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SUMMARY

Microprocessors are gradually being introduced into
modern designs of power system protection relays. As
more and more experience is obtained, confidence in
the technology is increasing as is an appreciation of the
future opportunities available.

This paper briefly describes the areas of protection relay
design where one manufacturer is introducing
microprocessors. It provides an introduction to the
background to the use of semiconductor electronics in
relays which in turn led to the use of microprocessors. It
also considers some established and future applications.

1.0 INTRODUCTION

in a wide range of applications, the microprocessor
represents the state of the art in modern electronic
technology. The great proliferation of microprocessors has
been into every-day applications and the greatest successes
have been achieved in areas not traditionally associated
with computing. In many instances they have enabled
so-called intelligence to be built into products which
previcusly had less sophisticated decision making and
control elements.

The many opportunities offered by the microprocessor and
its availability at attractive prices have naturally led to
serious consideration of its application in power system
protection equipment. The introduction of microprocessor
technology into protection relays has been cautious,

well considered and gradual. There are however several
areas where the approach provides the most advantageous
product and hence where the technology has already

been adopted.

The microprocessor is an electronic device. Arguably it is
a super-component. Its application is an extension of
electronic technology to protection equipment.

The advantages of using electronic devices in protection

relays were first appreciated over forty years ago. Many of

these advantages still apply today, for example:

* Low burden on primary transducers

* High accuracy and repeatability in decision making

* Considerable flexibility in design enabling new and
improved characteristics to be obtained.

Forty years ago, however, the electronic devices available
had considerable disadvantages which greatly outweighed
the advantages. The key component was the thermionic
valve. These had the disadvantages of mechanical fragility,
they required relatively high values of H.T. potential and
their heater circuits required large power supplies.

The invention of the transistor provided a means to
overcome these problems. However, it was only with the
mass availability of dependable transistors that electronics
was successfully applied to protection relays. The
electronic relay has now been in use for twenty years and
represents an established relay technology.

Over the last twenty years, electronic technology has
advanced at an outstanding pace. Relay designers have
taken advantage of the opportunities offered by these
developments. The first generation were based on
transistor designs. The introduction of integrated circuits
and initially, operational amplifiers, led to the second
generation of relays. More recently the application of digital
technigues led to the third generation. The introduction of
microprocessor technology is the latest phase representing
the fourth generation. At each stage the advantages
offered by the initial electronic devices over previous
techniques have been enhanced. Generally relays have
become more compact and have provided improved
capabilities and characteristics.

The introduction of solid state relays has highlighted
problems associated with interference signals to which the
relays are exposed. Protection relays are used in close
proximity to high volitage and high current plant. The
principal interference signals are voltage surges and

high frequency transient signals. These can cause physical
damage to the semiconductor device or mal-operation of
the relay. To ensure that the relay’s design is immune

to these problems, stringent testing procedures are used
during the relay’s development and certification. These
tests are based on experience and ensure that the
production relay meets its application requirements.

The advent of the microprocessor offers many advantages
over integrated circuit techniques. The microprocessor
combines the advantages of semiconductor technology
with the power and flexibility of the digital computer. With
a microprocessor relay, the characteristics are defined by
hardware and software. The flexibility and capabilities of
software enables considerable flexibility of relay
characteristics. This can be used to enable the relay to
offer a range of switch-selectable operating characteristics.
It enables the relay to be modified to meet new
requirements or particular customer requirements by
changing the software and without the need to redesign
the relay’s hardware.

2.0 ESTABLISHED APPLICATIONS OF
MICROPROCESSORS

2.1 Programmable control equipment for substations

Within substations there are numerous control, alarm and
data logging functions. Examples of these include
post-fault control and switching, alarm logging, alarm
display, alarm analysis, event recording and data
collection. These functions are performed by a variety of
equipment which operates within a similar environment to
protection relays.



The control sequence necessary for automatic post-fauit
switching, commonly referred to as auto-reclosing, is
generally carried out using hard wired logic systems. The
original schemes used electromechanical hinged armature
relays and timing elements. These systems have proven to
be very reliable and hence are the most widely used.
However, they have the obvious limitation that for the
most complex schemes they require a considerable amount
of panel space.

