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ELECTRICAL POWER UTILIZAION AND SYSTEM PROTECTION (6031)SOLVED 

QUESTION PAPER OCTOBER 2019 (REVISION 2015) 

I 

1. It is the ratio of minimum fusing current to the current rating of the fuse element.  

                 I.e., Fusing Factor = 
������� ������ �������

������� ������ �� ����
 

2.A circuit breaker is a piece of equipment which can  
              (i) Make or break a circuit either manually or by remote control under normal conditions.  
             (ii) Break a circuit automatically under fault conditions 

 3.It is the ability of the protective system to select correctly that part of the system in trouble and disconnect the fault Part without disturbing the rest      
of the system. 

4. Electroplating is a process in which a thin layer of a metal is deposited on another metals or conducting substance          by the passage of electric     
current in the electrolyte. 

     5. The propulsion of a vehicle either in streets or in railway system is called traction. The system of traction involving the use  of electricity is called 
electric traction.  

II 
1.  

 1. Due to the superior arc quenching property of SF6, such CBs have very short arcing time.  

               2. Since the dielectric strength of SF6 gas is 2to3 times that of air, such breakers can interrupt much larger current.  

               3. Noiseless operation and no exhaust to atmosphere.  

               4. The closed gas enclosure keeps the interior dry so that there is no moisture problem.  

               5. There is no risk of fire in such CB because SF6 gas is non-inflammable. 

               6. Low maintenance cost, light foundation requirement and minimum auxiliary equipment.  

              7. Since SF6 CBs are totally enclosed and sealed from atmosphere, they are suitable where explosion hazards exist e.g. coal mines.  
2. 

 

It consists of two horn shaped metal rods A and B separated by a small air gap. The horns are so constructed that distance between them gradually 
increases towards the top as shown. The horns are mounted on porcelain insulators One end of horn is connected to the line through a 

            Resistance R and choke coil L while the other end is effectively grounded. The resistance R helps in limiting the current to a small value. The   
choke coil is so designed that it offers small reactance at normal power frequency but a very high reactance at transient frequency. Thus the 
choke does not allow the transients to enter the apparatus to be protected. The gap between the horns is so adjusted that normal supply voltage 
is not enough to cause an arc across the gap. Under normal conditions, the gap is non-conducting. On the occurrence of an over voltage, spark-
over takes place across gap and the surge current is conducted to earth. 

 
     3. Classificationofrelays 
1. Electromagneticattractiontype 
a) Attractedarmaturetype 
b) Solenoidtype 
c) Balancedbeam type 
2. Electromagneticinduction 
a) Shaded-polestructure 
b) Watthour-meterstructure 
                c) Inductioncupstructure 

4. Modes of heat transfer 

 Conduction: In this mode of heat is transferred  through a substance from one part to another or between two substance in contact. 
 Convection: In this mode of heat transfer heating element heat surrounding air and heated air expands and rises same time cold air 

flowing towards the heating element. Thus there is a constant flow of air upward across the heating element.This process is called 
convection. 

 Radiation: In this mode of heat transfer the heat reaches the substance to be heated from the source of heat without heating the 
medium in between. 
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5.  

 For gluing of multilayer plywood boards 
 Baking of foundry cores 
 Preheating of plastic compounds 
 For drying of tobacco after glycerin has been mixed with it for making cigarettes 
 For electronic sewing of plastic garments like rain coats 
 For dehydration of food which is then sealed in air tight container 
 For removal of moistures from oil emulsions  
 For quick drying of glue for book binding purpose. 

6.1. The wear and tear on the brake and wheel is considerably reduced and hence life is increased.  

                       2. There is no frequent adjust and replacement of brake shoes and hence maintenance cost is less.  

                       3. Higher rate of retardations are possible  

                       4. If regenerative braking is used, the electrical energy generated during braking is returned back to supply source.  

                       5. In electric braking heat produced during braking is not harmful to the braking system  
 
7.    1. High initial cost on electrification  

                       2. Power failure may stop entire system  

                       3. This system can be used in electrified route only.  

                       4. Additional equipment is required for regeneration.  

                       5. Communication lines experience interference if run parallel with power lines.  
                       6. Negative booster is required otherwise, return current through each causes lot of interference with communication work. 
 

