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INTRODUCTION

During the last 15 years, static relays have to a great degree
replaced the "black box" electro mechanical relays in power
system protection. These relays have mainly been based on
analogue measuring techniques. Microprocessor based relays
using digital measuring teqnique are commercially available
today and several utilities already have these relays in operat-
ion.

In this paper the advantages and disadvantages of micro-
processor based digital relays compared to conventional ana-
logue measuring static relays are discussed with respect to the
basic requirements of protective relays.

The principal design and operational experience of five micro-
processor based relays are presented; a distance relay for
HV-lines, a distance relay for EHV-lines, a fault locator, a
multifunction feeder protection and a multifunction
motor/generator protection. The conclusion is that a micro-
processor based digital measuring technique should be used
only when true benefits are achieved and when the same or
better reliability can be obtained, compared to conventional
static relays.

For the manufacturer the introduction of digital relays requir-
es new advanced tools such as programming and emulation
stations, network simulators, etc.

For the user, the introduction of micro processor based relays
gives new possibilities. Simplified selection, application, test-
ing and maintenance may result in new routines giving both a
higher reliability, and a more interesting job for protection
engineers.

Fig. 1 RI Single phase time overcurrent relay from 1918
(to the left). RACID three-phase and ground

multifunction relay from 1985 (to the right).

BASIC REQUIREMENTS OF PROTECTIVE RELAYS

Reliable protective relays are essential for power system
reliability. They should operate reliably whenever a fault
occurs. Based on heavily distorted information, the relay
should decide within a few milliseconds if an important
transmission line or transformer should be disconnected or not.

Utilizing power equipment closer to its limits of operation and
the use of non-linear equipment in the power system calls for
protective relays which are faster, more accurate and with
better selectivity, which can correctly discriminate between
normal and abnormal operation, as well as internal and exter-
nal faults.

Electromechanical protective relays have traditionally been
considered as "black-boxes". They have been regarded as
complicated devices requiring careful maintenance and were
understood only by a few dedicated specialists. Today, the
maintenance costs for these relays are high.

Even when the "black-boxes" have been replaced by static
relays, it is still true that protective relaying is a very
specialized part of power systems engineering. There is a need
for relays which are easier to select, set and test; relays with
a flexible design, a good man/machine communication and

little maintenance. A relay which is user friendly and which
can make the work for the protection engineer easier and
more interesting will be desired.

Finally, the introduction of SCADA systems where several
stations are remotely controlled from a master station has
called for data transmission from the protective relays. Here
we have the typical "technology trap", since new technology
gives us the possibility of collecting a lot of information
independent of whether we need it or not.

Too much information as well as too little information can
also often be a problem for the operations personnel. Informa-
tion should be simple to understand even during stress situa-
tions. Here there is need for local storage of base information
and remote transmission of more "intelligent" processed infor-
mation.

As a summary, the basic requirements of protective relays can
be divided into two groups.

From the power system point of view:

*  Speed - Operate and reset time
*  Accuracy - Sensitivity and selectivity
*  Reliability -~ Security and dependability

*  Flexibility - Selection and application
From the operation and maintenance point of view:

*  User friendly at installation - Mounting and setting

*  User friendly for maintenance - Testing and trouble
shooting

*  User friendly operation - Local and remote information

*  Adaptability - Connection to a wide range of CTs, VTs
and auxiliary power supplies

The task is to find the optimum technical and economical
solution for each application. Here static relays in general,
and microprocessor based relay in particular will offer new
and better alternatives in new installations as well as for
replacing old installations.

COMPARISON BETWEEN ANALOG
AND DIGITAL MEASURING TECHNIQUES

ASEA REALYS has manufactured electromechanical relays for
more than 80 years. In 1960 the development of static relays
started and by 1970 the authors company had a full range of
static relays.

The introduction of static relays made it possible to improve
the performance of the protection system giving faster and
more reliable fault clearing even for heavily distorted input
signals. Furthermore, static relays require less space, less
maintenance and impose less burden on CT's and VT's compar-
ed to electromechanical relays.

