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The Impact of Technology on Reclosing Relays

R. P. DePuy R. C. Patterson
INTRODUCTION

The basic objective of automatic reclosing is the rapid restoration of lines and feeders to service
after fault isolation. Significant benefits can be realized in terms of enhanced system stability and
reduction of customer service interruptions. Consequently, automatic reclosing of transmission and
distribution circuit breakers has been an integral part of the system protection strategy of electric utility
engineers since early times.

The devices used for circuit breaker reclosing are essentially timers programmed to initiate a
control sequence which includes one or more automatic closures. Tracing the evolution of these devices
provides an insight into the impact of technology on practice. Figure 1 traces this evolution from the
kangaroo-skin bellows technology era near the turn of the century to our arrival at “Technology
Junction” in the early nineteen eighties.

THE ELECTROMECHANICAL ERA

The initial reclosing devices utilized simple pneumatic time delay and auxiliary protective relays to
provide delayed reclosing of distribution breakers. The subsequent adaptation of motor driven cam
actuated auxiliaries afforded the flexibility of several adjustable time delayed reclosures for distribution
applications. These devices mirrored the “gear-shaft-cam” mechanical automation which began with
the Model-T Ford and prevailed throughout the period between the two “Great Wars.”

The electromechanical synchronism of our industrial society is characterized by the next
generation of reclosers developed in the nineteen forties. These were essentially electric clock motor
driven devices quite similar to the controls utilized on time clocks, washing machines, driers, stoves and
the other appliances that synchronized our lives in the new automated industrial giant that emerged
from the second world war.

The refinement of several decades is apparent in the complex gear trains and banks of micro-
switches of the post-war recloser operating mechanism illustrated in Figure 2. This device facilitated
combinations of both high speed and delayed reclosures, as well as numerous auxiliary functions such
as blocking transformer load tap changing during reclosing, quick reset, and blocking instantaneous
retripping to obtain selectivity with feeder branch fuses. The use of AC powered drive motors provided
“cold memory” to permit automatic restoration of service, even after an extended substation or sector
outage. Thus, the available technology permitted the utilization of more sophisticated reclosing
practice by the utilities.

THE ELECTRONIC TRANSITION

The invention of the transistor in 1948 signaled a basic change in direction that has had a profound
impact, not only on reclosing and system protection, but on the pace and dimensions of our whole
society. The flywheel effects of our electromechanical technology which had been developed and
refined for so many decades carried us forward for many years after the electronic revolution had
impacted the military, communications and entertainment fields. It was not until the mid-sixties that
discrete component analog electronics were applied to the reclosing devices. This was a rather cautious
and limited step: a static/electromechanical hybrid device. The cam operated sequencing mechanism
was retained, but the AC clock motor was replaced with a solid state timer operating through a stepping
switch.

The use of an electronic timer provided easier user adjustment and more consistent timing over the
temperature range, but no major functional differences. Consequently, the mature electromechanical
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devices and the hybrid static/electromechanical reclosers travelled comfortably together through the

last two decades of rapid evolution in electronics technology from computer to minicomputer to
MiCToprocessor.

TECHNOLOGY JUNCTION

The beginning of the nineteen eighties was a unique moment in the technological evolution. The
pace of electronic development appeared to be an exponential curve which almost defied orderly
conservative application to products. Each new wave of electronic components and circuit integration
obsoleted its predecessor before the new applications could be realized. The entertainment and
consumer products markets were devouring and discarding the mass produced electronic harvest at a
rate that was totally inconsistent with the utility engineer’s environment.

The electric utility 1s almost inevitably tied to incrementally adding to, and improving, a giant
interconnected uninterruptable power system. The subsystems and components of these utility systems
are normally expected to have a 20 to 40 year life, consistent with primary elements such as turbine
generators and power transformers. The utility equipment environment is far more severe than that of

the typical consumer or air conditioned computer room, and the reliability requirements are much
more stringent.