 

 
III   a) 

Sl No. Fuse Circuit Breaker 
1 It detect and interrupts the fault current It only interrupts the fault current. The detection is done 

by relay system 
2 The operation is inherently automatic It is not automatic. The relay system is required to 

operate it. 
3 The breaking capacity is less Having large breaking capacity 
4 Arc interruption is simple Arc interruption is complicated. 

 
5 The operating time is small. Operating speed is high The operating time is large  

The operating speed is comparatively less 
6 After every operation the replacement is necessary  

 
No need of replacement after operation 

7  

Simple to design hence cheap  
 

 

Complicated to design 
 

 

           b)    

 

 
In Vacuum Circuit breaker vacuum is used as the arc quenching medium. It consists of fixed contacts, moving contacts and arc shield mounted inside a 

vacuum chamber. When CB operates the moving contact separates from fixed contact and an arc is struck between the contacts. The 
production of arc is due to the ionization of metal ions and depends very much upon the material of contacts. The arc is quickly extinguished 
because the metallic vapors produced during arc rapidly condense on the surfaces of the CB contacts, resulting quick recovery of dielectric 
strength and extinction of arc. 
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IV        

          a) 
 

 Potential difference between the contacts 
 Ionized particles between the contacts 
 The potential drop between the aparting contacts is just sufficient to maintain the arc and is quite small 
 One way to extinguish the arc is to separate the contacts to such a distance that the potential difference becomes inadequate to 

maintain the arc 
 This method is impractical in high voltage systems where a separation of many meters would be required 
 Reduce density of free electrons, i.e., reduce the ionization and decrease the diameter of the arc. 
  

b)  

 

It consists of a heat resisting ceramic body having metal end caps to which is welded silver current carrying element. The space within the body 
surrounding the element is completely filled with a filling powder. The filling powder may be chalk, plaster of Paris, quartz or marble dust 
and act as arc quenching and cooling medium. Under normal conditions, the fuse element is at a temperature below its melting point. 
Therefore it carries the normal current without overheating. When a fault occurs, the current increases and the fuse element melt before 
the fault current reaches its first peak. The heat produced in the process vaporizes the melted silver element. The chemical reaction 
between the silver vapor and the filling powder results in the formation of a high resistance substance which helps in quenching the arc.  

V  

a) 

 

It consists of two relay elements mounted on a common case ,(1)directional element (2)non-directional element. 
 (1)Directional element 

It is essentially a directional power relay which operateswhen power flows in a specific direction. The potential coil of this element is connected 
through a PT to the system voltage. The current coil of the element is energized through a CT by circuit current. The trip contacts of the 
directional element are connected in series with thesecondarycircuitofthe overcurrent element. 

(2) Non-directionalelement 
Itisanovercurrentelement,thespindleofthediscofthis Elementcarriesamovingcontactwhichclosesthe fixed 

Contactaftertheoperationofdirectionalelement. 
Operation 

Undernormaloperatingconditions,powerflowsinthe Normaldirectioninthecircuitprotectedbythe relay. Therefore, directionalpowerrelaydoes not 
operate Therebykeepingtheover-currentelement un-energized.Whenashortcircuitoccurs,thereisatendencyforthe 
Currentorpowertoflow inthereversedirection. When Thishappenthediscoftheupperelementrotates to Bridge 
thefixedcontact1and2.Thiscompletesthe Circuitforover – current element. The discofthiselementrotatesandthemoving contact 
Attached toitclosesthetrip circuit. This operatetheCBwhichisolatethefaultysection 

b) 

