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1.0 INTRODUCTION

Protection relay testing is of great importance to everybody
concerned with their design, manufacture and subsequent
application. The increasing use of sophisticated relay
designs and more recently, the widespread introduction of
static technology, have enhanced the importance of
thorough and proper testing.

Through many years of experience, several basic principles
have been established for relay testing. These are:

* proper testing reduces costs
* 100% testing is the rule
* relays are best tested as relays.

As part of the manufacturing process all relays undergo a
test procedure to prove that they perform satisfactorily and
that they meet the required performance specifications.

Naturally, the test procedure depends upon the type of
relay under test. For the more basic relays, the test
procedure can be measured in minutes. However, for the
sophisticated designs, procedures often require many man-
hours of work.

2.0 TESTING DURING MANUFACTURE

Testing is not concentrated in any one stage of
manufacture. It is distributed throughout the manufacturing
process and starts as soon as the basic components are
received by the Company. In the case of electromechanical
relays it includes tests to determine the magnetic properties
of the steel. In the case of static relays, it includes the
thorough screening of all semiconductor components.

Semiconductor components are only purchased from
proven and established suppliers. For relays, industrial
grade or military specification devices are used. Following
initial screening, where the semiconductor component
parameters are measured, the devices are subjected to a
heat soak process. This ages the devices, promotes early
life failure in weak components and causes drift of
parameters in doubtful units. A further parameter test
identifies failed or suspect devices which are then
scrapped. Only proven components are used in
manufacture.

The volume of semiconductor devices used by the factory
and the sophistication of the tests involved have led to
considerable investment in test equipment. Most of the
equipment is computerised and includes test equipment
manufactured by well established companies.

Those components which satisfy the testing procedures are
marked with suitable paint spots and are then released to
manufacturing stores. The paint spots are used throughout
manufacture to verify that the components have been
proven.

In most cases the semiconductor components are built into
printed circuit boards. These boards are of varying
complexity and are subjected to a testing procedure. This
procedure is designed to exercise the circuitry to

demonstrate that everything is operating satisfactorily and
thus identify faulty components.

Printed circuit board testing is a second area where
extensive use is made of computerised test equipment. The
General Radio test equipment is one of the systems used
by GEC Measurements. The equipment is programmed to
subject the circuitry to a set of static and dynamic tests,
using the computer to compare monitored results against
pre-programmed references. If the board does not satisfy
the tests, this is highlighted and it is declared faulty. In this
way corrective action can be taken. Only proven units are
released for the next stage of manufacture.

The majority of static relays and in particular almost all of
the modern designs are of modular construction. This
simplifies manufacture, testing and when necessary, fault
finding. Printed circuit boards are the basic building blocks
from which the modules are made.

Traditionally, relay module testing is performed by skilled
technicians using laboratory type equipment. The process
is often simplified using pre-wired test rigs which provide
the module under test with necessary power supplies, input
signals, etc, and provide access to monitor points.
Frequently, these test rigs are formalised into ‘Black-Box’
test equipment.

In the last few years there has been a greater appreciation
of the need for testability in relay circuit design. Several
recently introduced relays have been designed such that
their modules are stand alone functional building blocks. In
particular, these modules have been designed such that
they can be tested and calibrated in isolation from the
relay. Also in the last few years circuit boards are now
designed with test points accessible either by the printed
circuit board edge connector or by contact points near the
edge of the board. These developments and others have
facilitated the introduction of computerised relay module
test equipment.

As well as testing the electronic circuits, sophisticated and
frequently, computerised test equipment is used in other
areas of the manufacturing system. The multi-module relay
case is one area where the introduction of automated
systems has had a marked effect. The high density of
interconnection wiring between printed circuit board edge
connectors and terminal blocks has led to the introduction
of computer contrnllied wiring systems and other
computerised equipment is used to test the case wiring.
These developments have greatly increased wiring accuracy
and have proved very cost effective.

For most multi-module relays, the relay only becomes
recognisable as such in the final stage of manufacture.
Here, the case and modules are brought together and
assembled.

Although considerable testing has already been done, the
assembled relay is then passed to the appropriate
department for further testing.




