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Abstract

In its short existence, EPRT has initiated many research and development
projects of importance to the power system protective relay engineer. The
R&D activities are intended to serve both near- and long-term needs of the
utilities.

An important part of the R&D program is the development of new electrical
sensing elements. An ac current transducer has been developed that is now
being field-tested in a Bonneville Power Administration substation. A similar
dec CT will soon be field~-tested by the Los Bngeles Department of Water and
Power. Both of these units incorporate low loss optical waveguides for signal
transmissions., This is an important new technology expected to have many
benefits to the substation designers in the future.

A major project for development of a new substation control and protectidn
system has nofdbeen started. This project will end in a demonstration system
to be installed in an existing transmission substation in 1981, The new system
will make extensive use of the microprocessor and fiber-optics technologies,
This is expected to result in significant cost and performance improvements to
the utilities. It should provide the flexibility and processing power needed
for control and protection of the power transmission systems of the 1980s and
beyond.

A special data acquisition system for monitoring EPRI's Prototype HVDC Link in
New York City has recently been delivered. The system incorporates several
features that may be of future value to power system operators. The primary
function is to make fault analyses easy by providing detailed and accurate
fault records within minutes after the fault.

Other ongoing projects will produce improved monitoring gauges for transformers  and
a special protective relay for high impedance faults, Emphasis is also placed on
study projects that will provide utility engineers and equipment designers with
needed data for development of new products and properly maintain existing equip-
ment.



1.

Introduction

In its short existence, EPRI has initiated many research and development
projects that will produce results of importance to power system protec-
tive relay engineers. The Electrical Systems Division of EPRI is funding
projects for development of new measuring devices and new control and
protective systems for transmission and distribution substations, as well
as projects that will generate the fundamental knowledge needed by
control and protective systems designers. The majority of the hardware
development funds is used for system development projects where the pro-
tective relaying functions are a special and critical part of the system.

R&D related to instrumentation, control and protection systems within
EPRI's Electrical Systems Division is applicable to all six of its tech-
nical programs, but to date, funding has come primarily from the AC/DC
Substations and the Distribution programs.

Goals and Objectives

Our R&D activities are intended to serve both near-term and long-term
needs of the utilities. The near-term problems are the ones that are

more readily defined. Usually a particular relaying problem, such as the
high impedance fault detection problem, is easily identified.

Long~term problems are more difficult to identify. We all know that one
key to reliable power system operation is the effective use of instru-
ments and protective relaying systems by experienced operators. This is
generally the case now, but we believe there is ample reason to question
whether we fully understand what it will take to protect the concentrated
high=capacity systems of the future. Consider, for instance, the
following generally accepted assumptions:

o] A conservative estimate of growth in electric power use shows that
the power production target for the year 2000 should be at least
7500 billion kWh, almost four times the present level,

o) Advanced UHV overhead transmission lines of the future can be expec—
ted to carry three to six times the power per mile of their lower-
voltage predecessors.

o] Newly installed underground transmission lines promise a doubling of
underground power transfer capacity by 1985,

o) DC transmission systems will augment many ac systems, and compact,
gas—insulated substations will further concentrate future power
transfers.

o] Fault current limiters and similar devices will be introduced that

will require a re-evaluation of our control and relay systems.



Although existing protective equipment is serving the utilities well, we
believe that becuase of anticipated growth of tomorrow's power systems,
utilities will require greater sophistication of their control systems.
As a minimum, we should expect improved accuracy, better reliability, and
the usual economy. To accomplish this, better mesuring andd sensing
techniques will have to be developed, the signal transmission systems
improved, and new processing techniques exploited. However, these new
protective relays and control systems of the future will have to be inte-
grated with the existing systems, since utilities obviously are not going
to replace all of their existing equipment with new eguipment at one
time.