 Voltages of the healthy phases do not exceed line to Ground voltages i.e. they remain nearly constant. 
 The high voltages due to arcing grounds are eliminated. 
 The protective relays can be used to provide protection against earth faults 
  The over voltages due to lightning are discharged to earth. 
 It provides greater safety to personnel and equipment. 
 It provides improved service reliability. 
 Operating and maintenance expenditures are reduced 
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VI    
 a) 

 

Construction 
It consists of two hinged floats in a metallic chamberLocated in the pipe connecting conservator tank and main tank. One of the floats is located 

near the top of the chamber and actuates the mercury switch connected to the external alarm circuit. The other floats is located in the 
direct path of the flow ofOil from the transformer to the conservator and it actuatesThe mercury switch connected to the tripping circuit. 
Working 

When a minor fault occurs inside the transformer, the oil of the tank gets over heated and hydrogen gases are Produced and it passes to conservator 
tank. Some of the gases are collected in the top of the chamber while passing to the conservator tank. When a predetermined amount of 
gases are accumulated in the top of the chamber the mercury type switch attached to the float is tilted and closes the alarm circuit which 
cause to sound alarm. If a serious fault occurs in the transformer, an large Amount of gas is generated in the maintanksothatthe 
Lowerfloatcontainingamercuryswitchmountedona Hingedtypeflapistiltedtoclosethecontactsof mercury 
switch.Thiscompletesthetripcircuittooperate. 

 b) 

Solid or effective grounding 

 
 

Whentheneutralpointofa3-phasesystem 
isdirectlyconnectedtoearththroughawireofnegligibleresistanceandreactance,itiscalledsolidgroundingor effective grounding. 
Sincetheneutral points directly connected to earth throughawire,theneutral point is held at earth potential underall conditions. Therefore, 
under fault conditions, the voltageofanyconductor to earth will not exceed the normalphasevoltageofthesystem. 

 
VIIa) 

 High Specific resistance: High specific resistance will shorten the length of the wire for a given resistance. 
 Low temperature coefficient of resistance: Lower the temperature coefficient of resistance of the material smaller the variation of 

resistance due operating temperature and also the current drawn by the element at room temperature will not be much different from 
that when it is hot. 

 Higher melting point: melting point should be sufficiently higher than its operating temperature otherwise a small increase in 
temperature will destroy the element. 

 Free from oxidation: the element should not oxidase at higher temperature  
 Non corrosive: the element should not corrode when exposed to atmosphere or any other chemical Furness 
 Ductile: It helps in obtaining different shapes and size of the element 
 Positive temperature coefficient of resistance: It helps in limiting the current drawn from the supply otherwise if it is negative ,the 

current drawn will increase which may lead to instability of operation 
 High mechanical strength: The element should possess high mechanical strength and should withstand vibrations 
 Economical: cost of material should not be high. 
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b) 

 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. 

VIII 

            a) 

Direct Resistance Heating 
 

 

In this method of heating current is passed through the material (charge)to be heated. The resistance offered by the charge to the flow of 
current causes power loss I2R and it results in the heating of the charge.The charge may in the form of powder, small solid pieces or liquid. 
The two electrodes are inserted in the charge and connected to either Ac or DC supply. When charge in the form of small pieces, a 
powder of high resistivity material is sprinkled over the surface of charge to avoid short circuit. This method of heating has high efficiency 
because the heat produced in the charge itself. 

Indirect Resistance Heating 

 

        In this method the current is passed through a high resistance wire known as heating element. The heat    proportional to I2R loss 
produced in the heating element is delivered to the charge either by radiation or convection or  

by a combination of two. This method provides a uniform temperature control can be provided in this case. This method is used in room 
heaters, immiscible water heaters and ovens used in cooking. 

b)     
Electrolysis being one of the most important process in electro-chemistry and have lot of applications: 

 Electroplating:  
It is the process of coating a superior metal over a base metal. This is done to give decorative surfaces to metal or to protect the 
base metals from corrosion. 
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Electroplating can be done by taking the pure metal which is to be used in coating, as anode an
with the suitable electrolyte. In this process on passing electricity anode dissolves and gets deposited on cathode.