The question now is; can microprocessor based relays further
improve the cost/performance ratio of the protection system
compared to conventional static relays? Such a comparison has
to be built on an evaluation of how the basic requirements are
fulfilled for a specific application.

The operation of a protective relay can be divided into four
functional blocks.

1 Analogue signal conditioning, i.e. filtering

2 Measuring algorithm, i.e. fault/load discrimination

3 Logic, i.e. tripping criteria
4

Man machine communication, i.e. setting, signalling, test-
ing and maintenance
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Fig. 2  Functional blocks of a protective relay

The introduction of static relays has given improvements in all
these four blocks. New advanced filtering techniques, and new
measuring algorithms have made it possible to design relays
with better performance for less cost. Programmable logic,
light emitting diodes and thumbwheels have improved the
flexibility and man machine communication.

The only main disadvantage of static relays compared to
electromechanical relays is that static relays require a contin-
uous auxiliary power supply. In HV and EHV networks this is
not a problem since battery systems are available. In distribu-
tion systems, battery systems which are continuously drained
can give an increased cost as well as a risk for failures.
However, battery system are more often installed since they
are needed for other systems.

From the power system point of view, static analogue measur-
ing techniques still offer, and will for many years to come,
offer equal or superior performance compared to digital
measuring techniques in certain areas. One exception is when
accuracy is favoured over speed. Here new measuring algo-
rithis can give better performance.

Digital filtering can also offer some improvement because it
can be designed for higher Q-values.

From the operation and maintenance point of view, the use of
microprocessors can give several benefits.

- One version can be programmed for various measuring
algorithms, logic and functions which are field selectable.

- Load and fault data such as load current, fault current,
fault location and type of fault can be obtained.

- Continous selfsupervision can be included with a minimum
need for additional components or wiring.

- Low power consumption allows for designs which gives a
very low battery drain or can be self powered from the CT
and stiil have less burden than an electromechanical relay.

WHERE TO USE MICROPROCESSOR BASED RELAYS?
Bus & breaker failure protection

Bus faults normally result in heavy fault current. A short
operate time of less than half a cycle is therefore often
required from the bus differential relay. This is to limit
damages, ensure correct operation even during fast saturation
of the current transformers, and for stability reasons.

A three phase bus fault is unlikely to ocrur. Alm, singie phase
bus faults are rare, but have to be calculated when looking at
the stability in the system.

Normally, a close-in heavy current line fault followed by a
breaker failure is the dimensioning criteria for the stability.
For a breaker with duplicated trip coils and separate opening
mechanism per phase, the probability of a three phase breaker
failure is extremely low. The criteria used for stability cal-
culations can therefore be a line fault followed by a single
phase breaker failure.

For a simple current measurement during heavy fault condi-
tions, the analogue technique is still preferable for several
reasons - ultra high-speed, simplicity, reliability and cost as
well as long proven experience,

This is especially true for bus differential and breaker failure
relays. In both cases high speed operation and maximum
reliability is more important than accuracy. The objective of
the protection is to determine whether there is a bus fault or
not, and if there is a breaker failure or not. A false trip is in
many applications as bad as a failure to trip.

A bus and breaker failure relay should therefore still operate
correctly if the CT saturates. Since hus and breaker failure
relays are often added to an existing substation, the capability
of using CT's with different ratios, as well as the ability to
handle the burden of other relays in the same secondary is
important.

The moderately high impedance percentage stabilized princip-
le for a bus differential relay was developed and patented by
ASEA in the sixties. The relay operates for an internal fault
condition within 1-2 ms and initiates tripping of circuit break-
ers in about 7 ms. It operates correctly during CT saturation
and is insensitive to remanence, fault current levels and
X/R-ratios. Furthermore, it can be connected to CT's of
various ratios and does not require a dedicated secondary.

Since 1969 more than 2500 such bus protection relays have
been supplied to some 60 countries around the world with
excelient field experience.
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Fig. 3 RADSS-bus differential relay during test. Internal
fault of 28 kA (62 kA peak). Supervisory and
differential relays {t;) operated in 0.8 ms. Tripping

relay {t1) was energized in 2.8 ms.
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Fig. # Example of a diagram for operation of breaker
failure relay RAICA with saturated current
transformers. Correct time measurement is obtained

with impulse storing circuit.