A major motivation for EPRI's R&D activities 1is to help utilities take
advantage of new technologies. This is both a short-term and a long~term
objective. There are two emerging technologies that no doubt will have a
significant impact on how we design future control and protective systems
for substations. These are the microprocessor and fiber-optical signal
transmission technologies.

We have seen the computer become an accepted component of power system
dispatching systems. If the cost of computer systems continues downward,
they will become the cornerstone for substation control and protection
too. The computer, specifically the microprocessor, coupled with
inexpensive optical communication links and multiplexers, now appears to
be a natural component of new substation integrated control systems.
This is the basic premise for EPRI's recently initiated substation con-
trol and protective development projecte.

Electrical Sensing Elements

Our ability to measure voltage and current is fundamental to the control
and protection of power systems., From these, other guantities such as
real and reactive power, total energy, line impedances, and so on are
derived. The measuring elements must support data acquisition systems,
which require information with a frequency ranging from once an hour to
once every 100 microseconds or less. The data must be accurate to within
a fraction of one percent for revenue-metering purposes; it must also be
reliable for support of protective relaying functions.

Modern current transformers (CTs) and potential transformers (PTs) are
remarkably good devices, meeting the requirements listed above very well.
However, for high voltage applications, their cost is very high. The
fidelity of the output signals from today's CTs and PTs is also in doubt
in the high~frequency region, which is of interest for high-speed
relaying. Further, the cables leading from the transformers to the con=-
trol houses now pick up high-freguency noise, interfering with operation
of relay and control and equipment. Saturation of transformer cores also
poses problems for the user.

Another concern is the hazard to people and equipment from CT failures.
Catastrophic CT failures (explosions) are rare occurrences, but even
infrequent failures are of concern, since porcelain fragments could
injure people, as well as damage insulators and bushings of nearby
equipment. The fire hazard and the outage that can result from CT



failures are additional reascons to continue the gearch for safer current
measuring equipment.

The demand for very high accuracy transducers has also been raised. The
need for this is gquite obvious when one considers that only one ampere
through a 500~kV line represents almost 1 MW. Hence, a small CT or PT
error could mean a lot of lost revenue to a utility. Presently used
current transformers are unable to satisfy this need.

Many attempts have been made to build electronic current transducers
(ECTs) for high-voltage transmission lines. The idea is simple and
attractive. Although previous attempts to build ECTs have been com-
mercial failures, the interest in ECTs is still high. For air-insulated
UHV substations or lines, it is probably the only viable type of trans-
ducer. And since presently available golid-state relays can be readily
made to accept the output of ECTs, their market potential is probably
better today than ever before.

3.1 Digital Current Transducer for AC Applications

A digital electronic current transducer for EHV applications is
being developed by Westinghouse, Pittsburgh (RP560). The target
specification for the transducer was to meet metering, relaying, and
fault recording reguirements with one unit. The frequency response,
specified at 10 kHz minimum, should also be adequate for future
current limiters and ultrahigh-speed relays.

A digital ECT that meets the above specifications has been designed,
built, and factory tested. The ECT shown in Figures 1 and 2 makes
use of a 12-bit analog-to~digital converter, combined with a ranging
amplifier that gives an effective dynamic range egqual to 16 bits,
but with 12-bit resolution. The sampling rate is one sample every
22 Us (i.e., one sample for every half electrical degree on a 60-Hz
basis, providing a bandwidth of 10-15 kHz). The estimated mean time
between failures for the electronics equipment of the high-voltage
unit is approximately 50,000 hours, which means that the mean time
to failure for two parallel redundant units is about once every 500
vears, if one assumes about one~week's mean time for repair. This
does not include the ground electronic units, which are much simpler
to repair because they do not reguire access to the high-voltage
circuits.

