

REYROLLE PROTECTION

POWER SYSTEM PROTECTION COURSE


© 2000 VA TECH Reyrolle Ltd

The Copyright and other intellectual property rights in this document and in any model or article produced form it (and including any Registered or unregistered design rights) are the property of VA TECH Reyrolle Ltd.  Neither this document nor any part of it shall be reproduced or modified or stored in another form, in any data retrieval system without the permission of Reyrolle Limited., nor shall any model or article be reproduced from this document unless Reyrolle Limited consent.


VA TECH Reyrolle Automation, Control & Protection

Reyrolle Protection

PO Box 8, Hebburn, Tyne & Wear, NE31 1TZ

Telephone: (0) 191 401 1111. Fax: (0) 191 401 5575

E:mail: marketing.acp@vatechuk.com



41.
PROTECTION FOR SHORT CIRCUITS

2.
TYPES OF OVERCURRENT SYSTEMS
4
3.
METHODS FOR SYSTEM EARTHING
5
4.
CO-ORDINATION AND DISCRIMINATION
7
4.1.
Current Grading
7
4.2.
Time Grading
8
4.2.1.
Grading Between a Definite Time Lag Relay and a Fuse
8
4.2.2.
Grading Between Two Definite Time Lag Relays
9
4.3.
Time and Current Grading
10
4.3.1.
Grading of Fuses
10
4.3.2.
Grading Between a Fuse and Relay
11
4.3.3.
Grading of Relays
12
4.3.4.
Applying Relay Current Settings
13
4.3.5.
Applying Relay Time Settings
14
4.4.
Time and Current Grading of Inverse Time Earth Fault Relays
16
5.
PROTECTION FOR LOW EARTH FAULT CURRENT LEVELS
16
5.1.
Sensitive Earth Fault Protection
16
5.2.
Neutral Displacement Protection
17
6.
HIGH SET INSTANTANEOUS PROTECTION
17
7.
APPLYING OVERCURRENT PROTECTION - SPECIAL CONSIDERATIONS
20
7.1.
Effect of System Capacitance in Resistance Earthed Systems
20
7.2.
HSOC & EF for an Earthed Transformer Feeder
20
7.3.
Delta/star transformers
21
7.4.
Two Stage Overcurrent Protection
21
7.5.
Interlocked Overcurrent Protection
22
7.6.
Voltage Dependent Overcurrent Protection
22
7.6.1.
Voltage Restrained Overcurrent
22
7.6.2.
Voltage Controlled Overcurrent
22
7.7.
Flashing Fault Condition
22
8.
Parallel Feeders
23
8.1.
Parallel Feeder – Setting Philosophy
23
9.
Ring Main Circuit
23
9.1.
Ring Main Circuit – Grading
23
9.2.
Ring Main with Two Sources
24
10.
DIRECTIONAL CONTROL OF PHASE FAULT RELAYS
24
10.1.
Directional Relays – Establishing Direction
24
10.2.
Connections for Phase Fault Relays
25
10.3.
Maximum Torque Angle (M.T.A.) of Directional Phase Fault Relays
25
11.
Directional Earth Fault Relays
25
11.1.
Polarising by Residual Voltage
26
11.1.1.
Solidly Earthed
26
11.1.2.
Resistance Earthed System
26
11.1.3.
Non-Effectively Earthed System
26
11.2.
Maximum Torque Angle (M.T.A.) of Directional Earth Fault Relays
26
11.3.
Polarising by Neutral Current
27
11.3.1.
Auto Transformers
28
12.
APPLYING DIRECTIONAL PROTECTION – SPECIAL CONSIDERATIONS
29
12.1.
Two Out of Three Tripping
29
13.
RELAYS
29
13.1.
Electromechanical Relays
29
13.2.
Static Relays
30
13.3.
Digital Relays
30
13.4.
Numeric Relays
30
13.5.
Comparison of Protection Performance
30
14.
List of Figures Attached
31


1. PROTECTION FOR SHORT CIRCUITS

Overcurrent protection responsive to excess current is the obvious solution to detecting system short circuits. By far the majority of all circuits are protected by this means.

Overcurrent protection is primarily provided for the correct clearance of short circuits, it should not be confused with overload protection, which is related to the thermal capability of plant or circuits, see figure 1a.

The most commonly used overcurrent protection devices are fuses and relays.

2. TYPES OF OVERCURRENT SYSTEMS

Where a source of electrical energy feeds directly to a single load, little complication in the circuit protection is required beyond the provision of an overcurrent device with a suitable operating characteristic i.e. appropriate current setting possibly with a time lag to permit harmless short time overloads to be supplied.

Power systems have developed to one such as shown in figure 2a, in which the power source A feeds through a number of substations B, C D and E, from each of which load is taken. Selective clearance of faults is required, it is usually unacceptable to shut down the whole system for every fault in the distribution network.

Overcurrent protection involves the inclusion of a suitable device in each phase, since the object is to detect faults that may affect one, two or all phases. Typical arrangements of protection devices are shown in figure 2b.

The magnitude of phase-to-phase fault current will usually be governed by the known impedances of the power plant and transmission lines, such currents are usually large.

Phase-to-earth fault current may also be limited by such features as:

(a) The method of earthing the system neutral

(b) The characteristics of certain types of plant e.g. faults on delta-connected transformer windings

(c) Resistance in the earth path

In consequence earth fault current may be of moderate or low value and often rather uncertain in magnitude particularly on account of ( c ) above.

The protection is often required to have a high sensitivity to earth faults i.e. earth fault settings are often required to be lower than the circuit rating. Response to an earth fault at a lower current value than circuit rating, or loading can be achieved by the connections shown in figure 2c.

With normal load current, the outputs from the CTs is zero, and this is also the case with a system phase-to-phase short circuit. Only when current flows to earth is there a residual component that will then energise the protective device.

Since the protection is not energised by three phase load current, the setting can be low, giving the desired sensitive response to earth fault current. Phase fault and earth fault protection can be combined as shown in figure 2d.

In the core balance CT the main conductors pass through the same opening in the CT and are surrounded by the same magnetic core which summates the fluxes of the primary currents. The resultant zero sequence component is proportional to the ground fault current and is then transformed to the secondary.

The advantage of the core balance CT is that only one CT core is used in place of the three in the above method. In this way the CT magnetising current at relay operation is reduced by approximately three-to-one, an important consideration in sensitive earth fault relays where a low effective setting is required, see section 5.1. Furthermore the number of secondary turns does not need to be related to the cable rated current because no secondary current would flow under normal balanced conditions. This allows the number of secondary turns to be chosen such as to optimise the effective primary operating current.

