC converter stations.

A 78 594-4
Development of High Current DC Circuit Breaker for Large Tokamak
Fusion Device by R. Shimada, K. Tani, H. Kishimoto, and S. Tamura
(Japan Atomic Energy Research Institute) and S. Yanabu, S. Yamahita,
H. Ikeda and T. Sasaki (Tokyo Shibaura Electric Co., Ltd.): A DC circuit
breaker system having an interrupting ability of 25 kV - 92 kA was
developed for highly frequent operation of tokamak devices. The breaker
system is composed of newly developed vacuum interrupters connectors
two in series four in parallel. The design considerations of the system,
especially that of parallel operation of the interrupters are discussed. A
life test of the interrupter was conducted, and with the prototype breaker
system, a full scale interrupting test was also performed. By these tests the
circuit breaker system was demonstrated to meet the requirement of a few
thousand operations at the rated condition. By the limit test, the set was
proved to have the interrupting ability of up to 44 kV - 130 kA.
Discussion Available
A 78 595-1
Electrical Properties of Zinc Oxide Valve Element for a Surge Arrester by
S. Tominaga, Y. Shibuya, Y. Fujiwara, and T. Nitta (Mitsubishi Electric
Corporation, Amagasaki, Japan): The nonlinear voltage-current
characteristics of zinc oxide varistor are analyzed in high and low current
regions. The characteristic in high current region is formulated based on
the experimental data for the resonse of current on step applied voltage.
Using the formulation, the discharge voltages of a zinc oxide element of
any dimension can be evaluated for surge current of arbitrary waveshape.
The characteristic in low current region determines the ac voltage which
we can apply continuously on a given element. A design concept of a
metal oxide arrester is discussed based on the results of analysis.

A 78 597-7
Investigation of the Interrupting Performance of a Puffer Type Gas Circuit Breaker by Yoshio Yoshioka and Yukio Nakagawa (Hitachi Research
Laboratory, Hitachi Ltd., Hitachi City, Japan): The interrupting performances of the puffer type gas circuit breaker were investigated using a
model 36kV class gas circuit breaker (GCB). The experiments were carried out using a half cycle alternating current. The interrupting performances were obtained as the functions of the rate of rise of recovery
voltage (rrrV), dl/dt, contact distance and the puffer chamber pressure.
As the results of this investigation the relationships I c PI52, rrrV a p2 39
(I = constant) rrrV oc (dI/dt)-3.6 (P = constant), were obtained.
A 78 598-5
Development of the Geothermal Project in Nicaragua by Ariel Zuniga
and Carlos Lopez (ENALUF): The commercial utilization of the geothermal resources in Nicaragua will be used in a very short period. The coun-
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try rich in volcanic and thermal manifestations has, however, faced a
number of scientific problems as in the Momotombo Geothermal Field.
These problems are mainly: hydrological, dimensions of the reservoir,
recharge, reinjection, but due to the Energy Crisis, and because of the
positive results of Momotombo Field. Geothermal Energy has gained the
acceptance of the general public and of the investment firms.

