                                              UNIT –IV
                  FEEDER AND BUSBAR PROTECTION

There are many systems of feeder protection and they are classified according to the type of relay used. The fundamental requirement is that a faulty feeder shall isolate from the rest of the system without any interruption of the current. This property is called discrimination. The various protection schemes as applied to feeder protection can be classified as follows:

· Time graded protection 

· Differential protection 

· Distance protection 

· Carrier current protection 

Time Graded Over Current Protection:

The conditions required for this protection are • Where time lag is permitted • Where instantaneous operation is not necessary. A few important applications are discussed below

(i) Radial Feeder Protection:

The characteristic features of radial system are that power can flow only in one direction from generator or supply end to load. This arrangement has the drawback that continuity of supply cannot be maintained at the receiving end in the event of occurrence of fault. In a radial system when numbers of feeders are connected in series is shown in fig.7.1. It is desired that the smallest possible part of the system should be off. This can be conveniently achieved by time graded protection. The settings of the relays on a number of series connected feeder circuit are so arranged that a time interval of not less than 0.4sec is obtained between relay panels. Relays located adjacent to the supply source are given a maximum time setting and those at the remote end of the feeder branch operate practically instantaneously. Standard relays have a definite minimum time range adjustable between 0 to 2 sec and with this range it is generally possible to secure selective operative of six relay points in series.
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Consider a scheme in the fig.7.1 in which a generating station (GS) supplies three transformer substations SS,, SS,, SS3 in series . If a fault occurs on the far side of SS3 it is obvious that only the over current relay D should operate and not any of the others and consequently the time taken to operate D should be less than of that of any of the others. Similarly the time taken should increase progressively as the generating station is approached and this is the principle of plain time grading. Here it is assumed that under remote end fault conditions all relays will be operating on the flat portion of their characteristic curve. For example under such conditions the operating time right varies from 0.4 sec for D to 1.6 sec for A.

(ii) Parallel feeder Protection:

The parallel feeder system is usually an extension to the radial system, when owing to increase in power demand, it is found necessary to supplement the supply of the major distributing substations by duplicate feeders or where at any particular point on the system it is considered necessary to provide an alternate supply source to maintain continuity of supply. When a fault occurs on any one feeder, say feeder-2, the current will be fed to the fault as shown in fig. 7.2 by the arrows.
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It is to be seen that as far as the relays near the source are concerned, the direction, where as the direction of the relay near the load end of the fault feeder is reversed. Therefore, for proper coordination the relays near the source end are non-directional relays whereas relays near the load end are directional relays. The direction of the current for which the directional relay will operate is indicated by the corresponding arrow heads. In this case as soon as fault takes place in feeder-2, the directional relay in feeder -1 corresponds to load current and after some time the non directional relay in feeder-2 will operate, thereby isolating feeder-2 from the source.

(iii) Protection of Ring mains:

The ring main system, which is extensively used in the modern distribution systems comprises simply of connecting a number of substations in series with the first and last having a feeder connected to the same power source. The advantage of this method is that fact alternative power supplies are available at each substation which gives a large measure of security in maintaining continuity of supply.
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A typical ring main system consisting of one generator (G) and four substations (SS1, SS2, SS3 and SS4) is shown in fig. 7.3. Since the power can flow in both directions in this arrangement, therefore, it is necessary to grade in both directions around the ring and also to use directional relays. In order to isolate only faulty section of the ring under faulty conditions, the types of relays and their time settings should be as under.
(i) The two lines leaving the generating station should be equipped with a non directional over current relays (relays at A to J)
(ii) At each sub-station, reverse power or directional relays should be placed in both incoming and outgoing lines (relays at B, C, D, E, F, G, H) 

(iii)There should be relative proper time setting of the relays. 

Suppose fault occurs at F as shown in fig.7.3 for ensuring the selectivity it is desired that the only circuit breakers at E and F should open to clear the fault where as other sections of the ring should be intact to maintain continuity of supply. The power will be fed to the fault via two routes viz (i) from G around SS, and SS, and (ii) from G around SS4 and SS3. It is evident that relays at A, B, C and D as well as J, I, H and G will not trip. Thus only relays at E and F will operate before any other relay operates because of their lower time setting.

4. 
4.4.4.1. 
OVER CURRENT PROTECTION SCHEMES:

For the protection of distribution lines over current protection scheme is generally used. A radial distribution feeder is sectionalized and two or more over current relays are employed. One relay in each section for the protection as shown in fig.7.4. if a fault occurs beyond point `R', the CB at point R should strip. The CB at points P and Q should not trip for normal operation is concerned. If the relay at point R fails to operate, the CB at point Q should trip as a back-up protection. Similarly, if a fault occurs in between Q and R the CB at point Q should trip, the CB at point 'P' should not trip. But in the case of failure of relay at point Q, the CB at point P should trip. For proper selectivity of the relays, depending on the system conditions, any one of the following schemes may be used. (i)Time-graded system (ii)Current-graded system (iii)A combination of time and current graded system

Time-Graded System:

Definite time over current relay is employed in this scheme. For a fault current definite time over current relay operates. Starts a timing unit which trips the CB after a preset time, which is independent of the fault current. The relays operating time is adjusted in increasing order from the tail end of the feeder, as shown in fig. 7.4.
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The protection is provided at the sending end of each substation P,Q,R which are indicated by the vertical lines and the crosses represents the location of relays. When a fault occurs beyond 'R.' the CB at `R' operates first, since relay at R comes into action as fault current flows through it and the protection at point Q and P acts as a back up protection i.e., if the relay or CB at R fails then the relay, at Q will operate and CB at Q will trip. Therefore, it can be observed that if a fault occurs then the relay nearer to that fault with operate first then any other relay.

The time of operation of the relays various locations is so adjusted that the relay farthest from the source will have minimum time of operation and as it approaches towards the source the operating time increases. This is the main drawback of grading the relays in this way because it is required that the more severe a fault is, lesser should be the operating time of the relays where as in this scheme the operating time increases. This system of protection is suitable for a system whose impedance between the substations is low. It means that the fault current is generally the same if a fault occurs on any section of the feeder.

Current-Graded System:

This type of grading is done on a system where the fault current varies appreciably with the location of fault. This means as we go towards the source the fault current increases. With this lf the relays are set to pick at a progressively higher current towards the source. then the draw back of the long time delay that occurs in case of time graded systems can be partially overcome. This is known as current grading. For the protecting of different sections of the feeder, the operating time of the relays is kept same as shown in fig.7.5
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If fault in between Q and R, the relay at Q should trip. But it shout not operate for faults beyond point R. Similarly, the relays at point P should trip for fault between points P and Q. The relay at R should trip for faults beyond R. This operation is not achieved due to the following reasons.

· The fault current magnitude cannot be accurately calculated as the parameters of the circuit may, not be known. 

· During a fault, there is a transient condition and the performance of the relays is not accurate. 