3. METHODS FOR SYSTEM EARTHING

LV systems are earthed to prevent injury to personnel and limit damage to plant. With HV systems limitation of plant damage becomes a major objective.

During normal system operation the method of system earthing has no effect, but has an influence during earth fault conditions. The majority of faults on a power system are earth faults so system earthing requires careful consideration.

The power system must be designed to withstand any overvoltages and fault currents that can occur during earth faults. The protection must be able to detect the currents or voltages that identify an earth fault.

Generally, if a system is solidly earthed or earthed through a low impedance device, the fault current is high, the current can easily be detected but the damage caused by the fault current at the point of fault is also high. If a high impedance earth connection is used, or the system is unearthed the earth fault current will be reduced but the resulting overvoltages on the healthy phases may be high and can result in the fault spreading to other phases if special precautions are not taken.

Earth connections arrangements are shown in figure 3 and can be classified as follows:

Solid or Direct

A solid connection between the system neutral and earth provides the minimum earth current impedance.

Low Resistance

A short time rated resistor connected between the system neutral and earth sized to limit the earth fault current to a pre-determined value e.g. 400 – 1200A.

A design value is chosen to ensure sufficient current is available so that effective current grading can be achieved between relays on the distribution network. This method is generally considered to be an effectively earthed system and ensures arcing earths do not cause sufficient transient overvoltage.

High Resistance

Normally sized to limit earth fault current to a low value so that fault damage is limited and the risk of fire/explosions due to an arcing earth fault is minimised, typical values are 5 – 100A. Values less than 10A will not result in any significant ionisation of metal at the point of arcing. 

Damage to plant such as generators, motors and transformers for winding short circuits is limited if this method of earthing is adopted as compared to low resistance or solid earthing. At these levels i.e. less than 10A, the fault detection system can be employed to alarm rather than trip.

Depending on the distribution network configuration the low value of maximum fault current may still be sufficient to allow effective d.t.l. grading of overcurrent type earth fault relays.

Reactance

May be used in place of resistance earthing, they are usually smaller and less expensive, but can result in or cause high overvoltages.

Arc Suppression or Peterson Coil

A special case of reactance earthing where the inductive reactance is chosen to be equal in value to the system capacitive reactance to earth - the reactor is normally supplied with taps to allow the reactor impedance to be selected. This method can make arcing faults self extinguishing. The earthing reactors may be short time or continuously rated. For short time rated reactors if the fault has not extinguished after a certain time the reactor is shorted.

Transformer

Where the system neutral is not available e.g. on the delta winding of a power transformer, the system can be earthed by means of an interconnected star (zigzag) transformer. The windings are arranged such that minimum impedance is offered to the flow of earth fault current.

To limit the value of fault current, resistance may be inserted between the neutral point and earth or in the lineside phase connections.

4. CO-ORDINATION AND DISCRIMINATION

The aim in establishing the settings for overcurrent devices is to determine the co-ordinated operating characteristics and current settings that will ensure the minimum unfaulted load is interrupted when the protective devices isolate a fault or significant overload anywhere on the system. At the same time, it is desirable that the settings selected should provide some protection against overloads on the equipment and interrupt short circuits as rapidly as possible.

If the protection devices at each location on figure 4a were instantaneous overcurrent devices with current settings capable of detecting all phase and earth faults, any fault on the system would cause indiscriminate tripping. Some form of protection grading is required.

The protection scheme, involving equipments at a series of substations can be graded in various ways.

4.1. Current Grading

Each element of the system shown in figure 4.1 has an associated impedance. If the feeder sections have sufficient impedance this would cause the prospective short circuit current to vary substantially over the length of the radial system.

If instantaneous overcurrent protection is applied to the system shown, and, set so that those furthest from the power source operate with the lowest current values and progressively higher settings apply to each stage back towards the source. It would appear that the CB trips should be set to just operate for the expected fault current level at the end of the associated feeder section, but this would not be successful since:

It is not practicable to distinguish in magnitude between faults at F1 and F2, since these two points may be separated by no more than the path through the circuit breaker. The fault current at the alternative fault locations will then differ by an insignificant amount necessitating an unrealistic setting accuracy.

In the diagram, the fault current at F1 is given as 8800A when the source busbar fault rating is 250MVA. In practise the source busbar fault power may vary over a range by, for example, the switching out of one of two supply transformers. A minimum source power of 130MVA may be assumed for illustration in this example, for which the corresponding fault current at F1 would be only 5400A and for a fault close up to Station A the current would be 6850A. A trip set at 8800A would therefore not protect any of the relevant cable under the reduced infeed conditions.

Therefore, discrimination by current setting is not in general feasible.

A single exception to the above deduction occurs when there is a lumped impedance in the system. Where, as in the last section of figure 4.1, the line feeds a transformer directly, without other interconnections, there will be a significant difference in the fault current flowing in the feeder for faults, respectively, on the primary and on the secondary side of the transformer. In many cases, it is possible to choose a current setting which will inhibit operation for all secondary side faults, while ensuring operation for all primary side faults under all anticipated infeed conditions.

This subject is discussed in more detail in section 6.

4.2. Time Grading

The problem discussed in the previous section is resolved by arranging for the equipment which trips the circuit breaker most remote from the power source, to operate in the shortest time. Each successive circuit breaker back towards the supply station being tripped in progressively longer times; the time interval between any two adjacent circuit breakers is known as the ‘grading margin’.

Time delayed relays incorporate instantaneous overcurrent starters which initiate a definite time lag (d.t.l.) element which in turn operates output contacts. The relay operating characteristic is shown in fig. 4.2.

The d.t.l. Element has a time setting which provides the required time grading. This system is therefore known as ‘definite time overcurrent protection’.

4.2.1. Grading Between a Definite Time Lag Relay and a Fuse

Referring to the radial system of fig. 4.2, busbar F feeds separate circuits through fuses. 

A relay at D might have instantaneous operation with a high current setting which will not permit operation for a fault at F.

Alternatively, if this is not feasible on account of the range of possible fault current, a lower current setting, but one above the maximum load current and fuse rating, may be used with a time setting chosen to discriminate with the fuse blowing.

The grading margin between a fuse and a relay on a time graded system is generally satisfied by setting the relay time lag to 0.2s. This assumes that the fault level is in excess of the maximum r.m.s. let-through of the fuse.

