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Chapter One Power System Protection 

Objective of Power System Protection 

The goal of force framework protection is to disconnect an inadequate part of electrical power 

structure from rest of the live framework so the rest piece can work pleasingly with no over the 

top harm taking into account issue stream. 

Introduction to Power System Protection 

In the current present-day time, the interest of electrical energy has extraordinarily expanded.  

For this reason, shift gears are utilized to test generators, transmission lines, wholesalers and 

other electrical supplies during typical and strange circumstances. At the end of the day, change 

gears are utilized for the insurance of electrical power framework. 

All the mechanical assembly utilized for exchanging, controlling and directing an electric circuit 

are called change gears. A shift gear essentially comprises of switches, defensive gadgets, wires, 

isolators, circuit breakers and transfers and so forth. 

In typical activity, a change gear is utilized to turn the generators, transmission lines and 

merchants on or off. For that reason, programmed change gears are required for the security of 

generators and lines. Whenever a shortcoming happens in a framework, the defensive hand-off 

works and signals the electrical switch to trip. This way the electrical switch detaches the stock 

to that framework and safeguards our principal power framework. 

In actuality electrical switch withdraws the imperfect structure from rest of the sound system 

and these circuit breakers subsequently open during deficiency condition due to its exposing 

signal which comes from affirmation hand-off. The basic perspective about confirmation is that 

no protection of power structure can prevent the movement of issue current through the system, 

it simply can delay the continuation of spilling of weakness current by quickly withdraw the short 

out way from the system. For satisfying this expedient partition the security moves should have 

following utilitarian necessities. 

Protection System in Power System 

How about we have a conversation on essential idea of security system in power structure and 

coordination of affirmation moves. 

 

 



 

 

 

 

 

 

 

 

 

 

 

In the image the fundamental association of security hand-off has been shown. It is very basic. 

The auxiliary of current transformer is associated with the ongoing loop of hand-off. Also, 

discretionary of voltage transformer is related with the voltage circle of the relay. At the point 

when any issue happens in the feeder circuit, proportionate auxiliary current of the CT will course 

through the ongoing curl of the hand-off because of which Magnetomotive Force MMF of that 

loop is expanded. This expanded Magnetomotive Force MMF is adequate to close the regularly 

open contact of the transfer precisely. This hand-off contact really closes and finishes the DC trip 

loop circuit and henceforth the outing curl is invigorated. The Magnetomotive Force of the 

excursion loop begins the mechanical advancement of the staggering part of the electrical switch 

and eventually the electrical switch is stumbled to confine the issue. 

Useful Requirements of Protection Relay 

Reliability: The main imperative of defensive transfer is dependability. They stay defective for 

quite a while before an issue happens; yet assuming a shortcoming happens, the transfers should 

answer in a split second and accurately. 

Selectivity: The hand-off should be worked in just those circumstances for which transfers are 

charged in the electrical power framework. There might be some ordinary condition during 

shortcoming for which a few transfers ought not be worked or worked after some unmistakable 

time delay thus security hand-off should be adequately fit to choose proper condition for which 

it would be worked. 

Sensitivity: The transferring hardware should be adequately delicate with the goal that it very 

well may be worked dependably when level of issue condition simply crosses as far as possible. 



 

Speed: The defensive transfers should work at the necessary speed. There should be a right 

coordination gave in different power framework security transfers so that for issue at one part 

of the framework shouldn't upset other sound piece. Shortcoming flow might course through a 

piece of sound part since they are electrically associated however transfers related with that solid 

part ought not be worked quicker than the transfers of broken segment any other way undesired 

interference of solid framework might happen. Once more in the event that hand-off related with 

broken segment isn't worked in that frame of mind because of any imperfection in it or other 

explanation, then just the following transfer related with the sound piece of the framework 

should be worked to disconnect the shortcoming. Henceforth it should not be too sluggish which 

might bring about harm to the hardware nor would it be advisable for it be too quick which might 

bring about undesired activity. 

Significant Elements for Power System Protection 

Switchgear: Comprises of mostly mass oil electrical switch, least oil electrical switch, SF6 

electrical switch, air impact electrical switch and vacuum electrical switch and so forth. Different 

working systems like solenoid, spring, pneumatic, pressure driven and so on are utilized in the 

electrical switch. Electrical switch is the principal part of security framework in power framework 

and it naturally disconnect the flawed piece of the framework by opening its contacts. 

Defensive Gear: Comprises of fundamentally power system confirmation moves like current 

exchanges, voltage moves, impedance relays, power relays, frequency relays, and so on in view 

of working boundary, clear time transfers, backwards time transfers, ventured transfers and so 

forth. according to working trademark, rationale wise like differential transfers, over fluxing 

transfers and so forth. During shortcoming the assurance hand-off gives trip sign to the 

connected electrical switch for opening its contacts. 

Battery: All the circuit breakers of electrical power structure are Direct Current worked. Since DC 

power can be taken care of experiencing the same thing comes when complete disappointment 

of approaching power happens, still the circuit breakers can be worked for reestablishing what is 

going on by the force of capacity station battery. Henceforth, the battery is one more 

fundamental thing of the power structure. Some time it is implied as the center of the electrical 

substation. An electrical substation battery or just a station battery containing various cells 

collect energy during the time of accessibility of AC supply and delivery when moves work with 

the objective that important electrical switch is stumbled at the time disappointment of 

approaching AC power. 

Chapter Two Differential Protection 

Any inward issue inside the stator winding is cleared by mostly differential security plan of the 

generator or alternator. 

The differential assurance is given in the generator by utilizing longitudinal differential transfer. 



 

 

 

 

 

 

 

 

 

For the most part immediate pulled in armature type transfers are utilized for this reason since 

all they have rapid activity and furthermore, they are liberated from being impacted by any AC 

transient of the power circuit. 

There are two arrangements of current transformers, one CT is associated with the line side of 

the generator and other is associated with the impartial side of the generator in each stage. It is 

obviously that the attributes of all ongoing transformers introduced against each stage should be 

coordinated. Assuming that there is any major confounded in the ongoing transformer's 

attributes of the two sides of the generator, there might be high possibility failing of differential 

transfer during the issue outside to the stator winding and furthermore might be during ordinary 

working states of the generator. To guarantee that the hand-off doesn't work for the flaws 

outside to the worked zone of the insurance conspire, a settling resistor is fitted in series with 

the hand-off working oil. It additionally guarantees that assuming one bunch of CT has been 

soaked, there will be no chance of failing of the differential hand-off. 

It is generally desirable over utilize devoted current transformers for differential insurance 

reason since normal current transformers might cause inconsistent auxiliary stacking for different 

functionalities forced on them. It is likewise generally desirable over utilize all ongoing 

transformers for differential insurance of generators or alternators ought to be of same qualities. 

However, for all intents and purposes there might be some distinction in qualities of the ongoing 

transformers introduced at line side to those introduced in unbiased side of the generator. 

These befuddles make spill current course through the transfer working loop. To keep away from 

the impact of spill current, rate biasing is presented in differential hand-off. 



 

 

 

 

 

 

 

 

 

 

The rate one-sided differential hand-off involves two restriction loops and one working curl for 

each stage. In the hand-off, the force created by working curl will in general close the hand-off 

contacts for immediate stumbling of circuit breakers and yet the force delivered by the restriction 

loops forestalls to close the hand-off contacts as limitation loops force is coordinated inverse of 

the working loop force. Thus, during through issue, the differential transfer wouldn't be worked 

in light of the fact that the setting of the hand-off is expanded by restriction curls and furthermore 

it forestalls breaking down of hand-off because of spill current. Yet, during inner shortcoming in 

the twisting of the stator, the force delivered by restriction curls is ineffectual and the transfer 

shuts its contact while setting current moves through the working loop. 

Differential current pickup setting/predisposition setting of the transfer is taken on in view of the 

greatest level of reasonable confound adding some wellbeing edge. 

The spill current level for the transfer is to simply work it; is capable as a level of the through 

issue current causing it. This rate is characterized as inclination setting of the hand-off. 

 

 

 

Chapter Three Protection Relay 

Meaning of Protective Relay 

A hand-off is programmed gadget which detects an unusual state of electrical circuit and shuts 

the situation links. These contacts in turns close and complete the electrical switch trip twist 

circuit hence make the electrical switch stumbled for separating the defective piece of the 

electrical circuit from rest of the solid circuit. 



 

Presently how about we have a conversation based on certain conditions connected with 

defensive transfer. 

Pickup Level of Actuating Signal: The advantage of actuating sum voltage or current which is 

nervous above which the relay begins to be worked. 

In case the advantage of initiating sum is extended, the electromagnetic effect of the relay circle 

is extended, or more a particular level of inducing sum, the getting part of the relay starts to 

move. 

Reset Level: The worth of current or voltage underneath which a relay unlocks its contacts and 

comes in unique position. 

 Relay Working Time: Soon after surpassing pickup level of inciting amount the moving 

instrument (for instance turning plate) of hand-off begins moving and it eventually shuts the 

transfer contacts toward the finish of its excursion. The time which passes between the moment 

while impelling amount surpasses the pickup worth to the moment when the relay normal close. 

Relay Reset Time: The time which errors through among the instant whereas the impelling 

amount turns out to be not exactly the reset worth to the moment when the transfer contacts 

return to its generally expected position. 

Reach of Relay: A distance hand-off works at whatever point the distance seen by the transfer is 

not exactly the pre-indicated impedance. The activating impedance in the transfer is the capacity 

of distance in a distance assurance hand-off. This impedance or comparing distance is known as 

the span of hand-off. 

Power framework insurance transfers can be arranged into various kinds of transfers. 

Kinds of Relays 

Kinds of assurance transfers are primarily founded on their trademark, rationale, on inciting 

boundary and activity system. 

In view of activity component assurance transfer can be classified as electromagnetic hand-off, 

static hand-off and mechanical hand-off. Truly, a relay is just a blend of something like one open 

or shut contacts. These all or a couple of express contacts the hand-off on a very basic level 

change their state while initiating limits are applied to the exchange. That suggests open contacts 

become perpetually closed contacts become open. In an electromagnetic hand-off, these 

closures and opening of hand-off contacts are done by the electromagnetic action of a solenoid. 

In the mechanical exchange, these closures and opening of hand-off contacts are done by 

mechanical evacuation of different stuff level structure. 

In static hand-off it is generally wrapped up by semiconductor switches like thyristor. In cutting 

edge move on and off state can be implied as 1 and 0 state. 



 

In view of Characteristic the assurance relay can be sorted as: 

1. Definite time relays. 

2. Inverse time relays with definite minimum time (IDMT) 

3. Instant relays. 

4. IDMT with inst. 

5. Stepped representative. 

6. Planned switches. 

7. Voltage limitation over current relay. 

In view of activating boundary, the assurance transfer can be ordered as- 

• Current relay. 

• Voltage relay. 

• Frequency relay. 

• Power relay and so on. 

In light of use the protection relay can be arranged as- 

• Primary Relay. 

• Backup Relay. 

Essential transfer or essential assurance hand-off is the principal line of force framework security 

while reinforcement hand-off is worked just when essential hand-off neglects to be worked 

during a shortcoming. Consequently, reinforcement transfer is slower in real life than essential 

hand-off. Any hand-off may neglect to be worked because of any of the accompanying reasons, 

1. The defensive hand-off itself is deficient. 

2. DC Trip voltage supply to the hand-off is inaccessible. 

3. Trip lead from hand-off board to the electrical switch is separated. 

4. The outing curl in the electrical switch is disengaged or flawed. 

5. Current or voltage indicators from Current Transformers or Potential Transformers 

separately is unreachable. 

Backup Relay 

The gear introduced in power framework network is expensive. The primary hardware of the 

power framework network is power transformer which costs a ton. Unwavering quality of 

electrical assurance on such hardware ought to be sufficiently high. Not just the transformer, the 

additional high voltage lines of the framework request additional unwavering quality of 

assurance. The reinforcement transferring plans give this additional unwavering quality to the 

framework. Reinforcement transfers are extra transferring plans joined to the hardware or part 

of the organization with their own handing-off framework. The fundamental capacity of 

reinforcement relay is to work in any disappointment of stumbling of electrical switch because 



 

of primary transfers. The transfer appended to the framework might bomb because of the 

accompanying: 

1. Mechanical deformity of moving pieces of the principal hand-off, 

2. Disappointment of DC power supply to the transfer, 

3. Disappointment of stumbling heartbeat to the breaker from hand-off, 

4. Disappointment of current or voltage to the hand-off from CT or PT circuits and so on. 

In this common circumstance there ought to be a different line of assurance got back to up 

transferring. Thus, back up handing-off basically have everything separate from fundamental 

transferring plan. This is on the grounds that reinforcement hand-off should not neglect to work 

in that frame of mind of disappointment of principle transfers. 

There are a few circumstances when we need to separate fundamental transfers from the 

framework for preventive support or inconvenience shootings. In those cases, because of 

presence of reinforcement transfers, we don't need to interfere with the hardware or circuit. 

During this time back up insurance conspire deals with the assurance of the framework. 

As the back transferring is second line of insurance it should be delayed in real life than 

fundamental hand-off so it must be worked when the primary handing-off plan of the 

framework/gear falls flat. 

Chapter Four Differential Protection of Transformer 

Differential Transformer  

As on the grounds that reinforcement hand-off works just when essential hand-off falls flat, 

reinforcement assurance hand-off shouldn't have anything normal with essential insurance 

hand-off. 

For the most part Differential assurance is given in the electrical power transformer appraised 

more than 5𝑀𝑉𝐴. 

The Differential Protection of Transformer enjoys numerous upper hands over different plans of 

insurance. 

1. The deficiencies happen in the transformer inside the protecting oil can be identified by 

Buchholz transfer. Yet, in the event that any shortcoming happens in the transformer yet 

not in oil then it cannot be distinguished by Buchholz hand-off. Any glimmer over at the 

bushings are not satisfactorily covered by Buchholz hand-off. Differential transfers can 

identify such kind of flaws. Also, Buchholz transfer is given in transformer to identifying 

any interior shortcoming in the transformer however Differential Protection plot 

distinguishes something similar in quicker way. 



 

2. The differential transfers ordinarily reaction to those issues which happen in side the 

differential security zone of transformer. 

Differential Protection System in a Power Transformer 

Parameter of Differential Protection 

Standard of Differential Protection conspire is one basic applied procedure. The differential hand-

off really looks at between essential current and optional current of force transformer, in the 

event that any unbalance found in the middle of essential and auxiliary flows the hand-off will 

incite and entomb trip both the essential and optional electrical switch of the transformer. 

Assume you have one transformer which has essential evaluated current Ip and auxiliary current 

Is. Assuming you introduce CT of proportion 𝐼𝑝/1𝐴 at the essential side and also, CT of proportion 

𝐼𝑠/1𝐴 at the auxiliary sideways of the transformer. The secondary coil of the two CTs are 

associated together in such a way that auxiliary flows of the two CTs will go against one another. 

By conclusion of the day, the secondaries of the two CTs ought to be associated with the very 

current loop of a differential relay in such a contrary way that here resolve to be no resulting 

current popular that curl in an ordinary working state of the transformer. However, assuming any 

significant shortcoming happens inside the transformer because of which the typical proportion 

of the transformer upset then the optional current of the two transformers won't continue as 

before and one resultant current will course through the ongoing curl of the differential hand-

off, which will activate the transfer and entomb trip both the essential and auxiliary circuit 

breakers. To address stage shift of current due to star-delta association of transformer twisting 

on account of three-stage transformer, the ongoing transformer secondaries ought to be 

associated in delta and star as displayed here. 

 

 

 

 

 

 

 

 

 

 



 

At most extreme through issue current, the spill yield delivered by the little rate unbalance might 

be significant. In this manner, differential insurance of transformer ought to be furnished with a 

relative inclination of a sum which surpasses as a result the most extreme proportion deviation.  

Chapter Five Restricted Earth Fault Protection of Transformer 

An outer shortcoming in the star side will bring about current streaming in the line current 

transformer of the impacted stage and simultaneously an adjusting current stream in the 

nonpartisan current transformer, thus the resultant current in the transfer is accordingly zero. 

So, this REF hand-off won't be impelled for outer earth issue. In any case, during an inward 

shortcoming, the unbiased current transformer just conveys the unbalance issue current and 

activity of Restricted Earth Fault Relay happens. This plan of confined earth issue assurance is 

exceptionally touchy for interior earth shortcoming of electrical power transformer. The security 

conspire is relatively less expensive than differential assurance plot. 

Confined earth shortcoming insurance is given in electrical power transformer to detecting inside 

earth issue of the transformer. In this plan, the CT auxiliary of each period of an electrical power 

transformer are associated together as displayed in the figure. Then normal terminals are 

associated with the optional of a Nonaligned Current Transformer. 

The Current Transformer associated with the unbiased of a power transformer is called Neutral 

Current Transformer or Neutral. At the point when there is an unbalancing in the middle of three 

periods of the power transformer, a resultant unbalance current move through the shut way 

associated with the normal terminals of the CT secondary coil. An imbalance current resolve 

likewise moves through the impartial of the power transformer and consequently there will be 

an auxiliary current in Neutral CT due to this unbalance unbiased current. 

In Restricted Earth Fault conspire the normal stations of stage CTs are associated with the 

auxiliary of Neutral CT in such a way that optional instability current of stage CTs, and the auxiliary 

current of Neutral CT will go against one another. Assuming these the two flows are equivalent 

in sufficiency there won't be any resultant current courses through the said shut way. The 

Restricted Earth Fault Relay is associated in this shut way. Consequently, the hand-off won't 

answer even there is an unbalancing in-stage current of the power transformer. 



 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

Chapter Six Transformer Protection 

There are various kinds of transformers, for example, two winding or three winding electrical 

power transformers, auto transformer, planning transformers, earthing transformers, rectifier 

transformers, and so forth. Several transformers request various plans of transformer 

confirmation relying upon their significance, winding affiliations, earthing frameworks and 

method for development, and so forth.  

It is typical practice to give Buchholz hand-off confirmation to all 0.5 𝑀𝑉𝐴 or additional 

transformers. Whereas for all slight size transport transformers, simply high voltage wires are 

used as rule cautious contraption. For all greater assessed and critical apportionment 

transformers, over current affirmation close by bound earth issue security is applied. 

Differential protection should be given in the transformers assessed north of 𝟓 𝑴𝑽𝑨. 



 

Dependent upon the common assistance condition, nature of transformer defects, level of 

upheld over load, plan of tap changing, and various factors, the suitable transformer protection 

plans are picked. 