This scheme cannot protect the entire feeder, this system is not used alone. It may be used in conjunction with IDMT relays, as shown in fig. The performance of instantaneous relays is affected by the DC component of transients. The error introduced by the DC offset component causes the relay of over reach. The performance of instantaneous relays is affected by the DC component of transients. The error introduced by the DC off set component causes the relay to overreach. Higher the X/R ratio of the system, greater is the problem, A DC filter is used to overcome this problem.
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In the USA an instantaneous relay, employing induction Cup type construction is used for this purpose as it is less sensitive to the D.0 offset component. This arrangement also provides a high reset to pick-up ratio, more than 90%. The current-graded scheme is used where the impedance between substations is sufficient to create a margin of difference in fault currents. For such a system Zs is smaller compared to Zi. The advantage of this system as compared to the graded scheme is that the operating time is less near the power source.

4. 
4.4.4.1. 
4.4.4.2. 
CARRIER CURRENT PROTECTION OF TRANSMISSION LINE:

On long lines carrier pilot relaying is cheaper and more reliable than pilot wire relaying even though the terminal equipment is more expensive and more complicated than that required for use with pilot relays. The essential difference between this scheme and voltage balance pilot wire systems is that in the former, only the phase angles of thecurrent at the two ends of the feeder are compared instead of actual currents used in the latter case. This phase angle decides whether the fault is internal or external.

Principle of operation:

Fig. 7.10 shows the various equipments required for the carrier protection. Line traps are parallel resonant circuits having negligible impedance to power frequency currents, but very high impedance to carrier frequency currents. These traps are used to confine the carrier currents to the protected section so as to avoid interference with or from other adjacent carrier current channels. Coupling capacitor is used for injection into and receipt of carrier signals from the line. These capacitors are tuned to the signal frequency by means of series connected inductors. The other major items of equipments are the high frequency generator and receiver unity's and the fault detecting and direction comparison relays. It is also necessary to protect the equipment form high voltage surges on the line. This includes drainage resistors which offer a low resistance path to earth for high voltage surges. The carrier frequency range is from 30kHz to 500kHz at power of about 100W. There are different methods of carrier current protection and basic forms of carrier protection are (i) phase comparison protection and (ii) Directional comparison protection
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Carrier phase comparing Relaying:

Fig.7.11 shows the principle elements of equipment at both ends of a transmission line using carrier pilot. The transmission line CT's feed a network that transforms the CT output currents into a signal phase sinusoidal output voltage, the voltage is applied to a carrier current transmitter and to a comparer. The comparer control the operation of an auxiliary relay for the tripping of the transmission line circuit breaker. These elements provide means for transmitting and receiving carrier current signals for comparing at each end the relative phase relations of the transmission line control at both ends of the line. The line CT's are so connected that their secondary currents are 180degrees out of phase \N hen normal current is flowing in the feeder. For an external fault at D in fig.7.12, the directions of current flow are 180 degrees out of phase as for normal operation.
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Since an AC voltage is used to control the transmitter, carrier current is transmitted only during the half cycles of the voltage when the polarity is positive. The carrier current signals transmitted from A and B are displaced in time so that there is always a carrier current signal from one end or the other. There is no operation of the relay.
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For internal fault at C, currents are fed from both ends, the phase between the secondary currents is zero and a tripping signal is transmitted. Phase comparison relay acts to block tripping at both terminals wherever the carrier current signals are displaced in time to that there is little or no time interval when a signal is riot being transmitted from one end or the other. When the carrier current signals are in phase, tripping will occur whenever there is sufficient short circuit current flowing. Fig. 7.13 explains the operation of carrier phase protection.
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Advantages:
• Fast, simultaneous operation of circuit breakers at both ends 
• Fast clearing prevents shocks to systems 
• For simultaneous faults, carrier-current protection provides easy discrimination

4. 
4.4.4.1. 
4.4.4.2. 
4.4.4.3. 
Three zone distance relay protection:
Basically, a large range of distance protection schemes is possible, which differ in speed of operation, characteristic of measuring unit and the type of fault covered.
Both the time, graded and pilot wire, systems are not suitable for the protection of very long high voltage transmission lines. Because of disadvantages of giving an unduly long time delay in fault clearance at the generating station end when there are more than four or five sections and high cost of pilot wire system, the relays using distance protection were developed, in which the action of the relay depends upon the distance (or impedance) between the points without using pilot wires. In this type of relays, instantaneous protection for complete length of the line is obtained.
Operation:
Consider fig.7.14 which consists of two line sections i.e., AB and CD, it is desired to provide distance protection scheme. The protection scheme is divided into three zones. Let us assume thethree-zones are Z1a, Z2a and Z3a for relay at bus A.
First Zone:
First zone Z1a corresponds to approximately 80% 1ength of the line AB. It is a high speed is used for the primary protection of the protected line. It is to be noted here that the first zone is extended only up to 80% and not 100% length of the line-as the relay impedance measurement will not be very accurate towards the end of the lineespecially "when the current is offset. If the relay operates for a faultbeyond the-protected line, this phenomenon is called "over reach". Overreach may occur due to transient during the fault condition.
Second Zone:
Second zone Z2a for relay at A covers the remaining 20% length of the line AB and 20% of adjoining line. In case of a fault in this section relay at A will operate when the time elapsed corresponds to the ordinate Z2a. The main idea of thesecond zone is to provide protectionfor the remaining 20% section of the line AB. in case of an arcing fault in section AB which adds to the impedance of the line as seen by the relay at A, the adjustment is such that the relay at A will see & that impedance is second zone and will operate. This is why the second zone is extended into the adjoining line. The second zone unit operates after a certain time delay. Its operating time is usually0.2secto 0.5sec.
Third zone:
The third zone unit at A provides back up protection for faults in the line CD, i.e., if there is a fault in the line CD and if some reason the relay at C fails to operate then relay at A will provide backup protection. The time delay for the third zone is usually 0.4sec to 1sec.
In case the feeder is being fed from both the ends and let the fault takes place in the 2ndzone of line AB(20% of the line AB), the relay at B will operate instantaneously where as the fault lies in the second zone of the relay at A. This is undesirable from stability point of view and it is desirable to avoid this delay. This is made possible when the relayat B gives an interruption signal at A in order to tripthe breaker quickly rather than waiting for zone 2 tripping.
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4. 
4.4.4.1. 
4.4.4.2. 
4.4.4.3. 
4.4.4.4. 