3.0 RELAY TEST

In GEC Measurements, the Relay Test Department is
organised into four general sections:

% electromechanical relay test

* static relay test

% distance relay test

% power line carrier equipment test.

In these areas, the relays are tested as complete relays to
prove that they perform satisfactorily and that they meet
their required performance specification. Although there
are many similarities between test procedures, virtually
every type of relay is tested against its own formalised
procedure.

In general, the testing procedure for static relays follows
the pattern indicated below:

pressure testing

relay heat soak

repeat module testing

full relay functional and calibration testing
conjunctive relay scheme testing

final mechanical inspection.

» 4 % % 4 %

When a relay is first introduced it is invariably subjected to
a more extensive testing procedure. This is continually
reviewed and refined to ensure greatest effectiveness as
the product becomes established.

Testing relays requires skilled technicians who are
constantly being retrained. These personnel are very
fiexible in the tasks they can undertake, which enables the
Company to respond to a wide variety of customer
requirements.

In addition to a major investment in staff, relay testing also
involves considerable investment in capital equipment.

Relay test equipment varies from little more than a
selection of power supplies and an accurate timing unit, to
highly automated power system simulators. Naturally, the
more sophisticated test equipments are used for testing the
more complex types of relays.

It is generally agreed that the most complex relay from a
testing viewpoint is the distance relay. Modern distance
relays are designed for high speed operation and to have
high dynamic accuracy. The test procedure is required to
demonstrate the functional capabilities of the relay, to
measure operating speeds for a variety of test conditions
and to determine the relay’s dynamic accuracy for a variety
of fault types.

3.1

The traditional equipment for testing completed distance
relays is the Artificial Transmission Line; the ATL.

The Artificial Transmission Line

The ATL is a model of a high voltage transmission system
which can be housed and operated in a relay production
department or a development laboratory. It models the
electrical parameters of the power system using lumped
parameter components, principally inductors and resistors.
Power is obtained from the factory a.c. supply or motor
generator set and the relay under test is provided with
voltages and currents similar to those which would be
encountered in service via voltage and current
transformers. The block diagram of a simple ATL is shown
in Figure 1.
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Figure 1.

ATL's were first introduced in the 1950's and have given
many years of invaluable service both to manufacturers,
certification laboratories and major utilities. Different
situations result in different types of ATL of which the
production ATL is one of the simpler models, although the
most regularly used. These systems are used daily for
testing electromechanical and first generation static
distance relays.

Over the last twenty years the ATL has provided the
backbone for testing transmission line protection both in
design and production. However, in the last few years with
the introduction of higher speeds of operation in distance
relays and considerably more complex protection schemes,
several limitations have been identified in the ATL approach
and have resulted in the development of more capable test
equipment.

From the production viewpoint, the limitations of the ATL
are:

% time consuming test procedures restricting volume
throughput

* requirement for operators to be highly skilled
technicians

% lengthy recalibration and recertification procedures

% susceptibility to mains borne interference

and,
% a major generator of mains borne interference.

From an engineering viewpoint in relay design, relay
certification or in application testing, other limitations cause
concern:

% inability to model the high and low frequency
transients associated with power system faults

% difficulty in modelling complex power system
configurations

% difficulty in precisely repeating specific test conditions
for in-depth analysis.

These concerns led to the development and introduction of
the Programmable Transmission Line to enhance the
testing capabilities.

3.2 The Programmable Transmission Line

The Programmable Transmission Line or PTL is a computer
based system which has introduced many of the
advantages associated with computers to the relay testing
environment. Its development was based on the extensive




work that had been done in the digital simulation of
electrical power systems and extended this work such that
real time waveforms could be produced to test real relays.
Its use is not restricted to modelling transmission line
systems but it can be programmed to test most protection
relays.

