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After reading Mr. Udren's paper, "Prodar 70 Computer Relaying System Field
Experience and Staged Fault Tests', it is apparent that the computer can provide
fast, reliable, accurate relaying. But will it be economical? Why should we
try another "state of the art'" relay scheme? What are the advantages? What are
the disadvantages? What is the future for computer relaying?

In the last five years, since the Prodar 70 was developed, there have been
many advances in the computer field. Memory access times have decreased from
1/2 microsecond on the Prodar 70, using magnetic core memory (about the same
as static memory), to 40 nanoseconds with dynamic memory - a decrease in access
time of 12 to 1. A to D conversion time has decreased from about 50 micro-
seconds per analog quantity to as low as one microsecond - a decrease of 50 to
one in conversion time.

But the greatest advance has been the 'Large Scale Integration' (LSI) of
the computer's ''Central Processing Unit'' (CPU) which has resulted in the "micro-
processor'" on from one to three "Integrated Circuits' (IC) chips, selling for
$10 to $400 each. The computer, in the form of the microprocessor, is now
being used in a variety of applications: in grocery stores for the cash
register and checkout system; in automobiles for more efficient ignition con-
trol, and monitoring the rate of fuel consumption; and in industry for process
control. Your technicians will soon employ high-accuracy, low-burden instru-
ments, using dedicated microprocessors. Computers are rapidly becoming
economically competitive with many mechanical devices, including relay systems.

But what advantages does the computer provide that the electric power
industry should consider replacing reliable protective equipment with a computer
relaying system? What can the computer do that conventional relays cannot?
Theoretically, the computer is capable of doing (almost) anything that conven-
tional relays can, within the limits and understanding of the human programmer
and the limitations of the computer's capabilities.



But the computer has the advantage of versatility when compared with
conventional relays or static systems. Once the mechanical relay or static
system is designed, it is very costly to modify the design. So we must live
with the idiosynchrasies (or bugs) of these devices. With the computer, it is
necessary only to change the program in order to modify the basic design. Will
we, as engineers, be able to make changes to the program? We can, if we
request the manufacturers to build computerized equipment in a manner to permit
program changes.

Speed is another advantage. The computer's greatest strength is its
speed, and protective relaying requires a tremendous amount of computing in a
very short time to achieve one stated goal of 1/4 cycle (4 milliseconds)
relaying time. (The Prodar 70 operated in about 1-1/2 cycles.) There are
several ways of obtaining this high speed. One is parallel operation of several
computers (or microprocessors); another is the use of look-up tables; and
another is a static or hardware implementation of functions that are slow when
implemented directly by the computer. One method now used is to limit the
" number of computations by using approximation equations. Hopefully, in due time,
the best combination of hardware and software design will evolve.

But the most promising advantage of computers is economics. When properly
implemented, the computer can be used for almost all functions within the sub-
station: metering, automatic emergency control, voltage control, annunciation,
and event recording, as well as relaying.

The greatest disadvantage of the computer is its susceptibility to transient
voltage spikes and effects of temperature. But a computer, after all, is no
different from other static devices which are used successfully in substations
once adequate protection is provided. Why did we originally consider static
devices? We certainly knew of the hazards. We used static devices because
there are problems that cannot be solved by conventional mechanical relays.

The 500 kv system presented problems with series capacitors. New static
phase comparison relay systems were developed to solve these problems, but today
such problems would be more easily solved by computers. The versatility of the
computer to design changes will certainly rule out future development of wholly
new static or mechanical control systems. For example, the problem of reversed
polarizing is inherent in certain line arrangements. Note how easily this was
solved by the Prodar 70.