Distance relay using impedance relays:
An impedance relay measures the impedance of the line at the relay location. When a fault occurs on the protected line section, the measured impedance is the impedance of the line section between the relay location and the point of fault. It isproportional to the length of the line. As such an impedance relay has no directional feature and will operate irrespective of the direction of the current. Fig. 7.15 shows the characteristics for a 3-zone impedance relay with directional unit D. It is usual to make maximum torque angle φ smaller than line impedance angle θ. Thisis done in order to reduce the effect of arc resistance on the reach of the relay.
The zone 3 element Z3 controls the operation of the timer and thus is the starting unit, the contact circuit is shown in fig.7.16. The zone1 element operates without any intentional time delay, but still it has some finite time of operates t1, where as Z2 and Z3 operate with a time delay of t2, and t3 respectively.
Let fault is in zone-1, all the three units will start but since the operating time of unit 1 is smallest, this will operate and the faulty section will be isolated from the source. In case the fault is in second zone, the units Z2 and Z3 will start but unit Z2 will operate in time r2 and isolate the faulty section from the source.
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4. 
4.4.4.1. 
4.4.4.2. 
4.4.4.3. 
4.4.4.4. 
4.4.4.5. 
Translay Scheme :

The translay relay is another type of differential relay. The arrangement is similar to overcurrent relay but the secondary winding is not closed on itself. Additionally copper ring or copper shading bands are provided on the central limb as shown in the figure below.

In this scheme, two such relays are employed at the two ends of feeder as shown in the figure below.
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The secondaries of the two relays are connected to each other using pilot wires. The connection is such that the voltages induced in the two secondaries oppose each other. The copper coils are used to compensate the effect of pilot wire capacitance currents and unbalance between two currents transformers.

Under normal operating conditions, the current at the two ends of the feeder is same. The primaries of the two relays carry the same currents inducing the same voltage in the secondaries. As these two voltages are in opposition, no current flows through the two secondaries circuits and no torque is exerted on the discs of both the relays. When the fault occurs, the currents at the two ends of the feeder are different. Hence unequal voltages are induced in the secondaries. Hence the circulating current flows in the secondary circuit causing torque to be exerted on the disc of each relay. But as the secondaries are in opposition, hence torque in one relay operates so as to close the trip circuit while in other relay the torque restricts the operation. Care must be taken so that, at least one relay operates under the fault condition. Role of copper ring: Mainly relays may operate because of unbalance in the current transformers. The copper rings are so adjusted that the torque due to current induced in the copper ring due to primary winding of relay is restraining and do not allow the disc to rotate. It is adjusted just to neutralize the effect of unbalance existing between the current transformers. The copper rings also neutralize the effect of pilot capacitive currents. Though the feeder current is same at two ends, a capacitive current may flow in the pilots. This current leads the secondary voltage by 90o. The copper rings are adjusted such that no torque is exerted on the disc, due to such capacitive pilot currents. Therefore in this scheme the demerits of pilot relaying scheme is somewhat taken care of.

The advantages of this scheme are,

1. Only two pilot wires are required. 

2. The cost is very low. 

3. The current transformers with normal design can be employed. 

4. The capacitive effects of pilot wire currents do not affect the operation of the relays. 


4. 
4.4.4.1. 
4.4.4.2. 
4.4.4.3. 
4.4.4.4. 
4.4.4.5. 
4.4.4.6. 

Protection of Bus Bars:

The majority of the faults are single-phase in nature and are, in part, temporary in character. So, the bus bars are mostly designed to be protected against these faults. In the event of fault on any section of the bus bar all the circuit equipments connected to that section must be tripped out to give complete isolation in shortest possible time so that damage is avoided to the installation due to heating of conductors. Internal bus faults are less frequent than line faults. A bus fault tends to be appreciably more severe, both with respect to the safety to personal system stability and the damage. A major system shutdown may he caused in the absence of bus protection.

The standard of construction for bus bars has been very high, with the result that bus fault are extremely rare. However, the possibility of damage and service interruption from even a rear bus fault is so greater that more attention is now given to this form of protection. Improved relaying methods have been developed, reducing the possibility of incorrect operation. The most commonly used schemes for bus bar protection are
· Differential protection 
· Differential Over-Current Protection 
· Frame leakage protection or Fault bus protection 
· Circulating current protection 
4. 
4.4.4.1. 
4.4.4.2. 
4.4.4.3. 
4.4.4.4. 
4.4.4.5. 
4.4.4.6. 
4.4.4.7. 
Differential protection:

Differential protection of bus bar is extensively employed in modem power station or substations. In differential protection system the currents entering and leaving the bus bar are totalized. During normal operating or external fault conditions, the sum of these currents is zero. When the fault occurs, the fault currents upset the balance and develops a differential current which operates the relay. The schematic arrangement of this protection to station bus bar is shown in fig. The secondaries of CTs in the generator load in line -1 and line-2 are connected in parallel. The protective relay is connected across this parallel connection. Regardless of the capacities of the various circuits, all CT's must be of the same ratio in the scheme. When fault occurs within the protected zone, the currents entering the bus will no longer be equal to those leaving it. The difference of these currents will flow through the relay and cause opening of generator circuit breaker and each of the line circuit breaker. [image: ]
Limitations:

(i) The circuit is complicated due to sectionalizing 

(ii) Due to large load variation setting of relays require a change 

(iii) Under external fault condition there might he a mal-operation, this is due to the saturation of one of the CT due to DC components in fault current 


(iv)Under external fault conditions differential (spill) current is caused due to the left over magnetism is cores of the CT's and also the difference in the primary current of the CT's will cause a differential current.

To overcome the problem of C.T saturation and to improve the stability without intentional time delay, the following protection schemes have been developed.

(i) Biased differential bus zone protection 

(ii) High impedance bus zone protection 

(iii) High impedance voltage differential bus zone protection. 



















                                                           UNIT-V
                                            STATIC AND DIGITAL RELAYS


Essential components of static relays:

The essential components of static relays are shown in the figure here the relaying quantity i.e., the output of act or pt of a transducer is rectified by a rectifier. The rectified circuit is supplied to a measuring unit comprising of comparators, level detectors, filters, logic circuits .The output is actuated when the dynamic input (i.e the relaying quantity) attains the threshold value .This output of measuring unit is amplified by amplifier and fed to the output device, which is usually an electro-magnetic one .The output energizes the trip coil only when relay operates.
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In a static relay the measurement is carried out by static circuits consisting of comparators, level detectors, filters etc., while in a conventional electromagnetic relay it is done by comparing operating torque or restraining torque. In individual relays there is a wide variation. The relaying quantity such as voltage/current is rectified and measured. When the quantity under measurement attains certain well defined value, the output device is triggered and thereby the circuit breaker trip circuit is energized.

Static relays can be arranged to respond electrical inputs. The other type of inputs such as heat, light, magnetic field, travelling waves etc, can be suitably converted into equivalent analogue or digital signals and then supplied to the static relays. A multi input static relay can accept several inputs. The logic circuit in the multi input digital static relay can determine conditions for relay response and sequence of events in the response.

Comparison of static and Electro-magnetic Relays:

The conventional electro-magnetic relays are robust and quite reliable ., but are required to operate under different forces under fault conditions. This lead to delicate setting small contact gaps , special bearing systems , special clutch assemblies and several measuring problems. These require instrument transformers (CTs and PTs) with high burden and are bulky in size also.

The static relays in comparison to the corresponding electro-magnetic relays have many advantages and a few limitations.