 Extraction of metals: 
In this process the ores are subjected to 

 Purification of metals: 
Many metals can be purified by electrolysis.in this the impure metal is used as anode ,the pure metal plate is used as cathod
electricity passed the impure metal gets dissolved and gets deposited on the cathode.

 Electrotyping: 
It is used in preparing blocks used in printing. The impressions of letters or numbers which are required for printing are ma
cathode, pure Cu metal is taken as anode. These are immersed in CuSO4 solution. When electricity s passed Cu from
dissolves and gets deposited on the impression. This process id continued until required thickness of letters is obtained

 Production of Chemicals: 
Various chemicals are produced with the help of electrolysis. For example chemicals like caustic soda,
permanganate are produced with the help of electrolysis

 IX 
 a) 
                 When one prime mover or motor is used for the number of machine tools on common

sometimes called as line shaft drive 
 

 The cost of single large motor is less than the cost of many motors os same aggregate rating
 High over load capacity. A 100% overload on one load would mean about 5 to 10% over load on main motor
 Only one motor is to be handled 
 The rating of the motor can be less than the sum of all loads used
 It is well suited and still used now a days in process and textile in

sequence of operations 
 By propr load adjustments, it is possible to operate the motor at almost full load.

 

b) Plugging  

Plugging is a simple method of electric braking and in which reversing the armature terminals of the motor so as to reverse i
will oppose the original direction of rotation of the motor and will bring it to zero speed then mec
supply to the motor.  

 

 
 

Fig-1 and fig-2 shows the connections before and after the braking of shunt and series motors respectively. During breaking the armature 
Connections are reversed but the field connection

                When the armature terminals are reversed for braking, the induced e.m.f (Eb) is in the same direction as that of the applied 
means that a total voltage of V+Eb is available across the armature terminals. When
the current at this braking instant is excessive and hence it is necessary to provide a resistance R in series with the armat
order to limit the current.  

 

X 
a) Electric Drives 

                   The system which is used for controlling the motion of an electrical machine, such type of system is called an electrical dri
the drive which uses the electric motor is called electrical drive. The electrical drive uses any o
gas or steam turbines, steam engines, hydraulic motors and electrical motors as a primary source of energy. This prime mover 
mechanical energy to the drive for motion control.
fans, pumps, trains, etc., consists the electrical motor. The requirement of an electrical load is determined regarding speed
motor which suited the capabilities of the load is chosen for the load drive.

Electroplating can be done by taking the pure metal which is to be used in coating, as anode and the base metal as cathode along 
with the suitable electrolyte. In this process on passing electricity anode dissolves and gets deposited on cathode.

In this process the ores are subjected to electrolysis to extract metals. 

Many metals can be purified by electrolysis.in this the impure metal is used as anode ,the pure metal plate is used as cathod
electricity passed the impure metal gets dissolved and gets deposited on the cathode. 

It is used in preparing blocks used in printing. The impressions of letters or numbers which are required for printing are ma
cathode, pure Cu metal is taken as anode. These are immersed in CuSO4 solution. When electricity s passed Cu from
dissolves and gets deposited on the impression. This process id continued until required thickness of letters is obtained

Various chemicals are produced with the help of electrolysis. For example chemicals like caustic soda,
permanganate are produced with the help of electrolysis 

is used for the number of machine tools on common shaft then the drive is called as

 
The cost of single large motor is less than the cost of many motors os same aggregate rating 

capacity. A 100% overload on one load would mean about 5 to 10% over load on main motor

The rating of the motor can be less than the sum of all loads used 
It is well suited and still used now a days in process and textile industries where stoppage of one operation necessitates stoppage of 

By propr load adjustments, it is possible to operate the motor at almost full load. 