4.2.2. Grading Between Two Definite Time Lag Relays

Although we are considering how to achieve appropriate time step grading, it is not feasible to employ the same current setting for all relays. Some current step needs to be established to ensure the relay operating characteristics do not overlap. This current step should take into account the relay error, CT error and safety margin - usually a 20% step is sufficient.

Having established suitable current settings and steps between relays, the time steps for grading which ensures minimum outage for a fault need take account of the following:

I. The fault current interrupting time of the circuit breaker

The time delay between trip initiation and the circuit breaker interrupting the fault completely i.e. until current ceases to flow.

II. The reset time of the relay

When the relay is de-energised, operation may continue for a little longer until any stored energy has been dissipated.

III. Errors

Relays are subject to some degree of error, the operating time of either or both relays may have a positive or negative error.

A fixed time of about 0.4s is usually employed.

Fig. 4.2a shows an example of employing definite time relays. The relay at C is set to operate in 0.4s longer than that at D, i.e. in 0.6s, and those at B and A will be progressively slower by the same amount, giving an operating time for relay A of 1.4s.

A fault at any point will be removed by tripping the nearest circuit breaker on the supply side, which will occur before any of the other circuit breakers carrying fault current have time to operate. The minimum amount of power system is therefore isolated, although for a fault on any but the last section, some disconnection of unfaulted sections and loss of load is inevitable.

At substations B, C and D, loads are connected through transformers. The time setting on these circuits are selected in the same way as that at D on the feed to E and need never be greater than that on the outgoing feeder from the same busbars.

The disadvantage with this method of discrimination is that faults close to the power source, which will cause the largest fault current, are cleared in the longest time.

These relays are used when the source impedance is large compared to that of the power system being protected, when fault levels at the relay position are similar to those at the end of the protected element.

4.3. Time and Current Grading

The disadvantage of the definite time system is reduced by the use of protection devices with an inverse time-current characteristic in a graded system.

Typical current-time characteristics are shown in figure 4.3a. The horizontal axis corresponds to a multiple of the relay current setting (plug setting multiplier p.s.m.) and the vertical axis to the operating time. The operating time can be adjusted by means of a ‘time multiplier’ setting, which provides an actual operating time as a multiple of the nominal operating time i.e. the curves shown all have t.m. = 1.

The main choice for relays conforming to IEC255 (BS142) is between normal inverse, very inverse, extremely inverse and long time inverse characteristics:

Normal inverse:

Generally used

Very inverse:

Can provide improved grading where fault levels are changing significantly between grading points on the network.

Extremely inverse:

Used to grade with fuses.

Long time inverse:

Used to protect liquid earthing resistors having long withstand time.

4.3.1. Grading of Fuses

The fuse is an inverse time graded protection. Fuses are graded by the use of different current ratings in series, discriminative operation with large fault currents is obtained because the fuses then operate in different times. Satisfactory grading between fuses will generally be achieved if the current rating ratio between them is greater than two.

A more accurate method of ensuring correct grading is to compare the pre-arcing and arcing times of the two fuses in series, to ensure they do not overlap, see fig. 4.3b

Fuse grading continues to be effective even when the clearance times are very short, e.g. less than ½ cycle, because the fuse constitutes both the measuring system and the circuit breaker. With a relay system, a fixed time “ grading margin” must be provided to allow for circuit breaker clearance time.

When the fault levels are such that the fuse is operating to limit the fault current first peak, and operate in less than one half cycle, the I2t let through of the lower rated fuse must not cause any operation, or partial operation of the upstream higher rated fuse.

4.3.2. Grading Between a Fuse and Relay 

The grading margin between a fuse and a relay can be established as follows:

(a) Where the relay current setting is in excess of the maximum r.m.s. current let-through a time delay of 0.2s is usually sufficient to ensure grading.

(b) Where the fault level is less than the let through current of the fuse, a variable quantity can be calculated which is based on the following empirical expression:

t’ = 1.4tf + 0.15s

where:

 tf = declared operating time of the fuse, at the point on the current axis of the current/time performance curves, equal to the relay current setting.

t’, = required relay operating time

This expression takes account of the following parameters to ensure the time step is sufficient:

I. Fuse operating tolerance

II. Relay circuit CT error and relay pick-up current error

III. Relay time delay error

IV. Relay overshoot (this is mainly associated with electro-mechanical induction disc type relays where stored energy of the disc results in continued advance towards operation after fault current has ceased).

In the empirical expression the variable portion - 0.4tf - allows for variable contributions due to items I to IV and the fixed portion - 0.15s - allows for fixed contributions due to items III and IV, and also a safety margin.

At the cut-off current of the fuse e.g. operate time of 10ms maximum, the expression gives a grading margin of:


t’ = 1.4 x 0.01 + 0.15 = 0.164s, say 0.2s

Grading does not need to be considered at current values in excess of the cut off value.

4.3.3. Grading of Relays

Relays designed to provide an inverse characteristic are reliable and allow precise grading. Modern relays are of numeric design, although the majority of installed relays are electromechanical (induction disc) or static types.

The principle of grading is generally similar to that of the definite time system. For any fault, the relays in a series system are graded so that the one nearest to the fault trips the associated circuit breaker before the others have time to operate. 

I. The fault current interrupting time of the circuit breaker

The time delay between trip initiation and the circuit breaker interrupting the fault completely i.e. until current ceases to flow.

II. The overshoot time of the relay

When the relay is de-energised, operation may continue for a little longer until any stored energy has been dissipated.

The overshoot time is not the actual time during which some forward operation takes place, but the time which would have been required by the relay if still energised to achieve the same amount of operational advance.

III. Errors

Relays are subject to some degree of error, the operating time of either or both relays may have a positive or negative error.

Either a fixed time can be employed, traditionally a margin of 0.4s has been adopted although this can be reduced with modern relay designs – see fig. 4.3d.

Alternatively a variable quantity based on the operating time of the faster relay:



Tr2 = 1.25tr1 + 0.25s 



Where:




tr1 = operating time of load side relay




tr2 = operating time of source side relay

A knowledge of the fault current that can flow is essential for correct relay application. It is necessary to collect system data and then to calculate maximum and minimum fault currents for each stage of grading. Time grading calculations are made using the maximum value of fault current; the grading margin will be increased with lower currents so that discrimination, if correct at the highest current, is ensured for all lower values.

Minimum fault currents (i.e. short circuit current with the minimum amount of feeding plant or circuit connections) are determined in order to check that current settings are sufficiently sensitive to ensure that satisfactory operation will occur e.g. relay will operate and operating time is not excessive.

