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1.
PURPOSE AND OBJECTIVES

The role of protection and its associated circuit breaker is to detect, locate and isolate the faulty component of a power system.  The protection will, if correctly applied, limit damage to the system, reduce the I2t heating effects of the fault current in the healthy components of the network, and will maintain supply to healthy zones.  To achieve these aims the protection must be:-

a) Selective – only the minimum amount of plant must be disconnected under fault conditions.

b) Sensitive – the protection must detect low level faults.

c) Have suitable operating times.  Protection may be deliberately time delayed for grading – but unit protection (ie protection which is restricted to a specific zone) should be as fast as possible.

These three attributes – selectively, sensitivity and speed are often contradictory, for instance one can achieve very high speed operation if the selectivity is jeopardised, which can be disastrous.  It is just as important for a unit protection to be stable and not mal-operate on through fault as it is to operate for internal faults.

An example of a protection system for an industrial network is shown in Figure 1.1 and employs both current/time graded schemes and unit differential schemes.

Figures 1.2 and 1.3 show the basics of unit differential protection and current/time graded protection systems.

The relays which are employed for accurate measurement and a high degree of integrity, are expensive devices and represent a significant “insurance” premium against a faulty condition.  It is important that the relays are applied correctly or they may at the best cause nuisance tripping, and at the worst fail to detect a fault condition.

The protection equipment provided forms an insurance which hopefully, for the life of the plant, is passive and may never be called on to operate for a very long time, if at all.

Not only is it important to ensure correct design of system and choice of relays, but also to ensure the system is correctly installed and is in working order.  Effective commissioning and routine maintenance therefore also play a major role in protecting a power system.

The importance of effective power system electrical protection is well understood.  Proper detection and isolation of faulty circuits can prevent extensive loss of production at an industrial plant.  If not properly designed, set-up and commissioned, a protective system could result in plant shut-downs due to nuisance tripping and/or allow extensive damage to electrical plant, resulting in major plant outages and long term loss of production.  It is therefore essential that proper attention be given to the four major areas concerned with ensuring effective installed protection is provided.

These are:-

a) Design requirements and relay selection

b) The method of earthing the power system

c) Relay application (c.t’s, connections, settings etc)

d) Commissioning procedures

2.

Protection System Design and Application

The main objectives of the protection system design can be summarised as follows:-

a) Short circuits and any other power supply abnormality which can jeopardise continued operation of the network or industrial plant can be detected quickly and accurately for all plant operating conditions, eg the relay is sensitive enough to operate even with minimum fault infeed.

b) Wherever possible any major fault should have a main and back-up protection, eg if one relay or circuit breaker fails to operate and clear the fault, a second relay/circuit breaker protection system should be sufficiently sensitive to allow detection and isolation.

c) The relays should be chosen and set to ensure only the faulty item of plant is isolated.

d) Relays should be stable for any transient condition, eg transformer switch-on, motor starting, faults fed through a protected zone, etc.

Power system protection design can be described as an art form, the decisions on what relays to employ may not always be the same for any particular type of electrical plant.  Many considerations must be made, some of the major ones being:-

· Plant operating conditions

· Cost of plant

· Cost of protection

· Effect of long term outages

· Probability of a fault

· Effect of severe abnormal voltage and current on healthy plant

Relays are chosen for a specific duty after consideration of their performance characteristic, eg definite time; inverse definite time; instantaneous, etc.

Power system protection design is assessed by its quality, and quality involves:-

· Speed

· Discrimination or Selectivity

· Sensitivity

· Stability

· Dependability

· Main and back-up protection

· Co-ordination with plant withstand

A major factor in design is cost – quality and cost are directly related.  If a high degree of quality is required it costs more.

The successful design of protection involves achieving an acceptable compromise between quality and an economic cost.

At the beginning of a project it is essential to carry out a “Protection Pre-Study” the main object of this being to establish the type of protection required in each electrical circuit.