Plugging is a simple method of electric braking and in which reversing the armature terminals of the motor so as to reverse i
will oppose the original direction of rotation of the motor and will bring it to zero speed then mechanical brakes are applied by cutting the 

 

2 shows the connections before and after the braking of shunt and series motors respectively. During breaking the armature 
Connections are reversed but the field connections are kept same.  
When the armature terminals are reversed for braking, the induced e.m.f (Eb) is in the same direction as that of the applied 
means that a total voltage of V+Eb is available across the armature terminals. When Eb = V, then the voltage across the armature is 2V and 
the current at this braking instant is excessive and hence it is necessary to provide a resistance R in series with the armat

The system which is used for controlling the motion of an electrical machine, such type of system is called an electrical dri
the drive which uses the electric motor is called electrical drive. The electrical drive uses any of the prime movers like diesel or a petrol engine, 
gas or steam turbines, steam engines, hydraulic motors and electrical motors as a primary source of energy. This prime mover 
mechanical energy to the drive for motion control.The block diagram of the electrical drive is shown in the figure below. The electrical load like 
fans, pumps, trains, etc., consists the electrical motor. The requirement of an electrical load is determined regarding speed

s of the load is chosen for the load drive. 

d the base metal as cathode along 
with the suitable electrolyte. In this process on passing electricity anode dissolves and gets deposited on cathode. 

Many metals can be purified by electrolysis.in this the impure metal is used as anode ,the pure metal plate is used as cathode. When 

It is used in preparing blocks used in printing. The impressions of letters or numbers which are required for printing are made 
cathode, pure Cu metal is taken as anode. These are immersed in CuSO4 solution. When electricity s passed Cu from anode 
dissolves and gets deposited on the impression. This process id continued until required thickness of letters is obtained 

Various chemicals are produced with the help of electrolysis. For example chemicals like caustic soda, chlorine, potassium 

drive is called as group drive It is also 

capacity. A 100% overload on one load would mean about 5 to 10% over load on main motor 

dustries where stoppage of one operation necessitates stoppage of 

Plugging is a simple method of electric braking and in which reversing the armature terminals of the motor so as to reverse its direction of rotation which 
hanical brakes are applied by cutting the 

2 shows the connections before and after the braking of shunt and series motors respectively. During breaking the armature 

When the armature terminals are reversed for braking, the induced e.m.f (Eb) is in the same direction as that of the applied voltage. This 
Eb = V, then the voltage across the armature is 2V and 

the current at this braking instant is excessive and hence it is necessary to provide a resistance R in series with the armature at this time in 

The system which is used for controlling the motion of an electrical machine, such type of system is called an electrical drive. In other words, 
f the prime movers like diesel or a petrol engine, 

gas or steam turbines, steam engines, hydraulic motors and electrical motors as a primary source of energy. This prime mover supplies the 
of the electrical drive is shown in the figure below. The electrical load like 

fans, pumps, trains, etc., consists the electrical motor. The requirement of an electrical load is determined regarding speed and torque. The 
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The main parts of the electrical drives are power modulator, motor, controlling unit and sensing units. Their parts are explained below in 
details. 

 Power Modulator: The power modulator regulates the output power of the source. It controls the power from the source to the 
motor in such a manner that motor transmits the speed-torque characteristic required by the load. During the transient 
operations like starting, braking and speed reversing the excessive current drawn from the source. This excessive current drawn 
from the source may overload it or may cause a voltage drop. Hence the power modulator restricts the source and motor 
current. 

The power modulator converts the energy according to the requirement of the motor e.g. if the source is DC and an induction motor is 
used then power modulator convert DC into AC. It also selects the mode of operation of the motor, i.e., motoring or braking. 

 Control Unit: The control unit controls the power modulator which operates at small voltage and power levels. The control unit 
also operates the power modulator as desired. It also generates the commands for the protection of power modulator and motor. 
An input command signal which adjusts the operating point of the drive, from an input to the control unit. 

 Sensing Unit:  It senses the certain drive parameter like motor current and speed. It mainly required either for protection or for 
closed loop operation. 

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 speed-torque 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.  
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