One concept of the use of computers in an ultimate substation design
would be to use separate microprocessors for line relaying, data logging, event
recording, automatic control, supervisory control, voltage control, etc. Each
microprocessor would have its own dedicated memory bank as required, a ''Read
Only Memory'" (ROM) which contains the program for the microprocessor, and would



have access to a common memory bank. The program could be easily changed by
replacing individual ROM chips. One or more microprocessors could be used to
input substation data, such as line current, bus potential, breaker positions,
etc., and continually update this data to one common memory bank. Digital
filtering of input data could be done at this time to insure that reasonably
accurate data are available.

The microprocessors could be built by various manufacturers but must be
compatible when using a common memory bank. FEach microprocessor function
could be added (independently) as needed by adding a microprocessor, its
associated memory, and its output modules. For reliability, as much redun-
dancy as necessary could be built into the system.

A computer relay used for line protection would access the memory for
line current and bus potential data and process the data continually to deter-
mine the apparent impedance of the line; or it could be activated only when a
fault occurs, processing the fault data in much the same way as the Prodar 70.
Bus faults and breaker failure could be relayed by combining the data from the
various line computer relays. Today, it is comparitively easy for computers
to talk to each other. Only the minimum, necessary backup devices would be
required for substation metering, relaying, annunciation, etc.

What does the concept of a computer-controlled substation mean to us as
power system engineers? At PGandE, we already have fully automatic substations.
The computer is just another automatic device. As a relay, annunciator, event
recorder, or data logger, it is still just another device. The function is the
same whether the device is mechanical, static, or computerized. Manual control
of the substation will be the same - except that every manual operation could
be logged by the computer.

Must the power system control design engineer now become a programmer?
It would be desirable, but not necessary. The manufacturer can provide soft-
ware, or we can hire programmers. But the computer, in the form of the
microprocessor, is a very versatile tool and we should take advantage of it.

Now, suppose we design a computer relay system for high-speed relaying
without a pilot wire channel. During a fault, all kinds of data are available.
We should use all the data and compare them to verify validity.

The bus voltage before the fault can be used for polarizing and as system
voltage to determine system source impedance to the fault. Even the starting
angle of the fault can be determined from this voltage to calculate offset.

Then, with the currents and voltages of the unfaulted phases and the load current
prior to the fault, the data can be checked for consistency and data smoothing
techniques applied to preserve consistency.



It is assumed that near (zone 1) faults would be detected fast and that
tripping would be initiated, so we are concerned only with faults near line
end (zone 2).

Once the calculations show that the fault is in that gray area near the
line end, then it could be considered in a permissive area. (Pilot tripping
could be used to trip in this area.) Tripping would be initiated by a logic
sequence program.

Normally, the remote end would clear the fault in about 3-1/2 cycles. The
logic sequence program would detect the tripping by a change in current in the
correct time zone, the unfaulted phases would drop to near zero, and the computer
would initiate tripping. However, if the fault current is cleared, it is an
out-of-zone fault. If the fault current reverses, it is an out-of-zone fault on
an adjacent line. If there is no change, the remote breaker may have failed to
trip, so after the appropriate time period (say 5 to 6 cycles), tripping would
be initiated for breaker backup. With this system, end-zone faults would be
cleared in about 7 cycles and remote breaker backup in about 10 cycles.

Now, what do we do about inconsistent faults? For example, one phase of one
line faulted into another phase of an adjacent line. This is a line-to-line
fault that appears to be a line-to-ground fault on each line, except that there
is no polarizing voltage or current. The computer cannot think, so we must pro-
gram it to go to the logic sequence program to provide for such contingencies.
The inconsistent fault analysis program could then be added as an afterthought
with only a minor program change. At present, we cannot relay for such incon-
sistencies. We have to live with the inadequacies of our present relaying
scheme.

But before ordering your computer relay, there are still many problems
involving input data. The transient response of the current and voltage sensors
during fault initiation is not considered adequate. System resonance at other
than 60 cycles requires various filtering techniques, and filtering slows down
the data input. Noisy current and voltage sensing circuits require special
circuitry. It is anticipated that there will be future changes in sensing input
data to provide better interface with computers for use in substations.
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