Nature of Transformer Faults 

Nonetheless an electrical power transformer is a static device, but inside tensions rising up out 

of surprising structure conditions, ought to be pondered. 

A transformer generally encounters following kinds of transformer fault 

1. Over current because of over-burdens and outside short circuits, 

2. Terminal deficiencies, 

3. Winding flaws, 

4. Beginning issues. 

All the recently referenced transformer inadequacies cause mechanical and warm burdens inside 

the transformer winding and its associating terminals. Warm anxieties lead to overheating which 

eventually influence the protection arrangement of transformer. Decay of protection prompts 

winding issues. Sometime letdown of transformer cooling system, prompts overheating of 

transformer. In this way, the transformer protection plans are particularly required. 

The short out flow of an electrical transformer is regularly restricted by its reactance and for low 

reactance, the worth of short out flow might be unreasonably high. 

 

Transformer % reactance Acceptable fault period in seconds 

4% 2 

5% 3 

6% 4 

7 % 𝑎𝑛𝑑 𝑜𝑣𝑒𝑟 5 

 

The general curving defects in transformer are either earth faults issues. Stage to stage it is 

interesting to twist deficiencies in a transformer. The stage shortcomings in an electrical 

transformer may be happened due to bushing streak over then deficiencies in tap transformer 

hardware. Anything that might be the shortcomings, the transformer should be separated right 

away during issue any other way significant breakdown might happen in the electrical power 

framework. 

Beginning shortcomings are inner flaws which comprise no quick peril. In any case, it these 

deficiencies are over looked and not dealt with, these may prompt significant flaws. The 

shortcomings in this gathering are principally among overlay slice off to protection 

discouragement amongst focus cover, delivery the oil level due down to oil spillage, blockage of 



 

oil stream ways. This large number of issues lead to overheating. So, transformer security plot is 

expected for beginning transformer blames moreover. The earth shortcoming, very closer to 

unbiased place of transformer star winding may likewise be considered as a beginning issue. 

Impact of winding associations and earthing on earth issue current size. 

There are fundamentally two circumstances for earth shortcoming current to stream during 

twisting to earth issues, 

• An ongoing happens for the current to stream into and out of the winding. 

• Ampere turns balance stays up with between the windings. 

The benefit of winding earth issue current relies on position of the shortcoming on the twisting, 

strategy for winding connotation and method for earthing. The star point of the windings might 

be earthed either firmly or through a resistor. Proceeding delta side of the transformer the 

system is earthed through an earthing transformer. Establishing or earthing transformer gives 

low impedance way to the zero-arrangement current and high impedance to the positive and 

negative series movements. 

Star Winding with Neutral Resistance Earthed 

For this situation the nonpartisan place of the transformer is earthed through a resistor and the 

worth of impedance of it, is a lot higher than that of twisting impedance of the transformer. That 

implies the worth of transformer winding impedance is immaterial contrasted with impedance 

of earthing resistor. The worth of earth current is, subsequently, corresponding to the place of 

the shortcoming in the winding. As the issue current in the essential twisting of the transformers 

is corresponding to the proportion of the short-circuited optional goes to the absolute turns on 

the essential winding, the essential shortcoming current will be relative to the square of the level 

of twisting short-circuited. The variety of shortcoming current both in the essential and optional 

winding is displayed beneath. 

Star Winding with Neutral Solidly Earthed 

For this present circumstance the earth deficiency current significance is confined only by the 

winding impedance and the issue is at this point not relating to the spot of the weakness. The 

legitimization for this non linearity is inconsistent change linkage. 

Transformer Emf Equation  



 

EMF Calculation of transformer can be laid out in an extremely simple manner. In electrical power 

transformer, one rotating electrical source is applied to the essential twisting and because of this, 

charging flow moving through the essential winding which produces substituting motion in the 

center of transformer. This motion joins with both essential and auxiliary windings. As this 

transition is substituting in nature, there should be a pace of progress of motion. As indicated by 

Faraday's law of electromagnetic enlistment in the event that any curl or guide joins with any 

evolving motion, there should be an actuated emf in it.  

 

 

 

 

 

 

 

 

 

 

As the ongoing source to essential is sinusoidal, the transition prompted by it will be likewise 

sinusoidal. Thus, the capacity of motion might be considered as a sine work. Numerically, the 

subordinate of that capacity will give a capacity for the pace of progress of motion linkage 

concerning time. This last option capacity will be a cosine work since 𝑑(𝑠𝑖𝑛𝜃)/𝑑𝑡 =  𝑐𝑜𝑠𝜃. Thus, 

assuming we infer the articulation for rms worth of this cosine wave and duplicate it with the 

quantity of turns of the winding, we will handily get the articulation for RMS worth of incited emf 

of that winding. Along these lines, we can undoubtedly determine the emf condition of 

transformer. 

Suppose, 𝑇 is number of turns in a winding, 𝛷𝑚 is the greatest transition in the center in 𝑊𝑏. 

 

 

 



 

 

 

 

 

 

 

 

 

According to Faraday's law of electromagnetic enlistment, 

 

 

Where𝜑is the prompt exchanging transition and addressed as; 

 

 

 

 

 

As the greatest worth of 𝑐𝑜𝑠2𝜋𝑓𝑡 𝑖𝑠 1, the most extreme worth of prompted emf e is, 

 

To acquire the rms worth of prompted counter emf, partition this greatest worth of e by √2. 

 

 

 

This is the EMF condition of transformer. 

In the event that E1 and E2 are essential and auxiliary emfs and T1 and T2 are essential and 

optional turns then, at that point, voltage proportion or turns proportion of transformer is, 



 

 

 

 

 

Change Ratio of Transformer 

This consistent is called change proportion of transformer, in the event 𝑡ℎ𝑎𝑡 𝑇2 > 𝑇1, 𝐾 >  1, 

the transformer is move forward transformer. In the event 𝑡ℎ𝑎𝑡 𝑇2  <  𝑇1, 𝐾 <  1, the 

transformer is venture down transformer. 

Voltage Ratio of Transformer 

This above expressed proportion is otherwise called voltage proportion of transformer on the off 

chance that it is communicated as proportion of the essential and auxiliary voltages of 

transformer. 

Turns Ratio of Transformer 

As the voltage in essential and auxiliary of transformer is straightforwardly relative to the 

quantity of turns in the particular winding, the change proportion of transformer is at some point 

communicated in proportion of turns and alluded as turns proportion of transformer. 

Transformer Backup Protection  

Transformer Over Current and Earth Fault Protection 

Reinforcement assurance of electrical transformer is straightforward Over Current and Earth Fault 

security are applied against outer short out and inordinate over loads. These over current and 

earth Fault transfers might remain Inverse Definite Minimum Time or Definite Time type transfers 

(DMT). For the most part IDMT transfers are associated with the in-feed side of the transformer. 

The over current transfers cannot recognize outer short out, over load and inner issues of the 

transformer. For any of the above issue, reinforcement assurance for example over current and 

earth issue assurance associated with in-feed side of the transformer will work. 

Reinforcement assurance is albeit for the most part introduced at in feed side of the transformer, 

yet it ought to trip both the essential and optional circuit breakers of the transformer. 

 



 

 

 

 

 

 

 

 

 

 

Over Current and Earth Fault assurance transfers might be additionally given in load side of the 

transformer as well; however, it shouldn't entomb trip the essential side electrical switch like the 

instance of reinforcement security at in-feed side. 

The activity is represented basically by current and time settings and the trademark bend of the 

hand-off. To allow utilization of over load limit of the transformer and co-appointment with other 

comparative transfers at around 125 to 150% of full burden current of the transformer yet 

underneath the base short out current. 

Reinforcement assurance of transformer has four components; three over current transfers 

associated each in each stage and one earth shortcoming hand-off associated with the normal 

place of three over current transfers as displayed in the figure. The ordinary scope of current 

settings accessible on IDMT more than current transfers are half to 200% and on earth issue hand-

off 20 to 80%. 

 

 

 

 

 

 

 

 

 



 

Over Current and Power Transformer Earth Issue Safety   

One more scope of setting on earth issue hand-off is additionally accessible and might be chosen 

where the earth shortcoming current is confined because of inclusion of impedance in the 

unbiased establishing. On account of transformer twisting with nonpartisan earthed, unhindered 

earth issue assurance is acquired by associating a common earth shortcoming hand-off across an 

impartial current transformer. 

The unhindered over current and earth shortcoming transfers ought to have appropriate delay to 

co-ordinate with the defensive transfers of other circuit to keep away from unpredictable 

stumbling. 

unhindered earth shortcoming insurance utilizing Neutral CT 

 

 

 

 

 

 

 

 

 

On the off chance that you might want to look further into transformers, you can study our free 

MCQs on transformers. 

Chapter Seven Generator Protection 

A generator is exposed to electrical anxieties forced on the protection of the machine, 

mechanical powers following up on the different pieces of the machine, and temperature climb. 

These are the principal factors which make security important for the generator or alternator. In 

any event, when appropriately utilized, a machine in its ideal running condition doesn't just keep 

up with its predetermined evaluated presentation for a long time, yet it really does likewise more 

than once endure specific abundance of over-burden. 

Preventive measures should be taken against over-burdens and strange states of the machine so 

it can serve securely. In any event, guaranteeing an effective plan, development, activity, and 

preventive method for assurance - the gamble of a shortcoming can't be totally killed from any 



 

machine. The gadgets utilized in generator assurance, guarantee that when a shortcoming 

emerges, it is dispensed with as fast as could really be expected. 

An electrical generator can be exposed to either an inner issue or outer shortcoming or both. The 

generators are ordinarily associated with an electrical power framework, thus any issue 

happened in the power framework ought to likewise be cleared from the generator as quickly as 

time permits if not it might make extremely durable harm in the generator. 

The number and assortment of shortcomings happen in a generator are gigantic. To that end 

generator or alternator is safeguarded with a few defensive plans. Generator security is of both 

discriminative and non-discriminative sort. Incredible consideration is to be taken in organizing 

the frameworks utilized and the settings took on to guarantee that a delicate, specific and 

discriminative generator insurance plot is accomplished. 

Sorts of Generator Protection 

The different types of security applied to the generator can be classified into two habits, 

1. Protective transfers to distinguish deficiencies happening outside the generator. 

2. Protective transfers to identify flaws happening inside the generator. 

Other than defensive transfers, related straightforwardly with the generator and its related 

transformer, there are lightning arrestors, over speed safe gatekeepers, oil stream devises and 

temperature estimating plans for channel manner, stator coil winding, transformer winding and 

transformer oil and so forth. A portion of these defensive game plan are of non-trip type for 

example they just produce caution during anomalies. 

However, the other defensive plans eventually work ace stumbling hand-off of the generator. 

This ought to be noticed that no defensive hand-off can forestall issue, it just demonstrates and 

limits the span of the shortcoming to forestall high temperature increase in the generator if not 

there might be super durable harm in it. 

It is attractive to keep away from any unjustifiable braids in the generator, and for that it is 

common practice to introduce flood capacitor or flood diverter or both to lessen the impacts of 

lightning and other voltage floods on the machine. The security plots normally applied to the 

generator are examined here underneath in a nutshell. 

Security against Insulation Failure 

The primary insurance gave in the stator twisting against stage to stage or stage to earth issue, is 

longitudinal differential assurance of generator. Second most significant insurance plot for stator 

winding is entomb turn issue security. 

This sort of security was viewed as superfluous in earlier days since breakdown of protection 

between focuses in a similar stage twisting, contained in a similar space, and between which a 



 

potential distinction exists, quickly changes into an earth issue, and afterward it is recognized by 

either the stator differential insurance or the stator earth shortcoming assurance. 

A generator is intended to create somewhat high voltage in contrast with its result and which 

consequently contains countless guides per space. With expanding size and voltage of the 

generator, this type of assurance is becoming fundamental for generally huge producing units. 

Stator Earth Fault Protection 

Whenever the stator unbiased is earthed through a resistor, an ongoing transformer is mounted 

in the nonpartisan to earth association. Reverse time hand-off is utilized across the CT auxiliary 

when the generator is associated straightforwardly to the transport bar. In the event of generator 

takes care of force through a delta star transformer, an immediate hand-off is utilized for a similar 

reason. 

In the previous case, the earth issues transfer is expected to be reviewed with other shortcoming 

transfers in the framework. This is the justification for why backwards time hand-off is utilized 

for this situation. Yet, in the last option case, the earth shortcoming circle is confined to the stator 

winding and essential twisting of the transformer, subsequently, there is no need of evaluating 

or segregation with other earth issue transfers in the framework. For that reason, Instantaneous 

Relay is ideal for the situation. 

Rotor Earth Fault Protection 

A solitary earth shortcoming makes no serious issue in the generator except for assuming that 

the subsequent earth shortcoming is happened, in any case, a piece of the field winding will turn 

out to be short-circuited and coming about and lopsided attractive field in the framework and 

thusly there might be major mechanical harm to the direction of the generator. There are three 

techniques accessible to distinguish the kinds of issue in the rotor. The techniques are 

1. Potentiometer strategy 

2. AC infusion strategy 

3. DC infusion strategy 

Uneven Stator Loading Protection 

Unbalancing in stacking produces negative grouping flows in the stator circuit. This negative 

arrangement current creates a response field turning at two times of coordinated speed 

regarding the rotor and thus incite twofold recurrence current in the rotor. This current is very 

huge and causes overheating in the rotor circuit, particularly in the alternator. 

Assuming any unbalancing happened because of issue in the stator winding itself, that would be 

cleared promptly by the differential security gave in the generator. Assuming the unbalancing is 

happened because of any outer issue or uneven stacking in the framework, it might stay 

undetected or may continue for a critical timeframe relying upon the insurance coordination of 



 

the framework. These deficiencies then be cleared by introducing a negative stage arrangement 

transfer with the qualities to match the endure bend of the machine. 

Protection against Stator Overheating 

Over-burdening can cause overheating in the stator twisting of the generator. Not just over-

burdening, disappointment of cooling frameworks and protection disappointment of stator 

overlays likewise cause overheating of the stator winding. 

The overheating is distinguished by installed temperature indicators at different places in the 

stator winding. The temperature finder curls are typically obstruction components which 

structure one arm of the Wheatstone span circuit. On account of more modest generator 

typically under 30 MW, the generators are not furnished with inserted temperature loop yet are 

normally fitted with warm transfer and they are organized to gauge the ongoing streaming in the 

stator winding. 

This game plan just distinguishes overheating brought about by over-burdening and gives no 

security against overheating because of disappointment of cooling frameworks or short-circuited 

stator covers. Albeit over current transfers, negative stage arrangement transfers, and devises 

for checking consistent stream are likewise used to give a specific level of warm over-burden 

security. 

Low Vacuum Protection 

This security, as a rule is as a controller which looks at the vacuum against barometrical tension, 

it is typically fitted to the generator set over 30 MW. The advanced practice is for the controller 

to empty the set through the optional lead representative until typical vacuum conditions are 

reestablished. On the off chance that the vacuum conditions don't work on under 21 inch the 

stop valves are shut and the primary electrical switch is stumbled. 

Protection against Lubrication Oil Failure 

This security isn't viewed as fundamental since the grease oil is ordinarily gotten from a similar 

siphon as lead representative oil and a disappointment of the lead representative oil will 

consequently make stop valve to close. 

Assurance against Loss of Boiler Firing 

Two techniques are accessible for identifying the deficiency of kettle terminating. In the main 

technique, ordinarily opened (NO) contacts are given the fan engines which might trip the 

generator assuming multiple engines come up short. The subsequent techniques utilize a kettle 

pressure contacts which empty the generator assuming heater pressure falls beneath around 

90%. 

 



 

Security against Prime Mover Failure 

Assuming the main player neglects to amount mechanical energy towards the generator, the 

generator determination keeps on pivoting in motoring mode that implies it takes electrical 

energy from the framework as opposed to providing it to the framework. 

In a steam turbine the steam goes about as a coolant keeping up with the turbine cutting edges 

at a consistent temperature. Disappointment of the stock will in this manner bring about 

overheating because of grinding, with resulting bending of turbine cutting edges. 

The disappointment of steam supply can cause extreme mechanical harm likewise of forcing a 

weighty motoring load on the generator. Invert power hand-off is utilized for this reason. When 

the generator begins turning in motoring mode, the converse power hand-off resolve trip the 

generator set. 

Protection of Over Speed 

Although it is the overall practice towards give mechanical over speed gadgets on both steam 

and hydro turbine, which work straightforwardly on the steam choke valve or primary advance 

valve, it isn't common to reinforcement this devises by an over speed hand-off on steam driven 

sets. 

It is, in any case, thought about great practice on hydroelectric units, as the reaction of the lead 

representative is similarly sluggish and the set is more inclined to over-speed. The transfer when 

fitted is normally provided from the super durable magnet generator utilized for the control of 

lead representative. 

Security against Rotor Distortion 

The cooling rates following closure, at the top and lower part of the turbine packaging, are unique 

and this lopsided temperature appropriation will in general reason annihilation of the rotor. To 

limit the disturbance, it is normal exercise to turn the rotor at low speed throughout the chilling 

off period. In the perspective on the powers engaged with huge current rotor, it is presently 

standard practice to fit shaft erraticism identifiers. 

Security against Difference in Expansion among Stationary parts Rotating 

In the running up period, the pace of warming of the rotor varies from that of the packaging, 

because of the distinction in mass. Subsequently, the rotor extends at an alternate rate to the 

packaging and beating this inconsistent expansion is important. 

To this end, recommendation is made on the bigger machine for free supplies of steam to be set 

to specific joints on the packaging. It is attractive hence to give a method for estimating the 

pivotal development to help the administrator to take care of the steam to the right places and 

furthermore to give sign of any risky extension. 



 

The shaft hub development indicator is fundamentally like the gear portrayed for rotor 

contortion hardware, then again, actually the identifier magnets are fixed to the turbine 

packaging. 

Protection against Vibration 

Vibration finders are generally mounted on the bearing platforms. The finder comprises of a loop 

mounted on springs between U molded super durable magnets. The voltage yield from the loop, 

which is relative to the level of vibration, is passed from the curl into incorporating circuits and 

afterward into span showing instrument. 

Back up Protection of Generator 

Back up insurance ought to generally be given in exceptionally appraised machine-like 

coordinated generator or alternator. On the off chance that deficiencies happened had not been 

cleared by the fitting insurance conspire then back up security transfers ought to be worked to 

clear the shortcoming. Over current transfers are by and large utilized for this reason. 