A major development effort of the project was the design of the
power supply unit feeding the electronic equipment at high
potential. The power is taken from a second current transformer and
connected in line with the ECT unit. The power supply unit makes
the ECT fully operational within 200 Us, assuming that a 4-per-unit
short circuit current is starting to flow through the CT. The time
is counted from the zero crossing of the current. This means in
broad terms that the ECT will be fully operational before the inser-
tion resistors used in most 500-kV breakers are bypassed. In fact,
the response time of the unit should be adequate for detection of
ground faults or short circuits on a line being energized prior to
bypassing of the insertion resistors if an ultrahigh—-speed relay



were used with the ECT. If the units is required to operate below
0.02 per unit, the power must be supplied from ground.

The developed ECT makes use of single-~fiber optical waveguides (made
by SIECOR) for transmission of the data from high potential to
ground. 1In fact, the design length for the optical link is 300 m,
which is sufficient to bring the data all the way into the relay
house. The outputs provided by the ECT are capable of driving solid
state protective relays (assuming that the 5 A current input is
bypassed) and will produce bit-gserial and bit-parallel digital out-
puts that can be processed further in digital equipment.

The unit is now installed in a Bonneville Power Administration
500~kV substation for one year’'s evaluation. During the first few
months of operation, a few problems with the fiber-optic system have
been encountered, and a design flaw in the fast-starting power
supply has been uncovered and corrected. The fiber-optic problems
seem to be related to handling problems that should be readily
resolved through improvements of the packaging design.

Current Transducer for DC Applications

In many cases, it may be desirable to have dc¢ metering equipment
directly on the dc¢ line, but voltage and current transducers of the
required metering accuracy are not yet available. To date, ac
metering equipment has therefore had to satisfy the metering needs
of HVDC links. DC metering equipment will no doubt be necessary in
multiterminal HVDC systems. In recognition of these needs, EPRI has
sponsored development of an electronic current transducer with the
desired performance for metering as well as control and protection.
The transducer is being developed by General Electric (RP668). The
specifications of the transducer are equivalent to present standards
for metering class ac current transformers.

For this project, it was decided to rely on proven technology for
the current sensor. A shunt was therefore selected because it was
considered to be the best component to satisfy the accuracy and
linearity requirements.

Several different electronic system concepts have been studied as a
part of the project. The selected concept is an all-digital system
similar to the ECT for ac described above. A block diagram of the

unit is shown in Figure 3.

The electronics located in the head of the transducer next to the
shunt requires a power supply for its operation. It was decided to
use a 10-stage, 30 kHz cascade transformer power supply capable of
providing about 100 W from ground to the electronics in the top of
the electronic current transducer (ECT). This is sufficient for
temperature compensation of the temperature~gensitive components in
the measuring head. Ten stages satisifes the basic insulation level
for 400~kV dc operating voltage.



The optical communication link selected for this ECT is also 300 m
long. This is the design distance from the transmitter to the
receiver in the control room. The estimated attenuation in the
optical transmission system is less th 6 dB. This link is also
manufactured by SIECOR.

3.3 Voltage Transducer for DC Applications

A new way of measuring the high wvoltages of HVDC transmission lines
without using a resistive voltage divider was developed by General
Electric in EPRI's Prototype HVDC Link project (RP213~1).

It is, of course, impossible to use the devices presently available
for ac measurements for dc, since the steady=-state (dc) quantity
would not be reproduced. A dc measuring device must, of course,
provide the dc information, but must also accurately reproduce all
transient information, which makes the measuring problems more
difficult. For gas-insulated systems, it is also necessary to have
a compact device.

The new voltage transducer uses the static voltmeter (field mill)
principle, sensing capacitive displacement currents from the dc bus,
and producing an ac voltage proportional to the electrostatic field.

The measuring device is compatible in size with other gas-insulated
components of the compact terminal. All electrode equipment is at
ground potential. Its reliability and predicted performance are
promising, with an accuracy that seems to meet metering
requirements.

