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1.Fusing Factor = minimum Fusing Current 

                             Current rating of the fuse 

2.The value of actuating quantity either current or voltage which is on the threshold or border above which the relay operates 

3.Soil resistivity is a measure of how much the soil resists the flow of electricity 

4. a)Electroplating            b)Extraction of Metals                            c)Purification of Metals   

d)Production of Chemicals 

5.Average Speed    Va= D/T 

II 

1. 1) Pre Arcing Time : It is the time between the commencement of fault and the instant cut off occurs,and it is represented as t1 
2) Arcing Time : This is the time between the end of pre arcing time and the instant when the arc is extinguished,it is represented as t2 
3) Prospective Current : It is the rms value of the first loop of fault current obtained if the fuse is replaced by an ordinary conductor of negligeble 
resistance 

 
 

 
2. 

 They are compact, reliable and have longer life 

 There is no fire hazards 

 There is no generation of gas during and after operation 

 They can interrupt any fault current  

 They require little maintenance and are quiet in operation 

 They can successfully withstand lightning surges  
 

3.1. Selectivity 
Itistheabilityoftheprotectivesystemtoselectcorrectlythatpartofthesystemintroubleanddisconnectthefaultpartwithoutdisturbingtherestofthesystem. 

2. Speed 
Therelaysystem shoulddisconnectthefaultysectionasFastaspossible 
3. Sensitivity 
 Itistheabilityoftherelaysystem tooperatewith low valueofactuatingquantity. 
4.Reliability 
Itistheabilityoftherelaysystem tooperateunder the pre-determinedconditions. 
5.Simplicity 
Therelaysystem shouldbesimplesothatitcan be easilymaintained. 

6.Economy 

The most important factor in the choice of a particular protection scheme is the economic aspects. 

4.Advantages of Electric Heating 

 Cleanliness: Neither dust nor ash is produced in electric heating. 

 Economical : Electric heating is economical are cheaper in initial cost as well as maintenance cost 

 No Pollution : No flue gases are produced in electric heating 

 Ease of Control : it is easy to control and regulate the temperature of an electric arc furnace 

 Uniform Heating : The charge can be heated uniformly throughout whether the charge is conducting or non-conducting material 

 Low attention: Electric heating does not require continuous attention. 
 
 
5.  
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                 Spot welding is used for joining two or more sheets of by means of an overlapping joint.The work pieces or plates to be welded are held 

between two electrodes and pressed together by mechanical pressure excerted through electrodes. Current is passed for definite period time 
and current will generate heat at the junction faces. The heat produced between the work pieces produce a spot weld. Unwanted heat 
generation can be avoided by water cooled electrodes. 

6.Tractive Effort : It is the force developed by the traction motor at the wheel rims to move the train.The tractive effort developed by the electric motor 
by consuming electrical energy is spent in three ways. 

 To overcome linear and angular acceleration of the train on level track, 
      Therefore Tractive effort during acceleration  

Fa= 277.8weα    Newton 

 To overcome frictional and wind resistance to the motion 
           Therefore effort to overcome train resistance  fr= W.r  Newton 

 To overcome gravitational force  fg=98.1 WG Newton 
 

Net Tractive effort Ft=277.8weα  +W.r  + 98.1 WG Newton 
 

7. 

 The wear and tear on the brake shoes and wheel is considerably reduced 

 Higher rate of retardation 

 In regenerative electric braking the electrical energy is generated during braking  

 Energy consumption and operational costs are low 

 Life of brake shoe are high 

 Maintenance is less 
 

III 
a) Time – current charecteristics of fuse 

 

The fuse element is generally made of material having low melting point and high conductivity.It is inserted in series with the circuit to be 
protected.Under normal operating conditions the fuse element is at a temperature below its melting point. 