For breaker failure protection, maximum reliability is also of
concern, which neans a fast and reliable current measurement
has to be ensured even during CT-saturation. Also here the
analogue technique can provide a good solution. In ASEA's
RAICA breaker failure relay the current can be measured in
4 ms with a reset time of less then 12 ms. In combination with
an impulse storing circuit this also ensures correct operation
during CT-saturation as shown in figure 4.

Since 1973 more than 25000 such current measuring relays
have been delivered to some 50 countries around the world.

The conclusion is that for single-input current measuring
relays such as bus differential and breaker failure relays the
use of digital measuring technique does not give any signifi~
cant advantages.

The main benefits of digital relays; accuracy, load and fault
data availability and self supervision does not improve the
performance of the bus and breaker failure relays described
above. The operating principle used gives the required sensi-
tivity and selectivity without any need for improved accuracy.

There is no real need for load and fault data since that can be
obtained elsewhere,

The non-complex, phase by phase design, with few components
gives in itself a reliable system which is easy to apply, set and
test. Consequently there is no need for selfsupervision of the
relay itself. On the contrary, adding components for self
monitoring will increase the probability for false trips.

Furthermore for the bus differential relay both the external
current circuits and trip circuits can easily be supervised.

Transmission line protection

For transmission line protection, accurate directional mea-
surement as well as accurate fault/load discrimination are
essential to ensure correct operation.

Line protection usually includes a large number of functions
which have to be coordinated and adapted for various applica-
tions. Since line faults are the most common type of fault,

there is a need for maximum dependability. Finally, there is a
need to obtain accurate fault information so that a persistant
fault can be found, and/or the performance of the protection
system can be checked.

With the introduction of the quadrilateral impedance charac-
teristic for distance relays in the sixties, and the directional
wave measuring principle in the seventies, two major steps
towards improved line protection schemes were taken. Both of
these innovations were based on advance filtering techniques
and analogue measuring technique.

The quadrilateral characteristic as well as the directional
wave measurement made it possible to detect phase and
ground faults even for heavily loaded transmission lines,
independent of length.

Up to now ASEA has supplied some 7000 static distance relay
systems with quadrilateral characteristics to more than 50
countries around the world. The operational experience has
been excellent. The conclusion is that the microprocessor
technique in it self will not significantly improve the perfor-
mance of transmission line protection fromn the power system
point of view,

The existing measuring algorithms based on directional wave
and quadrilateral characteristic gives the speed, sensivity and
selectivity required in most applications.

There are however three areas where the microprocessor tech-
nique can give significant improvements for line protection
schemes.

1. Increasing the flexibility by designing one flexible and field
programmable version for several different relay schemes.

2. Increasing the reliability and decreasing the maintenance
with continuous self monitoring.

3. Give accurate information about fault type, fault location,
fault and load currents/voltages, time for the fault etc.

Microprocessors are used today in distance relays both for
measuring and logic. Traditionally distance relays have been
divided into switched relays and non switched relays where
switched relays can be said to be a European practice and



non-switched relays a U.S. practice for HV transmission lines.
Today many U.S. utilities have accepted and are using switch-
ed static distance relays. For EHV lines non switched relays
are used world wide,

Electromechanical distance relays were originally used to
detect phase to phase faults due to the circular characteristic.
Ground faults had to be detected by zero sequence current
measuring relays.

One principle was based on two measuring elements per zone,
one for two phase faults and one for three phase fauits. The
other principle was three elements for phase to phase
measurement. If several zones were required, zone switching
or multiplication of the number of elements combined with
timers was the solution. Separate starting relays were some-
times included.
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Fullscheme distance relay without zone or phase
switching.