To overcome the limitation of size, the next step was to
replace the electromechanical relays with solid state
integrated circuit logic devices. The reduction in panel
space requirements using static techniques was dramatic.
However, both the electromechanical and static systems
were developed for a standard design of substation. To
allow for flexibility in power system arrangements and to
allow for development of the power system configuration
best to suit present and future requirements, there was a
need for a design which could easily be modified.

Modifications to hard wired logic systems using either
electromechanical relays or solid state integrated circuits
have proved to be very expensive and time consuming.
This factor and the opportunity of combining additional
control, alarm and data collection facilities in the same
equipment, led to the consideration of a microprocessor
system to supersede hard wired logic systems.

The advantages of adopting a microprocessor system
compared to a hard wired logic system were:

% Considerable saving in panel space
% Reduction in panel wiring

% Reduction in number of cables required between
plant items and the control room.

# Greater ease to modify the logic to suit subsequent
system changes

% Greater reliability due to use of large scale integrated
circuits with the consequent reduction in the
number of components

* The use of standard modules to minimise time delays
during manufacture and to ease stocking of hardware.

* Reduced variety of documentation required to support
the product range

* Reduced manufacturing cost of the system through
standardisation

% Reduced cost of commissioning by being able to
modify the equipment more easily and being able to
use standard test procedures

% Enhanced reliability through the ability to include
self-checking routines on key components.

Work started on the system in early 1973 as a joint venture
with two leading electricity utilities. The prototype
equipments were installed in late 1974. The equipment,
called PERM (Programmable Equipment for Relaying and
Measurement), has satisfied all expectations and become
established as a major product line with a great variety

of applications.

The first PERM systems used the INTEL 8008
microprocessor, which by modern standards is very limited
and virtually obsolete. Although PERM can be used as a
general purpose microprocessor system it has the unique
feature of being specifically designed for use in the power
system environment. Its development took advantage of
the company'’s considerable experience in designing static
systems for relays. in the early stages very extensive field
trials were conducted. These included tests in a 400kV
switching station, which included fault throwing and

isolator operation, to prove that the microprocessor and its
program were not affected by transients. The system is
designed to meet international specifications on transient
immunity, including [EC 255.

As a major enhancement to the original design, the
second generation of PERM, the PERM 200 was
introduced in 1979. This equipment uses the INTEL 8085
microprocessor which although conceptually similar to the
8008 is considerably more powerful.

A typical PERM 200 is shown in Figure 1 and a block
diagram in Figure 2. Inherently PERM equipments are very
flexible and are configured to meet particular requirements.

To date there are about 250 PERM equipments in service.
The main applications include:

Automatic switching

Event recording

Sequence control

Telecontrol and indication
Metering information collation.

¥ % % % %

The main features of an automatic switching scheme are
auto-reclosing of circuit breakers and the sequential
opening and closing of isolators. A particularly interesting
application is for centralised control of large numbers of
feeders leaving a substation.

Event logging is generally associated with unmanned
substations to provide a record of changes in alarm points
and the state of main plant.

Sequence control is the ideal application for
microprocessor based equipment like PERM. An important
application for PERM in this area is to perform the
automatic sequence switching at a pumped storage

hydro power station comprising of six generators giving a
combined maximum electrical output of 1800MW.

Telecontrol systems have provided substantial growth in
PERM installations over the last few years. There is
considerable demand for remote control and data logging
of substations from central stations. The ability of PERM
to withstand the substation environment is a particular
factor in its success.

The digital nature of the microprocessor enables high
accuracy for digital calculation, which has particular
advantages in metering systems. The system is obviously
superior to the conventional maximum demand indicator.
It can include calculation of maximum demand and take
account of muitiple tariff rates for night and off-peak
consumption. The data can be stored in data storage
devices and accessed both locally or from a remote
terminal by the customer and by the utility.

The application of PERM type equipment is increasing
both in volume and variety. Invariably as experience with
the equipment increases, new applications are being
considered to solve problems and exploit opportunities.

Although PERM is not a protection relay it has provided
GEC Measurements with invaluable experience in applying
microprocessor based equipment to the power system
environment and therefore paved the way for the
introduction of microprocessors for front line protection
duties. Also experience in the design and manufacture of
PERMs has provided considerable expertise to enable the
trouble-free establishment of microprocessor based

relay products.
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2.2 Protection scheme logic

The experience obtained with the PERM equipment
demonstrated the acceptability of using microprocessors
for control systems in substations. An extension of this
application was, to use similar techniques for the scheme
logic of a distance protection scheme.