 The fuse has inverse time – current characteristics. This means that as the magnitude of fault current ishigher, smaller is the time taken by the 
fuse to melt.When fault current is low, the time taken by the fuse ismore. 

b)  
Circuit breakers having 3 rating, namely Breaking Capacity,Making capacity and short time rating. 

o Breaking Capacity 
                It is current that a CB is capable of breaking at given recovery voltage and under specified conditions. 

o Making capacity 
               The peak value of current during the first cycle of current wave after the closure of circuit breaker is known as making capacity. 

o Short time rating 
It is the period for which the circuit breaker is able to carry fault current while remaining closed. 

IV        
          a) 
Advantages 
          1. They are compact, reliable and have longer life. 
          2. There are no fire hazards. 
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          3. There is no generation of gas during and after operation. 
          4. They can interrupt any fault current 
          5. They require little maintenance and quite in operation 
          6. They can successfully withstand lighting surges. 
          7. They have low arc energy. 
 
Dis advantages 
          1. Requirement of high technology for production of vacuum 
CB. 
          2. It is costlier. 
          3. Loss of vacuum make the entire interrupter useless and it 
cannot be repaired at site. 
Applications 
1.It is used for both medium and high voltage electrical power system from 33kv to 800kv. 
 

b)  

  Arc Voltage 
    It is the voltage that appears across the contacts of the circuit breaker during the arcing period. 
 
Restriking voltage 
     It is the transient voltage that appears across the contacts at or near current zero during arcing period. 
 
Recovery voltage 

 

 

 

  It is the normal frequency r.m.s. voltage that appears across the contacts of the circuit breaker after final arc extinction. It is 
approximately equal to the system voltage. 

V  
      a)Distanceor Impedance Relay 
 

 
 A relay inwhich operation is governedby the ratio of applied voltageand current in the protected circuit is called distance relay or 

Impedancerelay . 
 In impedance relay torque producedby current element is opposedby the torque producedby voltageelement . 
 The relay will operatewhen the ratio V/I is less than predetermined value. 
 Fig.Shows the basic principleofan impedance relay. 
 
The voltage elementof the relay is excited througha P. T from the line tobe protected. 
 The current element of the relay is excited from a C.T in series with the line. 
 The portionABof the line is the protectedzone. 
 Under normal operating conditions, the impedanceof the protectedzone isZL. 
 The relay is so designed that it closes its contact whenever impedanceof the protected section falls below the predetermined value. 
 Suppose ifa fault occursat pointF1 in the protected zone.The impedance between the point where the relay is installedand the pointof fault willbe less 

thanZLand hence the relay operated. 
 If the fault occurs beyond the protectedzoneatF2 the impedanceZ willbe greaterthanZLand the relaydoes not operate. 
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b) Horn gap arrester 
 

 
It consistsof two hornshaped metal rodsA and B separatedbya small airgap.The horns areso constructed that distance between them 
gradually increases towards the topasshown.The hornsare mountedon porcelaininsulators.Oneendof horn is connected to the line through 
a resistanceRandchoke coilL whilethe otherend is effectivelygrounded.The resistanceR helps in limiting the current toa small value.The 
choke coil is so designed that it offers small reactanceat normalpower frequencybuta very high reactanceat transient frequency .Thus 
thechokedoes not allow the transients to enter the apparatus to be protected.Thegap between the horns isso adjusted that normal supply 
voltage isnotenough tocausean arc across the gap. 

Under normal conditions, thegap isnon conducting. On the occurrenceofan over voltage, spark over takes place acrossgapand the surge current is 
conducted to earth. 

VI    
      a)Neutral Grounding 
 
  The process of connecting neutral point of 3phase system to earth either directly or through some circuit element  ( e. g.resistance,reactance)is called 

neutral grounding. 

 Solidor effective grounding 
 

 

Whenthe neutral pointofa3phase system is directly connected to earth througha wireof negligible resistance andreactance ,itis called solid 
groundingor effective grounding. 