The essential circuitry is shown in Fig. 4, and the principle of
operation is shown in Fig. 5. The new transducer is now installed
in the Prototype HVDC Link that will begin test operation in early
1979,

Substation Control and Protective System Development

In a typical substation, shown in Fig. 6, the data received from the
sensing elements must serve a variety of users. The needs of the
different users are diverse indeed. For example, the accuracy of a fault
recording device can be much less that that of a metering device. The
frequency response of a SCADA system interface is less tha 1 Hz, whereas
a fault recorder may need 1.5 kHz or more. As new needs surface, we have
a tendency to satisfy them with new devices. This has led to a prolifer-
ation of devices, many of them overlapping each other. An example of
this might be the use of conventional annunciators in parallel with a
sequence-of-events recorder. This method of operation is costly. The
events recorder was, however, developed to satisfy the need for improved
fault records that could not be provided from the simple annunciator
systems.

The time now seems to be right for a new generation of control and pro-
tective devices for substation applications. The new devices should make



it possible to reduce the cost of the control and protective system while
at the same time maintaining or improving the performance of the system
to satisfy present and foreseeable future needs. New technologies that
can be applied in the new system are the fiber—-optic and microprocessor
technologies. Fiber-optic communication systems coupled with multi-
plexers for data acquisition and distribution should reduce cable costs,
reduce installation time and minimize EMI problems in high voltage sub=-
stations. Advanced data analysis is feasible through the use of micro-
processors. This should improve the flexibility of the system so that
future needs can be more readily satisfied. EPRI has one project in this
area of system development almost completed, and two projects are in the
start-up phase.

4.1 Fault Data Acquisition System

For a demonstration project such as the Protytype HVDC Link, EPRI
project RP213,(!) complete and accurate operating history and
detailed fault information is vital for evaluation of the new tech-
nology. A fault data acquisition system (FDAS) has therefore been
developed that will capture all pertinent fault data and produce a
log of operational data as well. The FDAS has been built by Boeing
Engineering and Construction {(a division of the Boeing Company)
under a contract with EPRI (RP213-3).

The resulting system, shown in Fig. 7, has a master station located
in the Astoria East Converter Terminal of the Prototype HVDC Link.
This is the normally manned terminal. A remote station is located
in the Astoria West Converter Terminal. Since the two HVDC
terminals are located only about 700 m from each other, a high-speed
multiplexer system is used for most of the data acquisition. One

of the five multiplexer terminal units used in the FDAS is located
in the yard, close to a splice in the dc cable connecting the two dc
terminals. The use of this remote multiplexing system has signifi-
cantly reduced the cost of the data acquisition system. The fourth
major assembly, shown in Fig. 7, is an operator’s console that is
intended to be used by an operations or relay engineer at a remote
office. The console has output devices that will produce a complete
record of a fault from either terminal within a few minutes after
the occurrence.

The FDAS, a block diagram of which is shown in Fig. 8, has been
built from standard, commercially-available pieces of equipment.
Siemeng' fault recorders, a Digital Equipment Corporation mini-
computer, and a Boeing multiplexer system are the major components
of the system. The major R&D areas have been:

o the design of a common time base for the system,

o) the data concentration method used for transmissin of oscil-
lographic fault data, and

o the general system interfaces and integration.



The system configuration is modular, and a two-computer configura-
tion, where one computer is placed in each terminal, will be rela-

tively easy to accomplish. This is important since, in a conven-
tional HVDC transmission system, the HVDC terminals are normally
several hundred miles apart. With some additional effort, it should
be possible to configqure the system with dial-up lines for the fault
data transmission. Thus, dedicated communication lines for the
fault data transmission will not be required. In this application,
dial-up lines should be economical, since it is expected that fault
data transmissior will be very infrequent.