Since the simultaneous reactance of present-day machine is frequently more noteworthy than 

hundred percent, the supported shortcoming current took care of from the machine into an 

outer issue is constantly beneath the typical full burden current. The typical IDMT transfers 

wouldn't demonstrate acceptable on the grounds that their ongoing settings should be near the 

full burden and their time sitting short assuming activity is to be acquired, bringing about 

plausible absence of separation with other over current transfers in the framework. 

Chapter Eight Motor protection circuit breakers 

Motor safety circuit breakers are a particular sort of electrical assurance gadget that is planned 

explicitly for electric engines, similar to their name infers. Electric engines have a lot of utilizations 

and are utilized to drive mechanical gadgets, everything being equal, so it is vital to safeguard 

them enough with MPCBs. Coming up next are only a couple of instances of gadgets driven by 

electric engines in business and modern structures: 

• Housetop forced air systems, chillers, blowers, heat siphons and cooling towers. 

• Extraction and infusion fans, as well as air taking care of units. 

• Water siphoning frameworks. 

• Lifts and other raising gadgets. 

Modern transport lines and other apparatus utilized in assembling processes. 

In these modern and business utilizations of electric engines, the MPCB plays the critical part of 

giving electrical protection. 

 



 

Motor Protection Circuit Breaker Functions 

A motor assurance electrical switch, or MPCB, is a specific electromechanical gadget that can be 

utilized with motor circuits of both 60 𝐻𝑧 𝑎𝑛𝑑 50 𝐻𝑧. It takes a few capacities that permit it to 

give a safe electrical stock to engines: 

• Assurance against electrical blames, for example, short-circuits, line-to-ground blames and 

line-to-line deficiencies. The MPCB can intrude on any electrical shortcoming that is 

beneath its breaking limit. 

• Motor over-burden insurance, when an engine draws electric flow over its nameplate an 

incentive for a lengthy timeframe. Over-burden assurance is ordinarily flexible in MPCBs. 

• Insurance against stage unbalances and stage misfortune. The two circumstances can 

seriously harm a three-stage engine, so the MPCB will separate the engine regardless when 

the issue is distinguished. 

• Warm postponement to keep the engine from being walked out on following an over-

burden, giving the engine time to chill off. An overheated engine can be for all time harmed 

assuming it is betrayed. 

• Motor Circuit Switching - MPCBs are typically outfitted with buttons or dials for this reason. 

• Shortcoming Signaling - Most models of engine security circuit breakers have a LED show 

that is turned on at whatever point the MPCB has stumbled. This is a visual sign for adjacent 

staff that a shortcoming has happened and the electric engine should not be associated 

again until the issue is tended to. 

• Programmed Reconnection - Some MPCB models permit a cool personal time to be input 

on the off chance that there is an over-burden, after which the engine will restart naturally. 

• Electric engines are costly gear, so the job of the engine assurance electrical switch is vital. 

In the event that an engine isn't safeguarded accurately, it could be important to do 

expensive fix works or even supplant the gear totally. An electric engine that is sufficiently 

safeguarded with a MPCB will have a significantly longer help life. 

Working Principle of Motor Protection Circuit Breaker  

The motor protection electrical switch can be considered a subtype of a warm attractive electrical 

switch, however with extra capacities that are uncommonly intended to safeguard electric motor. 

The essential working standard is like any remaining circuit breakers. 

1. Warm security is utilized to watch the electric engine against over-burden. It depends on 

a growing and contracting contact that detaches the engine assuming extreme current is 

recognized. It is vital to realize that warm assurance has a deferred reaction, to permit the 

high inrush flows when an engine turns over. Notwithstanding, in the event that the engine 

can't turn over for reasons unknown, warm assurance will trip in light of the drawn-out 

inrush current. 



 

2. Attractive security is utilized when there is a short out, line shortcoming, or other high flow 

electric issue. Not at all like warm assurance, attractive security is prompt; to disengage 

the hazardous issue flows right away. 

3. The primary distinction amongst the 𝑀𝑃𝐶𝐵 and further circuit breakers is that the 𝑀𝑃𝐶𝐵 

can give insurance against stage unbalance and stage misfortune. Three-stage circuit 

engines require three live guides with adjusted voltages to really work. An unbalance of 

over 2% will be negative to the engine's administration life. Assuming one of the stage 

voltages is abruptly lost, the impact is considerably more harming on the grounds that the 

engine will continue to run with just two stages. The engine security electrical switch is 

equipped for distinguishing these circumstances by estimating the distinctions among 

stage voltages, and disengages the engine promptly when they happen. It is critical to take 

note of that stage flow unbalance is ordinary in three-stage frameworks that power 

separate single-stage loads, yet is unsatisfactory when the three-stage circuit controls an 

electric engine. 

4. MPCBs are likewise outfitted with a manual interference component, permitting 

disengagement of electric engines for substitution or upkeep. 

5. Motor protection circuit breakers are accessible in a wide assortment of current appraisals, 

and probably their best component is that many models permit the ongoing rating to be 

changed. This implies that a similar MCPB can be designed to safeguard engines of various 

limits. 

Asynchronous Motor Protection 

Most motor utilized in the business are offbeat engines, otherwise called a squirrel-confine 

acceptance motor. These engines utilize three-stage ability to make a pivoting attractive field, 

which thusly polarizes the rotor a makes rotational development. While planning the electrical 

insurance for a nonconcurrent engine and choosing engine security circuit breakers, there are a 

few vital variables to consider that are absent while safeguarding different kinds of electrical 

circuits. 

Asynchronous motors draw an extremely high inrush current during startup, since they should lay 

out a turning attractive field. This current can arrive at upsides of 500% to 800% of the appraised 

incentive for a couple of parts of a second. Consequently, the 𝑀𝑃𝐶𝐵 attractive assurance trips at 

values more noteworthy than multiple times the evaluated current, not at all like a few sorts of 

little circuit breakers which trip at principles as low as multiple times appraised current. In these 

cases, utilizing an electrical switch other than a MPCB won't permit turning over the engine before 

the attractive security trips. To lessen the inrush current, an extremely normal practice is to 

supplement the engine insurance electrical switch with a diminished voltage engine starter. 

Asynchronous motors require the three stage guides to have a decent voltage to appropriately 

work. In the event that the stage guides have an unbalance more prominent than 2%, the engine 

will endure harm over the long run and will have a diminished assistance life. The electric engine 



 

will likewise will quite often overheat, causing extra energy costs as waste hotness. Thus, an engine 

electrical switch should have the option to as needs be recognized stage irregularity and disengage 

the engine. 

Assuming that one of the stages is detached totally, the engine will continue to work yet the flow 

in the excess two stages will transcend the evaluated esteem because of the electrical unbalance, 

and will most likely consume the engine's windings. Hence, engine defenders should trip quickly 

when stage unbalance or stage misfortune is recognized. This is regularly accomplished by 

estimating the distinctions in current among the stage guides. On the off chance that one of the 

stage flows rises or drops extensively contrasted and the other two, it is demonstrative of 

unbalance. In like manner, on the off chance that one of the stage flows drops to zero while the 

other two stay, a stage misfortune has happened. 

Makers by and large deal three different engine security circuit breakers, accessible for a wide 

scope of voltages and flows, to meet most offbeat engine assurance needs. 

It is extremely considered normal to supplement engine assurance circuit breakers with a 

contactor to permit programmed control of engine startup and detachment. The framework could 

likewise incorporate and under-voltage security gadget, which disengages the engine on the off 

chance that the framework voltage drops significantly underneath the appraised esteem. 

Motor Protection Circuit Breaker Sizing  

The two primary factors that decide the satisfactory engine assurance electrical switch size are the 

nameplate voltage and nameplate flow, of the actual motor. 

The MPCB voltage rating should match the nameplate voltage of the engine. Regularly, engine 

insurance circuit breakers can be utilized in a wide assortment of voltage evaluations 

𝑙𝑖𝑘𝑒 230 𝑉, 380 𝑉, 415 𝑉, 440 𝑉, 500 𝑉, 𝑎𝑛𝑑 660 𝑉 𝐴𝐶. 

When the voltage is known, checking the nameplate flow of the electric motor is important. The 

situation is serious to take communication of that the genuine working current might be lower 

than nameplate current, particularly on the off chance that the engine isn't completely stacked. 

Be that as it may, the MPCB should generally be chosen by nameplate current worth to permit the 

inrush current when an engine turns over. For instance, an engine with a nameplate current of 20 

amperes could draw a much lower current during part-load activity, however the MPCB should be 

chosen by the appraised worth of 20 amperes, or it could trip in the event that the engine is utilized 

at full burden. 

Motor protection circuit breakers can then be aligned to the specific flow esteem that is 

satisfactory for the electric engine being safeguarded. They commonly have a change range. For 

instance, a MPCB appraised at 32 amperes may be usable for engines with evaluated flows as low 

as 22 amperes. This is extremely valuable assuming an electric engine is supplanted with a more 



 

productive model that requires a lower flow, since it won't be important to supplant the engine 

breaker. 

Regardless of whether an engine insurance electrical switch is estimated accurately as per the 

electric engine being safeguarded, utilizing sufficient wiring is additionally significant. To give 

sufficient security, the wire should have the option to securely lead the evaluated current. A small 

wire will overheat, the protection will soften, and electric issues might happen even with a breaker 

introduced. 

Motor Protection Circuit Breaker Specification Chart 

MPCB producers ordinarily give outlines where the specialized details of the electrical switch are 

introduced, to improve on the choice cycle. The accompanying diagram, gave for instance, is for 

the engine electrical switch SGV2-ME model produced by CGSL. 

The ongoing qualities at which the warm and attractive insurances work is shown in the warm 

delivery and attractive delivery sections. Prior to introducing a MPCB, it is vital to confirm that 

voltage and current evaluations are viable with the motor being safeguarded. 

Overvoltage Protection 

There are generally a possibility experiencing an electrical power framework strange over voltage. 

These strange over voltages might be caused because of different explanation, for example, 

abrupt interference of weighty burden, easing up driving forces, exchanging motivations and so 

on. These over voltage stresses might harm protection of different supplies and protectors of the 

power framework. Albeit, all the over voltage stresses are not sufficiently able to harm protection 

of framework, yet these over voltages additionally to be kept away from to guarantee the smooth 

activity of electrical power framework. 

These a wide range of disastrous and non-horrendous unusual over voltages are dispensed with 

from the framework through over voltage insurance. 

Voltage Surge 

The over voltage stresses applied upon the power framework, are by and large transient in nature. 

Transient voltage or voltage flood is characterized as unexpected measuring of voltage to a high 

top in exceptionally brief term. 

The voltage floods are transient in nature, that implies they exist for exceptionally brief length. 

The fundamental driver of these voltage floods in power framework are because of lightning 

motivations and exchanging driving forces of the framework. In any case, over voltage in the power 

framework may likewise be brought about by, protection disappointment, arcing ground and 

reverberation and so forth. 



 

The voltage floods show up in the electrical power framework because of exchanging flood, 

protection disappointment, arcing ground and reverberation are not exceptionally enormous in 

size. These over voltages scarcely cross the two times of the ordinary voltage level. For the most 

part, appropriate protection to the different gear of force framework is adequate to forestall any 

harm because of these over voltages. Be that as it may, over voltages happen in the power 

framework because of lightning is exceptionally high. In the event that over voltage assurance isn't 

given to the power framework, there might be high possibility of extreme harm. Thus, all over 

voltage security gadgets utilized in power framework basically because of lightning floods. 

Allow us to talk about various reasons for over voltages individually. 

Exchanging Impulse or Switching Surge 

Whenever a no heap transmission line is unexpectedly turned on, the voltage on the line turns out 

to be two times of typical framework voltage. This voltage is transient in nature. At the point when 

a stacked line is out of nowhere turned off or interfered, voltage across the line likewise turns out 

to be sufficiently high current slashing in the framework for the most part during opening activity 

of air impact electrical switch, causes over voltage in the framework. During protection 

disappointment, a live guide is abruptly earthed. This may likewise cause unexpected over voltage 

in the framework. 

On the off chance that emf wave created by alternator is twisted, the difficulty of reverberation 

might happen because of fifth or higher music. As a matter of fact, for frequencies of fifth or higher 

music, a basic circumstance in the framework so shows up, that inductive reactance of the 

framework turns out to be simply equivalent to capacitive reactance of the framework. As these 

both reactance drops each other the framework turns out to be simply resistive. This peculiarity 

is called reverberation and at reverberation the framework voltage might be adequately 

expanded. 

Be that as it may, all one of these previously mentioned reasons make over voltages in the 

framework which are not extremely high in size. 

Remain that as it may, over voltage floods show up in the framework because of lightning driving 

forces are extremely high in plentifulness and profoundly disastrous. The effect of lightning 

motivation henceforth should be kept away from for over voltage insurance of force framework. 

Strategies for Protection Against Lightning 

These are mostly three primary techniques by and large utilized for security against lightning. They 

are 

1. Earthing screen. 

2. Upward earth wire. 

3. Lightning arrester or flood dividers. 



 

Earthing Screen 

Earthing screen is by and large utilized over electrical substation. In this course of action, a net of 

GI wire is mounted over the sub-station. The GI wires, utilized for earthing screen are appropriately 

grounded through various sub-station structures. This organization of grounded GI wire over 

electrical sub-station, gives extremely low obstruction way to the ground for lightning strokes. 

This technique for high voltage security is extremely straightforward and financial however the 

fundamental disadvantage is, it cannot shield the framework from voyaging wave which might 

reach to the sub-station through various feeders. 

Upward Earth Wire 

This strategy for over voltage insurance is comparable as earthing screen. The main contrast is, an 

earthing screen is put over an electrical sub-station, though, upward earth wire is put over 

electrical transmission organization. A couple of abandoned GI wires of appropriate get area are 

set over the transmission directors. These GI wires are appropriately grounded at every 

transmission tower. These upward ground wires or earth wire redirect all the lightning strokes to 

the ground as opposed to permitting them to strike straightforwardly on the transmission 

conveyors. 

Lightning Arrester 

The recently examined two techniques, for example earthing screen and over-head earth wire are 

truly reasonable for shielding an electrical power framework from coordinated lightning strokes 

however framework from coordinated lightning strokes yet these techniques cannot give any 

insurance against high voltage voyaging wave which might engender through the line to the gear 

of the sub-station. 

The lightning arrester is a device which gives extremely low impedance way to the ground for high 

voltage voyaging waves. 

The idea of an it is extremely easy to lightning arrester. This gadget acts like a nonlinear electrical 

obstruction. The obstruction diminishes as voltage increments as well as the other way around, 

after a specific degree of voltage. 

Under typical voltage level, these gadgets endure effectively the framework voltage as electrical 

protector and give no leading way to the framework flow. 

On event of voltage flood in the framework, these gadgets give extremely low impedance way to 

the overabundance charge of the flood to the ground. 

In the wake of leading the charges of flood, to the ground, the voltage becomes to its not 

unexpected level. Then lightning arrester recovers its protection appropriately and forestalls 

recaptures its protection property and forestalls further conduction of current, to the ground. 



 

There are various kinds of lightning arresters utilized in power framework, for example, bar hole 

arrester, horn hole arrester, multi-hole arrester, removal type LA, esteem type LA. 

Notwithstanding these the most regularly involved lightning arrester for over voltage insurance 

now-a-days gapless 𝑍𝑛𝑂 it is additionally used to lightning arrester. 

Chapter Nine Over Current Relay 

In an over current transfer or o/c hand-off the it is simply current to incite amount. There is just 

a single current worked component in the hand-off, no voltage curl and so forth are expected to 

develop this defensive hand-off. 

Working Principle of Over Current Relay 

In an over current transfer, there would be basically an ongoing curl. At the point when typical 

current courses through this loop, the attractive impact created by the curl isn't adequate to 

move the moving component of the hand-off, as in this condition the controlling power is more 

prominent than diverting power. In any case, when the current through the loop builds, the 

attractive impact increments, and after a specific degree of current, the avoiding force created 

by the attractive impact of the curl, crosses the limiting power. Subsequently, the moving 

component begins moving to change the contact position in the transfer. In spite of the fact that 

there are various sorts of overcurrent transfers yet fundamental working guideline of overcurrent 

hand-off is pretty much same for all. 

Kinds of Over Current Relay 

Contingent on season of activity, there are different kinds of Over Current transfers, for example, 

1. Quick over current transfer. 

2. Clear time over current transfer. 

3. Opposite time over current transfer. 

Opposite time over current transfer or basically backwards OC hand-off is again partitioned as 

reverse distinct least time (IDMT), exceptionally converse time, incredibly converse time over 

current hand-off or OC hand-off. 

Momentary Over Current Relay 

Development and working rule of momentary over current transfer is very straightforward. 

Here by and large an attractive center is twisted by an ongoing loop. A piece of iron is so fitted 

by pivot support and controlling spring in the hand-off, that when there isn't adequate current in 

the loop, the NO contacts stay open. Profoundly, and thus, the no contacts get shut. 



 

 

 

 

 

  

 

 

 

 

We mention the pre-set worth of current in the hand-off loop as pickup setting current. This 

transfer is alluded as prompt over current hand-off, as in a perfect world, the hand-off works 

when the current in the loop gets higher than pick disturbing current. There is no deliberate time 

delay applied. However, there is generally an intrinsic time postpone which we can't keep away 

from basically. Practically speaking, the working season of a prompt hand-off is of the request for 

a couple of milliseconds. 

 

 

 

 

 

 

 

Distinct Time Over Current Relay 

 

This hand-off is made by applying deliberate time delay subsequent to crossing get the worth of 

the current. A distinct time overcurrent hand-off can be acclimated to give an excursion yield at 

a precise measure of time after it gets. Accordingly, it has a period setting change and pickup 

change. 

 



 

Converse Time Over Current Relay 

Converse time is a characteristic person of any enlistment type pivoting gadget. Here, the speed 

of pivot of turning some portion of the gadget is quicker assuming the info current is more. All in 

all, season of activity contrarily changes with input momentum. This regular quality of 

electromechanical acceptance circle hand-off is truly appropriate for overcurrent assurance. 

Assuming the shortcoming is serious, it will clear the issue quicker. In spite of the fact that time 

converse trademark is innate to electromechanical acceptance plate hand-off, a similar 

trademark can be accomplished in chip-based hand-off likewise by legitimate programming. 