Advantages of static relays:

1. The consumption in case of static relay is usually is much lower than that in case of their electro-mechanical equivalents. Hence burden on the instrument transformers is reduced and their accuracy is increased, possibility of use of air gaped CTs is there , problems arising out of CT saturation are eliminated, and there is an overall reduction in cost of CTs and PTs.
2. Quick response, long life, shock proof, fewer problems of maintenance, high reliability and high degree of accuracy.
3. Absence of moving contacts and associated problems of arcing, contact bounce, erosion, replacement of contacts etc.
4. Quick reset action a high reset value of overshoot can be easily achieved because of absence of mechanical inertia and thermal storage.
5. There is no effect of gravity on operation of static relays and therefore they can be installed in vessels, aircrafts etc.
6.  Ease of providing amplification enables greater sensitivity to be obtained.
7. Use of printed or integrated circuits avoids wiring errors and facilitates rationalization of batch products.
8. The basic building blocks of semiconductor circuitry permit a greater degree of sophistication in the of operating characteristics, enabling the practical realization of relays with threshold characteristics more closely approaching the ideal requirements.
9. By combining various functional circuits ,several conventional relays can be substituted by a single ststic relay .For example a single static relay can provide over current ,under voltage, single phasing, short circuit protection in an ac motor by incorporating respective functional blocks.
10. Static relays are very compact. A single static relay can perform several functions. The space required for installation of protective relays and control relays etc, are reduced.
11. The characteristics of static relays are accurate and superior. They can be altered within certain range as per protection needs.
12. Static relays assisted by power line carrier can be employed for remote back-up and network monitoring.
13. Static relays can be designed for repeated operations. This is possible because ofabsence of moving parts in measuring circuits.
14. The risk of unwanted tripping is less with static relays.
15. Static relays are quite suitable for earth quake prone areas, ships, vehicles, locomotives, aero planes etc. This is because of high resistance to shock and vibration.
16. The static relays are provided with integrated features for self monitoring, easy testing and servicing. Defective module can be replaced easily.
17. A static protection control and monitoring system can perform several functions such as protection, monitoring, measurement, memory, indication, data communication etc.



Limitations of static relays:

1. Auxiliary dc supply is required. However, this drawback is not very important as auxiliary dc supply can be obtained from station battery supply and conveniently changed as per local needs.
2. Semiconductor components are sensitive to electrostatic discharges. Some components are more sensitive than others. Even small discharges can damage the components and therefore precautions are necessary in the manufacturing of static relays to avoid component failure due to electrostatic discharges.
3. Static relays are sensitive voltage spikes or voltage transients. Special measures are taken to avoid such problem.
4. The characteristics of static relays are influenced by ambient temperature and ageing. However, temperature can be provided by using thermistor circuits and digital measuring techniques etc. While ageing can be minimized by pre-soaking for a several at a relatively high temperature.
5. The reliability of the system depends upon the large number of small components and their electrical connections.
6. The static relays have low short-time over-load capacity compared with electro-magnetic relays.
7. Static relays are costlier, for example and single function, than their equivalent electro-mechanical counter parts. But for multi function protection, static relays prove economical. The production technology of plug in type static relays on the panel permits the manufacturing of standard relays in mass and customers needs can be met quickly by incorporating required relay units on the panel. Static relays with ICs are cheaper than those with discrete components.
8. Static relay characteristic is likely to be affected by the operation of the output device but this is not so in case of electro-magnetic relay because its operation is based on the comparison between operating torques/forces.
9. Highly trained person are required for their servicing.
10. Static relays are not very robust in construction and affected by surrounding interference.


Static over current relays:

The block diagram of an instantaneous over-current relay is shown in the fig. The same construction may be used for under-voltage or earth fault relays too.

The secondaries of the line CTs are connected to the summation circuit (not shown in the figure). The output of this summation CT is fed to an auxiliary CT, whose output is rectified, smoothed and supplied to the measuring (level detector). The measuring unit determines whether the quantity has attained the threshold value (set value) or not.When the input to measuring unit is less than the threshold value, the output of the level detector is zero.
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In an actual relay ,Ithreshold can be adjusted.

After operation of the measuring unit , the output is amplified by the amplifier. The amplified output is given to the output circuit to cause trip/alarm.

If time delay is desired , a timing circuit is introduced before the level detector. Smoothing circuit and filters are introduced in the output of the bridge rectifier. Static over-current relay is made in the form of a single unit in which diodes, transistors, resistors, capacitors etc. are arranged on printed board and are bolted with epoxy resin.The general equation for the time characteristics is given as

I nt = K

Where I is the relay current, t is the time of operation and n is the characteristic index of relay and K is constant

In conventional electro-magnetic relays, n may vary between 2 and 8. The characteristic become a straight line parallel to current axis for n=0 .Such a characteristic is known as definite time characteristic of over current relay.

With n=1 ;It=k .The characteristic becomes inverse characteristic.

With higher value of n , the characteristic becomes more and more inverse .With n=7 or 8, the characteristic becomes extremely inverse.
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The static instantaneous over-current relays can have operating time of as small as 10 or 20 ms while in case of a conventional electro-magnetic relays it is of the order of 0.1 second.

Definite time over-current relays are used for wide variations of systems conditions, as back-up relays for differential and distance protection and differential protection of transformers to avoid mal operation during magnetization in rush-currents. Inverse – time relays are used where the source impedance is much smaller than the line impedance. Extremely inverse over current relays are used for the fuse coordination and thermal protection of transformers and induction motors.

The general expression for the operating time of a static time-current relays may be given as

KM

t  =
I n   I pn

Where M is time multiple settins , I is multiple of tap current ; I p is the multiple of tap current at which pick-up occurs ,n is characteristic index of relay , t is time of operation in seconds and K is design constant of the relay.

KM
If the relay picks up at top value current i.e ., Ip =  1 , then t =

I n- 1

The static over-current time relays have the following typical characteristics

0.14
I D M T standard inverse t =
I0.02 -1

13.5

Very inverse t =

I - 1

80
Extremely inverse t =

I 2 - 1

In static relays it is advantageous to choose a circuit accommodating a wide range of alter native inverse time characteristics , precise minimum operating levels , definite minimum times and additional high set features if necessary. The block diagram of a static over-current time relay is shown in fig 7.94(a)
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The current from the line CT is reduced to 1/1000 th by an auxiliary CT, the auxiliary CT has taps on the primary for selecting the desired pick-up and current range and its rectified output is supplied to level detector ( 1 ) (over-load level detector) and an R-C timing circuit. When the voltage on the timing capacitor Vc attains the threshold value of the level detector (2), tripping occurs.

Where Vt is the threshold value of the level detector ( 2 )

By varying values of R and C the time can be varied without difficulties. The basic R-C circuit can also be arranged in several series-parallel combinations to have different values of Tc.
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Non-linear resistors are used to have other time characteristics fig.

Time delay over-current relays are used in over-current protection of utility equipment, distribution circuits , protection of transformers , generators , motors etc.

In instantaneous over-current relays, the time delay circuit shown in fig. is detected Such a circuit would need only one level detector. As there is no moving part , operating time of the order of 0.02s (1 cycle ) can be achieved. Instantaneous over current relays are used for short-circuit protection of large equipment. Instantaneous over-current relays are also useful in other protective relay systems.