The MICROMHO relay, introduced in March 1980, was the
first application of a microprocessor based scheme logic in
a production distance relay. The INTEL 8035 single chip
microcomputer was used to execute the scheme logic
functions. These functions are:

a) Provision of several distance protection schemes
pre-programmed in the relay; the chosen scheme logic
being selected by thumbwheel switches. The choice
includes:

Basic three-zone distance scheme

Zone 1 extension scheme

Permissive underreach scheme

Permissive overreach scheme

Blocking scheme (using a reverse-looking zone 3
element)

* Customer defined scheme logic if required.

* % %

b

Trip control of the circuit breaker to provide either three
pole tripping for all fauits, or single and three pole
tripping depending on the type of fault.

e

Provision of the protection zone timer functions.

d

Provision of the switch-on-to-fault logic to give optional
instantaneous tripping where the line is energised onto
a close-up three phase fault.

e) Organisation of the repeat contacts and other outputs
for control and alarm functions.

f) Provision of monitoring and control systems for use
during commissioning and maintenance.

g} Provision of a continuous self-checking routine for the
microprocessor to give an alarm in the event of
its failure.

h) Monitoring of key circuits of the MICROMHO to give
an alarm in the event of failure.

A typical MICROMHO relay is shown in Figure 3 and a
block diagram in Figure 4. The microprocessor is
contained within the scheme logic modules.

The techniques used in MICROMHO provide considerable
flexibility within a standard design. All MICROMHO cases
are wired to the same schedule. If optional features are
required, then the appropriate modules are supplied; if
not, blank modules are supplied. The greatest flexibility is,
however, achieved by using the microprocessor. Variations
to the protection scheme are made by modifying the
microprocessor software rather than changing wiring or
the relay hardware. This inherent flexibility provides
technical and economic advantages.

When required the protection provided by the
MICROMHOQ's distance relay can be enhanced by the
addition of an optional directional earth fault scheme
{ground directional protection). This provides protection
for high resistance earth fault conditions which are outside
the distance relay operating characteristic. A second
microprocessor is used to implement the scheme logic and

Figure 3. MICROMHO STATIC DISTANCE PROTECTION RELAY

the associated timing functions. The use of a
microprocessor enables a variety of customer requirements
to be provided without changes to the hardware. The
distance relay scheme logic is not used to process the
directional earth fault signals, however, it is used to
implement some auxiliary functions such as flagging.

A separate microprocessor based auto-reclose system has
also been introduced to work in conjunction with the
MICROMHO using a similar microprocessor. This can be
used with a wide range of protection systems and is an
ideal application for a microprocessor since it requires
sequential logic and timer elements. This approach has the
advantage of flexibility in the auto-reclose system while
maintaining virtually standard hardware. Since the system
is dedicated to this application it is simpler than the PERM
equipment. A typical system is shown in Figure 5 and the
block diagram in Figure 6.

2.3 A microprocessor based overcurrent relay

The overcurrent relay is one of the most widely used
protection relays. The range includes inverse definite
minimum time, very inverse, extremely inverse and definite
time characteristics. When these are combined with
instantaneous overcurrent units a very wide range of
protection functions is possibie.

The majority of overcurrent relays use a rotating disc
system to provide the time delay function and attracted
armature relays to provide the instantaneous elements.
Overall these have given very good service and over the
years they have been developed to a very high standard of
reliability and performance. Static relays are available but
their application has been restricted by comparison.

The recent availability of low cost microprocessors which
include an analogue-to-digital converter on the chip, has
opened the way for their application to overcurrent relays.
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The use of a microprocessor offers the following element
advantages:

* Two pole phase fault time delayed unit with
single pole earth fault time delayed unit

* Standardisation. The relay can be pre-programmed

with several characteristic curves enabling one « Two pole phase fault time delayed unit with
standard relay to cover the range of requirements instantaneous element and a single pole earth fault
otherwise necessitating several designs time delayed unit.



All relays are pre-programmed with seven overcurrent time
delayed characteristic curves. Four of these are inverse
time curves and three are definite time ranges.