A pre-study will include a review of the:-

· Electrical plant to be protected

· Power system operating modes, load flows, healthy transients, etc

· Power system network earthing

· Maximum and minimum fault current at each point on the network

· Optimum protection systems

· Relays required to meet the design proposal

· Worst case for grading time/current protection relays

· Current transformer and voltage transformer requirements

The pre-study should be documented in a formal report and then form part of a Protection Report on completion of the project.  This report forms the evidence of:-

· The design established via the pre-study

· Final design data for the plant being protected

· A summary of all calculations carried out to establish protection systems/relays settings

· Protection one line diagrams

· Protection grading curves

· Relay setting schedules

· Commissioning documentation for reference during future maintenance programmes

This routine is advisable even for a small extension to a h.v. switchboard because of the need to establish the affect of the extension on the existing protection system, at the source of supply.

System or Network earthing must be given special consideration, particularly if the method employed is not solid connection to earth of the neutral point of the 3-phase system.  Impedance earthing (eg by resistance or reactance) limits earth fault current, and therefore the protection systems must be designed to have an appropriate sensitivity.

Protection relays must be applied correctly in order to achieve the design levels expected.  The performance of current transformers (c.t’s) and correct selection of wiring (to avoid excessive burden) are two very important application points.  Wiring connections and, in the case of numeric relays, the programming of the relays are other areas where application must be carefully considered.

By carrying out appropriate commissioning procedures the application and selection of relay settings can be proved.  These test procedures include overall system checks by employing primary injection routines, and relay performance tests by secondary injection.

3.
FAULT TYPES AND CONSEQUENCES

Power system protection devices are available to detect any system or plant abnormality which is likely to affect the satisfactory performance of the network or connected plant, or to put at risk danger to plant or personnel.

Power system abnormalities include thermal overload, open circuits, short circuits, and items specific to the type of plant such as loss of excitation on a synchronous generator.

The principal types of fault i.e. short circuits, are:

· Three-phase (with or without earth connection)

· Phase-phase (i.e. two-phase fault)

· Phase-earth

· Phase-phase-earth

In most cases these fault types result in a large fault current magnitude, which not only causes significant damage at the point of fault but also may damage healthy parts of the power network because of the heating effect of a high value of current if not disconnected quickly.

Earth fault current may be limited due to the method of earthing the network, and in these circumstances earth fault protection design must be compatible to ensure appropriate sensitivity.

Short circuits within an item of plant, e.g. a motor, generator or transformer winding, may also be restricted if it occurs between two parts or the internal winding.

Broken overhead line conditions or failed cable joints will result in unbalanced load current (which can be damaging to rotating plant), or may result in very low magnitudes of earth fault current where an overhead line conductor is lying on the ground.

Protection systems are designed to ensure that all fault types likely to occur can be detected.  An important component in ensuring this is the current transformer, which measures the fault current and transforms it into a signal with magnitude appropriate to the protection system connected to it.  More information is given in the following.

4.
POWER NETWORKS

Power networks comprise four main areas:

· Generation

· Transmission

· Distribution

· Utilisation

Generation

Generation of electrical power is provided at bulk supply points, including step-up transformers to transmission voltages, or embedded close to the utilisation point, in smaller units.  The protection needs may be different depending on the primary circuit configuration and the generating unit ratings.  Figure 4.1 shows typical arrangements.

Transmission

Transmission of electrical power, over long distances, connecting bulk generation to remote distribution and utilisation networks, is invariably carried out with overhead conductors supported from insulators hung from steel towers or wooden poles.

The protection required for these circuits is principally short circuit.  Because the conductors are exposed to the weather, a large proportion of total network faults occur on overhead line transmission circuits.

Substations are provided to interconnect remote parts of the overall network.  Switchgear required for these substations is relatively expensive because of the high voltages and high short circuit current.  Substations are designed to provide a high degree of security and reliability (because of the importance of their position in a network) but at the same time keeping the primary plant to optimum level.  Substation configurations have been developed to meet these requirements and typical designs are shown in Figure 4.2.

The substation design has a major impact on the protection system design.

Distribution

Distribution of electrical power, locally in rural and urban areas or industrial plant, is carried out by employing cables or, in the case of rural supplies, often by overhead conductors.

Again, the protection required for these circuits is principally short circuit.

Distribution networks include step-down transformers for which special considerations for protection are required.