The selected output device for the transmitted fault records is a
slow recorder of the same type as is used in each local fault
recorder system. It is, of course, conceivable to change this slow-
speed recorder to a small computer with a disc memory {(or other
large bulk storage media). In this way it will be possible to
perform computer analvses of the fault data, which could further
enhance the fault analysis. This capability could, if properly
utilized, be of significant value to system operators or trouble-
shooters in the future, even for ac systems. Control capability can
also easily be added to the system, since the base for the system is
the same as for the substation integrated control system alredy used
by Bonneville Power Administration.,

Substation Control and Protective System Development

A new project (RP1359), for development of a new control and pro-
tection system for transmission class substations, is in its start-
up phase. Another matching project dealing with distribution sys-
tem automation is also due to started.

The substation control and protective system development project
will make effective use of fiber-optic links for data acquisition
and will incorporate microprocessors for effective and reliable
signal processing. Many different system solutions are possible
when using computers combined with communication links. We feel
that a distributed processing—-type system is needed because protec—
tive functions will need special processors to achieve the needed
reliability. Hence, high=-level processors will probably only be
used for logging of relaying operations and for monitoring and
supervision of the relay performance. One such system concept is
shown in Fig. 9.

The use of fiber-optic links requires the use of miltiplexers for
the data acquisition subsystem. Radial and looped data links are
the two candidate systems for connection between the multiplexer
terminals. Two different ways of handling the signal transmission
system are shown in Figs. 10 and 11. These figures show very early
concepts,and the R&D work may lead us to quite different results.

Two contracts have been executed, one with Chioc University for
investigation of algorithms suitable for revenue metering. The
second contract is with Texas A&M Research Foundation for the
development of guides for electro-magnetic interference (EMI)



testing of the manufactured equipment. This project will investi-~
gate the EMI in the range from power frequencies to 100 MHz, and
characterize it in both the time and frequency domain.

The system development will be conducted by Westinghouse. This part
of the project should lead to a full system demonstration in an
existing high voltage substation. The demonstration will include
the protection relay functions for a line, a bus, and a transformer.
A second line relay development is expected to be started in 1979
with General Electric as the contractor.

Digital systems, in contrast to the conventional systems used for
protective relays, can incorporate checking as well as error-
correcting features at a reasonable cost. The cost-effective use of
self-checking features will be an important factor in this project.
It is therefore expected that corrective rather than preventive
maintenance strategies can be used. -

Optical fibers have been used in many of the ongoing project
described here. The new single~figer, low-loss, optical waveguide
appears to solve the EMI-related problems at a cost that is expected
to be competitive with existing cables in a few years. Optical
fibers no doubt have several other advantages over cables. They
cannot start an electrical fire, and the fibers do not need physical
separation from each other, since interference between fibers is
negligible. This allows the use of very simple, inexpensive ducts
for the fiber cables instead of the relatively expensive conduit
systems used in today's substations. On the negative side is the
fact that the fibers are relatively fragile, but this should not be
a problem if the fiber cables are simply rolled out in shallow
surface ductse. '

The optical communications systems, coupled with transducers like
those described above, or relatively simple multiplexers placed
strategically in switchyards, could revolutionize the design of
instrumentation and control systems in substations, as well as in
power plants in general. The potential cost-benefit of these new
systems could be substantial.

The distribution automation project has progressed through con-
tractor selection, and project authorization is being requested form
the EPRI Board of Directors. Start-up of the project is expected in
late 1978 or early 1979.

Protection and Monitoring Device Development

An important part of EPRI's Electrical Systems Division R&D program is
the development of needed or improved equipment monitoring devices.
These devices can often be used to protect the equipment that is moni-
tored, after a proper time to prove their reliability. The only ongoing
project specifically for protective relay development addresses the
special high~impedance fault system protection problem. It is likely
that similar projects will be added in the future, once the need is
identified.