An MCGG relay with single pole time delayed unit and
instantaneous element is shown in Figure 7. A typical
block diagram is shown in Figure 8.
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The current from the primary current transformer is fed
into the primary winding of the relay’s interposing current
transformer. This provides isolation and transforms the
current to a more suitable level for signal processing within
the relay. The secondary is first full-wave rectified and
passed through a resistor network to provide a voltage
signal proportional to the input current. This network
provides the current setting control for the relay.

The voitage signal is fed to the analogue-to-digital input of
the microprocessor. The digital signal provided by this part
of the circuit is then processed by the microprocessor.

Time multiplier setting is provided by miniature switches
connected to the digital input port of the microprocessor.
A similar set of miniature switches is used to give the
setting of the instantaneous unit and to select the
characteristic curve. The characteristic curves
pre-programmed into the relay are shown in figure 9.
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When the input current reaches trip level, the
microprocessor makes the decision to trip and provides an
output signal on an output port. This is fed to the output
driver chip which activates output electromechanical
relays. Separate output relays are provided for time
delayed and instantaneous trips and each is fitted with two
changeover contacts and mechanical operation indicators.

The signal processing software can be broadly divided into
three groups: the current/time characteristic, the
instantaneous overcurrent characteristic and the reading of
the setting controls.

The setting controls are read by a general housekeeping
routine which ensures that the conditions in the
microprocessor are correct and all functions are reset and
awaiting an overcurrent condition. The processor is held in
a loop which first performs the housekeeping routine, then
inspects the output of the analogue-to-digital converter for
an overcurrent condition.

When an overcurrent condition is detected, the
programme generates the selected time/current curve. At
the instant that an overcurrent is first detected a timer is
started. This operates by incrementing a timer register N
every time a clock pulse is received. These pulses are
produced every 3.2ms. The successive values of the peaks
in the current waveform are measured and stored




consecutively in three registers. These values are
continuously stepped through the registers as successive
peaks occur. From the contents of these registers, the
greatest amplitude is taken and is used to access a look-up
table to find a value X which is defined by the particular
time/current curve.

At each peak in the input current waveform, the trip time
register is incremented by X, N times. The time register N
is then reset to zero and set to count the number of clock
pulses before the next current peak. Throughout the
process the revised peak current value is used to update
the value X. When the next current peak is received the
process is repeated thus integrating the contents of the
trip time register.,

The trip level K is derived from the value of the time
multiplier setting. When the contents of the trip time
‘register exceed K, the time delayed trip is activated. The
process is illustrated in Figure 10.

Fault level
increases

Fauit Occurs Current Setting Level

INPUT
CURRENT

S SN

Y R NG V \l ’ i

REGISTER 3y ==k~ = —
2

!
i [ ; | I_.__...IL___
Ist Register] H :\ 1 ! i | |
) 1' ! Iproportio'nal ta current magnituc’ie .1}‘—
PEAK 2nd Register, J I/ | t , |
REGISTERS ] ] !' ; i |
.
3rd Register | ! T ) ) i
T t T T '
i t : f i { ‘
HIGHEST PEAK | | i ! }—-——J]—
REGISTER T T ?
STE J 1 L i ! : !
o
Iox ! ! X i X,
LOOK UP TABLE | o | 1 | P
ouTPUT Ju— y + L —f ;
I R
1 ! |
( | “Target’ value (K) at which tripping occurs ! ! 3X;
e et R
t !
! 1 B
! |
TRIP TIME ! !
REGISTER ! i
| |
i i
i
i
v 42X (=N.X)

Figure 10. OPERATION SEQUENCE FOR TIME DELAYED
OVERCURRENT RELAY

The integrating technique used in the MCGG enables the
relay to be graded with rotating disc type overcurrent
relays and for it to accommodate fluctuations in the fault
current.

The operation of the instantaneous element is also
determined by examining the peak amplitudes of the input
current. A trip output is activated when the peak value
exceeds the trip level. Precautions are taken to ensure that
transient overreach is reduced.

By comparison with PERM and MICROMHO, the MCGG is
a high volume product. An underlying justification in its
introduction is its ability to compete on price with

established electromechanical equivalents and to offer
enhanced features to the customer, The use of a
microprocessor dramatically reduces the component count
from a static approach and facilitates extensive automated
manufacture and test.

3.0 FUTURE APPLICATIONS OF
MICROPROCESSORS

The availability of microprocessors suitable for application
in protective relays at economic prices has spurred the
development of several new relay designs incorporating
microprocessors. The acceptability of these devices has
opened the way to the application of several innovative
approaches to protection.