The PTL was designed to provide:

An automated protection relay testing system

Precise repeatability of specific test conditions

Full report of the performance of the relay under test

Test signal waveforms independent of the a.c. mains

or motor-generator supply

Test signals with a wide frequency bandwidth for

accurate simulation of transients

* A high accuracy power system simulation capability
within the PTL

* The ability to use external power system simulators
which are capable of modelling complex power system
networks

* Ease of recalibration and recertification,

* % % %

*

A simplified block diagram of the PTL is shown in Figure 2.
The PTL is based on a small but powerful mini-computer
system with specialised peripherals to interface it with the
relay under test. A high capacity exchangeable disc system
is used to store the data relating to each test and the man-
machine interface is via a keyboard printer and VDU.
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Figure 2. PROGRAMMABLE TRANSMISSION LINE

The power system is modelled using digital simulation.
These programmes can be executed either on the PTL's
computer or on a remote mainframe. The PTL's computer
is used for the simpler models which are generally lumped
parameter. These satisfy most production requirements,
However, the demands of relay engineering are more
exacting and hence both frequency domain and time
domain distributed parameter models have been developed
on the mainframe computer system. The data from the
simulation programme is stored on magnetic tape or disc
for use later. Data generated from the PTL computer
simulation can be immediately loaded into a test
programme but that from the mainframe must first be re-
organised before it can be used for relay testing.

To test a relay the fault data from the simulation
programme is transferred from the disc to the data storage
memory of the mini-computer and then, under the control
of the data handler, it is output at an accurately determined
rate through D/A converters and then the power
amplifiers. A brief outline of the control sequence of the
data handler is given in Figure 3.
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Figure 3. DATA HANDLING PROGRAMME

The standard data output rate for the PTL is 12,000 samples
per second on each output channel. In the basic version
there are eight data channels which provide the data for
three phases of current, three phases of voltage, one
channel for control of auxiliary contacts and the power
bench, and a check word to ensure that the data and data
handler have not been corrupted.

The data pack was organised so that the size could be
limited to manageable proportions. For periods when the
voltage and current waveforms can be assumed to be
steady state, only one cycle of data is stored and this is
recycled to produce a continuous signal. For the fault
period which includes the fault point and the fault related
transients, unique data is used. The data pack is therefore
organised into a short directory of key addresses, the
pre-fault steady state data cycle, the unique fault related
data, and lastly the post fault steady state data. This is
shown in Figure 4.
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Figure 4. ORGANISATION OF THE DATA PACK

The PTL's power bench contains the voltage and current
amplifiers which provide the relay input signals and the
relay status monitor which provides a set of scheme control
relays and enables the computer to monitor the
performance of the relay,

The voltage amplifiers are configured to provide phase to
ground outputs with the three ground terminals
commoned. They are hi-fidelity transistor power amplifiers
with output transformers to couple into the relay under
test. Each phase is rated at 75VA and is capable of
providing 140V a.c. The frequency bandwidth is restricted
to the range from 0.1Hz to 3.3kHz.

The current ampilifiers are also configured on a phase basis
corresponding to the A, B and C phase line currents. Each




amplifier is rated at 3kVA and is capable of supplying
+150A d.c. The transistorised amplifiers are directly
coupled throughout and are directly connected to the relay
under test. The frequency bandwidth of the output current
amplifiers is restricted to the range of d.c. to 3.3kHz. The
d.c. power supply for these ampilifiers is obtained from a
bank of high capacity storage cells which are constantly
trickle-charged and are housed in a purpose built battery
room.

In addition to providing the relay under test with the
voltages, currents and controf information that it requires
for the test, the PTL monitors the performance of the relay
under test and records all changes in state of its output
contacts together with the time the change took place
measured from the fault occurrence. This record can be
printed at the end of the test or can be interrogated by a
control programme to determine the relay’s response.

The first PTL was commissioned in 1978 for the production
testing of switched distance relays and then the Company’s
latest full scheme distance protection. For the production
department it provided an automated test system which
reduced both the time required and the skill required to test
distance relays. The test procedures previously used with
the ATL were translated into the overall test programmes
used on the PTL. For routine testing an operator was
required to connect the relay to be tested to the system
and check that the results were as expected. When errors
were found the senior test engineers would be called upon
to locate the problem.

Automating the test procedure enabled dramatic time
savings and both increased the throughput capacity and
reduced production costs. It also freed the operator from
the manual effort involved with the continual changes to
settings associated with the ATL.
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Figure 5.