When distance relays were used for phase to ground measure-
ment, three additional elements per zone had to be included
for a non-switched distance relay. Figure 5 shows the principal
function of such a hybrid. Each zone will normally include 5-6
measuring elements for a phase and ground distance relay, and
the starting function 4-6 measuring elements. This configura-
tion requires an advanced logic for coordination. Zone switch-
ing is used by some manufacturers.

Figure 6 shows the principle function of a switched relay.
Phase switching should today be renamed to sequential nea-
surement since no switching is actually done in a static relay,
but rather a selection of measuring quantities.

The starting relays will here determine which phases the
measuring element shall measure. The two measurements are
done in sequence. This method provides a non complex and
reliable solution for most phase and ground distance relay
applications.

The main advantage for a non switched scheme over a
switched scheme is a shorter operate time. This is why non
switched schemes are used for HV and EHV systems but
switched schemes for MV and HV systems.

The reliability and internal redundance of a switched scheme
compared to a non switched scheme is often discussed. This is
however more a question of the structuring and quality of the
functions within the relay. This is an essential aspect when
applying microprocessors.

In both figures 5 and 6 it is shown that the logic is a common
function. If that fails the protection fails. The same is valid
for the starting relays. Furthermore for a zone switched relay
the function is dependent on one set of measuring elements,
which thus requires less testing and maintenance..

To improve the reliability of a switched relay using starting
relays, the microprocessor technique could be used. One
solution is to have one microprocessor continously monitoring
the impedance in each phase. The measurement can be done
very accurately and furthermore each 'nicroprocessor can be
continuously supervised. If the measuring zones are duplicated
so that two redundant zones can measure simultaneously, the
reliability is further increased. This is shown in figure 6 where
one element provides zone 1-3 and another element zone E.

By this the switched distance relay has improved it's perfor-
mance so for many applications it can replace non switched
relays. Due to it's simplicity, little maintenance, and lower
cost it is an interesting alternative for most HV-applications.

Figure 7 shows a solution when microprocessor technique is
used to give maximum reliability. The measurement in each
zone is done in parallel by one microprocessor per zone. The
fogic needed to avoid overreach in zone one is using criteria
from either zone 2 or zone 3. No separate starting relays are
required.

The logic functions are provided by a separate microprocessor.
In that function, timers and communication logic are included.
If this processor fails, zone 2 and zone 3 can still provide
back-up function through preset internal timers. Zone E is
completely independent and can be used either underreaching
or overreaching. Each microprocessor is continously monitor-
ing itself.

Another important feature in this solution is that the auxiliary
voltage as well as current and voltage input circuits can be
supervised, and for example, an open circuit in a current
transformer can be detected.

As a summary it can be said that figure 7 shows a fullscheine
distance relay with 1.4 independent zones. The relay supervis-
es itself and its input circuits. Finally it can also function if
one or two microprocessors fails.

As earlier mentioned, microprocessor technigue can provide a
more accurate measurement. This can be done in a fault
locator for transmission lines as for example in ASEA RELAYS



type RANZA. The difference between a distance relay and a
fault locator is that the distance relay only has to compare the
impedance with a preset value, but a fault locator actually has
to determine the impedance.

By using a new algoritm which can compensate for both load
current, remote infeed, fault resistance and frequency varia-
tions it is possible to measure the distance to fault within +
1% or * 1 km accuracy.

Various staged fault tests and field installations in some 30
countries has proven the accurate performance of RANZA.

Since locating a fault is not an emergency protection function,
this function should not be integrated in the distance relay.
Additional functions, even if it only means increased software,
will decrease the reliability.

Feeder protection

Phase and ground over current relays are the most common
type of protection used today for radial feeders. IJepending on
system conditions and coordination requirements with other
equipment, various types of time-current characteristics are
used; definite time, normal inverse, very inverse and extrem-
ely inverse. Often there is also a need for a separate instant-
aneous high set function as well as a separate start function.

Static phase and ground over current relays have been used for
many years. The authors company has delivered more than
100 000 time over current relays type RXIDF during the last
10 years to some 50 countries world wide,

Here the performance of conventional static relays has proven
to be very good but the microprocessor technique can further
improve the performance.