A 78 599-3
A New Proposal of the AC Harmonic Current Elimination Method by
Magnetic Flux Compensation and its Experimental Verification by H.
Sasaki (University of Hiroshima, Hiroshima, Japan), N. Nakanishi
(Meidensha Electric MFG. Co., Ltd., Tokyo, Japan) and T. Machida
(Central Research Institute of Electric Power Industry, Tokyo, Japan):
This paper presents a significant improvement in the ac harmonic current
elimination method, which has already been proposed by the authors.
The new scheme adopts the concept of closed loop control, whereas the
old one is of an open loop-type control. In the new proposal, input signals
to main amplifiers are adjusted by the signal control circuit such that harmonic flux in a main transformer core is perfectly canceled by the output
currents of the main amplifiers. Therefore, the amplifiers are entirely free
from the severe constraint of constant-current characteristics, which has
been inevitable in the old proposal. This fact facilitates an economic
design of main amplifiers, thereby making the elimination method more
attractive. The fine capability of the new method in harmonic current
elimination has been verified through experiments.
A 78 600-9
Graphical Method for Determining the Maximum Loss Reduction Size
and Location of Shunt Capacitors on Power Distribution Line by M. C.
Tseng (Bechtel Inc., Houston, TX): To achieve maximum power loss
reduction, fixed shunt capacitors are installed along a primary power
distribution line. The conventional method of determining the capacities
and the locations of these capacitors on a stepwise decreasing reactive
power distribution circuit is to approximate the solution by transforming
the stepwise, decreasing power distribution into a simple continuous
mathematical form. A new method, which consumes very little time and
gives exact size and location of a fixed shunt capacitor using geometrical
analysis has been developed. This method can also be applied to other
engineering fields in the optimizations of stepwise decreasing functions.
A 78 601-7
Analysis of Positive Static Corona-Stabilized Breakdown Voltage of SF6
Part 1: Rising Voltage-Pressure Characteristics by M. Abdel-Salam
(Assiut University, Assiut, Egypt), R. Radwan (Cairo University, Cairo,
Egypt) and Kh. Ali (Elec. Mech. Res. Institute, Cairo, Egypt): Compressed SF6 is now commonly used in H.V. equipments, however, the
theoretical analysis of how the positive static corona-stabilized
breakdown voltage changes with pressure is not yet tried. This paper is
devoted for such analysis at pressure values below that corresponding to
the maximum breakdown voltage. A simple criterion is developed for this
aim. This criterion showed good agreement with experiment whatever the
degree of uniformity of the applied field. Corona stabilization of the applied field is quantitatively analysed and proved to be responsible for the
anomalous increase of breakdown voltage over that for corona onset.
Discussion Available
A 78 602-5
Field Excitation Suppression of Subsynchronous Resonance by Real and
Reactive Power Signal Feedback Part II: A Large Perturbation Study by
M. M. Sartawi and B. T. Ooi (McGill University, Montreal, P. Q.,
Canada): The effectiveness of the field excitation in suppressing subsynchronous resonance (SSR) by real and reactive power signal feedback is
tested against large disturbances arising from synchronizing-out-of-phase
switching and 3-line-to-ground faults. While small perturbations are
stabilized, the voltage ceiling of the excitation system prevents the suppression of large perturbations. The nonlinear resistor protection scheme
used in preventing capacitor overvoltages is found to be able to suppress
the large perturbation SSR. However, because the spark-over voltage
constitutes a dead-zone limit, the nonlinear resistor protection alone can
lead to limit cycling. In conclusion, the field excitation feedback control
and the nonlinear resistor protection complement each other in assuring
stability against small and large perturbations. The synchronizing-out-ofphase torques of series capacitor compensated transmission line is also
studied.
A 78 603-3
A Nonlinear Model and a Derived Linear Model of a Pressurized Water
Reactor System by K. F. Cooper (Westinghouse Nuclear Energy Systems)
and J. T. Cain (University of Pittsburgh and Westinghouse Nuclear
Energy Systems): This paper presents an approach which was used to
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develop a nonlinear ordinary differential equation model of a PWR
nuclear power system, and gives the details of the nonlinear model which
were developed. The verification of the result at nonlinear model and a
linearized model derived from the nonlinear model and validated over the
normal operating range also are given.
Discussion Available
A 78 606-6
Rate-Limited LFC Regulators Through Parameter Optimization by K. V.
Lu and N. D. Rao (The University of Calgary, Calgary, Alberta,
Canada): This paper deals with the design of LFC regulators with constraints on the rate of change of generation. For the purpose of regulator
design, a reduced order system which closely represents the original
higher order system has been derived. Making use of the reduced order
model, the LFC regulator problem is solved as a constrained parameter
optimization problem. The proposed LFC regulators are decentralized
and are compatible with the existing practice wherein the ACE of each
area is made use of to regulate the generation in that area. To illustrate
the effectiveness of the proposed method of LFC regulator design,
simulation studies of a 2-area system with a random load disturbance are
presented. For the purpose of comparison, the results obtained are compared with those obtained by optimal control theory. Also, the effect of
the frequency bias is studied.
A 78 607-4
Transient Overvoltages on the Neutral Bus of HVDC Transmission
Sytems by R. H. Lasseter and D. M. Demarest (General Electric Co.,
Philadelphia, PA) and F. J. Ellert (General Electric Co., Schenectady,
NY): This paper discusses the design of neutral overvoltage protection for
HVDC systems. Analytical techniques for calculating the transient overvoltage on the neutral are given. The analytical simulations are compared
with the field test.
Discussion Available