5.1 High~impedance Fault Protection

The current that flows during a fault depends on a number of vari-
ables. One of these is the impedance of the fault. High impedance
at this point can limit the fault current to values that are below
the level of a fault—-sensing device, and thus the fault condition
persists because it cannot be recognized as a fault. An example of
such a fault is a broken phase conductor of a grounded wye system
that is in contact with the earth at a relatively nonconductive
point, such as on a macadam street. In this case, the current that
flows between phase conductor and ground may be limited to a few
amperes. This condition cannot be recognized by conventicnal fault-
sensing devices, and the conductor remains energized, thereby
presenting a safety hazard to anyvone who might touch it. The
complexity of this problem has suggested a parallel effort by three
contractors. Power Technologies, Inc., in a comprehensive study of
the behavior of high~impedence faultsg, will aim at identifying
characteristic parameters, and will also dvelop specifications for a
detection instrument (RP1285-1). Hughes Research Laboratories
(RP1285~2) and Texas A&M University (RP1285-3) will each conduct
studies of existing detecting concepts, and will develop prototype
detection instruments if these concepts prove feasible.

5.2 Transformer Monitoring

$glﬂ§”£@g%ﬂw%

The transformer is the most expensive component in a system. Its
reliability is normally high, but a catastrophic failure occurs
frequently enough to be of concern. Improved monitoring of the
winding temperature might be used to prevent excessive aging of the
winding insulation materials. Westinghouse developed a sensing
element under RP994, which is shown in Fig. 12. Another temperature
sensor is being developed by Sigma Research Corporation (RP1137).
Monitoring of the transformer oil might make it possible to take the
transformer out of service before a transformer defect leads to a
catastrophic failure. The operating principle of the detector
developed by Westinghouse (RP748) is shown in Fig. 13. On-line
monitoring, or partial discharges within the transformer, might lead
to the same result. A device for this has been developed by the
McGraw~Edison Company (RP426).

Supporting R&D

Data that supports protective relay hardware development can be as
important to the utility industry as the development itself. Methods and
procedures, such as calibration methods or similar tools, are alsoc very
important, since they help the utilities to keep their instrumentation
systems "tuned up.” A number of ongoing projects fall into one of these
two categories.

6.1 Coupling Capacitor Voltage Transformer (CCVT) Calibration System

A field calibration system for CCVTs of metering class has been
developed by the National Bureau of Standards (NBS). This project
(RP134), jointly sponsored by EPRI and NBS in 1973, was initiated
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because utility people had doubts about the long-term accuracy of
CCVTs for energy metering applications. The problem is that even if
the CCVTs are delivered with acceptable accuracy from the factory,
very little is known about their long-term stability. Periodic
calibration of the CCVTs seems to be an obvious solution, but cali-
brations with the required accuracy, 0.05% or less, are difficult to
make in the laboratory, much less in the field. Consequently, few
utilities are willing to make use of CCVTs in metering applications.

The principle for the calibration measurement is shown in Fig. 14.
Prior to some field trials, the calibration system underwent
thorough laboratory testing, which verified that the design goals
for the equipment (amplitude error of 0.05% and angle error of

0.3 mrad or less) had been met. In one field test of the cali-
bration system at a 500-~kV substation, 3 out of 6 metering class
CCVT units were found to have errors exceeding the accepted 0.3%,
4.6 mrad (16°) error limits. These units had been in operation for
four years. They were not actually used for energy metering, but
the maximum measured error (2.4%) was even beyond the normal error
limit for relaving purposes. In another field test, six newly-
installed cascade potential transformers all had almost exactly the
same accuracy as they had before leaving the factory. This proves
that the calibration system by itself, is useful for accurate field
calibrations. The CCVT performance data obtained through this
project is too small to justify any recommendation of calibration
intervals, especially since three of the CCVTs reportedly were part
of a batch of units with design defects. The discovery of the
design problem was, however, unrelated to this project. These units
have now been replaced. The large deviation (about 1%) from
expected accuracy of some of the other units has not been fully
explained. It would therefore seem prudent to calibrate CCVTs
periodically, at least until the long-term behavior of the CCVT is
better known. This is particularly important if the CCVTs are used
for metering purposes.