Rather than surfboarding along the crest of this electronic wave, the responsible designers of utility
protection and control equipment have taken the approach over the last 25 years of quantifying the
harsh environment of utility substations, and developing very conservative designs. These designs
involve derating and component selection which mirrors the military and space programs, rather than
the mass produced consumable electronics. A typical example of this design philosophy is General
Electric’s exclusive use of hermetically sealed and burned-in active electronic components for all
protective relay products. The result of this conservative philosophy has been a more deliberate and
selective implementation of new technology which has now culminated in a variety of viable
approaches for the future.

In the 25 years from micro-switch to microprocessor the choices have broadened and the
developments have taken parallel rather than series paths. The point in time characterized in Figure I as
“Technology Junction” shows that six viable technical approaches for automatic reclosing had evolved
by the early nineteen eighties:

e Electromechanical

® Hybrid Static Analog and Electromechanical
e Dedicated Digital Microprocessor

¢ Programmable Controller

e Hybrid Analog and Digital System

® Software Module in Digital Integrated System

The General Electric Company has already developed and is currently offering all of the approaches. A
brief examination of each of these approaches to automatic reclosing offers an insight into the impact of
technology on the management and growth of our electric utility systems.

DEDICATED DIGITAL MICROPROCESSORS

Development work in the early eighties led to the introduction of the digital multishot reclosing
relay described in Reference 1. This relay was conventionally packaged in a small drawout relay case
suitable for switchboard mounting, but utilized a processor for the various logic and timing functions
required for automatic reclosing. This basic SLR11 Reclosing Relay has a mechanical memory
utilizing dip switches on the front nameplate panel to provide direct user selection of operating modes
and timing settings. It provides up to four programmable reclosures along with the auxiliary functions
of previous electromechanical approaches, such as outputs to block instantaneous retrips, load tap
changing, and lockout alarms.



This basic digital reclosing relay has the ability to recognize delayed breaker trips and bypass
instantaneous reclosing. Additional intelligence is included to recognize an unsucessful breaker
reclosing stroke and lockout reclosing. An improved timing method is incorporated which provides the
advantage of a constant set reclose delay following a retrip, regardless of whether the retrip is fast
or slow. The reclosing time period always starts at the point in time when the associated circuit
breaker trips.

The SLR11 has been widely accepted and accumulated nearly two years of highly successful field
experience. In one severe outdoor distribution environment the SLR11 was continuously monitored for
over one and a half years. The relay performed correctly in every instance for the nearly 100 nearby
faults over this period which included the full range of temperature and humidity.

The design of the second more comprehensive SLR Digital Reclosing Relay referred to in
Reference 1 has been completed. This SLR12 includes the following additional features to further
broaden and simplify the recloser application:

e Selectable Time to Hold for Synchronism Check

e Optional External Supervision of Reset

¢ Fully Adjustable RS “Cam” Location and Dwell Time

e Cold Memory Without Battery Support for Delayed Restoration

e Additional Multipliers On All Time Ranges

e Liquid Crystal Display of Current Recloser Status

® Presentation of All User Settings Upon “READ” Command

e E2ROM Setting Entry at Front Panel

e Complete Self Test On Actual Settings Upon “TEST” Command

The SLRI12 is mechanically and electrically interchangeable with the basic SLR11 and provides
significant improvements in functionality, particularly in the area of operator and tester interface.

The design is based on the standard cell array shown in the dotted portion of the block diagram of
Figure 3. This chip is packaged in a 2 inch long 40-pin dual in-line package with 0.6 inch centers. It
includes a 6502 microprocessor based Central Processing Unit, a 3Kx8 Read Only Memory where the
program resides, a 64x8 bit Random Access Memory for temporary storage, and various additional
functions which include input registers, comparators, and crystal oscillator clock. The chip is
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supported by an Electrically Erasible Read Only Memory to retain user settings and cycle status; a
front panel Man Machine Interface with a simple keyboard for entering settings and commands and a
Liquid Crystal Display; and a chopper type power supply with an operating range of 38 to 280 volts.
Figure 4 shows the front panel of the SLR12 relay.