 

 

 

 

 

 

 

 

 

 

Reverse Definite Minimum Time Over Current Relay  

Perfect reverse time attributes can't be accomplished, in an overcurrent transfer. As the current 

in the framework expands, the optional current of the ongoing transformer is expanded 

relatively. The optional current enters the hand-off current loop. However, when the CT becomes 

soaked, there wouldn't be a further corresponding increment of CT optional current with 

expanded framework current. From this peculiarity, obviously from stunt worth to specific scope 

of defective level, an opposite time transfer shows explicit reverse trademark. Be that as it may, 

after this degree of issue, the CT becomes immersed and transfer current doesn't increment 

further with expanding broken level of the framework. As the transfer current doesn't increment 

further, there wouldn't be any further decrease in season of activity in the hand-off. We 

characterize this time as the base season of activity. Henceforth, the trademark is backwards in 

the underlying part, which keeps an eye on a positive least working time as the current turns out 

to be exceptionally high. To that end the transfer is alluded as converse distinct least time over 

current hand-off or basically IDMT hand-off. 



 

Chapter Ten Transmission Line Protection 

Transmission line is the long guide with extraordinary plan (packaged) to convey mass measure 

of created power at exceptionally high voltage starting with one station then onto the next 

according to variety of the voltage level. 

 

 

 

 

 

 

 

 

 

 

 

Categories of Transmission Line 

In transmission line assurance of voltage drop, transmission effectiveness, line misfortune and so 

on are significant things to plan. These qualities are impacted by line boundary 𝑅, 𝐿 𝑎𝑛𝑑 𝐶 of the 

transmission line.  

Short Transmission Line 

A short transmission line is delegated a transmission line with: 

• A length under 80km (50 miles) 

• Voltage level under 69 kV 

• Capacitance impact is immaterial 

• Just obstruction and inductance are taken in computation capacitance is disregarded. 

Medium Transmission Line 

A medium transmission line is named a transmission line with: 

• A length in excess of 80 km (50 miles) yet under 250 km (150 miles) 

• Functional voltage level is from 69 𝑘𝑉 𝑡𝑜 𝑎𝑝𝑝𝑟𝑜𝑥. 133 𝑘𝑉 



 

• Capacitance impact is available 

• Conveyed capacitance structure is utilized for estimation reason. 

Long Transmission Line 

A long transmission line is named a transmission line with: 

• A length in excess of 250 km (150 miles) 

• Voltage level is over 133 kV 

• Line constants are considered as conveyed over the length of the line. 

Productivity of Transmission Line 

Transmission productivity is characterized as the apportion of getting end power PR to the 

sending end power PS and it is communicated in rate esteem. 

%𝜂𝑇 =
𝑇𝑅

𝑇𝑆
× 100 =

𝑉𝑅𝐼𝑅 cos 𝜃𝑅

𝑉𝑆𝐼𝑆 cos 𝜃𝑆
× 100 

𝑐𝑜𝑠𝜃𝑠 is the sending end power factor. 

𝑐𝑜𝑠𝜃𝑅 is the receiving desirable end power factor. 

𝑉𝑆 is the sending end voltage per stage. 

𝑉𝑅 is the receiving desirable end voltage per stage. 

Voltage Regulation of Transmission Line 

Voltage guideline of transmission line is characterized as the proportion of distinction among 

sending and getting end voltage to getting end voltage of a transmission line between states of 

no heap and full burden. It is additionally communicated in rate. 

%𝑉𝑅 =
𝑉𝑆 − 𝑉𝑅

𝑉𝑅
× 100 

Where,𝑉𝑠is the sending end voltage per stage and VR is the less than desirable end voltage per 

stage. 

𝑉𝑆 = √(𝑉𝑅 cos 𝜃𝑅 + 𝐼𝑅)2 + (𝑉𝑅 sin 𝜃𝑅 + 𝐼𝑋𝐿)2 

𝑋𝐿 is the reactance per stage. 

𝑅 is the resistance per stage. 

𝑐𝑜𝑠𝜃𝑅 is the receiving desirable end power factor. 

Impact of burden power factor on guideline of transmission line: 



 

1. For lagging load 

%𝑉𝑅 =
𝐼𝑅 cos 𝜃𝑅 + 𝐼𝑋𝐿 sin 𝜃𝑅

𝑉𝑅
× 100 

2. For leading load 

%𝑉𝑅 =
𝐼𝑅 cos 𝜃𝑅 − 𝐼𝑋𝐿 sin 𝜃𝑅

𝑉𝑅
× 100 

Presently 

• Power factor is slacking or solidarity, and afterward VR is expanded and goes to be 

positive. 

• Power factor is driving, and afterward VR is diminished and goes to be negative. 

Transmission Line Load Power Factor on Efficiency  

We identify proficiency of transmission line is 

%𝜂𝑇 =
𝑇𝑅

𝑇𝑆
× 100 =

𝑉𝑅𝐼𝑅 cos 𝜃𝑅

𝑉𝑆𝐼𝑆 cos 𝜃𝑆
× 100 

Presently, for short transmission line,𝐼𝑅 = 𝐼𝑆  =  𝐼 

In this way, considering three stage short transmission line, 

𝑃𝑅 = 3𝑉𝑅𝐼 cos 𝜃𝑅  

Thus, 

𝐼 =
𝑃𝑅

3𝑉𝑅 cos 𝜃𝑅
 

Presently plainly to send given measure of force, the heap current is conversely corresponding 

to getting end power factor. 

Again, in the event of medium and long transmission line, 

% 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝑃𝑜𝑤𝑒𝑟 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑 𝑃ℎ𝑎𝑠𝑒⁄

𝑃𝑜𝑤𝑒𝑟 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑 𝑝ℎ𝑎𝑠𝑒⁄ + 𝐿𝑜𝑠𝑠𝑒𝑠 𝑝ℎ𝑎𝑠𝑒⁄
 

=
𝑉𝑅𝐼𝑅 cos 𝜃𝑅

𝑉𝑅𝐼𝑅 cos 𝜃𝑅 + 𝐼𝑆
2𝑅

× 100 

Here obviously transmission productivity relies upon the less than desirable culmination power 

factor. 

Conclusion Condenser Method in Medium Transmission Line 



 

In this technique capacitance is thought to be lumped at getting end. One stage is displayed 

beneath. 

 

 

 

 

 

 

 

 

 

Now 𝐼𝑅 is the reception end load current per phase, 

𝑅 is the resistance per phase, 

𝑋𝐿is the inductive reactance per phase, 

𝐶 is the capacitance per phase, 

𝑐𝑜𝑠𝛷𝑅 is the receipt end lagging power factor, 

𝑉𝑆 is the sending end voltage. 

Let us assume, 

𝑉⃗ 𝑅 

For example, the reference phasor, 

𝑉⃗ 𝑅 = 𝑉𝑅 + 𝑗0 

Load current at reception end 

𝐼 𝑅 = 𝐼𝑅(cosΦ𝑅 − 𝑗 sinΦ𝑅 

The capacitive current 

𝐼 𝑆 = 𝑗𝑉⃗ 𝑅𝜔𝐶 = 𝑗2𝜋𝑓𝐶𝑉⃗ 𝑅 

Hence, 

𝐼 𝑆 = 𝐼 𝑅+𝐼 𝐶  



 

= 𝐼𝑅(cos 𝜃𝑅 − 𝑗 sin 𝜃𝑅) + 𝑗2𝜋𝑓𝐶𝑉𝑅) 

= 𝐼𝑅(cos 𝜃𝑅 + 𝑗 (−𝐼𝑅sin 𝜃𝑅) + 2𝜋𝑓𝐶𝑉𝑅) 

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑑𝑟𝑜𝑝 𝑝𝑒𝑟 𝑝ℎ𝑎𝑠𝑒 = 𝐼 𝑆𝑍 = 𝐼𝑆⃗⃗ (𝑅 + 𝑗𝑋𝐿 

𝑆𝑒𝑛𝑑𝑖𝑛𝑔 𝑒𝑛𝑑 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 = 𝑉𝑆
⃗⃗  ⃗ = 𝑉𝑅

⃗⃗⃗⃗ + 𝐼𝑆⃗⃗  𝑍 = 𝑉𝑅
⃗⃗⃗⃗ + 𝐼𝑆⃗⃗ (𝑅 + 𝑗𝑋𝐿) 

Hence, 

%𝑉𝑅 =
𝑉𝑆 − 𝑉𝑅

𝑉𝑅
× 100 

Then  

% 𝑡𝑟𝑎𝑛𝑠𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 =
𝑃𝑜𝑤𝑒𝑟 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑 𝑃ℎ𝑎𝑠𝑒⁄

𝑃𝑜𝑤𝑒𝑟 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑 𝑝ℎ𝑎𝑠𝑒⁄ + 𝐿𝑜𝑠𝑠𝑒𝑠 𝑝ℎ𝑎𝑠𝑒⁄
 

=
𝑉𝑅𝐼𝑅 cos 𝜃𝑅

𝑉𝑅𝐼𝑅 cos 𝜃𝑅 + 𝐼𝑆
2𝑅

× 100 

Transmission Line Nominal T Method in Medium  

In the Nominal 𝑇 technique, the capacitance of the line is thought to be gathered at the center 

mark of the line, and at both side portion of line obstruction and inductance is lumped. 

 

 

 

 

 

 

 

 

 

Now, 

𝐼𝑅 is the receiving end load current per phase, 

𝑅 is the resistance per phase, 

𝑋𝐿 is the inductive reactance per phase, 



 

𝐶 is the capacitance per phase, 

𝑐𝑜𝑠𝛷𝑅 is the receiving end lagging power factor, 

𝑉𝑆 is the sending end voltage. 

𝑉1 is the voltage across the capacitor. 

Voltage across Capacitor 𝐶, 

𝑉1 = 𝑉𝑅
⃗⃗⃗⃗ + 𝐼𝑆⃗⃗ 𝑧 2⁄  

= 𝑉𝑅 + 𝐼𝑅(cos 𝜃𝑅 − 𝑗 sin 𝜃𝑅) ( 
𝑅

2
+ 𝑗

𝑋𝐿 

2
 ) 

  
 

Capacitive current 

𝐼𝑆⃗⃗ = 𝐼𝑅⃗⃗  ⃗ + 𝐼𝐶⃗⃗  ⃗ 

Sending end voltage 

𝑉𝑆
⃗⃗  ⃗ = 𝑉1

⃗⃗  ⃗ + 𝐼 𝑆
  
𝑧
 2 = 𝑉1

⃗⃗  ⃗ + 𝐼𝑆⃗⃗ (𝑅 + 𝑗 𝑋𝐿\2)  

 

 

Transmission Line Nominal 𝝅 Method in Medium  

Popular perceived 𝜋 technique, all out line capacitance is thought to be lumped and isolated into 

equal parts to be associated across sending end and getting end separately. All out-line 

obstruction and inductance are thought to be available in center of the line. 

 

 

 

 

 

 

 

 

 



 

Here 𝐼𝑅 is the receiving end load current per phase, 

𝑅 is the resistance per phase, 

𝑋𝐿 is the inductive reactance per phase, 

𝐶 is the capacitance per phase, 

cos𝛷𝑅 is the receiving end lagging power factor, 

𝑉𝑆 is the sending end voltage. 

Let us adopt, 

𝑉𝑅
⃗⃗⃗⃗  

As the reference phasor, 

𝑉𝑅
⃗⃗⃗⃗ = 𝑉𝑅 + 𝑗0 

Load current at receiving end 

𝐼𝑅⃗⃗  ⃗ = 𝐼𝑅(cos 𝜃𝑅 − 𝑗 sin 𝜃𝑅 

The capacitive current at load end 

𝐼𝐶1
⃗⃗⃗⃗  ⃗ = 𝑗𝑉𝑅⃗⃗ ⃗⃗  ⃗

𝜔𝐶
2⁄ = 𝑗𝜋𝑓𝐶𝑉⃗⃗ 𝑅 

Line current 

𝐼𝐿⃗⃗⃗  = 𝐼𝑅⃗⃗  ⃗ + 𝐼𝐶1
⃗⃗⃗⃗  ⃗ 

Sending end voltage, 

𝑉𝑆
⃗⃗  ⃗ = 𝑉𝑅

⃗⃗⃗⃗ + 𝐼𝐿⃗⃗⃗  𝑍 ⃗⃗  ⃗ = 𝑉𝑅
⃗⃗⃗⃗ + 𝐼𝐿⃗⃗⃗  (𝑅 + 𝑗𝑋𝐿) 

Charging current at the send end is given as, 

𝐼𝐶2
⃗⃗⃗⃗  ⃗ = 𝑗𝑉𝑆⃗⃗⃗⃗  ⃗

𝜔𝐶
2⁄ = 𝑗𝜋𝑓𝐶𝑉⃗⃗ 𝑆 

Nominal T Method in Medium Transmission Line 

In this technique the entire line capacitance is thought to be assembled at the center place of the 

line and around 50% of the line resistance and reactance are taken on its also side. Subsequently 

in this plan full charging current streams over around 50% of the line. 

 

 



 

Chapter Eleven Differential Relay 

The transfers utilized in power framework assurance are of various sorts. Among them 

differential hand-off is ordinarily involved transfer for safeguarding transformers and generators 

from confined flaws. 

Differential transfers are extremely delicate to the shortcomings happened inside the zone of 

assurance however they are least touchy to the flaws that happen outside the safeguarded zone. 

The majority of the transfers work when any amount surpasses past a foreordained incentive for 

instance over current hand-off works when current through it surpasses foreordained esteem. 

However, the standard of differential transfer is fairly unique. It works relying on the distinction 

between at least two comparable electrical amounts. 

Meaning of Differential Relay 

The differential hand-off is one that works when there is a contrast between at least two 

comparative electrical amounts surpasses a foreordained worth. 

As indicated by Kirchhoff Current Law, the resultant flow coursing through the transfer curl is 

only the summation of two flows, coming from two distinct pieces of the electrical power circuit. 

Assuming the extremity and abundancy of both the flows are changed in accordance with the 

point that the phasor amount of these two flows, is zero at ordinary working condition. 

Consequently, there will be no ongoing moving through the transfer curl at ordinary working 

circumstances. In any case, because of any irregularity in the power circuit, assuming this 

equilibrium is broken, that implies the phasor amount of these two flows no longer remaining 

parts zero and there will be non-zero current coursing through the transfer curl consequently 

hand-off being worked. 

The polarities of current transformers are with the end goal that the auxiliary current of these 

CTs goes against one another. From the circuit is certain that provided that any nonzero contrast 

is made between this to optional flows, then just this differential current will move through the 

working loop of the transfer. Assuming this distinction is more than the top up worth of the 

transfer, it will work to open the circuit breakers to disengage the safeguarded hardware from 

the framework. The transferring component utilized in differential hand-off is drawn in armature 

type quickly hand-off since differential plan is just adjusted for clearing the shortcoming inside 

the safeguarded gear as such differential hand-off should get just the inward issue free from the 

hardware henceforth the safeguarded hardware ought to be secluded when any issue happened 

inside the actual hardware. They need not be any time delay for coordination with different 

transfers in the framework. 

 

 



 

Kinds of Differential Relay 

There are chiefly two sorts of differential transfer contingent on the standard of activity. 

1. Current Balance Differential Relay 

2. Voltage Balance Differential Relay 

Popular current differential relay, two current transformers are close-fitting on the either side of 

the equipment to be safeguarded. The optional circuits of CTs are associated in series so that 

they convey auxiliary CT current in same bearing. 

The working loop of the handing-off component is associated across the CT's optional circuit. 

Under ordinary working circumstances, the safeguarded gear (either power transformer or 

alternator) conveys typical current. In this present circumstance, say the optional current of 𝐶𝑇1 

is I1 and auxiliary current of 𝐶𝑇2 is 𝐼2. It is additionally obvious from the circuit that the ongoing 

going through the transfer loop is only (𝐼1  − 𝐼2). As we said before, the ongoing transformer's 

proportion and extremity are so picked, (𝐼1 = 𝐼2), thus there will be no ongoing coursing through 

the transfer loop. Presently in the event that any issue happens in the outside to the zone covered 

by the CTs, broken current goes through essential of the both current transformers and 

accordingly optional flows of both current transformers stay same as on account of ordinary 

working circumstances. Along these lines at that situation the transfer won't be worked. 

However, in the event that any ground shortcoming happened inside the safeguarded gear as 

displayed, two auxiliary flows will be as of now not equivalent. At that case the differential hand-

off is being worked to seclude the flawed hardware (transformer or alternator) from the 

framework. 

Chiefly this kind of transfer frameworks experiences a few drawbacks 

• There might be a likelihood of befuddling in link impedance from CT optional to the 

remote hand-off board. 

• These pilot links' capacitance causes inaccurate activity of the hand-off when enormous 

through issue happens outside to the gear. 

• Exact matching of attributes of current transformer can't be accomplished henceforth 

there might be spill current coursing through the transfer in ordinary working 

circumstances. 

Rate Differential Relay 

This is intended to reaction to the differential current in the term of its fragmentary connection 

to the ongoing moving through the safeguarded segment. In this kind of transfer, there are 

limiting curls notwithstanding the working loop of the hand-off. The controlling loops produce 

force inverse to the working force. Under ordinary and through issue conditions, limiting force is 

more prominent than working force. Accordingly, hand-off stays inert. At the point when interior 

shortcoming happens, the working power surpasses the inclination force and subsequently the 



 

hand-off is worked. This predisposition power can be changed by fluctuating the quantity of turns 

on the controlling curls. As displayed in the figure underneath, assuming that 𝐼1 is the optional 

current of 𝐶𝑇1 and 𝐼2 is the auxiliary current of 𝐶𝑇2 then current through the working loop is 

 𝐼1  − 𝐼2 and current through the limiting curl is (𝐼1  +  𝐼2)/2. In typical and through shortcoming 

condition, force created by limiting loops because of current (𝐼1  +  𝐼2)/2is more prominent than 

force delivered by working curl because of current 𝐼1  − 𝐼2 however in inward flawed condition 

these become inverse. What's more, the predisposition setting is characterized as the proportion 

of (𝐼1  − 𝐼2) to (𝐼1  +  𝐼2)/2. 

𝐵𝑖𝑎𝑠 𝑠𝑒𝑡𝑡𝑖𝑛𝑔 𝑖𝑛 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 =
𝐼1  − 𝐼2 

(𝐼1  +  𝐼2)/2
× 100% 

It is obvious from the above clarification, more noteworthy the ongoing coursing through the 

limiting loops, higher the worth of the current expected for working curl to be worked. The hand-

off is called rate hand-off on the grounds that the working current expected to excursion can be 

communicated as a level of through current. 