MICROPROCESSOR BASED DIGITAL RELAYS:

With the fast development in fast scale integrated (LSI) technology, sophisticated and fast microprocessors are now available. With the rapid growth of modern complex large power system net works , fast , accurate and reliable protective schemes are essential . Microprocessor based schemes are becoming more and more popular for power system several protection as they offer attractive compactness and flexibility. They reduce the number of types of relay units. An interface employing op-amps, analog multiplexer analog-digital (A/D) converter voltage comparators and passive elements have been developed to provide the characteristics of various types of relays such as definite time relays, Inverse time over current relays, phase comparators relays and reverse power relays etc.
[image: ]

A block diagram of a microprocessor based digital programmable static relay is shown in figure.

The three phase A.C. quantities received from the power system through CTs PTs are sampled simultaneously or sequentially at uniform time intervals (4 to 32 samples per cycle).they are then converted into the digital form through an A/D converter and transfer to digital processor. digital signals are in the form of coded square pulses which represents discrete data .the signals are in binary form .the microprocessor/digital processor being set with the recommended values compares the dynamic inputs and decides accordingly to generate trip /alarm signal to the output device.
Microprocessor based relays have numerous advantages .they have a very small burden on the CTs and PTs .saturation can be avoided by using air gap CT having a limited output, they can process and display the signals very efficiently, accurately and in a fastest possible manner .due to their programmable characteristics ,they can be applied extensively in the protection of electrical power systems .moreover one microprocessor unit may be able to perform relaying function of systems .microprocessor relays are more reliable and secure to relay engineers because they can alert the user to a mal function before a false trip or failure to trip occurs .however the microprocessor should be properly shielded from external influences and the system earthing must be very good from which they receive their control voltage.















                                                              UNIT-VI
           PROTECTION AGAINST OVER VOLTAGE AND GROUNDING
Sources of Transients or Surges in Extra High Voltage Lines 
Switching of high voltage transmission lines is required for ordinary functioning of an electrical network. The switching of an unloaded line, opening and closing of isolating switches, and interruption of an inductive current (reactor) and capacitive circuit (capacitor hanks) produce transient overvoltages. This abrupt increase in the voltage above the rated value for a short duration in the power system is known as a voltage surge or transient voltage. Though transients or surges are temporary, they cause overvoltage in the power system. Transient disturbances in power systems may damage main equipment, thus affectingsystem reliability .The switching surges produced in an electrical system depend on how repeatedly the routine switching operations are performed in a Particular system. Moreover, the existence of transients and surges in the system depend on the number of faults and their clearance as well as on the changes in the system parameters and alterations of system configuration. Lightning strikes are the main source of over voltage. Although they are few in number they drastically affect the performance of the power system components, including complete failure of insulation in case of severe lightning discharge. The probable causes of transients and surges in a power network are discussed in the following subsections. 
Switching of Transmission Line 
Whenever a high voltage overhead transmission line is energized by closing the line circuit breaker, switching surges are generated in the line and supply network. The magnitude and shape of a switching transient depend on the transmission line, system parameters, and the arrangement of the network. Even with the same system parameters and network configuration, the switching overvoltages are highly dependent on the distinctiveness of the circuit breaker operation and the amount of trapped charges in transmission lines during circuit energizing. Moreover, the severity depends on the difference between the supply voltage and the line voltage at the instant of energization. Large travelling waves are injected in the transmission lines during the closing of the circuit breaker at an instant when this voltage difference is high. When these waves reach the open far end of the line, they are reflected and a high transient overvoltage is experienced. Such switching transients are more dangerous for extra high voltage (EHV) transmission networks, especially for long transmission lines. Hence, the transient voltages generated from the switching of transmission lines have an impact on equipment design and protection.
Switching of Capacitor Bank:
	Shunt capacitor banks are commonly installed at the distribution level as well as at transmission levels because of their effective performance. Capacitor bank switching is one of the most frequent utility operations depending on the need for system voltage or VAR (volt-ampere reactive) requirement from the banks. However, switching of such utility capacitor bank can have a negative impact on the power quality, especially for supply network and consumer power systems, Larger capacitor banks have more stored energy, and hence systems with high X R ratio are of more concern in supply networks. High magnitude and high frequency transients occur during the switching of shunt capacitor banks. When a capacitor bank is energized, it draws transient inrush current from the bus or transformer. The transient inrush is distinguished by a surge of current with a high magnitude and a frequency of several hundred Hertz. This transient manifests itself as a voltage increase due to the exciting system resonances or dynamic overvoltages when a capacitor bank is energized. This leads to a transient overvoltage on the bus and the neighbouring power system, which iscaused by the surge of inrush current from the system source and bank outrush current due to faults in the vicinity of the capacitor banks. successive switching of the capacitor bank adjoining the previously energized bank results in a much higher magnitude of current with high frequency compared to the energization of only one capacitor bank. As the series connection of capacitor banks provides lower inductance. the efficiency of the capacitor is reduced. 
In case of a series-compensated transmission line using a series capacitor hank, switching surge overvoltages are produced because of the trapped charges present on the bank at the instant of the line reclosing. This phenomenon increases the potential of phase-to-ground and phase-to-phase voltage of transmission lines. Moreover, the transient recovery voltage ( TRV) experienced by the first circuit breaker to clear the faults in a series-compensated line is of very high magnitude. 
Switching of Coupling Capacitor Voltage Transformer 
Coupling capacitor voltage transformers (CCVTs.) are used in the pow er system network over many years for protective relaying and as measuring instruments. They have capacitance voltage dividing networks. Under steady-state operating conditions, theperformance of the CCVT is not troublesome. How ever. the normal switching operation of the CCVT can create unexpected over voltages, which can affect the reliability of the power system and even lead to system failure in some CCVT units. The ferro resonance and non-linear behaviour of the potential transformer (PT) magnetic core, and effect of stray capacitances in Some CCVT elements are some of the causes of transient  over voltages generated during switching operation in several 230 kV and 400kV CCVTs.
Switching of Reactor:
To compensate the leading reactive power and to depress the voltage rise at the end terminal of a long EHV transmission line, shunt reactors are used in the power system. Such a high voltage reactor is frequently switched on during periods of low load and is switched off with the rise of load. However, unavoidable high frequency TRV is caused at the terminal of the circuit breaker during the switching operation. Each switching operation involves a complex interaction between the circuit breaker, the supply network, and the load side shunt reactor. This interaction results in overvoltages dependent on system parameters and characteristics of the load. Energizing the reactors rarely generates high overvoltages, but excessive overvoltages are generated during de-energization. Current chopping (current interruption before its natural zero crossing) by the switching device (circuit breaker) when it interrupts the inductive currents and discharge of energy stored in the reactor inductance will cause electromagnetic transients, which lead to the switching overvoltages. 