Distribution network design varies considerably and some typical arrangements are shown in Figure 4.3.

Utilisation

We are referring primarily to industrial utilisation networks, a typical example being as shown in Figure 4.4.  This shows typical switchboard configurations and control equipment for motor circuits.

5.
CURRENT TRANSFORMERS FOR PROTECTION

5.1
General

Current transformers are employed to isolate protection relays from a high voltage network and also to reduce the relay energising quantity to a low value, one which is proportional to the primary circuit current.

5.2
Current Ratings

Manufacturers of protection relays and c.t’s have standardised on two secondary current ratings, a 1 amp and a 5 amp.  Other ratings are sometimes supplied for special purposes (eg 2 amp).

Primary ratings are also standardised, eg 200, 600, 1200 amps, however there is no reason why the c.t. manufacturer cannot provide any specific primary rating that might be required.

The ratio, eg primary/secondary, can be any practical value, eg 200/1A or 300/5A.

There are ratio’s which provide the optimum turns ratio for a practical design of c.t.  A 30/5A would not be an optimum ratio indeed it may be impossible to manufacture a c.t. with this ratio and at the same time meet a typical accuracy specification, because of having too few turns on the secondary.

Conversely a 3000/1A may be impractical because of too many turns making the c.t. too large for the space available.

Having the choice to supply either 1A or 5A rated secondaries provides the c.t. supplier with more opportunity to meet the accuracy specification.

By limiting the standard relay ratings to 1A and 5A, this enables the relay supplier to limit the number of variants.  Most modern relays (eg numeric type) have both 1A and 5A inputs on the same relay.

Current transformer primary ratings must be chosen to be capable of carrying the maximum full load current of the circuit.  Preferably they should be rated in excess of the circuit rating.  When employed to energise a modern numeric relay, the relay setting ranges are very wide and allow appropriate settings to be established even if the c.t. primary rating is more than twice the circuit rating.

5.3
Bar and Wound Primary Type

In distribution switchgear, low primary ratings allow wound primary c.t’s to be employed, an advantage for low ratio’s because it allows more turns on the secondary.

Most c.t’s however are bar primary type, with a ring core on which the secondary turns are wound.  Figure 5.1 shows typical winding arrangements.

The primary winding is connected in series with the supply’s load and must present a negligible impedance to the supply if it is not going to affect it.  It will also pass the full load current and any fault current, and therefore must be capable of withstanding the dynamic stress produced by the fault current and also the heating effect (e.g. I2t).  Because of these requirements, a wound primary c.t. must have very few primary turns of heavy conductor.

A single turn (i.e. bar primary) does not suffer any dynamic stress and in addition has an inherantly low leakage reactance compared to a wound primary c.t.

A bar primary c.t. is therefore normally more robust (i.e. short circuit withstand) and more accurate (less excitation current due to low leakage reactance).

5.4
Principles of Operation

The magnetic core produces a flux proportional to the current in the primary winding and induces the appropriate “volts per secondary turn” needed to circulate the secondary current in the relationship of:-

Ip Np = Is Ns

Ip & Is = Primary and secondary current

Np & Ns = Primary and secondary turns

For bar primary c.t’s Np = 1

Figure 5.2 shows the circuit arrangement.

The c.t. absorbs a magnetising current proportional to the leakage reactance and to the voltage needed in the secondary windings to drive the secondary current through the load, eg a protection relay and the c.t. wiring burden.

A larger burden connected to the c.t. requires a larger voltage to drive the proportional current and results in a larger magnetising current and larger error.

The magnetising current is a measure of the error between primary and secondary currents.

Figure 5.3 shows a typical magnetising curve for a c.t., with secondary voltage plotted against excitation current.  Vk marked on the curve is a key point that marks the position where the c.t. core is going into saturation.

5.5
Classification and Accuracy

A protection class of c.t. is specified with the following parameters:-

· Primary and secondary ratings (Amps)

· Ratio, either current or turns ratio (they are not always exactly the same)

· Short circuit withstand time, (Bar primary c.t. designs have the same as the switchgear but wound primary usually have less, eg 3.0 sec for the switchgear and 1.0 sec for a wound primary c.t)

· Accuracy class, eg 5P15 or class X to BS3938 & 7626

· Rated burden at rated current, eg 10VA (class P only)

The reference 5P indicates that the c.t. has a 5% composite error and is employed for protection  A ‘P’ class c.t. has an overcurrent factor up to which it will remain within the specified accuracy, with the rated burden connected.  The specified overcurrent factor, or accuracy limit value, in this example is 15x rated current.