CT Ratio and Connection for Differential Relay 

This basic thumb decide is that the ongoing transformers on any star winding ought to be 

associated in delta and the ongoing transformers on any delta winding ought to be associated in 

star. This is so done to dispense with zero grouping current in the relay circuit. 

In the event that the CTs are associated in star, the CT proportion will be 𝐼𝑛/1 𝑜𝑟 5 𝐴 

CTs to be associated in delta, the CT proportion will be 𝐼𝑛/0.5775 𝑜𝑟 5 × 0.5775 𝐴 

Voltage Balance Differential Relay 

In this course of action, the ongoing transformer are associated either side of the hardware in 

such a way that EMF incited in the optional of both current transformers will go against one 

another. That implies the auxiliary of the ongoing transformers from the two sides of the 

hardware are associated in series with inverse extremity. The differential hand-off curl is 

embedded some place insider savvy made by series association of optional of current 

transformers as displayed in the figure. In typical working circumstances and furthermore in 

through shortcoming conditions, the EMFs prompted in both of the CT auxiliary are equivalent 

and inverse of one another and thus there would be no ongoing moving through the transfer 

curl. Be that as it may, when any inward issue happens in the hardware under security, these 

EMFs are not generally adjusted henceforth current beginnings coursing through the hand-off 

loop in this manner trips electrical switch. 

On lengthy links the charging current will be adequate to work the hand-off regardless of whether 

an ideal equilibrium of current transformer accomplished. 



 

These disservices can be wiped out from the framework by presenting Trans lay framework/plot 

which is only adjusted balance voltage differential hand-off framework. Trans lay plot is 

fundamentally applied for differential assurance of feeders. 

Here, two arrangements of current transformers have associated either end of the feeder. 

Optional of every ongoing transformer is fitted with individual twofold winding acceptance type 

hand-off. The auxiliary of every ongoing transformer takes care of essential circuit of twofold 

winding acceptance type transfer. The optional circuit of each hand-off is associated in series to 

shape a shut circle through pilot wires. The association ought to be with the end goal that, the 

initiated voltage in auxiliary curl of one hand-off will go against same of other. The repaying 

gadget kills the impact of pilot wires capacitance flows and impact of innate absence of harmony 

between the two current transformers. Because of these equivalent flows in the CT's optional, 

the essential of each hand-off prompt same EMF. Subsequently, no ongoing will course through 

the pilot circle and along these lines no working force is created both of the relays. 

These inconsistent auxiliary CT flows will create unequal optional instigated voltage in both of 

the transfers. In this manner, current beginnings circling in the pilot circle and henceforth force 

is delivered in both of the transfers. 

As the course of optional current is inverse into transfers, accordingly, the force in one hand-off 

will more often than not close the excursion contacts and simultaneously force delivered in other 

hand-off will quite often hold the development of the outing contacts in ordinary un-worked 

position. The working force relies on the position and nature of flaws in the safeguarded zone of 

feeder. The broken part of the feeder is isolated from solid piece when no less than one 

component of either hand-off works. 

Limit flows lead the voltage dazzled of the pilot by 90o and when they stream in low inductive 

working winding, produce motion that additionally drives the pilot voltage by 90o. Since the pilot 

voltage is that incited in the auxiliary loops of the transfer, it slacks by a significant point behind 

the transition in the field attractive air hole. The shut copper rings are acclimated to the point 

that the point is around 90o. In this manner motions following up on the plate are in stage and 

henceforth no force is applied in the transfer circle. 

Chapter Twelve Buchholz Relay 

A Buchholz relay is a wellbeing gadget mounted on oil-filled power transformers and reactors, 

outfitted with an outer upward oil supply called a "conservator". Buchholz transfers are utilized as 

a defensive gadget, as they are delicate with the impacts of dielectric disappointment that can 

happen inside the gear they safeguard. Buchholz transfers are a sort of gas discovery hand-off. 

Buchholz transfers have two primary components. The upper component comprises of a float. The 

float is connected to a pivot so that it can go all over relying on the oil level in the Buchholz hand-

off compartment. 



 

A mercury switch is fixed on the float. The arrangement of the mercury switch thus relies on the 

place of the float. 

The lower component comprises of a perplex plate and a mercury switch. This plate is fitted on a 

pivot simply before the channel (fundamental tank side) of the Buchholz hand-off in a transformer 

so that when oil enters in the transfer from that bay in high strain the arrangement of the puzzle 

plate alongside the mercury switch connected to it, will change. 

 

 

 

 

 

 

 

 

 

Notwithstanding these principal components, a Buchholz transfer has gas discharge pockets 

happening top. The electrical principals from both mercury switches are taken out over a formed 

terminal square. 

Buchholz Relay Working Principle 

The Buchholz hand-off it is exceptionally easy to work rule. Buchholz hand-off work depends on 

an exceptionally basic mechanical peculiarity. 

It is precisely impelled. At the point when there will be a minor interior shortcoming in the 

transformer, for example, a protection issue between turns, separate of center of the transformer, 

center warming, the protecting transformer oil will be deteriorated in various hydrocarbon gases, 

𝐶𝑂2 𝑎𝑛𝑑 𝐶𝑂. 

The gases delivered because of the decay of transformer protecting oil will gather in the upper 

piece of the Buchholz holder which causes a fall of the oil level in it. 

The video underneath shows a functioning movement of a Buchholz hand-off: 

Fall of oil level means bringing down the place of the float and subsequently shifting the mercury 

switch. The contacts of this mercury switch are shut and a caution circuit empowered. 



 

At times because of oil spillage on the fundamental tank air pockets might be amassed in the upper 

piece of the Buchholz compartment which may likewise root a reduction of oil level in it then the 

alert circuit will be invigorated. 

By gathering the aggregated gases from the gas discharge pockets on the highest point of the 

transfer and by examining them one can foresee the kind of shortcoming in the transformer. 

More extreme kinds of flaws, like short-circuits between stages or to earth and blames in the tap 

evolving hardware, are joined by a flood of oil that strikes the bewilder plate and makes the 

mercury switch of the lower component close. 

This switch empowered the outing circuit of the circuit breakers related with the transformer and 

promptly seclude the broken transformer from the remainder of the electrical power framework 

by between stumbling the circuit breakers related with both 𝐿𝑉 𝑎𝑛𝑑 𝐻𝑉 sides of the transformer. 

This is the way Buchholz transfer capacities. 

Buchholz Relay Operation Certain Precaution 

The Buchholz hand-off activity might be incited with next to no blame in the transformer. For 

example, when oil is added to a transformer, air might get in along with oil, aggregated under the 

transfer cover, and consequently cause a bogus Buchholz hand-off activity. 

 

 

 

 

 

 

 

 

 

For that reason, the mechanical lock is given in that hand-off so one can lock the development of 

mercury switches when oil is beating up in the transformer. 

This mechanical locking likewise assists with forestalling superfluous development of fragile glass 

bulbs of mercury switches during transportation of the Buchholz transfers. 

The lower float may likewise erroneously work assuming the oil speed in the association pipe 

through, not because of an interior shortcoming, is adequate to stumble over the float. 



 

This can happen in case of the outside cut off overcurrent’s moving through the winding reason 

overheated the copper and the oil and influence the oil to grow. 

Chapter Thirteen Capacitor Bank Protection (Circuit and Relay) 

Like other electrical types of gear, shunt capacitor may likewise be exposed to inside and outside 

electrical shortcomings. Thus, this gear is additionally to be shielded from inward and outside 

flaws. There are quantities of plans accessible for security of capacitor bank, yet during applying 

any of the plans, we ought to recollect the underlying venture on that capacitor for conservative 

perspective. We ought to think about the underlying speculation and the expense of the assurance 

applying on it. There are chiefly 3 sorts of insurance course of action that are applied to a capacitor 

bank. 

1. Component Fuse. 

2. Unit. Fuse. 

3. Bank Protection. 

Component Fuses 

Producers of capacitor unit normally give inbuilt breaker in every component of the unit. For this 

situation, assuming that any issue happens in any component itself, it is naturally disengaged from 

rest of the unit. For this situation, the unit actually fills its need, however with more modest result. 

In more modest evaluated capacitor bank just these inbuilt assurances conspire is applied to stay 

away from the use of other unique defensive types of gear. 

Unit Fuse 

The unit intertwine security is by and large gave to restrict the term of circular segment inside a 

defective capacitor unit. As the bend term is restricted, there is less possibility of major mechanical 

distortion and colossal creation of gas in the flawed unit, and henceforth the local units of the 

bank are saved. On the off chance that every unit of a capacitor bank is exclusively safeguarded 

against intertwine, if there should arise an occurrence of disappointment of one unit, the capacitor 

bank can in any case be running without interference prior to eliminating and supplanting the 

broken unit. 

One more significant benefit of giving breaker insurance to every unit of the bank is that, it 

demonstrates the specific area of the defective unit. In any case, during picking the size of the 

circuit for this reason, it ought to be thought about that the wire component should endure the 

unnecessary stacking because of music in the framework. In the perspective on that the ongoing 

rating of the circuit component for this design is taken as 65% over the full burden current. 

Whenever the singular unit of capacitor bank is safeguarded by meld, giving release obstruction 

in every one of the units is fundamental. 

 



 

Bank Protection 

Albeit overall circuit assurance is furnished with every one of the capacitor units, however when a 

capacitor unit is under shortcoming and the related wire component is extinguished, the voltage 

stress increments to the next capacitor units associated in series in same column. By and large, 

every capacitor unit is intended for enduring every available ounce of effort of its not unexpected 

evaluated voltage. Assuming some other capacitor unit further becomes unavailable, in a similar 

column where beforehand one unit is harmed, the voltage stress upon other solid units of that 

line will increment further and effectively crosses the constraint of greatest permissible, voltage 

of these units. 

Thus, it is generally alluring to supplant harmed capacitor unit from the bank at the earliest 

opportunity to keep away from abundance voltage weight on the other sound units. Henceforth, 

there should be a showing game plan to recognize the specific defective unit. When the broken 

unit is recognized in a bank, the bank ought to be taken out from the assistance for supplanting 

the flawed unit. There are a few techniques for detecting unbalance voltage brought about by 

disappointment of capacitor unit. 

The figure beneath is showing the most widely recognized game plan of capacitor bank security. 

Here, the capacitor bank is associated in star development. Essential of a potential transformer is 

associated across each stage. The auxiliary of every one of the three potential transformers is 

associated in series to frame an open delta and a voltage delicate hand-off is associated across 

this open delta. In precise adjusted condition there should not be any voltage shows up across the 

voltage touchy transfer since summation of adjusted 3 stage voltages is zero. Yet, when there 

would be any voltage unbalancing because of disappointment of capacitor unit, the resultant 

voltage will show up across the transfer and the hand-off will be impelled for giving an alert and 

outing signal. 

The voltage touchy transfer can be acclimated to the point that up to a specific voltage 

unbalancing just alert contacts would be shut and for specific higher voltage level the excursion 

contacts alongside caution contacts would be shut. The potential transformer associated across 

the capacitors of each stage likewise serves for releasing of the bank in the wake of being turned 

off. 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

In another plan, the capacitors in each stage are separated into halves associated in series. Release 

curl is associated across every one of the parts as displayed in the figure. In the middle of the 

optional of release loop and the touchy voltage that unbalances the hand-off an assistant 

transformer is associated which effectively directs the voltage contrast between auxiliary voltages 

of release curl under typical circumstances. 

 

 

 

 

 

 

 

 

 

 

 

Here the capacitor bank is associated in star and the unbiased point is associated with the ground 

through a possible transformer. A voltage touchy transfer is associated across the optional of the 

expected transformer. When there is any unbalance between the stages, the resultant voltage will 



 

show up across the likely transformer and subsequently the voltage delicate hand-off will be 

impelled past a preset worth. 

 

 

 

 

 

 

 

 

 

Here, the capacitor bank of each stage is partitioned into halves associated in equal and the star 

points of the two sections are interconnected through an ongoing transformer. The auxiliary of 

the ongoing transformer is associated across an ongoing delicate hand-off. In the event that any 

misbalancing happens between the two pieces of the bank, there would be an unbalance current 

moving through the ongoing transformer and thus the ongoing delicate transfer will activate. In 

this plan for releasing the bank in the wake of turning off, release loop might be associated across 

the capacitors in each stage. 

 

 

 

 

 

 

 

 

 

In one more plan of assurance of capacitor set, the star ideas of a three-stage capacitor bank are 

associated with the ground through an ongoing transformer and an ongoing touchy transfer is 

associated across the optional of the ongoing transformer. When there is any unbalancing 



 

between the periods of capacitor bank, there should be an ongoing streaming to the ground 

through the ongoing transformer and henceforth the ongoing touchy transfer will be activated to 

trip the electrical switch related with the capacitor bank. 

 

 

 

 

 

 

 

 

 

Chapter Fourteen Stator Earth Fault Protection of Alternators 

This is to be noticed that, the star points or unbiased reason behind stator twisting of an 

alternator is grounded through an impedance to restrict the ground issue current. Decreased 

ground shortcoming current makes less harm the stator center and twisting during ground or 

earth issue. On the off chance that the ground impedance is made very high, the ground 

shortcoming current might turn out to be even not exactly typical appraised current of the 

generator. Assuming this is the case, the responsiveness of stage transfers turns out to be low, 

even they might neglect to trip during issue. For instance, an ongoing lower than appraised 

current makes it hard to work differential transfers for ground issue. 

All things considered; a delicate ground/earth shortcoming transfer is utilized notwithstanding 

the differential insurance of alternator. What sort of handing-off game plan will be occupied with 

stator earth shortcoming insurance of alternator relies on the strategies for stator nonpartisan 

earthing. On account of obstruction nonpartisan earthing the impartial purpose in stator winding 

is associated with the ground through a resistor. 

Here, one current transformer is associated across the impartial and earth association of the 

alternator. Presently one defensive hand-off is associated across the ongoing transformer 

auxiliary. The alternator can take care of the power framework in two ways, possibly it is 

straightforwardly associated with the substation transport bar or it is associated with substation 

by means of one star delta transformer. In the event that the generator is associated 

straightforwardly to the substation transport bars, the hand-off associated across the CT 

optional, would be a backwards time transfer since here, hand-off coordination is expected with 



 

other issue transfers in the framework. However, when the stator of the alternator is associated 

with the essential of a star Delta transformer, the issue is confined in the middle of stator winding 

and transformer essential twisting, subsequently no coordination or separation is expected with 

other earth shortcoming transfers of the framework. 

That is the reason; for this situation momentary armature pulled in type transfer is desirable over 

be associated across the CT Secondary. 

 

 

 

 

 

 

It is ought to be noticed that, 100 % of the stator winding can't be safeguarded in obstruction 

impartial earthing framework. 

How much level of stator winding would be safeguarded against earth issue, relies on the benefit 

of earthing opposition and the setting of hand-off. The opposition establishing of stator winding 

can likewise be made by utilizing a dissemination transformer as opposed to interfacing a resistor 

straightforwardly to the unbiased way of the winding. Here, essential of a dissemination 

transformer is associated across earth and unbiased purpose in the stator winding. 

Auxiliary of the transformer is stacked by an appropriate resistor and one over voltage hand-off 

is likewise associated across the optional of the transformer. The greatest suitable earth issue 

not entirely settled by the size of the transformer and the benefit of stacking register R. 

This obstruction is associated with the optional, reflects to the essential of the transformer by 

the square of the turns proportion, subsequently adding protection from the nonpartisan to 

ground way of the stator winding. 

Chapter Fifteen Small and large motor protection system 

The electric engine is the most fundamental drive in the advanced time of industrialization. From 

partial ℎ𝑝 𝐴𝐶 motor utilized for various home machines to goliath simultaneous mechanical and 

enlistment motor of up to 10,000 ℎ𝑝 are used for several modern applications. 

It ought to be safeguarded against various electrical and mechanical issues for filling its needs 

without a hitch. The engine qualities should be painstakingly thought to be in choosing the right 

engine insurance conspire. 



 

The irregularities in engine or engine deficiencies might show up because of primarily dual 

reasons - 

• Situations forced by the external power supply organization, 

• Inside deficiencies, either in the engine or in the determined plant. 

Uneven inventory voltages, under-voltage, switched stage succession and loss of synchronism) 

go under the previous class. The last class incorporates bearing disappointments, stator winding 

flaws, engine earth blames and over-burden and so forth. 

The level of motor protection system depends upon the outlays and utilizations of the electrical 

motor. 

Slight Motor Protection Scheme 

By and large, engines up to 30 hp are considered in the little classification. The little engine 

security, for this situation, is organized by HRC meld, bimetallic transfer and under voltage hand-

off - all gathered into the engine contactor - starter itself. 

The most well-known reason for motor burnouts on LV breaker safeguarded framework is 

because of "single performance". This solitary staging might stay undetected regardless of 

whether the engines are safeguarded by a regular bimetallic transfer. 

It cannot be identified by a bunch of voltage transfers associated across the lines. Since, in any 

event, when one stage is dead, the engine keeps up with important back EMF on its broken phase 

terminal and then the voltage across the voltage transfer is kept from dropping off. 

The challenges of unique single staging can be overcome by utilizing a bunch of three current 

worked transfers as displayed in the little engine insurance circuit given underneath. 

The presently worked transfers are exceptionally basic quick transfers. There are basically two 

sections in this transfer one is an ongoing curl and the other is at least one ordinarily open contact 

(NO Contacts). 

The NO contacts are worked by the MMF of the ongoing loop. This hand-off is associated in series 

with each period of the inventory and reinforcement by HRC intertwine. At the point when the 

electrical engine turns over and runs then the stock flow goes through the flow loop of the 

defensive hand-off. The MMF of the ongoing curl makes the NO contacts shut. 

Assuming abruptly a solitary staging happens the relating current through the ongoing curl will 

fall and the contacts of the comparing hand-off will become to their ordinarily vacant position. 

The NO contacts of each of the three transfers are associated in series to hold - in the engine 

worker for hire. So, assuming anybody hand-off contact opens, results to arrival of the engine 

worker for hire and consequently engine will quit running. 



 

 

 

 

 

 

 

 

 

 

Large Motor Protection 

Large Motor particularly acceptance engines require assurance against: 

• Motor bearing disappointment 

• Motor overheating 

• Motor winding disappointment 

• Turn around engine pivot 

Motor Bearing Failure 

Ball and roller heading are utilized for the engine up to 500 hp and past this size, sleeve course is 

utilized. Disappointment of ball or roller bearing for the most part makes the engine a halt rapidly. 