The areas where microprocessors can improve the perfor-
mance are:

{. Better accuracy including low transient overreach and high
reset ratio.

2. Increasing the flexibility by designing one field program-
mable version capable of providing a number of different
characteristics.

3. Increasing the reliability and decreasing the maintenance
with continous self supervision.

4. Give accurate information about fault type, fault current
and load current.

With the possibility to display load current per phase on the
display, continous monitoring of internal circuits and auxiliary
voltage supply together with a built in trip circuit test, it is
possible to check the relay within one minute including input
and output circuits.

This provides a comprehensive functional test of the relay and
the need for a complete secondary injection test is therefore
reduced.

Electromechanical and the first generation static relays were
designed on per phase basis. This gives the advantage that
each phase can be tested separately, and that some redun-
dancy was achieved in case of failure of one element. Further-
more, phase indication was provided. Compared to convention-
al static relays, microprocessor based relays can here give a
better alternative. Phase indication can be included with
inicroprocessor technology.

By using separate input circuits for each phase and ground,
redundance is provided for that part. The main benefit how-
ever is the continous self monitoring function which will give a
signal for a failure in the relay circuits.

By this the need for testing as well as the probabidity for a
failure to trip will be reduced compared to electromechanical
relays or static phase elements. Secondary injection test
intervals caa be prolonged and scheduled together with break-
er maintenance.

The probability of false operation will always be smaller in the
microprocessor based relay since the number of components
and connections are much lower. However, socftware has to be
designed to ensure reliability, both by good design methods as
well as comprehensive testing.

The majority of faults are single phase to ground faults. For
simplicity let's assumne 50 % single phase faults and 50 % muiti
phase faults.

Let's assume the meantime between failures {(MTBF) to be 40
years for an electromechanical single phase unit and 20 years
for a static three phase unit. Also assume the fault frequency
1 to be 3 single phase faults per line and year, i.e. one per
phase and 3 two phase faults per line and year.

1f the electromechanical relay is tested every 2 years and the
average mean time to repair (™MTTR) is assumed to be | day,
the average time when a relay is not operational due to a
component fault is

1
Telst
" 365.

For the microprocessor based relay with self monitoring the
average mean time fo repair is assumed to be 1 day, and the
average time the relay is not operational will be | day.

The probability of a failure to operate is

P=-l_ yTxt (P=Probability of failure to operate)
MTBF

For the electromechanical relay (Three single phase units)

Pl=3x - x 1 x 1 for single phase faults
40
and P2 = 3 x L . L . 1% 1 for two phase faults
40 40

Pl + P2 = 0.075 + 0.002 = 0.077

For the microprocessor based relay (one common unit)
Pm = - x -1 x 6 = 0.0008
20 365

The probability for a failure to operate is almost 100 times
less with the microprocessor based relay.

If three phase + ground relays are used with 4 individual units
for the electromechanical relay and one common for the
micro-processor hased relay, Pl + P2 = 0.004 and Pm = 0.0008.
This means that the microprocessor based relay still gives a
fower probability of a failure by a factor of 5.

The supervision of the microprocessor based relay does not
include input and output circuits but these circuits are similar
to an electromechanical relay which means the probability of
failures should be about the same.

Furthermore in a modern microprocessor based relay the load
current and settings can be monitored on a display which
provides a fast check that nothing is wrong.

The above calculations are not intended to show absolute
figures, just to give a rough estimate and comparison. A
complete reliability study naturally requires more data, and
involves other parts of the protection system such as CT and
auxiliary circuits. Still the conclusion is that a microprocessor
based 3 phase or 3 phase + ground overcurrent relay with self
monitoring decreases the probability of a failure compared to
electromechanical or static single phase units which are tested
with an interval of 1-2 years.

Electromechanical relays have the advantage over static re-
lays that they are self powered from the CT's.



Battery systems are normally required for static relays. How-
ever, to minimize the requirements, the drain on the battery
can be reduced by using low-power electronics. To further
minimize the requirements on the battery, a regulated DC/DC
convertor can be used. If the battery voltage drops, the
converter will adjust to the lower level and still provide
enough power to the relay. A regulated power supply can also
be used for ac as a back-up.