Arcing Ground:
 In case of an ungrounded three-phase system, during line-to-ground fault, the magnitude of current is sufficient to maintain an arc. The phenomenon ofintermittent arc during such faults, whiich results in the production of transients, is known as arcing ground. During- arcing ground. the inductance of the generator winding or line and the system capacitance establish a cycle charging and discharging. which results in high frequency oscillations. This oscillation builds up a very high voltages and the arc may reignite, which results in supplementary transient disturbances. The transients produced by arcing ground are cumulative and may cause serious damage to the equipment in the power system by causing breakdown of insulation. 
Lightning Strokes
	Lightning is a huge spark caused by the electrical discharge occurring between clouds, within the same cloud. and between clouds and the earth. During the movement of hot moist air from the earth towards the clouds, the friction between the air and water particles causes build-up of charges. Hence, updraft of hot air is responsible for charge separation within the cloud, such as in a huge electrostatic generator, which leads to the creation of electric fields within and around the cloud and ultimately to the electric breakdown (discharge) called lightning. The air between the cloud and earth cannot withstand the electrical field created in the cloud. and hence. the air gets ionized: finally, a streamer of very high current strikes between the clouds and earth resulting in the discharge of the clouds. Figure shows the penetration of a lightning stroke towards the earth from a cloud.
	There are two types of lightning strokes, direct lightning stroke and indirect lightning stroke. In the former, lightning discharge (i.e., current path) takes place directly from the cloud to the electrical equipment, as in an overhead line. In the latter, the discharge results from the electrostatically induced charges on the conductors of the overhead line because of the presence of charged clouds, that is, a positively charged cloud is above the line and induces a negative charge on the line through electrostatic induction. Most surges in the transmission lines are caused by indirect lightning strokes. However, the effect of a direct stroke in terms of overvoltage due to the lightning discharge on the transmission line may be large enough to flashover the line component if not protected. The lightning stroke current rises to a peak value very fast and then starts decaying at a low rate as shown in Fig.. The generalized wave shape can be described as a crest or peak value, and the maximum value of this current is 400 kA; the wave front time varies from 1 to 10us, and the time at which the stroke current reduces to 50% of that peak value varies from 10 to 100 us. Moreover, the waveform of the surge voltages imposed on the insulation of a system due to the lightning stroke may vary extensively because of reflection in the line and the position of the stroke on transmission lines.A lightning surge may occur at any point and at any time. Lightning is one of the most serious causes of overvoltage. If the power equipment, especially at the outdoor substation, is not protected, the overvoltage will cause complete failure of insulation. Thus, it results in complete shutdown of the power and loss of revenue and equipment.

Protection against Lightning:
	Electrical equipment can he damaged because of. over voltages such as switching surge overvoltage, Iightning surge overvoltage, TRV, and power frequency temporary overvoltage (TOV) in the transmission line and at the receiving end of the substation. It is important to protect power equipment against them wherever possible in the system through reliable and efficient approaches. Transients or surges in a power system may originate from switching and from other causes. but the most important surges are those caused by lightning. The lightning surges may cause serious damage to the expensive equipment in the power system (e.g..generators, transformers, etc.) either by direct stroke on the equipment or by strokes on the transmission lines that reach the equipment as travelling waves. It is necessary to protect the equipment against both kinds of surges. The most commonly used devices for protection against lightning surges are earthing screen, overhead ground wires, and LAs or surge diverters. Earthing screens protect the power station and substation against direct strokes, whereas overhead ground wires protect the transmission lines against direct lightning strokes. LAs or surge diverters protect the station apparatus against both direct strokes and the strokes that come into the apparatus as travelling waves. 
Lightning Arrester (Surge Diverter): 
The earthing screen and ground wires can well protect the electrical system against direct lightning strokes, but they fail to protect against travelling waves, which may reach the terminal apparatus. The LAs or surge diverters protect the system against such surges. Lightning arrester is the device that protects electrical equipment from damages caused by lightning overvoltage. So, it is required to connect the LA at the terminal end of the transmission line, substation, high voltage transformers, and low voltage transformers. The induction of electromagnetic transient in a power system mainly depends on the operating voltage, lengths of the lines, characteristic of circuit breakers, and substation and line configurations. Hence, the types of lighting arrester and its specification can be chosen correctly on the basis of the above-mentioned factors. An LA can act as an open circuit during normal operation of the system. It limits the transient voltages to a safe level and brings the system back to its normal operational mode as soon as the transient voltages are suppressed. Therefore, a lightning or surge arrester must have an extremely high resistance during normal system operation and a relatively low resistance during transient overvoltages. which is due to its non-linear voltage—current ( V—I) characteristic.
Valve Type Arrester:
 It is also known as non linear surge diverter. It is improved but more expensive lightning arrester. It consists of a multiple spark gap assembly in series with non-linear resistor as shown in fig. The spark gap assembly keeps the circuit open between line and earth under normal working conditions.
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Under normal operating conditions, the normal system voltage is insufficient to Cause the breakdown of air gap assembly. On the occurrence of an over voltage  surge, the breakdown the series spark gap takes place and the surge current is conducted to earth via the non-linear resistors. As the magnitude of surge current is very high, the non linear elements will offer a low resistance to the passage of surge. As a result the surge will rapidly move to earth instead of being sent back over the line. When the surge is over. the non linear resistor assume high resistance and flow of the current ceases. 
Advantages
 • It provides very effective protection against surges 
• It operates very rapidly, taking less than a second 
• It's impulse ratio is practically unity Eventhough it has very superior characteristics, 
but suffers the following disadvantages. 
• Its performance characteristic is adversely affected by the ingress of moisture into the enclosure 
• It may fail to check the surges of very steep wave front from reaching the terminal apparatus 
• It is more costly 
Zinc Oxide Gapless Arrester:
 Zinc oxide gapless arrester is a type of metal oxide surge arrester. It works on the principle that certain elements have the property to change from a good conductor to almost ideal insulator, when slightly heated. As the name itself indicates that it is gapless arrester. Due to the non-linear characteristics of zinc oxide elements it is possible to construct surge arresters without series connected spark gaps. They operate in such a way that at normal power frequency system voltage they offer high resistance for discharge currents of higher magnitudes they offer a very low resistance path to ground. The construction and working of zinc oxide gapless arrester resembles. to that of valve type arrester except instead of spark gaps, zinc oxide elements having a highly non-linear resistance are connected. As the main constituent of this ceramic material is zinc oxide. The non-linear resistors made of this material are commonly known as Line oxide elements and surge arresters are called as metal 
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star surge arresters. The zinc oxide surge arresters consist of series connected stacks of zinc oxide elements. It is constructed in such a way that under normal crating conditions the peak value is always less than the sum of the rated voltagesin series connected discs and the resistance losses in the arrester are less under high voltage surges, the current will rise without any delay. A continuous transition is observed during the conducting state and the cement is decreased after the transition is completed. Moreover, there will he no follow up current. Zinc oxide arrL ters have excellent V-I characteristics and higher energy absorption level. They are preferred for the protection of EHV and HVDC systems. The fig. 9.9 represents the constructional features of zinc oxide gapless arrester.