The introduction of latest full scheme distance protection
schemes demonstrated the full advantages of the PTL over
the ATL system. For relays such as the MICROMHO and
the QUADRAMHO, the test procedure is required to prove
the correct operation of the full range of scheme logic as
well as to verify the relay’s accuracy and speed of
operation. The level of testing involved is practically
unthinkable using traditional methods.

4.0 THE PROGRAMMABLE TRANSMISSION LINE
AND RELAY ENGINEERING

The requirements of production test justified the
development of the PTL. However, the system also has
several advantages for satisfying the testing requirements
of relay engineers.

As relays become faster in identifying fault conditions, the
presence of fault related transients in their input waveforms
can no longer be treated as unwanted interference. A
modern distance relay comparator is required to be
inherently immune to many of the high frequency transients
generated by a power system fault.

One of the first studies into relay performance using the
PTL was “an Investigation into the Effects of Travelling
Wave Phenomena on the Performance of a Distance Relay
{1)"". For this a 160km, 400kV transmission line was
modelled and several fault sequences were applied. Figure
5(a), {b) and (c) show the waveforms which correspond to
particular points on the line and for different points-on-
wave at fault. These oscillograms are of simulated
waveforms obtained from a frequency domain analysis of a
distributed parameter model. The waveforms shown in
Figure 5(d) are for the same fault condition that was used
for those in Figure 5(c) but obtained from a simpler lumped
parameter model.
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These tests demonstrated that the presence of travelling
wave signals on the voltage and current waveforms did not
have an adverse effect on the performance of the distance
relay. The inherent immunity designed into the relay’s
comparators ensured relay accuracy although as expected
the relay's operation was delayed.

In addition to this type of development testing, a major
application of the PTL has been in proving the capabilities
of modern protection when used to protect complex power
system networks.

Probably the best known example of this was the
investigations into the performance of the protection for
the Cheekye-Dunsmuir transmission system for British
Columbia Hydro. This system proved to be particularly
demanding because it includes 30km of 500kV cable under
the Straits of Georgia and a further Skm under the
Malaspina Straits.

For these studies the Engineering PTL's have both current
transformer and capacitor voltage transformer hardware
simulators. These complement the software simulation
already available in the mainframe programmes and have
the advantage that there is a direct interaction with the
relay under test.

The PTL’s are also being used to assist in the development
of other types of protection not associated with
transmission. Transformer protection relays have been
tested on the PTL in conjunction with other tests in the
laboratory and in the field.

5.0 SUMMARY

Protection relay testing is a major concern for those
engineers involved in relay development, manufacture and
application. For the manufacture of modern power system
protection relays, testing represents an area of
considerable investment both in terms of capital equipment
and skilled manpower.

The testing procedures for relay manufacture start with
acceptance tests of the basic components as soon as they
enter the factory. Testing continues throughout
manufacture and is only completed when the relay is
released for despatch. Experience has proven that good
testing is cost effective for the manufacturer as well as a
safeguard of the Company’s quality standard.

As relays become more complex and sophisticated there
has been a corresponding introduction of more complex
and sophisticated test equipment. Full advantage is taken
of developments in computerised test equipment designed
for the electronics industry. Also in areas which require
specialised test systems, purpose built in-house systems
have been developed and introduced.

The Programmable Transmission Line is a specialised test
system for simulating power system voltages and currents
experienced by a relay in service and using these signals to
test relays in the factory. Introduction of this equipment
into production test has increased the throughput
capabilities of the factory, reduced costs of manufacture
and reduced the demand for additional skilled labour. Using
this type of equipment, the manufacturer is able to keep
pace with the latest developments in relays and provide the
customer with a cost effective product.

The Programmable Transmission Line is also a powerful
tool for relay development, certification and applications. It
provides engineers with a very versatile power system
simulator which has dramatically increased the ability to
test relays within the factory, in situations previously only
associated with site trials.

With an increased understanding of how power systems
behave, there is an increasing demand for more capable

test equipment. Development in test equipment is an on-
going requirement,
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