An other alternative is to use the power from the CT. This is
necessary if no battery system is available, or if the battery
system does not allow for a continous drain. This requires a
design based on low power CMOS micro-electronics. However,
the burden on the CT will be higher than it would be on a
static relay with separate DC supply, but lower than that of an
electromechanical relay.

Generator and motor protection

For small and medium sized motors, and small generators, a
typical protection consists of overload, short circuit, ground
fault and unbalance protection. Long starting time and repeat-
ed start protection may also be required for larger motors.

Static generator and motor protection schemes have been used
for more than 15 years. The authors company has supplied a
large number of schemes to hydro power plants, nuclear power
plants, gasturbines, and other thermal power plants. Generally
the performance is excellent but there are areas where
microprocessors can give improvements.

Accuracy is especially important for an overload protection.
Existing relays often have an inaccuracy in the current mea-
surement which can be 5-10%. As an example, if an overload
protection has an inaccuracy of + 2% instead of + [0% the
maximum load can be increased from 64% to 92% of rated
thermal capacity since the thermal losses are a function of 12,

Some other advantages with microprocessors can be summar-
ized as follows:

1. Increasing the flexibility by designing one multifunction
and field programmable relay version.

2. Increasing the reliability and decreasing the maintenance
with continous self supervision.

3. Display accurate load and fault data such as current,ther-
mal content, phase unbalance, starting time and starting
current.
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Fig. 8  Comparison between 2 % and 10 % inaccuracy for an

overload protection.

By integrating several functions a good cost/performance ratio
can be obtained.

Also for large generators, a multifunction relay could be used
as a back up to the primary system. A built in display, self
supervision and trip circuit test can also here give a relay
which can be functionally tested within one minute or even
less. The display of various load data gives a tool to simplify
the setting procedure as well as trends to study for the
behaviour of the motor. No instruments or tools other than a
simple screwdriver are needed.

BRIEF DESCRIPTION OF FIVE
MICROPROCESSOR BASED RELAYS

New range of microprocessor based relays

A new range of microprocessor based relays is described
briefly below to give examples of the new technique.

RAZOA-universal phase and ground distance relay for permis-~

sive and blocking schemes, 1-4 directional zones suitable for
MV and HV lines and cables.
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Fig. 9 RAZOA microprocessor based distance celay for MV

and HV lines.
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Fig. 10 REZ | microprocessor based distance relay for HV
and EHV lines.

REZ l-universal phase and ground distance relay for permis-
sive and blocking schemes, 1-& directional zones suitable for
HV and EHYV lines and cables.

RANZA-fault locator which can display information, locally or
remotely about faulted phase, fault location, fault current and
voltage, prefault current and voltage, time of fault. RANZA
can be used as a stand alone unit or be combined with RAZOA
and REZ 1.

RACID-universal phase and ground overcurrent relay for lines
and cables. Instantaneous, time delayed and start function is
included. Time delayed function is programmable for definite
time, normal inverse, very inverse and extremely inverse. Also
the instantaneous trip can be delayed for coordination with
fuses. RACID can display information about faulted phase,
fault current and load current.

RACIF is a low power version of RACID and performs the
same protection functions. This relay does not need auxiliary
power supply since it is self powered from the CT's. An
electromagnetic indicator stores phase and trip indications
even after loss of power supply. RACIF can directly replace 4
electromechanical relays as a complete 3 phase and ground
overcurrent package including both 50 and 51 functions.

RAMDE -multifunction relay for notors and small generators.
RAMDE includes overload protection with accuracy class 2%,
short circuit, ground fault, unbalance, long starting time, stall
and repeated start protection. RAMDE can display information
about load current, thermal content, phase unbalance,
accumulated start time, latest start time and latest start
current,

RAZOA and RANZA which were the first products in this new
range were introduced 1983, RACID and RAMDE were introd-
uced 1985, RACIF and REZ 1 1986. Up to now more than 500
microprocessor based transmission line terminals and over
2000 microprocessor based feeder and motor protections have
been delivered to some 30 countries. The operational exper-
ience has been good. The improvements in accuracy has been

i
Wi

verified in field tests, and during normal operation. The
number of component failures reported has been extremely
low.