 Resistance grounding 

 

In order to limit the magnitudeof earth fault current the neutral pointofa3phase system is connected to earth througharesistor , it is called 
resistance grounding. 

 

 Reactance grounding 

 
 

 In thissystem ,a reactance is inserted between the neutral and ground.  The purposeof reactance is to limitthe earth fault current . 
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b) 

Causesof over voltages 
1.Internal causes “ 

( i ) Switching surges                    ( i i ) Insulation failure 
 

( iii ) Arcing ground ( i v )Resonance 
 

2.External causes : 
i .lightning 
Internal causesdonot producesurgesof large magnitude. 
Experienceshows that surgesdue to internalcauses increase the system voltage totwice the normal value. 

Generally , surgesdue to internalcauses are taken careof by providing proper insulation to the equipment in the power system.However 
,surgesdue to lightning are very severeand may increase the system voltage to several times the normal value. If the equipment in the power 
system is not protected against lightning surges, these surges may cause considerabledamage.In a power system, the protective devices 
provided against over voltages mainly take careof lightning surges. 

 
 
 
 
 
 
VII 
      a) 

Core type induction heating 
 

 
 The core type furnace is essentially a transformer in which the charge forms the secondary circuit and consists of one tum only formed by the 

metal to be heated. 

 The charge is magnetically coupled to the primary by an iron core 

  In this furnace magnetic coupling between primary and secondary is very poor, resulting in high leakage current and low power factor.For this 
reason, the furnace is operated at low frequencies c the order of 10Hz To start the furnace molten metal is poured in the annular hearth or a 
sufficient quantity is left over from the previous charge. Otherwise the secondary winding is incomplete (open) and no current will induce and 
no heating will take place. 

 The electromagnetic forces cause turbulence the molten metal. If the current density exceeds about 500A/cm^2 pinch effect due to these forces 
may care a complete interruption of the secondary circuit. 

 

b)    faraday’s laws of Electrolysis 

First Law : 
   The mass of ions deposited or liberated over an electrode in an electrolytic cell is directly proportional to the quantity of electricity which 
passes through the electrolyte. 
m α q 

where q=It 

                                      m=mass of ions liberated or deposited 

                                       q=quantity of  electricity passed through the electrolyte 

                                        I=current 

                                         t=time 

                                         m=zIt 
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where z is a constant is known as electrochemical equivalent of the substance. 

                         Z=chemical eqlntweight(E) / Faraday’s constant (F) = E/F 

 

Second Law : The masses of ions of different substances liberated by the same quantity of electricity are proportional to their chemical equivalent 
weight. 

 

 
 
 
 
VIII 
      a) 

 Spot Welding 
 

 

                        The work piece or plates to be welded are held between two electrodes and pressed together by mechanical pressure exerted through 
electrodes. Spot welding is used for joining two or more sheets of metal by means of an overlapping. Then current is passed for a definite period of 
time, depending upon the size of the plates. The passage of current will generate heat at three Junction faces, two between electrodes and work 
piece and one between two work pieces. The heat is produced between the workplaces produce a spot weld. The unwanted heat generation 
between electrodes and work pieces is to be avoided either by water cooled electrodes or by making the electrodes with high electrical and thermal 
conductivity so that the heat developed is minimum. 
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 Seam Welding 

 

     It is a series of continuous spot welds. This process is used for making a continuous Joint between two overlapping pieces of sheet 
metal. The two plates to be welded are passed in between roller electrode. As the roller travel over the metal pieces which are under pressure, the 
current passing between them heats the two metal pieces and results Into continuous spot welds 

 
 

 Butt Welding 
 
Simple Butt welding : 
 

 
The two work pieces are welded together are fixed in clamps and butted against each other. when supply is switched heavy current passes 
through the joint and heat is generated by the contact resistance between two work pieces. 

Flash Butt welding : 

                In this process the ends of two work pieces to be welded are put together with a small air gap in between the two work pieces before supply is 
given. when supply is switched on arcing will take place. 