Certain principles apply to the design of a graded system of protection;

Wherever possible, in any graded sequence, use relays having the same operating characteristic at all points. This is not an absolute rule but if this practise is not followed, extra care is necessary to ensure that discrimination is maintained at all current values

Having established the relay characteristic which is the most appropriate the current pick up settings are chosen for all relays. The choice is arbitrary to a large extent, but must take into account maximum load currents and legitimate short-time overloads e.g. motor starting currents.

Primary setting currents should be graded so that the relay furthest from the power source has the lowest setting and each preceding relay back towards the source has a higher setting than that following. Not only does this ensure that relay and c.t. errors do not produce a range of current values within which loss of discrimination may occur, but also it allows for load which may be taken from the intermediate substations.

For satisfactory co-ordination between a relay and a fuse, the primary current setting of the relay should be approximately three times the current rating of the fuse, otherwise the current/time characteristics will overlap and grading not achieved.

Time grading for inverse time-current systems should be calculated at the highest possible fault current for each grading stage.

A time ‘grading margin’ is required to cover circuit breaker clearance time, relay overshoot relay errors and current transformer errors - see section 4.2.

4.3.4. Applying Relay Current Settings

To permit some abnormal variation of load overcurrent starting elements must be given settings which are higher than the greatest load, whilst still ensuring that a degree of overload protection is provided. The relay resetting current must also exceed the peak load.

Settings should not be higher, however, than is necessary to comply with the above requirement with a reasonable margin. The assessment of maximum load of most distribution systems is based on a large diversity factor. The distribution system can carry a moderate overload for a considerable time, but it is desirable for heavy sustained overloads to be tripped.

4.3.5. Applying Relay Time Settings

Grading is considered for the radial system shown in fig 4.3e. The range of fault current must first be established.

Maximum fault current for a three-phase short circuit at each substation in turn is calculated. It is convenient to express the 33kV system and the 33/11kV transformers as percentage impedances on a base of 100MVA to obtain the fault power at ‘A’. The equivalent star impedance behind ‘A’ is determined, to which value the impedance of the following feeder sections is added and the fault current calculated at each subsequent substation.

Minimum fault current is calculated for the condition of one 10MVA supply transformer being disconnected. It is reasonable in this case to exclude the reduction in fault MVA which might be caused by a simultaneous loss of one 33kV incomer.

Maximum load currents are shown in fig. 4.3e: making the assumption that these loads are coincident and of similar p.f. the values are summated to give the feeder section loads. Current transformer ratios have previously been chosen.

Location
Total Impedance From Source
Fault current

A
Maximum 

Section Load

A
CT

Ratio
Relay Setting


%

(100MVA base)
Ohms



%
Primary

Amps


Min.
Max.
Min.
Max.
Max
Min.





33kV Bus
6.67
6.67









11kV Bus











CB ‘A’
41.67
76.67
0.5042
0.9277
12596
6846
390
400/5
125
500

CB ‘B’


1.104
1.528
5753
4156
225
300/5
100
300

CB ‘C’


2.204
2.628
2882
2417
130
200/5
75
150

CB ‘D’


4.504
4.928
1410
1289
50
100/5
125
125

MV Bus ‘F’


10.144
10.568
626
601
50




Grading is begun at the most remote station by choosing a suitable relay operating time. A short circuit immediately after the fuse will be cleared by the fuse in approximately 0.1s. Since only relay overshoot has to be added, a relay operating time of 0.2s is sufficient for discrimination.

The maximum 11kV fault current for the fault beyond the transformer (Bus F) is 626A, corresponding to a p.s.m. equal to
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Referring to IDMT curve shown in fig. 4.3a gives a relay operating time of 4.3s. The Reyrolle Protection Argus relay has a time multiplier setting range of 0.025 to 1.6 in steps of 0.025. A setting of 0.05 gives an actual operating time (TA) of 





4.3 x 0.05 = 0.215s

This value is greater than the value chosen above (0.2s) and is therefore satisfactory to discriminate with the fuse.

A fault on section DE close to D will result in a maximum current of 1410A, corresponding to a p.s.m. of 11.3 and a nominal operating time (TC) of 2.82s. The t.m.s is 0.05 as before, so that the actual time 

(TA) = TC x t.m.s. = 2.82 x 0.05 = 0.141s.

The next relay nearer the source at C will carry the fault current and must discriminate. Allowing 0.4s grading margin, this relay should have a prospective operating time of 0.141 + 0.4 = 0.541s. Relay C has a p.s.m. = 1410/(200 x 0.75) = 9.4 under this condition, for which the curve time is 3.1s. Relay C must therefore be given a time multiplier setting = 0.541/3.1 = 0.175.

When a fault is placed close to station C the fault current becomes 2882A equivalent to a p.s.m. of 19.2 and a curve time of 2.3s. The t.m.s. has already been chosen above to be 0.175 in order to grade with relay D, so that the operating time is now

TA=  2.3 x 0.175 = 0.4s.

The process of grading relays B and A is similar to the steps set out above; the complete grading calculation is set out in the table below, and the results illustrated in fig. 4.3f.

Relay

Location
Relay

Setting

Prim. A
Fault close to station



F
D
C



p.s.m.
TC
t.m.s.
TA
p.s.m.
TC
t.m.s.
TA
p.s.m.
TC
t.m.s.
TA

D
125
5.01
4.3
0.05
0.215
11.3
2.82
0.05
0.141





C
150




9.4
3.1
0.175
0.541
19.2
2.3
0.175
0.4

Location
Relay

Setting

Prim. A
Fault close to station



C
B
A



p.s.m.
TC
t.m.s.
TA
p.s.m.
TC
t.m.s.
TA
p.s.m.
TC
t.m.s.
TA

B
300
9.61
3.02
0.275
0.831
19.2
2.23
0.275
0.63





A
500




11.5
2.8
0.375
1.05
25.2
2.0
0.375
0.75

This example shows that the operating time for relay A is not the sum of the grading margins. Although three steps of grading, each with 0.4s margin are provided, relay A operates for a close up fault in 0.75s; if a definite time system with a similar margin had been used  the operating time for a fault close to the supply station A would have been 1.4s, (i.e. 0.2 + 3 x 0.4 = 1.4s).

4.4. Time and Current Grading of Inverse Time Earth Fault Relays

The setting of overcurrent relays has to be carried out twice, once for the phase relays and then repeated for earth fault relays. The maximum phase to earth fault current levels are used for setting the earth fault relays.

The time/primary current characteristics may not be as accurate as those for phase fault relays, this is exacerbated with older electro-mechanical relays having higher ac burdens. The ratio error of the current transformers at relay setting current may be very high. The use of longer grading margins should be considered to allow for the greater errors.