(Utility people interested in using the calibration system may con-
tact NBS, since the equipment will be maintained and operated by
NBS, at least for the immediate future. A detailed description of
the system is given in EPRI Report EL=690.)

Analyses of Transmission Line Transients

EPRI is in the process of developing high-speed fault current
limiters. One utility is independently pursuing an ultrahigh-speed
relay. Such devices must be capable of detecting faults in a small
fraction of a cycle. However, our knowledge about the frequency
spectrum within which these devices have to operate is limited. For
example, the noise spectrum to which the devices will be exposed is
not well defined. EPRI is therefore sponsoring a project to analyze
and classify transients on transmission lines in the 2-~Hz to 100-kHz
freguency range. Westinghouse is developing the instrumentation
system that will be needed (RP751).
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A total of two instrumentation systems will be built. They will be
shipped for installation in Florida Power and Light Company sub-
stations before the end of 1978. One system will be installed in a
500~kV substation and the other system in a 138-kV substation in the
Fort Lauderdale area. Each instrumentation system comprises the
following major components:

o Three high-frequency current transducers rated 500-kV
o Six 500~-kV capacitive voltage dividers
o Three 5-A high-frequency current transducers for measurement of

current in current transformer secondaries

o Three 115~V high=-frequency transducers for measurement of volt-
age in potential transformer or coupling capacitor voltage
transformer secondaries

o One 15~channel digital recording system for the transducers
mentioned above.

The instrument system is built for unattended operation. A surge
will automatically trigger the recorder, which will store 8192
samples per channel during each recording interval. At the fastest
sampling rate, it can record one full cycle {60 Hz) each time it is
triggered. However, in order to conserve memory space, the recorder
will automatically switch between two selectable sampling rates,
which could extend the recording interval to one second or more if
little high-frequency content is present in the transient. The
signal path within the recording system is shown in Fig. 15.

It is unrealistic to expect that an instrumentation system of this
type can collect all the information needed to better understand
surges. A worst—-case surge, for instance, that is assumed for
design of equipment, may not be recorded during the entire field
moniteoring period. Of course, this does not mean that such a surge
can never occur. The value of the system is therefore to gather
real data that can be used to verify theoretical development work.
This could lead to improved fault models that are needed to fully
understand how to best apply and build ultrahigh-speed relays. It
is also likely that the transient errors of current and voltage
transformers may have adverse effects on both control devices for
fault current limiters and ultrahigh-speed relays. These errors
should be possible to estimate using recorded data. Data analyses
will be conducted by researchers at the University of Pittsburgh and
the Rensselaer Polytechnic Institute (RP1422). Westinghouse
engineers will also perform some data analyses as a part of the same
contract (RP751). The resulting data base of power system
transients will be made available to the utility industry. The data
can, for instance, be used for testing or verification of digital,
protective relay algorithms, and may also provide statistical
information of importance to substation equipment designers.
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6.3 Distribution Fault Current Analysis

The objective of a project being carried out by Power Technologies
is to make available to utilities comprehensive statistical data on
fault currents as they are actually experienced on primary distri-
bution systems (RP1209). The continuing growth in electric power
demand has made it necessary to increase the size of all system
components. Consequently, the fault current duty on all system
equipment is increasing-—a matter of considerable concern.

Reliable data to establish the actual values of fault currents
experienced are not available. While it is well known that almost
all faults produce currents below calculated values, the actual
magnitudes, fault characteristics, and frequency of occurrence are
not generally known. The lack of this type of test data results in
imprecise system design, incorrect selection of equipment, and a
strong tendency toward conservative applications. A by-product of
this 3-year research project might be better information about "cold
load pick=-up.”