Because of abrupt mechanical sticking in the engine bearing, the information current of the 

engine turns out to be exceptionally high. Current worked insurance, joined to the contribution 

of the engine cannot serve agreeably. 

Since this engine insurance framework must be set to supersede the high engine turning over 

current. The trouble can be overwhelmed by giving a warm over-burden hand-off. As the 

beginning current of the engine is high yet exists just during beginning so for that ongoing there 

will be no overheating impact. 

Yet, overcurrent because of mechanical sticking exists for a more extended time frame 

subsequently there will be an overheating impact. So, slowing down engine security can be 

presented by the warm over-burden transfer. Slowing down security can likewise be given by a 

different distinct time overcurrent hand-off which is worked solely after a certain predefined 

time if overcurrent perseveres past that period. 



 

On account of sleeve bearing, a temperature-detecting gadget installed in the actual bearing. 

This plan of engine assurance is more solid and touchy to engine bearing disappointment since 

the warm endure cutoff of the engine is very higher than that of the bearing. 

In the event that we permit the bearing to overheat and trust that the engine warm transfer will 

trip, the bearing might be forever harmed. The temperature detecting gadget implanted in the 

bearing stops the engine assuming the bearing temperature climbs past its predefined limit. 

Motor Over Heating 

The primary justification for engine overheating that implies overheating of engine twisting is 

expected to either mechanical over-burdening, diminished supply voltage, lopsided stockpile 

voltage and single staging. 

The overheating might cause decay of protection life of engine henceforth it should be tried not 

to be give appropriate engine insurance plot. 

To abstain from overheating, the engine ought to be segregated in 40 to 50 minutes even in case 

of little over-burdens of the request for 10 %. The defensive transfer ought to consider the 

hindering warming consequences for the engine rotor because of negative arrangement flows in 

the stator emerging out of unbalancing supply voltage. 

The engine ought to likewise be safeguarded by prompt engine security transfer against single 

staging like a slow down on the deficiency of one stage while running at full burden or 

endeavoring to begin with just two of three stages alive. 

Motor Winding Failure 

The engine assurance transfer ought to have prompt excursion components to recognize engine 

winding disappointment, for example, stage to endlessly stage to earth flaws. 

Ideally stage to stage shortcoming unit ought to be empowered from the positive stage grouping 

part of the engine current and one more momentary unit associated in the leftover circuit of the 

ongoing transformers be utilized for earth issues security. 

Turn around Motor Rotation 

Particularly on account of a transport line, the converse engine revolution should be kept away 

from. The converse revolution during beginning can be caused due to unintentional turning 

around of supply stages. 

An extensive engine security hand-off with an immediate negative succession unit will fulfill this 

prerequisite. 

In the event that such a hand-off has not been given, a watt-meter type transfer can be utilized. 



 

Chapter Sixteen Protection of Lines of Feeder 

As the length of electrical power transmission line is for the most part sufficiently lengthy and it 

goes through open environment, the likelihood of happening shortcoming in electrical power 

transmission line is a lot higher than that of electrical power transformers and alternators. To 

that end a transmission line requires significantly more defensive plans than a transformer and 

an alternator. 

Protection of line ought to have a few exceptional highlights, for example, 

1. During issue, the main electrical switch nearest to the shortcoming point ought to be 

stumbled. 

2. In the event that the electrical switch nearest to the flawed point, neglects to trip, the 

electrical switch only close to this breaker will trip as back up. 

3. The working season of hand-off related with security of line ought to be just about as least 

as conceivable to forestall pointless stumbling of circuit breakers related with other solid 

pieces of force framework. 

These previously mentioned prerequisites cause assurance of transmission line very different 

from insurance of transformer and other gear of force frameworks. The really three techniques 

for transmission line security are - 

• Time evaluated over current protection. 

• Differential protection. 

• Distance protection. 

Time Graded Over Current Protection 

This may likewise be alluded essentially as over-flow security of electrical power transmission 

line. Let' talk about various plans of time reviewed over current assurance. 

Protection of Radial Feeder 

In spiral feeder, the power streams in a single bearing just, which is from source to stack. This 

sort of feeders can without much of a stretch be safeguarded by utilizing either distinct time 

transfers or converse time transfers. 

Line Protection by Definite Time Relay 

This assurance conspire is extremely basic. Here absolute line is separated into various areas and 

each part is given clear time hand-off. The hand-off closest to the furthest limit of the line has 

least time setting while time setting of different transfers progressively expanded, towards the 

source. 



 

For instance, assume there is a source at point A, in the figure beneath 

  

 

 

 

 

 

 

 

 

 

At point D the electrical switch CB-3 is introduced with distinct season of hand-off activity 0.5 

sec. Progressively, at point C one more electrical switch CB-2 is introduced with distinct season 

of hand-off activity 1 sec. The following electrical switch CB-1 is introduced at point B which is 

closest of the point A. At point B, the hand-off is set at season of activity 1.5 sec. 

Presently, expect an issue happens at point F. Because of this issue, the defective current move 

through every one of the ongoing transformers or CTs associated in the line. Be that as it may, as 

the hour of activity of hand-off at point D is least the CB-3, related with this hand-off will trip first 

to separate the defective zone from rest part of the line. In the event that because of any 

explanation, CB-3 neglects to trip, then, at that point, next higher planned transfer will work to 

start the related CB to trip. For this situation, CB-2 will trip. In the event that CB-2 additionally 

neglects to trip, next electrical switch for example CB-1 will excursion to seclude significant piece 

of the line. 

Benefits of Definite Time Line Protection 

The fundamental benefit of this plan is effortlessness. The subsequent significant benefit is, 

during issue, just closest CB towards the source from shortcoming point will work to detach the 

particular place of the line. 

Disadvantages of Definite Time Line Protection 

In the event that the quantity of segments in the line is very huge, the time setting of hand-offs 

closest to the source would be extremely lengthy. So, during any shortcoming closer to the source 

will find opportunity to be disengaged. This might cause serious disastrous impact on the 

framework. 



 

Over Current Line Protection by Inverse Relay 

The disadvantage as we examined simply in positive time over current security of transmission 

line, can without much of a stretch be overwhelmed by utilizing backwards time transfers. In 

opposite transfer the hour of activity is conversely relative to blame current. 

 

 

 

 

 

 

 

 

In the above figure, by and large time setting of transfer at point D is least and progressively this 

time setting is expanded for the transfers related with the focuses towards the point A. 

If there should arise an occurrence of any issue at point F will clearly trip CB-3 at point D. In 

disappointment of opening CB-3, CB-2 will be worked as in general time setting is higher in that 

transfer at point C. 

Albeit, the time setting of transfer closest to the source is greatest yet it will trip in more limited 

period, assuming significant issue happens close to the source, as the hour of activity of hand-off 

is conversely relative to flawed current. 

Over Current Protection of Parallel Feeders 

For keeping up with steadiness of the framework taking care of a heap from source by at least 

two than two feeders in parallel is required. Assuming shortcoming happens in any of the feeders, 

just that broken feeder ought to be confined from the framework to keep up with coherence of 

supply from source to stack. This necessity makes the assurance of equal feeders’ tad more 

complicated than basic non heading over current insurance of line as on account of spiral feeders. 

The security of equal feeder expects to utilize directional transfers and to grade the time setting 

of relays for particular stumbling. 

 



 

 

 

 

 

 

 

 

 

 

There are two feeders associated in equal from source to stack. Both of the feeders have non-

directional over current transfer at source end. These transfers ought to be reverse time hand-

off. Likewise, both of the feeders have directional transfer or converse power hand-off at their 

heap end. The opposite power transfers utilized here ought to be prompt sort. That implies these 

transfers ought to be worked when stream of force in the feeder is turned around. The ordinary 

bearing of force is from source to stack. 

Presently, assume a shortcoming happens at point F, say the issue current is If. This shortcoming 

will get two equal ways from source, one through electrical switch A just and other by means of 

CB-B, feeder-2, CB-Q, load transport and CB-P. This is plainly displayed in figure underneath, 

where IA and IB are current of issue shared by feeder-1 and feeder-2 separately. 

 

 

 

 

 

 

 

According to Kirchhoff’s ongoing regulation,𝐼𝐴  + 𝐼𝐵  =  𝐼𝑓. 

Presently, IA is moving through CB-A, IB is coursing through CB-P. As the heading of stream of CB-

P is switched it will trip right away. In any case, CB-Q won't trip as stream of current (power) in 

this electrical switch isn't turned around. When CB-P is stumbled, the shortcoming current IB 



 

quits coursing through feeder and subsequently there is no doubt of further working of 

backwards time over current hand-off. IA actually keeps on streaming even CB-P is stumbled. 

Then, at that point, on account of over current IA, CB-A will trip. In this manner the defective 

feeder is disconnected from framework. 

Differential Pilot Wire Protection 

This is essentially a differential assurance plot applied to feeders. A few differential plans are 

applied for assurance of line however Mess Price Voltage balance framework and Trans lay 

Scheme are generally prominently utilized. 

Merz Price Balance System 

The functioning standard of Merz Price Balance framework is very straightforward. In this plan of 

line security, indistinguishable CT is associated with every one of the two stopping points. The 

extremity of the CTs is same. The optional of these ongoing transformers and working curl of two 

prompt transfers are shaped a shut circle as displayed in the figure beneath. Insider savvy pilot 

wire is utilized to interface both CT auxiliary and both transfer curl as displayed. 

 

 

 

 

 

 

 

 

 

 

Presently, from the figure it is very evident that when the framework is under ordinary 

condition, there wouldn't be any ongoing coursing through the circle as the auxiliary current of 

one CT will counteract optional current of other CT. 

Presently, assuming any shortcoming happens in the part of the line between these two CTs, 

the optional current of one CT will at this point not equivalent and inverse of auxiliary current 

of other CT. Henceforth there would be a resultant circling current insider savvy. 



 

Because of this coursing current, the curl of the two transfers will close the outing circuit of 

partner electrical switch. Henceforth, the defective line will be confined from the two closures. 

Chapter Seventeen Feeder Protection Relays 

Distance Protection Relay 

One of the significant securities in Power System Protection is Feeder Protection. 

Various sorts of transfers are utilized for feeder security like electromagnetic sort transfers, 

static sort transfers and so on. Be that as it may, presently a day we are involving Numerical 

transfers for all assurances. 

The advantages of Numerical transfers are, 

• Precise stumbling, 

• Less resistance, 

• Shortcoming occasions and counter stockpiling 

• Show of shortcoming boundaries on screen 

(Issue boundaries implies current, voltage, obstruction and reactance values during endlessly 

shortcoming distance, Numerical transfers can store large number of stumbling occasions). 

The fundamental sources of info required for distance assurance is Voltage and Current from 

comparing feeder PT and CT. 

As per site conditions we will set specific impedance values in transfer settings (i.e., R and X 

qualities) for issue discovery. Hand-off will screen Current and Voltage in the feeder line (PT and 

CT auxiliary), and from these qualities, the transfer will compute Impedance esteem Z. i.e., Z = 

V/I. In typical burden condition the impedance values on line will be high. Yet, when issue 

comes on the feeder line, the impedance will diminish and turns out to be not exactly the 

impedance setting in the hand-off, then the distance hand-off will trip with in 40 ms in zone 1 

(distinct zones are there and that will be made sense of later) and disengage power supplies 

from shortcoming. I.e., during issue, hand-off will be outing and show the shortcoming 

boundaries like issue current, voltage, reactance, obstruction and issue distance on transfer 

screen. 

Assume in the event that the shortcoming is on 25 km, transfer will show Fault Distance (FD) = 

25km, and subsequently it turns out to be not difficult to distinguish where there is issue. For 

Distance security now daily Quadrilateral qualities is utilized. We previously examined that for 

shortcoming distinguishing proof we need to set various boundaries in hand-off. i.e., 

• Forward and Backward Resistance (RF, RB), 

• Forward and in reverse Reactance (XF, XB), 

• RCA (Relay Characteristics Angle) and 



 

• Line Impedance per km. 

These boundaries are utilized for making Quadrilateral qualities. Assume if RCA = 70o and by 

utilizing parallelogram attributes (Quadrilateral), we can plot the diagram by putting forth 

Resistance (RF) esteem in certain X pivot, Backward Resistance (RB) in regrettable X hub, 

Forward Reactance (XF) esteem in sure Y hub, and Backward Reactance (XB) in bad Y hub and 

plot parallelogram with an incline of RCA point. 

Accordingly, we will get a parallelogram diagram and the assurance zone is inside the 

parallelogram. Implies during shortcoming the impedance will reach inside the parallelogram 

then the transfer will trip. In chart there are 4 quadrants of activity 

1. First quadrant (𝑅 𝑎𝑛𝑑 𝑋 𝑞𝑢𝑎𝑙𝑖𝑡𝑖𝑒𝑠 +  𝑣𝑒) 

2. Assuming the heap is inductive and the shortcoming is in forward bearing from Relay, 

then the transfer will trip in this quadrant values. 

3. Second quadrant (𝑅 −  𝑣𝑒 𝑎𝑛𝑑 𝑋 +  𝑣𝑒) 

4. On the off chance that the heap is capacitive and the shortcoming is backward bearing 

from Relay, then, at that point, the transfer will trip in this quadrant values. 

5. Third quadrant (𝑅 −  𝑣𝑒 𝑎𝑛𝑑 𝑋 −  𝑣𝑒) 

6. Assuming that the heap is inductive and the shortcoming is backward course from Relay, 

then the hand-off will trip in this quadrant values. 

7. Fourth quadrant (𝑅 +  𝑣𝑒 𝑎𝑛𝑑 𝑋 −  𝑣𝑒) 

    Assuming that the heap is capacitive and the issue is in forward heading from Relay, then, at 

that point, the transfer will trip in this quadrant values. 

 

 

 

 

 

 

 

 

 

 

 



 

Chapter Eighteen Trip Circuit Supervision 

There are various contacts associated in series along an outing circuit of an electrical switch. 

There should be some circumstance when the electrical switch shouldn't trip even a broken flow 

goes through its power contacts. Such circumstances are low gas strain in SF6 electrical switch, 

low gaseous tension in pneumatic worked electrical switch and so forth. In this present 

circumstance the outing curl of the CB should not be stimulated to trip the CB. So, there should 

be NO contacts related with gas tension and pneumatic stress transfers, associated in series with 

breaker trip curl. One more plan of outing curl is that it ought not be recharged once the electrical 

switch is opened. That is finished by giving one NO contact of breaker helper switch in series with 

trip loop. Notwithstanding that the excursion circuit of a CB needs to go through significant 

quantities of halfway terminal contacts in hand-off, control board and electrical switch stand. 

So, in the event that any of the halfway contacts is confined, the electrical switch neglects to trip. 

Not just that, assuming DC supply to the outing circuit falls flat, the CB won't trip. To beat what 

was happening, trip circuit management turns out to be exceptionally vital. The figure 

underneath shows the most straightforward type of outing circuit solid plan. Here a series blend 

of one light, one push base and one resistor are associated across the defensive hand-off contact 

as displayed. In sound circumstance every one of the contacts with the exception of defensive 

hand-off contact are in close position. Presently assuming push base (PB) is squeezed, the 

excursion circuit management network is finished and light gleams demonstrating that the 

breaker is prepared for stumbling. 

 

 

 

 

 

 

The above plot is for oversight while electrical switch is shut. This plan is called post close 

oversight. There is another management plot which is called pre and post close oversight. 

This excursion circuit oversight conspire is additionally very straightforward. The main contrast is 

that here in this plan, one NC contact of same assistant switch is associated across the helper NO 

contact of the excursion circuit. The assistant NO contact is shut when CB is shut and helper NC 

contact is shut when CB is open as well as the other way around. Henceforth, as displayed in the 

figure beneath when the electrical switch is shut the outing circuit management network is 

finished through assistant NO contact except for when the electrical switch is open a similar 



 

oversight network is finished by means of NC contact. The resistor is involved series with the light 

for forestalling undesirable stumbling of electrical switch because of inward short out brought 

about by disappointment of the lamp. 

Up to this point anything we have talked about it is just for privately controlled establishment 

however for a distance control establishment, hand-off framework is essential. The figure 

underneath shows the outing circuit oversight conspire any place a remote sign is required. 

 

 

 

 

 

 

Whenever trip circuit is sound and electrical switch is shut, hand-off 𝐴 is invigorated which shuts 

the NO contact 𝐴1 and consequently hand-off 𝐶 is empowered. Invigorated hand-off 𝐶 keeps 𝑁𝐶 

contact in vacant position. Presently on the off chance that the electrical switch is open, transfer 

𝐵 is empowered which shuts No contact 𝐵1 henceforth hand-off 𝐶 is invigorated. As C is 

empowered, it keeps the 𝑁𝐶 contact C1 in vacant position. While CB is shut, assuming there is 

any intermittence in the excursion circuit transfer A is de-stimulated which opens contact A1 and 

thus hand-off 𝐶 is de-invigorated and which make the 𝑁𝐶 contact 𝐶1 in close position and 

henceforth alert circuit is incited. Trip circuit oversight is capable by transfer 𝐵 with the electrical 

switch is open along these lines as hand-off 𝐴 with the electrical switch is shut. Transfers An and 

𝐶  are time-postponed by copper slugs to forestall fake alerts during stumbling or shutting tasks. 

The resistors are mounted independently from the transfers and their qualities are picked with 

the end goal that assuming any one part is incidentally short-circuited, a stumbling activity won't 

happen. 

 

 

 

 

 

 

 



 

The alert circuit supply ought to be isolated from primary excursion supply so the caution can be 

incited even the outing supply fizzled. 

Chapter Nineteen Busbar Protection | Busbar Differential Protection Scheme 

In early days just customary over current transfers were utilized for busbar assurance. However, 

it is wanted that shortcoming in any feeder or transformer associated with the busbar shouldn't 

upset busbar framework. In review of this time setting of busbar security transfers are made 

extensive. So, when deficiencies happen on busbar itself, it requires a lot of investment to 

disconnect the transport from source which may came a lot of harm in the transport framework. 

As of late, the subsequent zone distance security transfers on approaching feeder, with working 

season of 0.3 𝑡𝑜 0.5 seconds have been applied for busbar assurance. 

However, this plan has likewise a primary detriment. This plan of security cannot segregate the 

defective part of the busbar. 

Presently days, electrical power framework manages immense measure of force. Subsequently 

any break in absolute transport framework makes huge misfortune the organization. So, it 

becomes fundamental to disconnect just broken segment of busbar during transport 

shortcoming. 

One more disadvantage of second zone distance security plot is that, at some point the clearing 

time isn't adequately short to guarantee the framework strength. 