INSULATION COORDINATION:
Insulation levels of EHV system are determined from considerations of switching and power frequency over voltages. Switching over voltages are caused by switching off, lines with no load, low inductive current, short circuits, etc. The uver voltages called dynamic over voltages are caused by line dropping Ferranti effect, over speeding of generators, increase in emf due to leading power factor currents etc. The insulation characteristics of various equipment are defined for rated voltage, switching impulse, lightning impulse, power frequency voltage withstand. These are correlated with characteristic of surge arresters. IEC and IS on insulation co-ordination recommend the values of the following for each voltage level :
 i. Normal power frequency rated voltage. ii. Highest power frequency rated voltage. 
iii. One-minute power frequency withstands voltage. 
iv. Basic Lightning Impulse withstand level for 1 /50,us standard impulse voltage wave.
v. Basic Switching impulse withstand level 250 / 2500 us standard impulse voltage waves.
	For each voltage level, there may be one or more of recommended values of insulation levels. 
	Basic Impulse insulation level is commonly called BIL. The switching impulse level is commonly termed as SIL. 
	For EHV range the surge arresteres are selected for both lightning surge and switching surge duty. The recommended values of BIL and SIL are for guidance. The final choice is based on the insulation co-ordination studies for transmission lines, substations and associated equipment.
Selection of Basic Insulation Level 
	Proper selection of insulation focuses not only on the insulating equipment but also on ensuring that it is not damaged. Standard insulation levels are recommended for the coordination of insulation. Basic insulation level are the reference levels expressed in impulse crest voltage with a standard wave. The insulation level decided for substation and power plant equipments should be equal to or greater than the BIL. The number of arresters at different locations on line and in substation depends on the severity of the steep-fronted lightning waves at substations and at different points on lines. Moreover, the voltages at substations may exceed the protective level, depending on the distances involved and the arrester locations. The LA is located on the terminal side of the PT and the associated breaker. The closeness of the arrester location to the transformer provides the greatest protection as it reduces the effect of overvoltage created because of current chopping. On the other hand, by locating the arrester right on the terminal of the transformer, some other substation equipment may fall outside the protective zone, which is decided from the voltage withstand level of the equipment, discharge voltage of the LAs, and the distance between the equipment and the LA. Thus, the BIL is often determined by giving a margin of 30% to the protective level of the surge arrester and selecting the next nearest standard BIL. When a surge arrester is used to provide switching surge protection, the margin given is only 15%. The insulation levels for lines and other equipment are to be selected separately. The atmospheric conditions, lightning activities, insulation pollution, numbers of line outage, and failure rates of the line play a vital role in deciding the insulation level for lines. The protective level of the substation depends on the location of the station, the arrester protective level, and the line shielding used. The line insulation in the end, which spans close to the substation, is normally reduced to limit the lightning overvoltages reaching the substation. In a substation, the busbar insulation level is the highest to ensure continuity supply. The circuit breakers, isolators, and instrument transformers are given the next lower level. Since the power transformer is an expensive, and sensitive device  its insulation level is the lowest.Thus, in general, the insulation level of substation equipment, such as circuit breakers, switches, busbars, and instrument transformers, is assumed to be 10% higher than the transformer BIL. The insulation level across the open poles of isolator switches may be kept 10-15% higher than that provided between the poles and earth.
Impulse Ratio 
The breakdown of insulation in any equipment depends on the peak magnitude of voltage, shape of the .waveform, and the time for which it is applied to the equipment. The larger will be the magnitude of the voltage required to cause the breakdown the sharper the shape of the voltage wave. Thus, an appreciable time and energy expend are involved in the rupture of any dielectric material. The impulse ratio is related to the energy expenditure and the voltages withstand level. The impulse ratio is defined as the ratio of the breakdown voltage due to an impulse of a specified shape to the breakdown voltage at the power frequency. The insulators should have a high impulse ratio for an economic design, whereas the LAs should have a low impulse ratio so that a surge incident on the LA may be passed to the ground instead of to the apparatus. 

Standard Impulse Test Voltage:
	Transient over voltages due to lightning and switching surges cause steep build-up of voltage on transmission lines and other electrical apparatus. Experimental investigations showed that the peak rise time of these waves varies from 0.5 to 10 us and decay time to 50% of the peak value, of the order of 30-200 us. The wave shapes are random, but mostly unidirectional. It is to be observed that the wave shape of lightning over voltage can be represented as a double exponential wave, which usually has a rapid rise to the peak value and slowly falls to zero value. The general impulse wave shape of 160 kV is given in Fig. 1. 
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Impulse waves are specified by defining their rise time (or front time) and fall time (or tail time to 50%peak value, and the value of the peak voltage. Thus the 1.2/50 us,750 kV wave represents an impulse voltage wave with a front time of 1.2 ms, fall time to 50% of the peak value of 50 ?is, and a peak value of 750 kV. Indian standard specifications define the 1.2/50 us wave to be the standard lightning impulse. The tolerance allowed in the peak value is +3%, and the tolerances th; can be allowed in the front time and tail time are +30% and +20%, respectively. 
Volt—Time Characteristic:
	The breakdown voltage of a particular insulation or flash over voltage is a function of both magnitude of voltage and time of application of the voltage. The volt—time curve is a graph showing the relation between the crest flashover voltages and the time to flashover for a series of impulse applications of a given wave shape. The construction of volt—time curve and the related terms are illustrated in Fig.
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The test device whose volt—time curve is required has been subjected to waves of the same shape but of different peak values until the flash overs occur on the front of the wave; this is known as front flash over. If the insulation flash over occurs just at the peak value of the wave, this gives another point on the volt—time (V—T) curve and is known as crest flashover. The third possibility is that the flash over occurs on the tail side of the wave which is known as tail .flash over. The portion between front flashover and crest flash over is known as wave front flash over voltage range whereas the range between crest flash over voltage and the critical withstand voltage of the equipment is known as wave tail flashover voltage range. If an impulse voltage of the same wave shape is applied so that the test device flash over occurs on the tail of the wave at 50% of theapplication and tails to flashover occurs on the other 50% of the application, the crest value of this wave is called critical flashover voltage. To find the point on V—T curve, draw a horizontal line from the peak value of this wave and also the draw a vertical line passing through the point where the flashover takes place. When the given impulse voltage is adjusted to just below the flashover voltage of the test device, it is called critical withstand voltage. The test device that can withstand the crest of the applied impulse voltage without any disruptive discharge is known as rated withstanding voltage.
Neutral Grounding:
Neutral grounding has been adopted since the beginning of power system development to maintain the phase voltages at a constant level with respect to ground. The grounding of many systems is based on past experience invention of the grounding methods in existing installations. The neutral has no effect on the operation of the three-phase system if it is under a balanced condition. On the other hand, the performance of the system during fault condition is directly affected by the methods of neutral grounding. Moreover, considering the stability of the system and its protection, neutral grounding provides several benefits to the power system. Hence, in a high Voltage system, the neutral is solidly grounded to the earth to limit the over voltage phenomenon. 
Effects of Ungrounded Neutral on System Performance:
	To understand the effect of fault on an isolated neutral system, consider a simple three-phase system as shown in Fig. 10.3(a). Under balanced conditions assuming a perfectly transposed line, the shunt capacitance to ground for each' conductor is the same. The charging currents from the shunt capacitance in all the three phases are displaced by 120° from each other, leading by 90° with the corresponding voltages. Thus, the net sum of these three charging currents is zero as the system is under a balanced condition and the neutral is at approximately ground potential. Figure 10.3(b) shows the balanced set of voltage and current, in which phasors Va, Vh, and Vc denote the phase value of the voltage (Vph), and the currents through the individual phases ./ca, AG, and 4, denote the charging current (./c) through the shunt capacitor. Consider a line-to-ground fault occurring at the point F on phase c; the voltage across the shunt capacitor of that phase reduces to zero. The voltage of the other two healthy phases raise to line-to-line value, and the shunt capacitor charging currents of that phase are displaced by 60° as against its previous value of 1200. Thus, the net charging current is the vector sum of the charging current through the healthy phase, and it is three times the phase current under balanced condition. Figure 10.3(c) shows the vector representation of voltages and currents during line-to-ground fault in an ungrounded system. The net charging current flows through the fault path into the winding of the alternator and is capable of maintaining the arc in the faulty path; this condition is known as arcing ground. During arcing ground, the inductance of the generator winding and the systemcapacitance establish a cycle of charging and discharging, which results in high frequency oscillations. This oscillation builds up a very high voltage and the arc reignites, which results in supplementary transient disturbances. The consequence of such disturbance is the breakdown of insulators. Hence, the ungrounded system is not adopted in the power system because the failure of insulation causes serious phase-to-phase fault conditions.
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Solid Grounding:
Figure shows a system where the neutral is directly connected to ground without insertion of any passive elements between neutral and ground. During line-to-ground fault, say on phase c, the potential of the terminal c is grounded. In addition, the neutral voltage is at earth potential. Hence, the voltage of the healthy terminal remains at phase voltage, and charging current will be fully eliminated as shown in Fig. In case of a solidly grounded system, the phase voltage of healthy phases does not exceed 80% of the line voltage and is comparatively very less. Thus, the insulation level required is less, and lower voltage class and less expensive protective equipments are required for solid grounding systems.
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Reactance grounding:
Reactive grounding means grounding through impedance which is highly I in and is shown in fig if resistance is used, fault current is limited and system reactance provides the necessary phase opposition between capacitive gr. ound current and fault current. The reactance grounding provides additional reactance which provides a lagging current that neutralizes the capacitive ground current. Hence for circuits where high charging currents are involved such as transmission lines, underground cables, etc. reactance grounding is provided. 