The SLR12 provides the additional performance and features by utilizing approximately ten times
the processing capability of the basic SLR11, with only a nominal cost difference. This characterizes
the current state of the evolving digital electronic technology.
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PROGRAMMABLE CONTROLLERS

Programmable Controllers (PC’s) are
general purpose microprocessor controls that
accept inputs, evaluate them, and generate
appropriate control outputs. The dedicated
digital microprocessors such as the SLR
described above are designed specifically to
perform the various automatic reclosing
functions and require only user selection of
settings and operating mode. PC’s, by contrast,
are general purpose devices which require the
user to define and program the required control
tunctions. Thus, separate development terminals
must be used in conjunction with the PC for
program development and editing.

PC’s have generally been applied in
industrial applications where minimum design
temperatures of 0°C, and internal lithium
battery supported memory are acceptable

Model 6000 programmable controller.

compromises. Because of these hardware limitations, the requirement for user programming, and
the relatively high cost, there have been only a limited number of applications of PC’s for automatic

reclosing in utility substations.

HYBRID ANALOG/DIGITAL SYSTEMS

The foregoing discussion of Programmable
Controllers suggests that, with the necessary
hardware dseign improvements, their
application might be more plausible on a shared
function basis. In the case of the PC the slower
alarm or monitoring functions would be more
appropriate. In fact, the inclusion of automatic
reclosing functions in a larger related system
does offer obvious economies.

The Modular line and feeder protection
systems, type SLS, TLS, DLS, currently being
produced by General Electric utilize digital logic
timers and hand-wired analog measuring
functions together in protection and control
systems which can provide primary and back up
fault protection, out-of-step, line overload, and

P
% MODULAR PROTECTION SYSTEM

fuse failure detection, and automatic reclosing and synchronism check supervision. The use of common
power supplies, packaging, and Input/Output modules, makes these multifunction systems very cost
and space effective. Similar hardware and packaging of Modular reclosing subsystems such as the TRS
provide sequential automatic reclosing for more than one breaker, plus synchronism check supervision,
voltage throw over, and other auxiliary functions in a single package. These subsystems are
characterized by a high degree of modularity and some hardware redundancy to avoid the need for new

designs for each application.



SOFTWARE MODULES IN DIGITAL INTEGRATED SYSTEMS

performance of microprocessor based hardware
characterized by the SLLR11 to SLRI12 design
evolution suggests strongly that future
protection and control systems will be software,
rather than hardware, limited. The versatile T0 OTHER
digital microprocessor has rapidly become the | __ SUBSTATIONS
fractional horsepower motor of the electronic 2 -1
revolution. It permits the distribution of |
powerful inexpensive intelligence for protection,
control and monitoring throughout the power |
system, and offers the opportunity for |
|
|

The dramatic increase in capacity and 1

automation to optimize the operation of the
power system.

Integrated Control and Protection of DIGITAL PROTECTION
Distribution Systems (ICPDS) is already beyond | MODULE B
the drawing boards. General Electric is - 1
producing engineering prototype systems for
both distribution and transmission automation.
These microprocessor based systems penetrate
down to end wuser automation with load
management, metering, remote connect and
disconnect and alarms. Both the transmission
and distribution automation systems include automatic reclosing software in the substation processors.
With integrated digital systems, functions such as automatic reclosing or line fault protection can be
programmed to automatically adapt to changing primary system conditions such as changes in
connected generation, line configuration and loading, to continuously optimize settings and opera-
tional modes.

The timing of widespread application of these integrated digital systems will most likely be affected
by utility growth rates, and the timing of the broader application of fiber optic communications.
Retrofitting of existing substations with digital protection and control systems is much less attractive
than the incremental cost of automation in new installations. Existing communications via radio,
distribution line carrier and telephone all exhibit significant technical and cost limitations. The
widespread use of fiber optic communications over existing utility circuit paths will offer the
opportunity to take full advantage of the potential of microprocessor based power systems operation.

CONCLUSION

ICPDS System Automation

An examination of the interaction between the available technology and practice in the area of utility
automatic reclosing provides significant insights into the evolution of twentieth century technology and
its broader impact upon us. The time compression from series paths to parallel dimensions is apparent in
tracing developments from early electromechanical years, through the acceleration of the initial electronic
era, to the various options of the digital decade. Our control functions like our environment have become
smarter and the sychronism of standarized functions is yielding to more flexible equipment capable of
adapting to our systems. We are entering the age of optimization.
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