To beat the previously mentioned hardships, differential busbar security plot with a working time 

under 0.1 𝑠𝑒𝑐., is ordinarily applied to numerous SHT transport frameworks. 

Chapter Twenty Differential Busbar Protection 

Current Differential Protection 

The plan of busbar security, includes, Kirchhoff’s flow regulation, that's what which expresses, all 

out flow entering an electrical hub is actually equivalent to add up to flow leaving the hub. 

Consequently, absolute current going into a transport segment is equivalent to add up to current 

leaving the transport area. 

The standard of differential busbar insurance is exceptionally basic. Here, secondaries of CTs are 

associated equal. That implies, 𝑆1 terminals of all CTs associated together and structures a 

transport wire. Likewise, 𝑆2 terminals of all CTs associated together to frame another transport 

wire. 



 

A stumbling hand-off is associated across these two transport wires. 

 

 

 

 

 

 

 

 

 

Here, in the figure above we expect that at typical condition feed, A, B, C, D, E and F conveys 

current IA, IB, IC, ID, IE and IF. 

Presently, as per Kirchhoff’s ongoing regulation, 

 

Basically, every one of the CTs utilized for differential busbar insurance are of same current 

proportion. Henceforth, the summation of all optional flows should likewise be equivalent to 

nothing. 

Presently, express current through the transfer associated in corresponding with all CT 

secondaries, is 𝑖𝑅 , 𝑎𝑛𝑑 𝑖𝐴, 𝑖𝐵, 𝑖𝐶 , 𝑖𝐷 , 𝑖𝐸 and 𝑖𝐹 are auxiliary flows. 

Presently, let us apply KCL at hub X. According to KCL at hub X, 

 

 

 

 

 

 

 

 



 

Along these lines, obviously under ordinary condition there is no ongoing moves through the 

busbar security stumbling transfer. This hand-off is for the most part alluded as Relay 87. 

Presently, say issue is happened at any of the feeders, outside the safeguarded zone. All things 

considered; the flawed current will go through essential of the CT of that feeder. This 

shortcoming current is contributed by any remaining feeders associated with the transport. Thus, 

contributed piece of issue current courses through the relating CT of particular feeder. Thus, at 

that flawed condition, assuming we apply KCL at hub K, we will in any case get, 𝑖𝑅  =  0. 

 

 

 

 

 

 

 

 

That implies, at outer defective condition, there is no ongoing courses through relay 87. 

Presently think about a circumstance when issue is happened on the actual transport. 

At this condition, likewise the defective current is contributed by all feeders associated with the 

transport. Thus, at this condition, amount of all contributed shortcoming current is equivalent 

to add up to defective current. 

Presently, at defective way there is no CT. (in outer issue, both shortcoming current and 

contributed current to the shortcoming by various feeder get CT in their way of streaming). 

 

 

 

 

 

 

 



 

The amount of all auxiliary flows is presently not zero. It is equivalent to optional likeness 

defective current. 

Presently, assuming we apply KCL at the hubs, we will get a non no worth of 𝑖𝑅. 

So, at this condition current beginnings moving through 87 relay and it makes trip the electrical 

switch relating to every one of the feeders associated with this part of the busbar. 

As every one of the approaching and active feeders, associated with this segment of transport 

are stumbled, the transport turns out to be dead. 

This differential busbar insurance conspire is likewise alluded as current differential security of 

busbar. 

Differential Protection of Sectionalized Bus 

During making sense of working rule of current differential security of busbar, we have shown a 

basic non sectionalized busbar. Yet, in moderate high voltage framework electrical transport 

sectionalized in than one area to build strength of the framework. It is done in light of the fact 

that, shortcoming in one part of transport shouldn't upset another segment of the framework. 

Consequently, during transport shortcoming, complete transport would be intruded. 

Allow us to draw and examine about insurance of busbar with two areas. 

 

 

 

 

 

 

 

 

Here, transport segment A or zone A is limited by CT1, CT2 and CT3 where CT1 and CT2 are feeder 

CTs and CT3 is transport CT. 

Also transport segment B or zone B is limited by 𝐶𝑇4, 𝐶𝑇5 𝑎𝑛𝑑 𝐶𝑇6 where 𝐶𝑇4 is transport CT, CT5 

and 𝐶𝑇6 are feeder CT. 

Hence, zone An and B are covered to guarantee that, there is no zone abandoned this busbar 

assurance conspire. 



 

ASI terminals of 𝐶𝑇1, 2 𝑎𝑛𝑑 3 are associated together to frame optional transport ASI; 

BSI terminals of 𝐶𝑇4, 5 𝑎𝑛𝑑 6 are associated together to frame auxiliary transport BSI. 

𝑆2. terminals of all CTs are associated together to frame a typical transport 𝑆2.. 

Presently, busbar security relay 87A for zone A is associated across transport ASI and 𝑆2.. 

Relay 87B for zone B is associated across transport BSI and𝑆2. 

This segment busbar differential assurance plot works in some way straightforward current 

differential insurance of busbar. 

That is, any shortcoming in zone A, with trip just 𝐶𝐵1,  𝐶𝐵2 and transport CB. 

Any shortcoming in zone B, will trip just 𝐶𝐵5, 𝐶𝐵6 and transport CB. 

Subsequently, shortcoming in any segment of transport will segregate just that piece from live 

framework. 

In current differential assurance of busbar, if CT optional circuits, or transport wires is open the 

hand-off might be worked to segregate the transport from live framework. However, this isn't 

alluring. 

DC Circuit of Differential Busbar Protection 

An ordinary DC circuit for busbar differential insurance conspire is given beneath. 

 

 

 

 

 

 

 

 

 

Here, CSSA and CSSB are two selector switch which are utilized to place into administration, the 

busbar assurance framework for zone An and zone B individually. 

In the event that CSSA is in ready, assurance plot for zone A is in assistance. 



 

In the event that CSSB is in ready, security for zone B is in help. 

For the most part both of the switches are in' "ready in ordinary working condition. Here, transfer 

curl of 96A and 96B are in series with differential busbar security hand-off contact 87A-1 and 

87B-1 individually. 

96A transfer is multi contacts hand-off. Each electrical switch in zone A is associated with 

individual contact of 96A. 

Likewise, 96B is multi contacts hand-off and each electrical switch in zone-B is associated with 

individual contacts of 96B. 

Albeit here we utilize just a single stumbling transfer for every safeguarded zone, however this is 

smarter to utilize one individual stumbling hand-off per feeder. In this plan one defensive hand-

off is given per feeder electrical switch, while two stumbling transfers one for zone An and other 

for zone B are given to transport segment or transport coupler electrical switch. 

On a span issue in zone An or transport area A, the particular transport assurance hand-off 87A, 

be empowered though during inside shortcoming in zone B, the individual hand-off 87B will be 

stimulated. 

When transfer loop of 87A or 87B is empowered particular no. contact 87A-1 or 87B-1 is closed. 

Hence, the stumbling transfer 96 will trip the breakers associated with the flawed zone. To 

demonstrate whether zone An or B busbar insurance worked, hand-off 30 is utilized. 

For instance, if transfer 87A is worked, relating "No" contact 87A-2 is shut which invigorated 

hand-off 30A. Then the No contact 30A-1 of transfer 30A is shut to stimulated caution hand-off 

74. Oversight transfer 95 of particular zone is additionally empowered during inside shortcoming, 

however it has a period postponement of 3 second. In this way, it reset when the shortcoming is 

cleared and along these lines doesn't get zone transport wire shorting hand-off 95x which thusly 

shorts out the transport wires. An alert contact is additionally given to this assistant 95x relay to 

show which CT is open circuited. No volt transfer 80 is given in both outing and non-trip part of 

the DC circuit of differential busbar insurance framework to demonstrate any intermittence of D. 

C. supply. 

Voltage Differential Protection of Busbar 

The ongoing differential plan is delicate just when the CTs don't get soaked and keep up with 

same current proportion, stage point mistake under most extreme broken condition. This is 

typically not 80, especially, in that frame of mind of an outside shortcoming on one of the feeders.  



 

 

 

 

 

 

 

 

The CT on the defective feeder might be immersed by absolute current and therefore it will have 

extremely huge mistakes. Because of this enormous mistake, the summation of optional current 

of all CTs in a specific zone may not be zero. So, there might be a high possibility stumbling of all 

circuit breakers related with this security zone even on account of an outer huge shortcoming. 

To forestall this maloperation of current differential busbar assurance, the 87 relays are furnished 

with high get current and enough time delay. 

The best annoying reason for current transformer involvement is the transient dc part of the 

short out current. 

These hardships can be overwhelmed by utilizing air center CTs. This ongoing transformer is 

likewise called direct coupler. As the center of the CT doesn't utilize iron the optional attribute 

of these CTs, is straight line. 

In voltage differential busbar security, the CTs of all approaching and active feeders are 

associated in series as opposed to interfacing them in parallel. 

The secondaries of all CTs and differential transfer structure a shut circle. Assuming that 

extremity of all CTs is appropriately coordinated, the amount of voltage across all CT secondaries 

is zero. Consequently, there would be no resultant voltage shows up across the differential hand-

off. At the point when a buss shortcoming happens, amount of the all-CT auxiliary voltage is as 

of now not zero. Henceforth, there would be current flow insider savvy because of the resultant 

voltage. As this circle current likewise moves through the differential transfer, the hand-off is 

worked to trip all the circuit measuring glass related with safeguarded transport zone. But when 

ground issue current is severally restricted by unbiased impedance there is typically no selectivity 

issue when such an issue exists, it is addressed by utilization of an extra touchier transferring gear 

including a regulating defensive relay. 

 

 



 

Chapter Twenty-One Motor Thermal over-load protection 

For understanding engine warm over-burden security in acceptance motor, we can talk about 

the working guideline of three stage enlistment engine. There is one round and hollow stator and 

a three-stage winding is evenly dispersed in the inward fringe of the stator. Because of such 

balanced conveyance, when three stage power supply is applied to the stator winding, and it is 

created to pivot attractive field. This field turns at simultaneous speed. The rotor is made in 

acceptance engine mostly by numbers strong copper bars which are shorted at the two closures 

in such a way that they structure a chamber confine like design. For this reason, this engine is 

additionally alluded as squirrel confine acceptance engine. In any case we should come to the 

essential mark of three stage acceptance engine - which will assist us with seeing obviously about 

engine warm over-burden assurance. 

As the alternating attractive motion cuts every one of the bar guides of rotor, there will be an 

initiated coursing current moving through the bar guides. At beginning the rotor is stop and stator 

field is turning at simultaneous speed, the general movement between it is greatest to pivot field 

and rotor. 

Henceforth, the pace of cuts of motion with rotor bars is most extreme, the incited current is 

greatest at this condition. However, as the reason for initiated current is, this relative speed, the 

rotor will attempt to decrease this overall speed and consequently it will begin turning toward 

pivoting attractive field to get the simultaneous speed. When the rotor will come to the 

simultaneous speed this general speed among rotor and pivoting attractive field becomes zero, 

subsequently there won't be any further transition cutting and thusly there won't be any 

instigated current in the rotor bars. As the incited current becomes zero, there won't be any 

further need of keeping no overall speed among rotor and pivoting attractive field subsequently 

rotor speed falls. 

When the rotor speed falls the general speed among rotor and pivoting attractive field again 

gains a non-zero worth which again causes incited current in the rotor bars then rotor will again 

attempt to accomplish the coordinated speed and this will go on till the engine is switch on. 

Because of this peculiarity the rotor won't ever accomplish the simultaneous speed as well as it 

will run constantly during ordinary activity. The contrast between the simultaneous speed with 

rotor speed in regard of coordinated speed, is named as slip of acceptance engine. 

The slip in an ordinarily running acceptance engine normally differs from 1% to 3% relying on the 

stacking state of the engine. Presently we will attempt to draw speed current attributes of 

enlistment engine - how about we have an illustration of huge evaporator fan. 

 

 



 

 

 

 

 

 

 

 

 

 

 

In the trademark Y pivot is taken as time in second, X hub is taken as % of stator current. 

Whenever rotor is stop that is at beginning condition, the slip is most extreme consequently the 

initiated current in the rotor is greatest and because of change activity, stator will likewise draw 

a weighty current from the stockpile and it would be around 600 % of the appraised full burden 

stator current. As the rotor is being sped up the slip is diminished, therefore the rotor current 

henceforth stator current tumbles to around 500 % of the full burden evaluated current in the 

span of 12 seconds when the rotor speed achieves 80% of coordinated speed. After that the 

stator current falls quickly to the evaluated esteem as the rotor arrives at its generally expected 

speed. 

Presently we will examine about warm over stacking of electrical engine or over warming issue 

of electric engine and the need of engine warm over-burden security. 

Whenever we ponder the overheating of an engine, the main thing strikes to us is over stacking. 

Because of mechanical over stacking of the engine draws higher current from the inventory which 

prompts unreasonable over warming of the engine. The engine can likewise be unnecessarily 

over warmed assuming the rotor is precisely locked for example becomes fixed by any outside 

mechanical power. In this present circumstance the engine will draw unreasonably high flow 

from the stockpile which additionally prompts warm over stacking of electrical engine or extreme 

over warming issue. One more reason for overheating is low stockpile voltage. As the power id 

drawn by the engine from the inventory relies on the stacking state of the engine, for lower 

supply voltage, engine will draw higher current from mains to keep up with required force. Single 

staging additionally causes warm over stacking of engine. At the point when one period of the 

stockpile is unavailable, the leftover two stages attract higher current to keep up with expected 

load force and these prompts overheating of the engine. Unbalance condition between three 

periods of supply additionally causes over warming of the engine twisting, as on the grounds that 



 

unbalance framework results to negative grouping current in the stator winding. Once more, 

because of unexpected misfortune and restore of supply voltage might cause unreasonable 

warming of the engine. Since because of unexpected loss of supply voltage, the engine is de-sped 

up and because of abrupt restoration of voltage the engine is sped up to accomplish its evaluated 

speed and subsequently for that engine draws higher current structure the inventory. 

As the warm over stacking or over warming of the engine might prompt protection 

disappointment and harm of twisting, consequently for appropriate engine warm over-burden 

insurance, the engine ought to be safeguarded against the accompanying circumstances 

1. Mechanical over stacking, 

2. Stalling of motor shaft, 

3. Low inventory voltage, 

4. Single staging of supply mains, 

5. Unbalancing of supply mains, 

6. Unexpected Loss and remaking of supply voltage. 

The most essential security plan of the engine is warm over load assurance which basically covers 

the insurance of all the previously mentioned condition. To comprehend the essential guideline 

of warm over load insurance we should inspect the schematic chart of fundamental engine 

control conspire. 

 

 

 

 

 

 

 

 

 

 

In the figure above, when START push is shut, the starter curl is empowered through the 

transformer. As the starter loop is invigorated, regularly open (NO) contacts 5 are shut 

consequently engine gets supply voltage at its terminal and it begins pivoting. This start curl 

additionally closes contact 4 which makes the starter loop empowered even the START press 

button contact is set free from its nearby position. To stop the engine there are a few regularly 



 

shut (NC) contacts in series with the starter curl as displayed in the figure. One of them is STOP 

press button contact. On the off chance that the STOP press button is squeezed, this button 

contact opens and breaks the coherence of the starter curl circuit thusly makes the starter loop 

de-invigorated. Henceforth the contact 5 and 4 return to their ordinarily vacant position. Then, 

without voltage at engine terminals it will at last quit running. Comparatively any of the other NC 

contacts (1, 2 and 3) associated in series with starter loop if open; it will likewise stop the engine. 

These NC contacts are electrically combined with different insurance transfers to stop activity of 

the engine in various strange circumstances. 

How about we take a gander at the warm over load hand-off and its capacity in engine warm 

over-burden assurance. 

The auxiliary of the CTs in series with engine supply circuit, are associated with a bimetallic 

portion of the warm over load transfer (49). As displayed in the figure underneath, when current 

through the optional of any of the CTs, crosses its foreordained qualities for a foreordained time 

frame, the bi-metallic strip is over warmed and it disfigures which at last causes to work the hand-

off 49. When the transfer 49 is worked, the NC contacts 1 and 2 are opened which de-empowers 

the starter loop and consequently stop the motor. 

 

 

 

 

 

 

 

 

 

Something else we need to bear in mind during giving engine warm over-load protection. As a 

matter of fact, each engine has some foreordained over-burden resistance esteem. That implies 

each engine might run past its appraised load for a particular admissible period relying upon its 

stacking condition. How long an engine can run securely for a specific burden is indicated by the 

maker. The connection between various burdens on engine and comparing suitable periods for 

running something very similar in safe condition is alluded as warm breaking point bend of the 

engine. How about we take a gander at the bend of a specific engine, given beneath. 

 



 

 

 

 

 

 

 

 

 

 

 

 

Here Y pivot or vertical hub addresses the permissible time right away and X hub or level hub 

addresses level of over-burden. Here it is obvious from the bend that, engine can run securely 

with next to no harm because of overheating for delayed period at 100 percent of the appraised 

load. It can run securely 1000 seconds at 200 % of ordinary evaluated load. It can run securely 

100 seconds at 300 % of typical appraised load. It can run securely 15 seconds at 600% of ordinary 

appraised load. The upper piece of the bend addresses the ordinary running state of the rotor 

and the lower most part addresses the mechanical locked state of the rotor. 

Presently the working time Vs impelling current bend of the picked warm over load hand-off 

ought to be arranged underneath as far as possible bend of the engine for good and safe activity. 

We should have a conversation on additional subtleties 

 

 

 

 

 

 

 

 



 

Recollect the attributes of beginning current of the engine - During fire up of the acceptance 

engine, the stator current goes past 600 % of typical evaluated current yet it keeps awake to 10 

to 12 seconds after that stator current abruptly tumbles to ordinary appraised esteem. So, 

assuming the warm over-burden hand-off is worked before that 10 to 12 second for the current 

600 % of typical appraised then the engine can't be begun. Thus, it tends to be inferred that the 

working time Vs activating current bend of the picked warm over load transfer ought to be 

arranged underneath as far as possible bend of the engine however over the beginning current 

qualities bend of the engine. Likely place of the warm current transfer qualities is limited by these 

two expressed bends as displayed in the chart by featured region. 

Something else must be remembered during picking of warm over-burden transfer. This hand-

off is anything but a momentary transfer. It has a base postponement in activity as the bimetallic 

strip expected a base opportunity to be warmed up and distorted for greatest benefit of working 

current. From the chart it is observed that the warm hand-off will be worked following 25 to 30 

seconds assuming either the rotor is out of nowhere precisely impeded or engine is neglect to 

begin. At this present circumstance the engine will draw a colossal current from the stockpile. In 

the event that the engine isn't confined sooner, severer harm might happen. 