Protection sensitivity is independent of continuous load current values and low pick-up settings may be used.

Since earth faults are not transferred through system power transformers connected delta-star or delta-delta, the earth fault protection for each system voltage level may be independent of earth fault protection at other voltage levels. Fig. 4.4 illustrates a typical industrial site with separate earthing systems at each voltage level.

5. PROTECTION FOR LOW EARTH FAULT CURRENT LEVELS

5.1. Sensitive Earth Fault Protection

Normal earth fault protection is based on the assumption that fault current flowing to earth will be determined by the earth fault impedance of the line and associated plant. In some localities, however, the nature of the ground may be such that it is difficult to make an effective earth connection. In such a case, a system fault to earth may result in a current which is too small to operate the normal protective system.

If a line conductor should break and fall onto semi-insulating objects, such as trees or hedges, the fault current may be below the normal primary earth fault setting. The circuit will, therefore, not be isolated and the conductor, which will be maintained at normal phase voltage will constitute a serious danger to life.

Sensitive earth fault relays must be used to detect these faults. At very low current settings the burden imposed by a relays on the current transformers may cause the effective current setting to be unacceptably high. Relays with very low burdens must be utilised to provide the sensitive setting. Modern numerical relays such as the Argus are inherently low burden but previously specially designed rectified moving coil or electronic relays have been used.

Relays of this type have a definite time lag characteristic. They perform a back-up function, supplementary to the main protection, and are therefore given a time delay of several seconds, long enough to ensure that they do not interfere with the normal discriminative protection. Although not suitable for grading with other forms of protection. sensitive earth fault relays may be graded as an independent system.

The limit in current sensitivity is not decided by the capability of the relays themselves but by the residual unbalanced capacitance and leakage currents that may flow in a healthy line, for which tripping is not required. This primary residual current is usually determined only by test when the relay is installed. A relay setting is chosen which is as sensitive as possible, while remaining safe from unwanted operation.

5.2. Neutral Displacement Protection

As distinct from the above where the fault impedance is high we cover here the instance where the earth impedance is high i.e. where the protected system is not effectively earthed. For a transformer feeder it is essential to ensure that the unearthed winding cannot remain energised under system earth-fault conditions. This condition will result in danger to life and possible hazard to the sound phases due to intermittent arcing via system earth capacitance.

To initiate tripping a neutral displacement relay may be arranged to detect residual voltage to earth using either voltage transformer or coupling capacitors. Typical arrangements are shown in fig. 5.2. 

The relay will operate for external as well as internal feeder faults and must, therefore, be provided with a time delay to ensure discrimination.

Overcurrent protection is not applicable to these circuits since the earth fault current is small or zero.

6. HIGH SET INSTANTANEOUS PROTECTION

It was explained in section 4.1 why instantaneous overcurrent relays could not in themselves form a complete system of protection. Such relays can, however, be added to a normal graded system and set so as to operate with close up faults but not to operate with the maximum current which may flow to a fault at the remote end of the respective section. A portion of a plain feeder can be protected with high speed, whilst the inverse time-graded system will cover the remainder of the line. Where a transformer feeder is to be protected the ‘lumped’ impedance can contribute to an improved protection scheme i.e. it may be possible for the complete feeder section to be protected with high speed overcurrent protection. See figure 6a.

A simple high-speed relay responds to the r.m.s. value, during its operating time, of the current wave. The r.m.s. value may be much increased by a transient offset component. The r.m.s value of a wave with a maximum transient offset of typical time constant may be in excess of 50% higher than the steady state value during the first cycle. A simple fast-operating  relay would respond to a current with such an offset component.

The relay is then said to overreach due to the offset transient; that is to say it operates for a fault further from the power source than would be calculated from steady fault current values. The percentage transient overreach is defined as:
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Where:


I1 = relay pick up current in steady-state r.m.s. A

I2 = steady-state r.m.s. current, which when fully offset will just pick up the relay

It is important that the instantaneous relay does not operate with a fault beyond the end of the relevant section, which would invalidate the discrimination of the whole protective system. A setting must therefore be chosen that is higher than the maximum end of section fault current i.e. maximum infeed, fully offset; in some cases this may result in little if any of the section being covered with certainty i.e. in the case of minimum infeed with no initial transient.

High set instantaneous overcurrent relays may be designed to be immune to transient offsets e.g. modern numerical relays have filtering on the current input circuits to remove the waveform d.c. component.

These relays may be set to a value only slightly above the maximum current calculated to flow to a fault at the end of the relevant feeder section.

Example
Figure 6b shows a 33kV substation which supplies several outgoing circuits, one of these circuits is an OHL transformer feeder.

System data:

OHL:

length 20km, Impedance (0.3 + J0.43) Ohms/km

33kV S/Stn:
Max. 3ph fault level
1,000MVA



Min. 3ph fault level
650MVA


Transformer:
Rating 24MVA




Imp.
22.5%

To determine a suitable setting for the high set overcurrent relay at the 33kV substation:


OHL impedance
= 20(0.3 + j0.43)





= 6 + j8.6 Ohms


Source impedance
= VL2/MVA




Min.
= j330002/1000 x 106
= j1.09 Ohms




Max.
= j330002/650 x 106
= j1.68 Ohms


Transformer

100% impedance (@ 33kV)
= VL2/MVA









= j330002/24 x 106









= j45.38 Ohms





22.5% impedance on 24MVA
= 0.225 x 45.38









= j10.21 Ohms


Min system imp. to l.v. busbars
= min. source + line + transformer







= j1.09 + (6 + j8.6) + j10.21







= 6 + j19.9






ZTmin
= 20.78 Ohms

( Max. l.v. 3ph. Fault

= VPH/ZTmin






= 33000/(1.732 x 20.78)







= 917A


Max. system imp. to transf. h.v. side
= max source + line 







= j1.68 + (6 + j8.6)







= 6 + j10.28






ZTmax
= 11.9 Ohms

( Min. h.v. 3ph. Fault

= VPH/ZTmax






= 33000/(1.732 x 11.9)







= 1601A

( Min. h.v. ph - ph. Fault
= 0.866 x 1601





= 1387A

The relay must be set above 917A and below 1387A (primary)

( best achievable grading margin = 
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i.e. a relay setting of approx. 1128A primary

It may not be practical to achieve an exact setting – particularly with older relays having less setting steps. The engineer should exercise discretion, but it is suggested that the most important requirement is stability during through faults. The provision of fast overcurrent protection is desirable over the whole feeder length, but even if a small proportion is not covered, there will be cover from time delayed protection. Fault damage is related to the I2t of the fault condition and at lower fault levels slower fault clearance may be tolerable.