Principal functions

Figure 11 shows a block diagram of a wicroprocessor based
relay.

From the input transformers the analogue signal is processed
before the actual A/D conversion. Since the number of parallel
inputs to a microprocessor is limited, a multiplexer {(MUX)
which scans the various measured signals has to be used.

The microprocessor includes the measuring algorithm and/or
logic functions. The microprocessor also controls the A/D con-
vertor and MUX which in some designs can be an integral part
of the microprocessor.

A separate "watchdog" self monitoring function provides
supervision of the internal circuits and the microprocessor.

The man/machine communication consists of a display and/or
diodes together with dipswitches, thumbwheels and/or poten-
tiometers.

As shown in figure 12 analogue signal conditioning is used in
several relays. For the current measurement in RACID analog-~
ue bandpass filtering, A/D conversion and lowpass filtering
will give a signal proportional to fault or load current. The
A/D conversion has a cycle time of 8 ms. By this method + 5%
accuracy, > 95% resetting ratio and < 5% transient overreach
is obtained.

For the overload protection in RAMDE, RMS-~measurement is
used. The reason is that for a motor it is important to include
harmonics in the measurement in order to give a correct value
of the thermal content. The accuracy class obtained is 2%
which is actual measuring accuracy (not setting accuracy).

For both RACID and RAMDE, the analogue signal conditioning
gives equal or even better performance compared to the
performance if digital filtering technique had been used.

In RAZOA and RANZA digital filtering is used. For RAZOA, &
samples per cycle and for RANZA 24 samples per cycle is used
in the A/D conversion. The difference is due to the fact that
RAZOA has an undirectional underimpedance measurement,
but RANZA measures the distance to the fault.

For digital impedance measurement used in distance relays or
fault locators, digital filtering in combination with a high
sampling rate should be used.

The reason is that the input quantities very often can be
heavily distorted, and the distance measurement requires an
accurate measurement of the fundamental frequency.

input Analogue Multiptexer Analogue ‘o Microprotessor Man/Machine
transformers signal conditioning digitat conv.  with memory  communication
3[ A ~J boemend MUY f—el AJD p—et pP e MMC

! —

Watchdag

Fig. 11 Block diagram of microprocessor based protective

relay.
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Fig. 12 Analogue signal processing
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Fig. 13 Digital signal processing
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Analogue filtering with narrow band width can slightly change
its frequency response due to ageing. This is especially a
problem if current and voltage signals are filtered separately.
Furthermore, a variation of the system frequency will influ-
ence the measurement. Digital impedance measurement based
on amplitude comparison .of voltages and current will thereby
not be accurate enough, because even a small change in the
filter response will result in a significant measuring error. A
digital filter can give an accurate measurement of the funda-
mental frequency without any ageing problems.

To obtain both accuracy, reliability and speed the sampling
rate for undirectional measurement should not be less than 8
samples per period, and for the distance measurement not less
than 16 samples per period. For high accuracy as required in
the fault locator, 24 samples per cycle has to be used.

REZ [ utilizes the well proven method of replica impedance,
bandpass filtering, and phase comparison of square waves. 100
samples per cycle, i.e. 5 samples per ms are taken from the
square wave.

The disadvantage of analogue filtering does not affect the
phase comparison measuring technique used in the REZ 1
distance relay since it only affects an amplitude based mea-
surement.

The high sampling rate is needed to obtain the high speed
measurement.

Figure 13 shows the digital signal processing. Eight bit micro-
processors are generally used, even if the A/D conversion can
be 12 bit. In RACID and RAMDE an amplitude and time
comparison is made. To improve the dependability, the trip
condition is checked 2-4 times before allowing a trip. For the
overload protection the result of a continuous integration of
the load is memorized.