The main characteristics of reactance grounding: 
• Ground to current is reduced, but it is much larger than capacitive fault current. 
• The voltage across healthy phase is between 0.8 to 1 per unit of line-to-line voltage. 
• Arcing grounds are avoided. 
• Transient ground faults are converted into controlled current faults.
• Ground faults relaying is simple and satisfactory. 
• Since ground fault current is reduced inductive interference with parallel communication circuits is also reduced.
Resistance Grounding
In resistance grounding a high ohmic resistor is inserted between neutral and ground. Current practice is to use resistance loaded distribution transformers in the neutral circuit. This type of grounding is used for generator neutral as it is required to reduce the ground fault current and its destructive effects. Figure 10.5(a) shows that the system neutral is grounded through resistor R. During line-to-ground fault on phase c, fault current IF lags behind the phase voltage of the faulted phase by an angle 9, which depends on resistance R and reactance of the system upto the fault point. Figure 10.5(b) shows the vector diagram in which currents /ca and /ci, lead the voltages, Vca and rch, respectively, by 90°. Their resultant current is three times the charging current (J) through the shunt capacitor of each phase. By selecting the proper value of R, it is possible to compensate the effect of the charging current (31c) with fault current IF so that the transient oscillation due to the arcing ground is eliminated. Thus, a resistance grounding system limits the ground fault current compared to the solidly grounded system and also permits use of selective protective scheme.
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Resonant Grounding
The resonant grounding system includes an arc suppression coil (iron cored reactor) inserted between the neutral and ground. The main function of this arc suppression coil is to limit the earth fault current as also to extinguish the arc sustained during the ground fault by balancing the fault current exactly with the charging current. The arc suppression coil is also known as a Petersen coil or ground fault neutralizer. Figure 10.6(a) shows the neutral of the system grounded through the arc suppression coil. Figure 10.6(b) shows the corresponding vector diagram of the earth fault on phase c at point F.
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During the fault, the resultant capacitive current is three times the charging current (Ic) of one phase. If the desired value of inductance (L) is inserted in the neutral circuit such that IF =3Ic, then theoretically there is no current in the fault to sustain the arc. However, the voltage of healthy phases will be  during line to ground fault, where. Vph is the line-to-ground voltage of the system. If the inductive reactance of coil is XL, then the fault current through it is given by
If the capacitance of each phase is considered to be C, then the charging current during the fault is given by 3Ic=3.Vph.W.C 
where W = 2.(pi) f= angular frequency
 f= system frequency 
Hence, the inductance of the coil can be found by If = 3Ic 
Vph/ XL  = 3 Vph W . 

The arc suppression coil used in resonant grounding is 10 minutes time-rated for a system where the fault can be cleared promptly by ground relays. On the other hand, if the fault current magnitude is very high and persists for a long time, a parallel circuit comprising a circuit breaker, time delay relay, and resistor is arranged such that the circuit bypasses the arc suppression coil. The resonant grounding is .generally used for medium voltage transmission lines connected to the generating source. The reason is that it reduces the line line-to-ground fault into interruption against transient line-to-ground faults compared to other forms of grounding. It also does not allow the spread of double-line or triple-line faults.
Grounding Practices:
	 The grounding of neutral results in a balanced system under normal working conditions of the system. Each equipment of the power system network should be grounded for the safe operation of the system. There are some practices/rules to be followed by the field engineer to gain the benefit of grounding. 
	1. Starting from generating station up to distribution, each voltage level should be provided with one grounding system. 
	2. Resistance grounding is normally used for generators and reactance grounding for synchronous motors and capacitors. 
	3. Grounding is to be provided to each single power source or multiple power sources as well as to each transformer substation. 
	4. If multiple power sources are working in parallel in a plant, they all are connected to a common neutral bus connected to the ground through a common resistor. However, neutral switching equipment can be used to connect a particular generator neutral to the neutral bus. 
	5. If a number of generators are operating in parallel, at least one generator should be grounded properly.
	 6. For low tension supply, that is, 220 V and 440 V, solid grounding is used whereas for medium voltage, that is, 3.3 kV, 6.6 kV, and 11 kV, resistance or reactance grounding is used. However, for voltage rating of 33 kV and above, solidly grounded neutral system is the right choice.
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