Provided the c.t. meets the above criterion for rating and accuracy class, c.t. suppliers may establish their own design.  C.t. secondary resistances vary considerably from one supplier to another, also the magnetising current magnitude.

For class X c.t’s, the design is more rigidly specified, eg:-

· Turns ratio

· Primary rating

· Minimum Vk

· Maximum secondary resistance

· Maximum I (magnetising).  [Usually specified at a point on the linear part of the curve, eg 0.5Vk]

In an instrument c.t., accuracy in the range of 10 to 120% is important, whereas for protection it is important to know the accuracy up to the maximum design value, e.g. 10.15 or 20 times the rated current.

Protection class c.t. errors are specified by the following:

· Current Error  The difference between the specified ratio and the measured ratio.

· Composite Error   The r.m.s. value of the difference between the secondary current of the theoretically ideal c.t. and that of the actual secondary current.

· Phase Error   The phase of the secondary current from the ideal.

C.T. errors can be reduced by employing turns ratio compensation, i.e. reducing the secondary turns by a few turns in order to increase the secondary current to compensate for the error resulting from magnetising current losses.  This is not allowed in class X c.t’s to BS3938/7626.  This class of c.t. is normally employed for unit differential protection where high values of through fault current passing through two or more sets of c.t’s is being compared.  These c.t’s have a high accuracy specification without turns ratio compensation.

Rated burden of a ‘P’ class c.t., in VA, is the maximum load that can be connected to the c.t. secondary and still maintain the specified accuracy up to the accuracy limit current.  The burden is specified at rated current, however when checking that the equipment connected to the c.t. secondary does not exceed this value the burdens of each device (relay) must be converted to the c.t. secondary rated current if specified at a different value.  [Note:  Older designs of electro-mechanical relays often have their burden specified at current setting not the c.t./relay input rated current.]

If a ‘P’ class c.t. is loaded with a burden less than the rated value it will be capable of operating within its specified accuracy at higher levels of overcurrent than the factor specified.  This can be calculated if necessary.

5.6
Effect of Short Circuit and D.C. Transient
C.T’s must be capable of withstanding the effect of high magnitude short circuit currents passing through them until the fault current is switched off by the circuit protection initiating the source circuit breaker(s).  The stresses imposed are both mechancial and thermal.  The maximum mechanical stress results from the initial peak current and the thermal stress results from the r.m.s. current flowing for the maximum withstand time, e.g. when specified equal to the circuit breaker withstand may be 3.0 seconds, allowing for time delayed back-up protection and safety factors.

The initial fault current will normally include a d.c. component in the primary current as shown in Figure 5.4.

The d.c. component is caused by the asymmetry of the current waveform and the amount of asymmetry and its duration (or time constant) is determined by the point on the voltage wave when the fault is initiated and also the reactance/ resistance ratio of the fault source impedance (X/R ratio).

The d.c. component of the fault current will cause an increase in magnetising current on the positive wave of Figure 5.4, which could result in saturation of the c.t. core if the core cross – sectional area was not sufficient.  This affects the performance, i.e. output accuracy, and although may not always be detrimental to the protection employed, for some protection schemes the effect of the X/R and d.c. transient must be taken into account when specifying the c.t. design.

5.7 Core Balance C.T’s
This type of c.t. has one ring core surrounding all three phase conductors.  Flux produced by the phase currents will balance to zero, provided there is no zero sequence (earth fault) current.  This type of c.t. is very useful for detecting very low values of earth fault current.  The ratio does not have to relate to the rating of the circuit phase conductors and can therefore be chosen much lower.  A 2000 amp circuit may be supplied with a core balance c.t. of 100/1 amp, i.e. 1/20 of the circuit rating.  Earth fault sensitivity is then based on 100 amp and not 2000 amp.