In RAZOA and RANZA digital filtering, amplitude comparison
and phase selection is made. In RAZOA filtering is used to
obtain the fundamental frequency and the second harmonic.
The fundamental frequency is used for the impedance mea-
surement and the second harmonic is used for stabilization
against transformer inrush currents.

Fig. 14 Power supply independent three phase and ground
overcurrent relay RACIF.
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Fig. 15 "ASEA RELAYS development systems

In RANZA, a special algorithm for calculating the distance to
the fault is included. Prefault and fault voltages and currents
are stored and processed. The memory can store 9 cycles of
information.

In REZ | phase sequence comparison, time comparison and
logic is included. One microprocessor per zone is used together
with a separate microprocessor for overall logic.

This structure allows the relay to operate even if one or two
microprocessors fail. The main benefit of microprocessor
technology in REZ | however, is the self monitoring function
which also includes the current and voltage inputs. For failures
within the relay the display will show the faulted part which
can then rapidly be replaced. E2.PROMs are used to store this
information in case of interruptions in the axuiliary voltage

supply.
DEVELOPMENT OF MICROPROCESSOR BASED RELAYS

Reliability is the key word for protective relays. With the use
of software instead of hardware, new measures have to be
taken by the manufacturers to guarantee high quality also for
the software. Continuous testing during the development as
well as of the final product has to be made.

Figure 15 shows the development systems used by ASEA
RELAYS for developing microprocessor based relays.

Digital technology requires quite a different method of design
than analogue electronics. Modern development tools are a
necessary investment if one is to be successful in the difficult
"art of relay protection". Computers and terminals have
largely replaced drawing boards, and logic and software ana-
lysers have supplemented oscilloscopes.

Conceptual studies are performed via simulation systems,
which model the dynamic behaviour of a power network in
connection with different disturbances. The Electromagnetic
Transient Program (EMTP), developed by the Bonneville Power
Administration in the United States, is one example of such a
well-proven aid. This has become something of a standard in
relay protective field and is also used by many utilities. In
addition, ASEA RELAYS uses interactive simulation and signal
analysis programs like SIMNON and IDPAC, developed at Lund
Institute of Technology, Sweden.

A structured design methodology, Jackson Structured Pro-
gramming (JSP), is applied in the development of micro-
processor programs. The program structure is prepared from
graphical symbols on a VDU screen. It is then possible to
generate automatically a Pascal or C program from the
graphical structure.



Software is simulated in a VAX Ll/78§) %omp¥ter, and this is
followed by emulation, that is testing of the software in proto-

type relays with the HP 64000 workstation.

Developing relay protection also demands extensive know-how
of the characteristics of a power system during normal and ab-
normal conditions, as well as knowledge of how different fault
sources influence the measuring signals to be processed in the
protection relays. EMTP for example, is used for conceptual
studies, but todays digital simulation aids are inadequate when
it comes to development tests and the simulation of customers
systems. It is above all impossible to perform simulations in
real time in view of the very large number of parameters
occurring in a power network such as; type of fault, fault
location, fault resistance and fault initiation. It normally takes
10 hours to perform an EMTP simulation for a parameter study
with a VAX 1[1/780 computer,where the fault location and
switching angle are varied, involving 100 cases.

ASEA has therefore developed a powerful analogue power
system simulator to be able to assess and test the best solution
for each particular application. This simulator can simulate
most types of power systems with generators, transmission
lines, circuit-breakers, surge arresters, instrument transform-
ers, etc. Analogue electronic models are utilized to model the
power components in real time.

These models give new possibilities to study non linear pheno-
mena in an analogue simulator. A large number of parameters
can be selected for each model. Circuit breakers, surge arrest-
ers, series capacitors, CTs and VTs can therefore be simulated
with great accuracy even during transient and non linear
conditions. '
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The simulator is controlled via a computer to enable one io
make the connections and settings from a terminal. Because
the simulator operates on a low current level, power amplifi-
ers amplify the signals to allow the protective relays to be fed
with the same signals as in a real power network. It takes only
about 10 minutes to perform simulations corresponding to 100
EMTP cases utilizing the real-time facilities of the simulator.

Fig. 16 Power system simulator