7. APPLYING OVERCURRENT PROTECTION - SPECIAL CONSIDERATIONS

7.1. Effect of System Capacitance in Resistance Earthed Systems

It is often possible to apply instantaneous earth fault relays to protect both a feeder and un-earthed transformer winding – see figure 7.1.

The earth fault relay should not operate for faults at F1 or LV transformer faults, because the transformer cannot supply zero sequence current. The relay should only respond to earth faults on the feeder or transformer HV winding.

On the occurrence of an earth fault at F1 the affected phase will be earthed. The healthy phases of the resistance earthed system will rise to line volts to earth. The normal capacitance current to earth of the healthy phases (charging current) is increased and results in earth fault relay operating current of 3 x charging current. The relay must have a setting higher than this value.

It is common practise to combine high set overcurrent and instantaneous earth fault protections onto one set of CTs.

7.2. HSOC & EF for an Earthed Transformer Feeder

If the remote transformer has an earthed winding then it is not normally possible to use a simple residually connected instantaneous relay as in the previous example. This is because during out of zone faults (e.g. at F3 in fig. 7.2) all neutrals of transformers connected to the affected system will carry earth fault current, which will operate the earth fault relay.

This form of protection is intended for use is on overhead systems, where the earth fault current can be less than the phase fault currents.

The phase fault setting must be such that any faults on the secondary side of the transformer do not cause operation of this protection, it is recommended that the minimum setting should be at least 1.5 times the maximum secondary fault current.

For in zone phase faults during minimum plant conditions the ratio of minimum fault current to operating current should be at least 2.

The use of star/delta interposing CTs ensures that only positive and negative sequence currents can be applied to relays E2 and P. 

For out of zone earth faults at F3 zero sequence current which passes up the transformer neutral cannot cause operation of the E2 relays, although the E1 relay may operate. 

If, however, there is a back-feed to a fault at F3 from the l.v. busbars of the remote transformer, this back-feed will include positive and negative sequence currents which will be injected into the E2 and P relays, and, in such cases, the setting of the E2 relays must be greater than this current. As the relays are instantaneous operation, the sensitivity of the E2 relays should not be unnecessarily low.

For earth faults in the protected zone there will be an infeed of fault current from the h.v. busbars containing positive, negative and zero sequence currents. Two of the E2 and P relays will pass the sum of the positive and negative sequence components while relay E1 will pass the sum of the zero sequence components in the three phases from the infeed end. All three forms of relays E1, E2 and P1 will therefore have operating currents in them and a trip operation will be initiated.

The relays E1, E2 and P should have transient free high drop off ratio characteristics, so that the effects of the d.c. offset in fault and transformer magnetisation inrush currents will not cause unwanted operation.

7.3. Delta/star transformers

A phase to phase fault on the LV side of a delta-star transformer produces a 2-1-1 current distribution of the three phases on the HV side. The 2 units in one phase is equal to the three phase fault current.

A 3 pole overcurrent relay on the HV delta side will offer better grading with the LV relay compared to a 2 pole relay. A 2 pole relay may not see the full fault current if this occurs on the phase where an overcurrent element is not provided. The half fault current will be seen by the other elements and the operating time will be correspondingly slow. If the ratio between the minimum fault current and full load is greater than four, two overcurrent elements can be used, but the operating time of the relay may be slower according to which phases are faulted.

Also, unless there is additional current infeed into the LV current transformers which is not seen by the HV current transformers, it must be ensured that discrimination between the LV and HV sides is maintained. For three-phase faults both the LV and HV relays see the same current, but for a phase-phase fault on the star side the HV relay sees the full three-phase fault current, whereas the LV relay sees 0.866 of the three-phase fault current, an additional 16% current grading margin required.

7.4. Two Stage Overcurrent Protection

Overcurrent protection is provided on transformers to (i) trip the transformer infeed to uncleared l.v. busbar and feeder faults and (ii) trip infeeds to the transformer when the transformer or its l.v. connections are faulted.

Improved discrimination for transformer overcurrent protections can be achieved using 2-stage overcurrent protection. An IDMTL output is arranged to simultaneously initiate tripping of the l.v. circuit breaker and a timer. If fault current continues to flow after the l.v. CB has opened the timer output contacts are arranged to trip all CBs contributing fault current. Measures must be taken to ensure immediate resetting of the timer element upon cessation of fault current.

Provided the fault current infeed is from the h.v. side of the transformer a separate l.v. overcurrent relay and associated CTs can be dispensed with: However, where there is a possibility of an infeed from the l.v. side, separate l.v. protection is retained.

7.5. Interlocked Overcurrent Protection

Interlocked overcurrent protection may be applied where due to the position of CTs a fault between CTs and CB may remain uncleared from one side.

Operation of the interlocked overcurrent relay is normally inhibited, it is only operative when busbar or circuit protection tripping is initiated.

7.6. Voltage Dependent Overcurrent Protection

Overcurrent relays applied to generator circuits must be co-ordinated with overcurrent relays of the connected network. The required settings could lead to a risk of non-operation during heavy close up short circuits. Although initially high, close up generator fault currents can decrease very rapidly to a value below the operating level of the protection. The amplitude of the excitation current and the value of the direct axis synchronous reactance determine the final level. There are two basic types of performance characteristic:

7.6.1. Voltage Restrained Overcurrent

The operating current of the relay is adjusted in proportion to the voltage on the machine terminals. This characteristic is suited to small generators with relatively short time constants.

7.6.2. Voltage Controlled Overcurrent

The overcurrent function is inhibited unless the voltage is below a voltage control set-point, which can be used to confirm that the overcurrent is due to a system fault. The voltage control will typically be set in the range 0.7 to 0.9Vn.

A variation on this is a relay having two overcurrent characteristics, one normal characteristic which is operative if the voltage is above the control value. The other, a more sensitive characteristic allowing operation for current magnitudes which are below the normal load current, when the voltage falls below the set-point.

7.7. Flashing Fault Condition

Where a clashing OHL conductor or cable re-sealing fault condition occurs problems may arise when grading between different types of overcurrent relay in series.

Figure 7.7 illustrates that electro-mechanical relays have an “integrating” pick up characteristic, whereas static/numeric relays have an instantaneous or time delayed reset.

The induction disc will tend to ramp towards tripping and so if this is further upstream than an instantaneous resetting numeric relay may trip before the numeric relay.