3.1 A universal two-input microprocessor relay

A common feature of microprocessor/microcomputer
systems is the use of specialised software to enable
standard hardware to be applied to meet the requirements
of ‘a particular application. This concept can be applied to
protection devices and has the partidular advantage of
satisfying those relaying functions where the development
of dedicated hardware cannot be justified because of the
low quantities involved. For a large quantity requirement
the most economic solution will always be a dedicated
design to obtain the optimum solution in terms of cost and
performance. The universal device, however, fulfils a need
where special relays are required which would otherwise
not be an economic proposition to develop.

A major proportion of the costs of developing new
protection relays lies in the extensive testing of prototypes
to ensure that the relay is unaffected by the harsh
electrical environment of the substation. A universal device
with proven hardware offers considerable time and cost
savings in this respect.

A block diagram of this type of relay is shown in

Figure 11. The two a.c. inputs are fed into the relay by
means of isolation transformers. These can be either
voltage or current transformers. The outputs of these are
then conditioned to give a voltage input to the processing
circuitry.
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Figure 11.  UNIVERSAL TWO-INPUT RELAY BLOCK DIAGRAM

The processing techniques and the method of determining
whether a trip condition exists is defined by the software
pre-programmed into the microprocessor. The relay
settings are applied using standard switches, the
application of which is also defined by the software.



Trip outputs and indicators are provided using either solid
state or electromechanical devices. These outputs are
controlled by the processor,

An example of this is an over-power protection relay. In
this case a trip is given if the power flowing into a power
circuit exceeds the relay setting Ps for a period greater
than a time setting Ts. The power is calculated from:

P = V.l cos ¢

Samples are taken of this input voltage V and the input
current | every Tms and the mean values are caiculated
prior to calculating P. Zero crossings information gives a
measure of the phase angle ¢ between the voltage and
current waveforms. If P is greater than Ps, a timer T is
started. If the timer T exceeds Ts a trip output is given.
However, if P fails below Ps for greater than a nominal
period the timer T is reset to zero.

The above gives an example of the application of the
universal two-input microprocessor relay. Other
applications include directional elements, differential relays
and specialised impedance relays. Given a good general
purpose hardware design, the only major constraint is the
ingenuity of the software.

3.2 Complex processing relays

As the processing power of microprocessors increases,
their application to the more complex relays becomes
feasible. A particular application is the protection of
transmission line systems where considerable calculation in
real time is required to enable high speed clearance of
faults. One approach to overcome the relatively slow
processing speed of microprocessors is to use a
multiprocessor system where slave processors are
dedicated to calculating specific algorithms. The master
processor undertakes such tasks as housekeeping,
decision making and issuing the trip command to the
output circuits.

A prototype multiprocessor system has been developed
and has been programmed for transmission line protection
and fault location. This is being used as a test bed for
further research.

3.3 Philosophies of future development

Research into future designs of protection relays is
generally following three main philosophies. These are:

% The discrete relay which is loosely interfaced with the
control and telecontrol systems. This approach is
in line with existing practices and allows easy
application to protection schemes. The use of
microprocessors will give increasingly standard
hardware which is flexible in its characteristics,
economical and space saving.

% The combined protection scheme which contains a
selection of protection functions tailored to the
particular application by software.

% The combined protection, control and telecontrol
scheme which provides all control and protection
requirements for a substation. This approach is not
new but has awaited the acceptance of the
microprocessor and distributed processing to be
feasible in practical terms.

In all cases the microprocessor is a key element in the
concepts.

4.0 CONCLUSIONS

Microprocessors are gradually being introduced into
modern designs of power system protection relays.

At the present time microprocessors are well established in
substations carrying out control and data coliection
functions. GEC Measurements’ PERM has been very
successful in this area. Based on this experience a
microprocessor was used in MICROMHO for the relay’s
scheme logic and more recently in the MCGG overcurrent
relay for the measuring function. As more and more
experience is obtained, confidence in the technology is
increasing.

Microprocessors offer many advantages for future designs
of protection relays. They are being included in new
designs of established types of relays to give new
characteristics and considerable flexibility. The major
impact of the microprocessor, however, will be in the
future innovative approaches to satisfy protection
reguirements.
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