6.4 System Studies for DC Circuit Breakers

Multiterminal dc systems have been discussed for years. Such
systems will probably be using dc¢ circuit breakers. System studies
are conducted by IREQ (Hydro Quebec's Institute of Research) for
EPRI that will provide basic information about the duties of differ-
ent dc circuit breakers in four basic multiterminal dc schemes, and
the control and protection requirements for the breakers. The
different concepts that are studied are shown in Fig. 3. The study
should produce the basic information needed for development of the
protection needed to operate the breakers in multiterminal HVDC
systems, but it should be useful to anyone working with control and
protection of HVDC systems in general.

Future R&D Related to Protective Relay Systems

The substation control and protection system development and the distri-
bution automation projects will no doubt take a lions share of the R&D
funds available within EPRI's Electrical Systems Division for instru-
mentation and protection work. No new protective relay development
projects are currently in our latest 5-year plan. However, EPRI as an
organization, is trying to remain flexible making it responsive to needs
as they are identified by out program advisory committees and task
forces. It is conceivable that fault current limiters need more sophis-
ticcated control devices than are presently anticipated. Further, it is
apparent that it is less costly to improve fault clearing time by
shortening the relay response time than it is to make the power circuit
breaker ultra-fast. It is possible that EPRI might be called upon to
fund development projects in any of these areas. Subsynchronous
resonance problems, multiterminal HVDC schemes, UHV transmission systems,
and superconducting generators are all subjects that might require work
to develop suitable protective relay devices or systems. One thing is
certain. That is that the favorable cost trade-off between main circuit
capability on one hand, and control and protection equipment on the other
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will be exploited wherever a small investment in control and protection
equipment development can offset a large investment in main circuit
equipment.
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Figure 1.

Electronic current transducer (ECT) incorporating a single, 300-m-long
waveguide for signal transmission between the high-voltage unit and the
contro! room unit. The ECT is built for the substation environment. Its
12-bit resolution, 16-bit dynamic range, and 10-kHz bandwidth satisfy all
current accuracy and speed-of-response requirements for metering, relay-
ing, oscillographic recordings, and so on. It may suffice for future ultra-

high-speed relaying requirements as well.




Figure 2. A B00-kV electronic, digital current transducer prototype shortly before
verification tests in the manufacturer’s laboratory.
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Figure 3. Block diagram of a digital electronic current transducer developed for dc
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Figure 6. The conventional control and monitoring of a substation is now handled

Figure 7.

by a multitude of separate instrumentation systems,

HEMOTE STATHON

TER CONTROUSTATION

Fault data acquisition system for the prototype HVDC link in New York City.
The system will be used to acquire and route oscillographic type fault data and
sequence-of-events information. 1t will also produce an operations log. The
system comprises four major subsystems. The operator's console, which is
intended for a remote operations center, will provide a full fault record, including
transient (oscillographic) fault data within minutes after a fault in any of the two
converter terminals. Noteworthy also is the use of a remote multiplexing in a
substation for the first time. This feature minimizes the need for cables by
placing the data acquisition terminals close to the eguipment being monitored.
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Figure 12. Components of a direct-reading, ultrasonic temperature sensor for trans-
former hot spot detection.
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Figure 13. Schematic showing principle of operation for a gas-in-oil detection
system soon to be available for testing in medium-size and large power
transformers. The thermosiphon principle is used to move oil past the
gas separation cell, and carrier gas is used to collect gasses to be studied
in the analyzer.



Roof hatch

Drop tead from

2.4m Dia. guard hat

500 kV Transfer

Resonant c
power ST

supply

| LI

— 1

X

Safety wallj standard divider

< Bridge

e

500 kV line

] Signal cable
Is to test CCVT

=

B

Signal cable

N N <

Figure 14. Semi-pictorial representation of the calibration of the CCVT against transfer
standard divider at line voltage.

) N Analog-to-
Signal by Signal-conditioning || jigital
from transducer unit gia
converter
Digital delay line
—
Memory
Triggero—‘I l
Data transfer
controlier
Magnetic
tape
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