Figure 5.5 shows a core balance c.t. application.

5.8
Interposing and Summation Current Transformers

(a) Sometimes in a protection scheme it is necessary to provide an interposing c.t. in order to match a secondary current rating of two c.t’s or of a main c.t. secondary to a relay.

Figure 5.6(a) shows an example.

This example shows an interposing c.t. being employed to match a main c.t. secondary rating of 5 amp with a relay rating of 1 amp.  The overall ratio from primary current to relay current employing a 1000/5 amp main c.t. and 5/1 amp interposing c.t. is 1000/1 amp.

An important point to note is that the interposing c.t. secondary burden is reflected onto the primary side in inverse proportion to the turns ratio.  In this example e.g. 5/1 amp the turns ratio is 1/5, and the secondary burden, lumped as one value of 4 ohm resistive, is reflected as:-


 4  = 0.16 ohm
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Employing the 1 amp relay and 5/1 amp interposing c.t. reduces the effective burden of the secondary load on the main c.t.  However there is the additional burden of the interposing c.t. windings to consider.  The primary windings being a directly connected resistive impedance and the secondary winding being a reflected resistive impedance.

(b) Another use for c.t’s is to summate more than one circuit.  Two examples are given in Figure 5.6(b).   One shows a summation of two separate circuits on the same phase and is employed where a protection relay is monitoring two separate circuits.

The summation c.t’s add vectorially the two circuit currents.  Having a ratio of 5+5/5 amp means that the relay rating can be the same as the two main c.t. ratings.  To obtain 5 amp output it requires 5 amp input to each primary.  With only one circuit connected and with a 5 amp input there will be only 2.5 amps output.

If the summation c.t. of the type shown was not employed and the two 600/5 amp c.t. secondaries were connected in parallel, the total output would be 10 amp at full rated primary current of each circuit and a 10 amp rated relay would be required.

The other example is where a 3-phase circuit is summated to give a single phase output.  This is employed in some unit differential schemes where a current proportional to the 3-phase current at one end of the circuit is compared with a 3-phase current at the other.  

The output is the vectorial sum of the three phase inputs and taking account of the different ampere turns for each phase.

6.
VOLTAGE TRANSFORMERS

Voltage transformers (v.t’s) although not employed as much as c.t’s in protection circuits of industrial networks, they are needed for polarising directional relays and for detecting system abnormalities such as voltage, frequency and power fluctuations.

They act in a similar manner to c.t’s and provide isolation from the h.v. connections and provide a small quantity of secondary volts which is proportional to the primary voltage.

Classifications are not as complex or varied as for c.t’s since there is no need to consider large multiples of the primary value.

V.t’s are used jointly for instrumentation, control and protection.  Separate v.t’s may be employed if high accuracy metering is required.

There are various forms of 3-phase v.t. connections, typically a 3-phase winding is supplied connected in star/star.  Alternatively, if the restriction of having no neutral star point can be tolerated, a Vee/Vee connection may be supplied.

At distribution voltage levels, v.t’s typically have wound primaries and are connected directly to the high voltage phase conductors.  Other types are available, eg primary windings connected to capacitor dividers, or optical transformers.

Where it is necessary to provide a polarising voltage for directional earth fault protection, to obtain this reference voltage (often called the zero sequence voltage) an additional secondary winding is required, connected in “open delta”.  This connection arrangement, along with other principal v.t. winding connections are shown in Figure 6.1.

In order to ensure that the open delta secondary can provide an accurate replica of the primary zero sequence voltage there are two things that must be addressed in the design of the v.t.  One is that the primary star winding must be earthed.  This has not always been a standard feature for v.t’s, and some manufacturers of v.t’s only provide a primary star-point earth for establishing a zero sequence voltage when required.  Secondly the v.t. should comprise of 3-single phase elements, otherwise the v.t. may not produce an accurate replica of the zero sequence voltage due to the high leakage reactance for a zero sequence flux.

7.
THERMAL OVERLOAD PROTECTION

Electrical plant such as motors, power transformers cables, switchgear etc, are designed to withstand the heating effect of the declared rated current for the specified conditions of that plant (eg based on a maximum ambient and with any declared ventilation or cooling parameters).