Alternately if a d.t.l. reset numeric relay is upstream from an induction disc relay the numeric relay may trip first etc.

ANSI and revised standard IEC255 include resetting curves intended to mimic induction disc resetting and alleviate grading problems for the above.

8. Parallel Feeders

8.1. Parallel Feeder – Setting Philosophy

The descriptions above have all been related to obtaining discriminative operation of relays associated with a simple radial feeder. Such a system, however, cannot guarantee to maintain an uninterrupted supply to all loads, since the tripping of a circuit breaker near the feeding end of the line disconnects all subsequent substations with their loads. To ensure security of supply it is necessary to feed power to both ends of the line as shown in fig. 8a. Circuit breakers are inserted at each line end so that isolation of a faulted feeder can be achieved with each substation still connected to one supply point.

A pair of parallel feeders is the limiting case of a ring main. 

In figure 8b directional relays are installed at the receiving ends C and D, of two parallel feeders, and non-directional relays can be used at the feeding ends A and B. 

Relay B must grade in time with relay C, and relay D with relay A. In practice, relays B and D are given low settings, typically 50% current setting and 0.1 t.m.s.

Relays A and C are set to provide the usual grading margin with relays B and D.

9. Ring Main Circuit

9.1. Ring Main Circuit – Grading

With reference to figure 9a, which shows a main-supply substation A connected via a ring feeder to substations B, C, D, E and F. Circuit breakers are installed at each end of each line section; as covered in section 8 the system can be regarded as two superimposed radial feeders.

Directional overcurrent relays are installed and must be graded each way round the ring in two sequences of relays which ‘look’ in the alternative directions. Thus if the circuit breakers on either side of the various substations are denoted A, A’, B, B’ etc. the two tripping sequences are A - B - C - D – E - F and A’ – F’ – E’ – D’ – C’ – B’.

The nominal grading times are established as discussed in section 4. The arrows on the diagram indicate the direction of current flow for operation of each relay. At the supply point A, power can flow only away from this station and so directional discrimination is not required.

At other points in the ring, the two relays facing in opposite directions may have different timings. Where definite time grading is used the difference may be significant (with an even number of feeder sections, the two relays at one substation will have the same setting). Where there is satisfactory margin, the slower of the two relays need not be made directional.

Where inverse time relays are used the timings may be similar to those shown in tabular form in section 4.3.4. The timings need then to be reassessed at the maximum current value appropriate to the faster relay before any decision to omit a directional element is made.

The practice of omitting some directional elements, at other points than the supply substation A, is not recommended except for very small rings. The operating time of the directional element is not zero, although it is not specifically allowed for in grading calculations. When directional and non-directional relays are mixed, some extra margin should be allowed in the calculated grading times, to cover the operation of the directional elements.

Modern numeric relays such as the Argus range incorporate dual directional facilities. This means that in the above example it may be possible to use a single directional relay at each substation rather than for each circuit with the associated savings on cost of equipment and installation. Output contacts of the numeric relay can be mapped to trip the relevant circuit breaker.

9.2. Ring Main with Two Sources

Time graded overcurrent protection cannot be applied to ring mains with two or more power sources. In such cases it is necessary to apply some form of unit protection such as distance, pilot wire or a scheme of blocked overcurrent protection.

10. DIRECTIONAL CONTROL OF PHASE FAULT RELAYS

10.1. Directional Relays – Establishing Direction

The direction of flow of an alternating current is by inference not an absolute quantity; it can only be measured relative to some reference which itself must be an alternating quantity of the same frequency. A suitable reference is the system voltage, so that relays are effectively power measuring devices. Although power measuring devices in principle they are not arranged to respond to the actual system power since

The power system, apart from loads, is reactive, so that the fault power factor is usually low.

The system voltage at the point of fault will collapse towards zero, the use of fault voltage will therefore be unreliable. 

Therefore each phase of the relay is polarised with a voltage which will not be reduced excessively except by close three-phase faults, and which will remain in a satisfactory relationship to the current under all conditions.

10.2. Connections for Phase Fault Relays

This is the way in which suitable current and voltage quantities are applied to the relay. The various connections are categorised by the phase angle of the current and voltage applied to the relay - at unity system power factor with balance system conditions.

Figure 10b illustrates in tabular form the standard connections available

10.3. Maximum Torque Angle (M.T.A.) of Directional Phase Fault Relays

The MTA is the angle by which the current applied to the relay must be displaced from the voltage applied to the relay to produce the maximum torque (electromechanical relay) or sensitivity (static relay). Although the relays are generally inherently wattmetric, the characteristic angle can be varied by the addition of phase shifting circuitry.

Several different connection angles have been used with relays with varied MTA. W. K. Sonnemann in his paper ‘A Study of Directional Element Connections for Phase Relays’ analysed the suitability of each combination. Sonnemann concluded that a relay with 900 connection and a MTA of 450 leading (I leading V) gives the best characteristic to fit the spread of possible phase angles during phase-phase fault conditions, see fig. 10c.

11. Directional Earth Fault Relays

When for the purpose of obtaining greater sensitivity, earth fault relays energised from the c.t. residual circuit are used, a related directional element is needed

The earth fault (residual) current may flow from any phase and it is necessary to provide a polarising quantity having a related phase angle i.e. the residual voltage of the power system.

The residual voltage is the vector sum of the three phase voltages, and may be derived from an open-delta connected residual winding of a three-phase voltage transformer, or an open-delta connection of the secondary windings of three single-phase transformers, see figure 8.3a. 

The residual voltage is the voltage drop in the source impedance and is therefore displaced from the residual current by the characteristic angle of the source impedance.

The residual voltage is zero for balanced phase voltages. The degree of unbalance which occurs during a system earth fault is dependent on the method of system earthing, see fig. 8.3b

11.1. Polarising by Residual Voltage

11.1.1. Solidly Earthed

During an earth fault on a system with a solidly earthed neutral, it is equal to the voltage depression of the faulted phase, and is in this way related to the fault current.

11.1.2. Resistance Earthed System

When the system neutral is earthed through a resistance, the fault current is less and does not cause as much collapse of the phase-to-neutral voltage. The line at the point of fault is brought to earth potential and the neutral point is raised above earth potential by the voltage drop on the earthing resistance due to the fault current flowing in it. This displacement of the neutral potential is added to the voltage on the two sound phases, causing their voltage to earth to be increased. The residual voltage is the vector sum of all the phase voltages and may be quite high, approaching three times the normal phase voltage 

11.1.3. Non-Effectively Earthed System

When the system neutral is earthed through a relatively high resistance or through an arc-suppression coil or is insulated, the neutral becomes fully displaced by an earth fault and the residual voltage is the full value of three times the normal phase voltage. These cases, however, are not relevant to directional earth-fault protection, since the earth fault current is small or zero, see section 5.2.