A 78 608-2
Measurement of Transient Response of EHV Capacitor Voltage
Transformers by Ryszard Malewski, Jean Douville, and David Train
(Hydro-Quebec Institute of Research, Varennes, Quebec, Canada) and
Howard R. Lucas (Trench Electric Limited, Scarborough, Ontario,
Canada): In order to measure the transient response of an energized
capacitor voltage transformer (CVT) its input terminals should be rapidly
and effectively short-circuited at specified points on wave. Up to now,
this requirement could not be met at the EHV level, since the considerable
dispersion of prestrike time arcing and contact bouncing of a conventional breaker tend to deform the applied voltage as well as the response.
Some standards facilitate this test by allowing the use of an equivalent circuit which is short-circuited at a much lower voltage, provided that the
equivalence of this circuit to the full circuit is demonstrated. The paper
presents the development of an EHV, bounce-free, fast closing switch activated by electrodynamic forces and its application to an experimental
comparison of the transient response of a 500 kV CVT measured in full
and equivalent circuits, respectively. Results obtained in these two circuits
were found practically identical therefore suggesting elimination from the
Standards of the requirement to demonstrate the test circuit equivalence.
Discussion Available
A 78 609-0

Simplified Modal Control for Dynamic Stability Studies by C.
Radhakrishna, C. Lakshiminarayana, M. Yadav Reddy (College of
Engineering, Osmania University, Hyderabad, India): This investigation

presents a new technique for the dynamic stability study of a large scale
power systems. Firstly, a decomposition technique for obtaining low
order subsystems of the interconnected system is proposed. The eigenvalues of each of these subsystems are then obtained conveniently. Next,
those modes in the subsystems whose effects are to be neglected are
deleted. The reduced order subsystems are then recombined to obtain a
lower order dynamic equivalent of the interconnected power system. The
performance of this equivalent is shown to be identical to that of the
original system. The method is illustrated with reference to two numerical
examples, pertaining to the dynamic stability of power systems.
Discussion Available
A 78 611-6
Two-Speed Motor Starting with High-Inertia Loads by J. M. Shulman
(Westinghouse Electric Corp., San Francisco, CA) and J. W. Colwell and
E. H. Marble (Pacific Gas & Electric Co., San Francisco, CA): Singlewinding induction motors which can be connected for any two desired
frequency/pole related speeds, and which operate with high efficiency at
both speeds, have been in use in the United States for about ten years.
They are referred to as PAM (pole-amplitude-modulated) motors. One of
their main applications is driving forced and induced draft fans in fossil
fuel power plants. Reason for their choice in this service is improved
overall power plant efficiency. However, the PAM motor also has starting advantages which should not be overlooked. When starting time is
long because of high load inertia, low starting voltage or a combination of
the two, the PAM motor can be accelerated to its high speed withless total
energy input than a single-speed motor. Aside from the energy conserved,
the thermal stresses during start are reduced, the permissible number of
starts in a given time is increased, and the starting protection problem is
simplified.

A 78 612-4
Double Harmonic Analysis of Linear Induction Machines by J. H. H.
Alwash, J. F. Eastham, and E. M. Freeman (University of Baghdad,
Baghdad, Iraq): The paper presents an analysis of linear induction
machines which accounts for both the longitudinal and transverse edge effects, through the use of a double harmonic approach. Theoretical
results, are compared with some experimental findings and the agreement
can be seen to be acceptable.
A 78 613-2
Performance and Efficiency Characteristics of Small Single Phase Induction Motors of Standard, High Efficiency and Wanlass Design by R. L.
Ensign and E. F. Marchbank (Southern California Edison Company,
Rosemead, CA): Recent increasing interest in energy conservation has
resulted in efforts to improve the efficiency of many types of electrical
and mechanical equipment and systems. One of the prime areas of efficiency consideration is that of the conversion of electrical to mechanical
energy. Electric motors are utilized to such a great extent that even if
modest improvements in the efficiencies of their operation were to be implemented, this would intime have a significant impact on energy conservation. This paper presents a comparison of efficiencies and
characteristics of some sizes and designs of small single phase induction
motors as a function of voltage and load. These motors were considered
because the efficiencies of many of the standard designs are often relatively low compared to larger motors and three phase motors in general. Also
included is the recently patented Wanlass high efficiency design.
Discussion Available