Thermal overload protection can be provided by measurement of the current and computing the heating or cooling that will take place if current varies with time (eg based on an I2t characteristic).  This is a simple and effective solution compared to providing actual temperature measurement.

Thermal overload protection is mandatory in many specifications for low voltage wiring, and fuses can provide this effectively.

Motors at all voltage levels are also provided with protection, usually in the form of relays for all major motors at low voltage (eg over 75kW) and for all motors at h.v.

Power transformers with high ratings (eg over 2MVA) or usually equipped with some form of temperature detection.  Often because the transformer is very dependent on the cooling system operating efficiently and not just that the load current is limited to the rated value.

In h.v. distribution power networks however it is not common practise to provide current operated thermal overload relays for every circuit.

The reasons for this include:-

· Design of the network and the thermal overload protection provided on low voltage circuits ensures that the source is automatically protected.

· Thermal overload protection relays have been relatively expensive and provision of these as a back-up to l.v. plant thermal protection could not be justified.

· Establishing settings which do not limit the full use of the network (eg under frequency or abnormal load conditions) is difficult.

In the future, modern numeric relays will be readily available and cost effective with thermal overload as part of the library of functions within the relay.

8. SHORT CIRCUIT PROTECTION – CURRENT/TIME GRADED 

SCHEMES

These schemes employ relays which are either definite time or the more commonly employed inverse time, where the operating time is faster as the current input to the relay is higher.

Figure 8.1 shows the two basic characteristics and also the standard curves established for the inverse time type.

Inverse relays have a minimum operating time and therefore the full description of such a relay is inverse, definite minimum time lag (i.d.m.t.l.).

Modern numeric relays incorporate all the i.d.m.t.l. standard curves as well as definite time and instantaneous (or high speed) characteristics.  The most appropriate current/time performance can be selected as necessary on one standard relay.

Figure 8.2 shows a radial distribution network application.

More information on the application of time/current graded schemes using the Argus range of relays is given later.

9.
DIRECTIONAL PROTECTION

Non-directional time/current relays have an identical characteristic no matter which way the current is flowing in the circuit.  For radial networks, where the current can only flow in one direction, from the source and towards the load, the non-directional relay is adequate for selectivity.  If the protection relay is employed as a back-up protection system to other selective schemes (eg unit protection), selectivity may not be considered as important.

If neither of these circumstances apply and selectivity is required, then directional protection must be considered.  Directional overcurrent protection can also be useful for limiting the current flowing through a particular feeder, eg a simple form of overload protection.

Directional relays require a polarising voltage reference in order to establish which way the current is flowing.

For directional overcurrent it is normal to employ the phase-phase voltage of two healthy phases to polarise the third (eg faulty) phase.  3-phase close up faults will result in there being no voltage available at the relay.  High-set overcurrent protection is employed for this condition.

Directional earth fault protection requires a zero sequence polarising reference, either from a v.t. or from a c.t. on the source supply neutral point to earth connection.

Figure 9.1 shows typical connections to the relay and Figure 9.2 the directional characteristics.

10.
UNIT PROTECTION

Unit protection systems have been developed, which in general terms can be described as a system which restricts its scope of fault coverage to a particular item of electrical plant.

Most unit protections take the form of a current differential scheme, current transformers being employed at each end of the circuit to enable the relay to establish any difference in current.  The difference current will establish if there is a fault in the protected zone.

Figure 10.1 shows examples of unit differential protections referred to earlier.

The three shown are:-

· Two winding power transformer biased differential (87T)

· Cable feeder circulating current differential (87F)

· Cable or overhead line pilot wire differential (87P)

Each system has characteristics specific to the application.

Transformer differential system designs have to take account of the different current magnitude on either side of the transformer, the possibility of a tap changer causing unbalance and also the switch-on magnetising current which is only seen by the primary circuit c.t’s and not the secondary.  This type of unit protection system includes a bias feature and uses harmonic content monitoring to recognise a switch-on and to block tripping until the inrush transient has decreased.  