 

 

 

 

 

 

 

 

 

 

This issue is overwhelmed by furnishing time over current hand-off with high pickup. The time 

current qualities of these over current transfers are decided to such an extent that for lower 

worth of over load, the hand-off won't work since warm over-burden hand-off will be activated 

before it. In any case, for higher worth of over-burden and for hindered rotor condition time over 

load transfer will be worked rather than warm hand-off in light of the fact that previous will impel 

much before the last option. 



 

Subsequently both the bimetallic throughout load hand-off and time over current transfer are 

accommodated finished engine warm over-burden security. 

There is one primary disservice of bimetallic warm over load hand-off, as the pace of warming 

and cooling of bi-metal is impacted by encompassing temperature, the exhibition of the hand-off 

may contrast for various surrounding temperatures. This issue can be overwhelmed by utilizing 

RTD or opposition temperature finder. The greater and more refined engines are safeguarded 

against warm over load all the more precisely by utilizing RTD. In stator openings, RTDs are put 

alongside stator winding. Obstruction of the RTD changes with changing temperature and this 

changed resistive worth is detected by a Wheatstone span circuit. 

This engine warm over-burden insurance plot is extremely straightforward. RTD of stator is 

utilized as one arm of adjusted Wheatstone span.  As the temperature of the stator winding is 

expanded, the electrical opposition of the finder increments which upsets the decent state of the 

extension. Accordingly current beginning moving through the transfer 49 and the hand-off will 

be activated after a foreordained worth of this unequal current and at last starter contact will 

open to stop the stock to the motor. 

 

 

 

 

 

 

 

 

Chapter Twenty-Two Different Protective Relay 

During investigation of electrical defensive transfers, a few extraordinary terms are much of the 

time utilized. For legitimate comprehension, the elements of various defensive transfers, the 

meaning of such terms should be seen appropriately. Such terms are, 

1. Get current. 

2. Current setting. 

3. Plug setting multiplier (PSM). 

4. Time setting multiplier (TSM). 

 



 

Get Current of Relay 

In every single electrical transfer, the moving contacts are not allowed to move. Every one of the 

contacts stay in their particular typical situation by some power applied to them consistently. 

This power is known as the controlling power of the transfer. This controlling power might be the 

gravitational power, might be a spring force, or might be an attractive power. 

The power applied to the transfer's moving parts for changing the ordinary place of the contacts 

is called avoiding force. This diverting power is generally in resistance of controlling power and is 

available generally in the hand-off. Albeit the avoiding force generally presents in the transfer 

straightforwardly associated with live line, as the greatness of this power is not exactly controlling 

power in ordinary condition, the hand-off doesn't work. Assuming the inciting current in the 

transfer loop increments bit by bit, the it is additionally expanded to avoid force in 

electromechanical hand-off. Once, the diverting power crosses the controlling power, the moving 

pieces of the transfer start to move to change the place of the contacts in the hand-off. The 

current for which the transfer starts its activity is hit get current of hand-off. 

Current Setting of Relay 

The base gets the worth of the avoiding power of an electrical hand-off is consistent. Again, the 

diverting power of the curl is corresponding to its number of turns and the ongoing coursing 

through the loop. 

Presently, in the event that we can change the quantity of dynamic turns of any curl, the 

necessary current to reach at least pick worth of the diverting power, in the loop likewise 

changes. That implies in the event that dynamic turns of the transfer loop are decreased, 

proportionately more current is expected to deliver wanted hand-off impelling power. Also, in 

the event that dynamic turns of the transfer loop are expanded, proportionately diminished 

current is expected to deliver same wanted avoiding force. 

For all intents and purposes same model transfers might be utilized in various frameworks. 

According to these framework prerequisites, the pickup current of the hand-off is changed. This 

is known as the ongoing setting of the transfer. This is accomplished by giving the necessary 

number of tapping in the curl. These taps are brought out to an attachment span. The quantity 

of dynamic turns in the loop can be changed by embedding a module various focus in the scaffold. 

The ongoing setting of hand-off is communicated in rate proportion of hand-off get current to 

the evaluated auxiliary current of CT. 

That implies, 

 

 



 

For instance, assume, that's what you need, an over current hand-off ought to work when the 

framework current simply crosses 125% of evaluated current. In the event that the transfer is 

appraised with 1 A, the ordinary get current of the hand-off is 1 An and it ought to be equivalent 

to auxiliary evaluated current of current transformer associated with the hand-off. 

Then, at that point, the transfer will be worked when the current of CT optional turns out to be 

more than or equivalent to 1.25 A. 

According to definition, 

 

The ongoing setting is here and there alluded as current attachment setting. 

The ongoing setting of overcurrent hand-off is by and large gone from 50 % to 200 %, in strides 

of 25 %. For earth shortcoming transfer it is from 10% to 70% in strides of 10%. 

Plug Setting Multiplier of Relay 

Plug setting multiplier of transfer is alluded as proportion of shortcoming current in the hand-off 

to it get current. 

 

 

 

 

Assume we have associated on assurance CT of proportion 200/1 An and current setting is 150%. 

Subsequently, get current of the hand-off is, 1 × 150 % = 1.5 A 

Presently, assume issue current in the CT essential is 1000 A. Subsequently, shortcoming current 

in the CT auxiliary, i.e., in the transfer loop is, 1000 × 1/200 = 5A 

Subsequently PSM of the hand-off is, 5/1.5 =3.33 

Time Setting Multiplier of Relay 

The working season of an electrical transfer essentially relies on two variables: 

1. What a significant distance to be gone by the moving pieces of the transfer for shutting 

hand-off contacts and 

2. How quick the moving pieces of the transfer cover this distance. 

Such a long ways by changing transfer working time, both of the elements to be changed. The 

change of voyaging distance of an electromechanical hand-off is ordinarily known as time setting. 



 

This change is normally known as time setting multiplier of transfer. The time setting dial is 

adjusted from 0 to 1 in strides of 0.05 sec. 

In any case, by changing just time setting multiplier, we can't set the genuine season of activity 

of an electrical hand-off. As we previously said, the hour of activity additionally relies on the 

speed of activity. The speed of moving pieces of hand-off relies on the power because of the 

current in the hand-off curl. Thus, obviously the speed of activity of an electrical hand-off relies 

fair and square of issue flow. As such, the hour of activity of the hand-off relies on plug setting 

multiplier. The connection between season of activity and attachment setting multiplier is 

plotted on a chart paper, and this is known as time/PSM diagram. From this chart one can decide 

the all-out time taken by the moving pieces of an electromechanical transfer, to finish its 

complete voyaging distance for various PSM. In time setting multiplier, this complete voyaging 

distance is isolated and adjusted from 0 to 1 in strides of 0.05. 

So, when the time setting is 0.1, the moving pieces of the transfer need to travel just 0.1 seasons 

of the absolute voyaging distance, to close the contact of the hand-off. Thus, assuming we get 

the complete working season of the transfer for a specific PSM from time/PSM chart and on the 

off chance that we duplicate that time with the time setting multiplier, we will get, the genuine 

season of activity of the hand-off for said PSM and TSM. 

For getting an unmistakable thought, let us have a viable model. Say a transfer has a period 

setting 0.1 and you need to compute real season of activity for PSM 10. 

From the time/PSM chart of the hand-off as displayed beneath, we can see the complete working 

season of the transfer is 3 seconds. That implies the moving pieces of the hand-off require all out 

3 seconds to travel 100 % voyaging distance. As the time setting multiplier is 0.1 here, really the 

moving pieces of the hand-off need to travel just 0.1 × 100 percent or 10% of the complete travel 

distance, to close the hand-off contacts. 

Henceforth, genuine working season of the transfer is 3 × 0.1 = 0.3 sec. for example 10% of 3 sec. 

Time versus PSM Curve of Relay 

This is connection bend between working time and attachment setting multiplier of an electrical 

hand-off. The x-hub or even hub of the Time/PSM diagram addresses PSM and Y-hub, or vertical 

hub addresses the hour of activity of the hand-off. The hour of activity addresses in this chart is 

that, which expected to work the transfer while time setting multiplier set at 1. 

From the Time/PSM bend of a commonplace transfer displayed underneath, it is seen that, 

assuming PSM is 10, the hour of activity of the hand-off is 3 sec. That implies the hand-off will 

require 3 seconds to finish its activity, with the time setting 1. 



 

It is likewise seen from the bend that, for a lower worth of attachment setting multiplier, i.e., for 

a lower worth of shortcoming current, the hour of activity of the hand-off is contrarily 

corresponding to the issue current. 

However, when PSM turns out to be more than 20, the working season of transfer turns out to 

be practically consistent. This component is important to guarantee segregation on extremely 

weighty issue current coursing through sound feeders. 

Estimation of Relay Operation Time 

For ascertaining genuine hand-off working time, we want to know these following activities. 

1. Current setting. 

2. Issue current level. 

3. Proportion of current transformer. 

4. Time/PSM bend. 

5. Time setting. 

Step-1 

From CT proportion, we first see the appraised optional current of CT. Say the CT proportion is 

100/1 A, for example auxiliary current of CT is 1 A. 

Step-2 

From current setting we ascertain the stunt current of the hand-off. Say current setting of the 

hand-off is 150 % subsequently get current of the hand-off is 1 × 150% = 1.5 A. 

Step-3 

Presently we need to compute PSM for the predetermined flawed current level. For that, we 

need to initially partition essential broken current by CT proportion to get transfer defective 

current. Say the broken current level is 1500 A, in the CT essential, henceforth auxiliary likeness 

flawed current is 1500/ (100/1) = 15 A. 

 

 

Step-4 

Presently, in the wake of ascertaining PSM, we need to figure out the all-out season of activity of 

the hand-off from Time/PSM bend. From the bend, say we set aside the opportunity of activity 

of hand-off is 3 second for PSM = 10. 

Step-5 



 

At last, that working season of transfer would be duplicated with time setting multiplier, to get 

genuine season of activity of relay. Consequently, say time setting of the relay is 0.1. 

In this way the genuine season of activity of the transfer for PSM 10, 𝑖𝑠 3 ×  0.1 =

 0.3 𝑠𝑒𝑐 𝑜𝑟 300 𝑚𝑠. 

Chapter Twenty-Three Surge Arrester 

An electrical surge can be happened in an electrical power transmission framework because of 

different reasons. Surge in an electrical framework began mostly because of lightning 

motivations and exchanging driving forces. Electrical surge delivers an enormous transient over 

voltage in the electrical organization and framework. The state of the transient over voltage has 

a steeply rising front with gradually rotting tail as displayed in the figure beneath. This precarious 

voltage wave goes through the electrical organization and causes over voltage weights on every 

one of the electrical encasings and hardware go under its voyaging way. 

 

 

 

 

 

 

To that end all electrical gear and encasings of force framework should be safeguarded against 

electrical floods. The technique for shielding framework from flood is typically alluded as surge 

protection. 

The primary hardware generally utilized for this object is lightning arrester or surge arrester. 

There are two kinds of surges one comes remotely from climate like environmental lightning. 

Second sort is started from electrical framework itself, like exchanging surges. 

Whenever an electrically charged cloud comes close by an electrical transmission line, the cloud 

instigates electrical charges in the line. Whenever the charged cloud is out of nowhere released, 

through lightning, the instigated charge in the transmission line is not generally bound static. 

It begins voyaging and start dynamic transient over voltage. This transient over voltage goes 

towards both burden and source side, on the transmission line in light of circulated line 

inductance and stray capacitance. This flood voltage goes with speed of light. Toward the finish 

of the transmission line, as the flood impedance changes, the flood voltage wave reflected back. 

This forward and in reverse going of flood voltage wave go on until the energy of the flood or 



 

drive is weakened by line obstruction. This peculiarity causes voltage weight on the transmission 

framework ordinarily more prominent than typical evaluated voltage of the framework. Thus, 

flood insurance plot should be given to the electrical power transmission framework to make 

dependable and solid framework. Lightning arrester is one of the primary parts to shield the 

framework from surge. 

As we said before, that the electrical flood additionally can be created from the actual framework. 

In reality during exchanging activity there might be an opportunity of current hacking. In the case 

of during ordinary activity, if electrical isolator is opened on load. Abrupt open circuit is happened 

in the framework. 

Moreover, the fundamental curve extinguishing methods of SF6 electrical switch and vacuum 

electrical switch might bring about flow slashing and numerous re-start some of the time. 

As we realize that unexpected current slashing lead to the 𝑑𝑖/𝑑𝑡. [𝑑𝑖/𝑑𝑡 =  𝑝𝑎𝑐𝑒 of progress of 

current concerning time]. 

As the electrical burden is for the most part inductive, there is a transient voltage, communicated 

by 𝐿(𝑑𝑖/𝑑𝑡) where L is the inductance of heap of framework. This voltage is instigated across the 

initial contacts, and goes towards load and reflects in comparable way of lightning motivation. 

lightning arrestor or flood arrester are given toward the finish of the transmission line to endure 

the surge voltage. 

For the most part oil field electrical power transformer, electrical switchgear, links, electrical 

transmission lines, dispersion lines are very proficient for enduring these exchanging drive 

voltages, as their protection level is very high to endure these over voltages. In any case, 

generator, electric engine, dry sort transformers and electric bend heaters and so forth cannot 

endure enormous exchanging drive voltages. As basically these kinds of hardware don't have 

exceptionally elevated degree of protection. To shield this gear from floods, it is must to lightning 

arrester. 

In electrical sub-station, arresters are principally utilized at the entry of any feeders and 

furthermore they are involved at the two rides of electrical power transformers as transformer 

is likewise thought to be as inductive burden and exorbitant gear. 

In present day time, hole less 𝑍𝑛𝑂 or zinc oxide flood arresters are fundamentally utilized for 

flood security. Allow us to talk about zinc oxide type hole less arresters. 

 

 

 



 

 

Development of Zinc Oxide Lightning Arrester 

This sort of arrester involves quantities of strong zinc oxide circle. These plates are organized 

individually to shape a round and hollow stack. The quantity of zinc oxide circles utilized per 

lightning arrester relies on the voltage rating of the framework. This stack is kept inside a round 

and hollow lodging of polymer or porcelain. Then the stack is put inside the lodging and 

profoundly squeezed by weighty spring load joined to end cap at top. The gear association 

terminal for line is projected from top cap and association terminal for earth is projected from 

the base cap. 

Working Principle of Zinc Oxide Lightning Arrester 

The ordinary activity is characterized as condition when no flood is introduced and the flood 

arrester is exposed to typical framework voltage as it were. The zinc oxide has profoundly non-

uniform current voltage (I-V) qualities. This common I-V trademark makes zinc oxide truly 

appropriate for planning hole less zinc oxide lightning arrester for flood assurance. The non-direct 

obstruction of the square is an inborn mass property and comprises of predominantly zinc oxide 

(90 to 95%) with generally modest quantities of a few added substances of other metal oxide (5 

to 10%) like alumina, antimony tri-oxide, bismuth oxide, cobalt oxide, zirconium and so on. On a 

plainly visible scale the added substances are homogeneously appropriated all through the 

arrester blocks. Yet, the miniature designs of the metal oxide block address an organization of 

series and equal courses of action of profoundly doped zinc oxide (𝑍𝑛𝑂) grains isolated by bury 

granular intersections. The non-straight way of behaving is the super inconvenience of non-direct 

qualities of individual intersections. The current conveying limit of the flood arrester block is 

relative to the complete cross-part of the square. 

The non-straight obstruction qualities of 𝑍𝑛𝑂 square can be communicated as, 

 

 



 

Where, 𝐼𝑟 𝑎𝑛𝑑 𝑉𝑟 are the reference current and voltage separately of the lightning arrester or 

flood arrester block. The worth of x is 30 to 40 if there should arise an occurrence of metal oxide 

block. For typical framework, the voltage and current increment. For ordinary framework, the 

voltage and current increments straightly, for example for expanding framework voltage at this 

reach, current is expanded in direct proportionate. The current at this area of qualities is in scope 

of miniature ampere. Yet, past a specific voltage level, spillage current voltage level, spillage 

current beginnings expanding quickly it is of KA range. The voltage past which the current through 

the LA turns out to be such high, is alluded as reference voltage and the current at reference 

voltage is known as reference current. Abrupt depleting of immense current through lightning 

arrester just past reference voltage level, keeps the framework from transient over voltage 

stress. The voltage-current connection in a metal oxide block profoundly relies on temperature. 

Metal oxide block has negative temperature co-effective. That implies with expansion in 

temperature, obstruction of the flood arrester diminishes henceforth for some framework 

voltage, the spillage current through the instrument increments with expansion in temperature. 

As we probably are aware that, there would be a persistent spillage current through the LA. This 

spillage current creates heat. This produced intensity ought to be dispersed appropriately if not 

the temperature of the LA might rise which further builds the spillage current. On account of this 

the legitimate warm plan of flood arrester lodging assumes a significant part. There is a basic 

temperature relying on the voltage rating of the metal oxide block past which joule heat created 

in the square which joule heat produced in the square cannot be scattered at required rate and 

which at last prompts warm out of control of lightning arrester. 

Presently we can comprehend that, the functioning guideline of LA or flood arrester utilized for 

flood insurance completely relies on non-straight V-I qualities of metal oxide (𝑍𝑛𝑂) blocks inside 

the encasing lodging of the arrester. 

Conclusion and Recommendations  

With the quick improvement of data innovation, to advance the handing-off security work to get 

the great shape, the transferring insurance additionally does the change progressively from the 

hypothesis to the construction equipment, in order to adjust the current stage power framework 

improvement request constantly. Nonetheless, as per down to earth insight, there are as yet 

numerous issues in the activity of the handing-off insurance framework, for example, the 

breakdown of security activities and the development of refusal issues, prompting far reaching 

blackouts. Hence, it is important to successfully assess the working state and dangers of the 

handing-off security framework, and continually streamline the examination on the hypothesis 

and innovation, in order to work on the wellbeing and solidness of the hand-off insurance 

framework. 

Motor confirmation circuit breakers have an imperative impact in electrical security, since the 

motors they protect have a wide variety of usages in business designs and industry. 



 

It is moreover possible to enhance MPCB with other protection or computerization devices, for 

instance, under-voltage confirmation, tickers, and diminished voltage motor starters. 

Good decision of the MPCB is vital to give reliable motor security. 
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