11.2. Maximum Torque Angle (M.T.A.) of Directional Earth Fault Relays

When the system neutral is earthed through a resistance, this will predominate over other impedances, making the earth fault power factor high and so the phase angle between residual current and voltage small. It will be satisfactory for the relay m.t.a. to be 0o. In the case of solidly earthed systems, the source impedance is reactive and may be of very high angle, even up to 87o. See fig. 11.2.

Exact compensation is not necessary, provided the current phasor falls well within the operative zone. A deviation in angle of as much as 30o only reduces the electro-mechanical relay torque less than 14%. Compensation is therefore, usually adjusted to give a maximum torque angle of either 45o or 60o for solidly earthed systems.

11.3. Polarising by Neutral Current

It may not practicable to polarise a directional earth fault relay with system volts e.g.

· the prospective residual voltage is too low e.g. for a remote end fault on a solidly earthed feeder

· Voltage transformers are not available

· Voltage Transformers not suitable to supply residual voltage i.e. no path for zero sequence volts.

The neutral current of a power transformer or an earthing transformer can be used to polarise directional relays. This is based on the principle that the neutral current always flows towards the system from earth, whereas, depending on the fault, the residual current may flow in either direction.

The relay must have a low impedance current input in place of the voltage input.

The neutral current of a star-delta transformer will always flow from the earth into the system; residual current flows towards the fault and may pass through a group of line CTs in either direction. The relay can therefore discriminate between faults in either direction.

Star-star transformers with both neutrals earthed are not suitable for polarising relays. A current transformer in one neutral would not be suitable as the current may reverse depending upon which side of the transformer was faulted. Paralleling two current transformers, one in each neutral, would not be satisfactory since the resultant polarising current would be zero.

Three winding transformers which include a delta winding are suitable for relay polarisation. With one star point earthed the CT in this neutral can supply the relay. Where both star windings are earthed then CTs in each neutral connected in parallel must be used having ratios inversely proportional to the transformer winding voltage ratios.

An alternative to this is to polarise from the delta winding. One CT can be used if no load is taken from the delta, a separate CT must be used in each limb if the delta is loaded – this prevents unbalanced load or fault currents producing incorrect polarising current.

11.3.1. Auto Transformers

Where auto-transformers are equipped with delta tertiary windings it is preferable to use a CT(s) in the delta winding – rather than in the neutral connection. For this arrangement it is generally impractical to polarise a relay from a neutral CT because of the distribution of fault currents i.e. the neutral current for a lower voltage fault may be reversed from the neutral current for a high voltage fault. However, a CT in the neutral can be used if the following expression is satisfied:
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Where:


ZTO = Tertiary winding zero sequence impedance


ZLO = LV winding zero sequence impedance


ZSO = Source zero sequence impedance

The primary current rating of a neutral or delta located CT used for relay polarising should be such that the polarising and operating circuits of the directional relay receive approximately the same current level for operation.

Note that in some cases it becomes necessary to use voltage polarisation or possibly, a special combination of currents:

· The LV winding branch (L) of the equivalent circuit of a three winding power or auto transformer has negative reactance and when the zero phase sequence reactance of the system (M) connected to this is less than this negative reactance i.e. the total reactance of this branch (M + L) is negative, and

· Total negative reactance (M + L) is smaller than the positive reactance of the delta winding T.

12. APPLYING DIRECTIONAL PROTECTION – SPECIAL CONSIDERATIONS

12.1. Two Out of Three Tripping

The Argus phase fault directional elements use the quadrature connection, typically with a characteristic angle of +450 – as recommended by W. K. Sonnemann.

The ‘2-out-of-3 gate’ is intended for use in these applications where delta-star transformers are in parallel – see fig. 12. The relay on the faulted transformer gives positive operating torque on all three phases. On the healthy circuit however the 2-1-1 current distribution can, depending on the phase angle of IFAULT, result in a positive operating torque on one pole, possibly causing loss of grading and incorrect tripping.

Tripping can be made conditional on a ‘two-out-of-three’ basis – the element with positive operating torque being inhibited from issuing a trip output.

13. RELAYS

The following outlines the operation and features of the three main designs of overcurrent relays 

13.1. Electromechanical Relays

The Reyrolle Protection 2TJM series are electromechanical relays.

There are a large number of electromechanical relays installed and there is still considerable demand for this type of relay - the relay has the advantage of simple construction and does not require an auxiliary supply.

The relay is effectively an induction disc motor, the rotor is a copper or aluminium disc mounted on a spindle. The disc is acted upon by two, out of phase, fluxes which produce torque (rotational force), these fluxes are produced by two electromagnets, see fig. 13.1. The current in the lower electromagnet is induced by transformer action from the upper winding and sufficient displacement between the two fluxes results. An aluminium disc is preferred to copper as it is lighter, has lower inertia and therefore minimises overshoot. A contact assembly is operated at the end of the disc travel.

IEC255 (BS142) includes reference to the requirements for both d.t.l. and i.d.m.t.l. type relays and establishes parameters to which they must comply e.g. pick-up, reset, maximum error etc.

13.2. Static Relays

This is the generic name commonly used to describe an electronic equivalent to the electro-mechanical relay employing analogue measurement of the input current.

13.3. Digital Relays

Reyrolle Protection type 2DCC

Digital relays include analogue to digital converters, operation is dependent on a software algorithm.

The digital overcurrent relay allows the full range of overcurrent characteristics to be included in a single device

13.4. Numeric Relays

Reyrolle Protection type Argus

As with digital relays numerical relays include analogue to digital converters. A relay is classed as numeric if it incorporates data recording and data communications facilities.

Numeric relays generally also include additional functionality alongwith digital inputs.

The setting and configuration of a numeric relay is achieved using the Man Machine Interface (MMI) on the relay facia. The MMI includes pushbuttons and an LCD display.

13.5. Comparison of Protection Performance

The development from electro-mechanical through the static, digital and numeric ranges generally has resulted in increased features being available for the same or similar cost.

The general protection performance requirements have not changed significantly (e.g. for pick-up/reset, errors etc.) however an electro-mechanical relay inherently performs differently than the others. The performance difference has to be taken into account when establishing settings which grade in a co-ordinated manner, particularly regarding the pick-up and reset characteristics.
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