Feeder circulating current does not need to be so complex.  The main problem here is that through fault current may be a very high multiple of the c.t. rating, and the performance of the c.t’s and relay need to ensure stability.  Also, for long cables at h.v. (eg 33kV) there may be a high capacitance current which could be measured by c.t’s at one end of the circuit and not by the other end.

Pilot wire protection is a system which generates a signal, usually a single phase voltage or current component of low magnitude, for comparison with the other end.  This enables long distances to be covered.

A special need of this protection is to be able to withstand high a.c. voltages which may be induced on the pilots due to the pilot being laid adjacent to overhead line or single phase cables.

11.
SYSTEM EARTHING AND THE EFFECTS ON EARTH FAULT 

PROTECTION
At low voltage (eg 415V) it is standard practise to solidly earth the system neutral, but for high voltage distribution networks, particularly for industrial plant power supplies, it is common practise to earth the network neutral through an impedance or to operate as an isolated earth network.

The purpose of this is to limit phase-earth fault current so that damage to the electrical plant is limited.

Statistics indicated that over 80% of short circuits occurring on h.v. networks start as a phase-earth short circuit.

High unbalanced current that would result if the neutral is solidly earthed can soon cause damage to healthy plant due to the mechanical stress resulting from the unbalanced electro-magnetic forces.  Generators, motors and transformers are particularly vulnerable.

Damage at the point of fault is significantly greater for solidly earthed systems compared to impedance earthed systems.

Impedance earthing (eg by a reactance or resistance) can be very effective in limiting disturbances to the network due to a short circuit, however the protection design must be co-ordinated with the maximum value of earth fault current that the earthing system has been designed to allow.

If the damaging effects of solid earthing can be tolerated, thus saving the expense of supplying the earthing equipment, sensitivity of earth fault protection is not usually an issue because of the high magnitude fault current.

Different methods of earthing distribution networks for industrial plant, are shown on Figure 11.1.

b.) Solid Earthing

Is effective in ensuring there is sufficient fault current for detection, even when the earth fault is on the windings of transformer or motors.

There is no equipment expense involved.


Fault damage is however greater than for impedance earthed systems.

b.) Resistance Earthed

A value is chosen to ensure that the worst case relay sensitivity will be better than 25% of the maximum current.

Typically a current rating approximately equal to the incoming transformer circuit is chosen, ie 400A, 800 A, 1200 A or 1600 amp are common standard values employed.

This amount of current would normally be sufficient to allow adequate relay sensitivity to earth faults on all cable feeders, motor or transformer feeders.

For some projects a lower value of current rating is considered more appropriate because of the safety aspects of arcing earth fault currents.  Coal mining projects and offshore oil and gas projects are two examples where the end users specify a low value of current limitation, eg 20 amps.

Such a low value does not allow more than two or three steps in the grading scheme, depending on the c.t. ratio employed.

In these circumstances, earth fault detection on feeder circuits would usually have to be achieved by employing a core balance c.t.

c.) Isolated Earth

With this system there is no direct connection from the system neutral to earth.  The network is “coupled” to earth via the relatively balanced capacitance of each phase to earth circuit.

If a short to earth occurs on one phase there is no significant fault current, only a residual, zero sequence capacitance current, resulting from the two healthy phases, the total of which summates to 3x the normal capacitance current per phase.

The advantage of this type of network earthing is that there is only a small current flowing at the point of fault.  The value depends on the amount of cabling in the network and usually the current is in the order of 2 to 5 amps.

If there is an insulation failure and a phase is shorted to earth, the healthy phase voltages rise by a factor of v3 above earth and the electrical plant needs to be designed to withstand this, especially if the philosophy adopted is to provide only an alarm and not to trip and isolate the faulty circuit.

12 PROTECTION SYMBOLS

Protection diagrams, and often relay specifications, employ symbols to represent a wide range of devices as well as relay functions.

Symbols for equipment such as circuit breakers, current transformers, relay contacts etc vary considerably between company, national and international standards.

However for relay functionality the ANSI standard reference C37.2-1470 is commonly employed.  A copy of Appendix II – Electrical Power System Device Numbers and Functions is attached herewith.

FUNDAMENTALS OF PROTECTION SYSTEM DESIGN AND APPLICATION