 
 

      b)Flood lighting Scheme 
 
                 Flood lighting means flooding of large surfaces with light from powerful projection.it is employed , 

i. Forenhancing beauty of buildings such as ancient structers,religious  or in festive occasions. 
ii.For illuminating railway yard ,car parks, construction sites,quaries etc . 
iii.for illuminating advertisement boards and showcases. 

 IX  
a) Advantages 

o A fault in the motor will not affect the other loads 
o The motor always runalmost with full load,so high efficiency 
o It eliminate all shafting and belting 
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o Machine can be installed at any desired place 
o System is very safe 
o Noise level is less 
o Motor operate at good pf 

Disadvantages 
o The fixed or initial cost is high 
o Sot suitable for sequential operation 
o Overall capacity of motor will be less 

 

       b)Requirement of Traction motor 

I. Electrical Characteristics:  

1. High Starting Torque:  A traction motor should develop high starting torque especially when the train is to be accelerated in urban or sub-urban and 
up-gradient. 

 2. Easy speed control: The traction motor has to be started and stopped very frequently therefore; the motor should have simple speed control method.  

3. Dynamic or Regenerative Braking facility: The traction motor should be have to easy and simple methods of dynamic or regenerative braking system.  

4. Speed should fall with increased load: The speedtorque characteristics of the motors should be such that the speed should fall with increase in load.  

5. Capacity to withstand voltage fluctuations: Due to high starting current and very frequent start/stop, the motor will be subjected to rapid voltage 
fluctuations. Therefore the traction motor should withstand voltage fluctuations.  

6. Over load capacity: Traction motor should be able to bear the overload.  

7. Parallel operation: The traction motors should capable of running in parallel  

8. Temporary Interruption of Supply: The traction motor should withstand temporary interruption in supply without much in rush of current.  

9. High efficiency: Motor should have high overall mechanical and electrical efficiency. 

 II. Mechanical Characteristics:   

1. Robust:  The traction motor must be robust to withstand vibrations.  

2. Lighter in weight:  The weight of the motor should be as minimum as possible.  

3. Small size: The motor should have small size as the area available in locomotive will be limited.  

4. Totally enclosed type: The traction motor will be subjected to different types of weathers and huge amount of dirt, therefore it should be totally 
enclosed type.   

 

  X 
a) Dynamic braking in DC shunt motor   

The armature of a dc shunt motor is disconnected from the supply and connected across a braking resistance, keeping the field connected to 
the supply. The machine then act as a generator loaded with a resistance. Since the field current flows as before but the armature current in 
the reversed direction, therefore retarding torque is produced and speed is reduced. The braking torque can be adjusted suitably by varying 
the resistance in the armature circuit. In case supply fails the field disappears and there is no braking torque. 

 
 
Dynamic braking in DC series motor   

The motor after disconnecting from the supply is made to run as a d.c series generator. In the case of d.c series generator when motor 

is disconnected from supply and is connected across braking resistances, connection of field must be in such way that direction of field 
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current is same as before otherwise no braking will occur. The resistance inserted in the circuit must be less than the critical resistance 

otherwise the generator will not be self exciting.   

 

b) Factors affecting the specific energy consumption:-  

o Distance between stops: -  The greater the distance between stops, the lesser will be the specific energy consumption. 

o Acceleration and retardation: - High the acceleration and retardation lower the specific energy consumption since a longer coasting 

period can be obtained for a smaller period of supply on. 

o Train Resistance: - Higher the train resistance higher will be the specific energy consumption. 

o Gradient: - Higher the up-gradient, more the specific energy consumption.  

o Type of train equipment:- Efficient train equipment will reduce the specific energy consumption.  

o Maximum speed:- Specific energy consumption increases with increase in maximum speed beyond critical value.   

 

  

  

 

 

 

 

 


