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PART-A 

1.a) List any four different types of sub stations 

   b) What is a single line diagram? 

  c) What is the need of base values? 

  d) Define kelvins law. 

  e) Define Grading of cables. 

        f) What is maximum momentary short circuit current? 

        g) What is the wave velocity of travelling wave? 

        h) Write any two types of Lightning Arresters. 

        i) Compare indoor and outdoor substations. 

        j) What are the usual insulating materials for cables? 

 

PART-B 

     2. a)Explain in detail about Kelvin’s law for most economical cross section and its limitations.    5M 

 

         b) A 2-wire DC distributor cable AB is 2 km long and supplies loads of 100A, 150A, 200A and              

50A situated 500 m, 1000 m, 1600 m and 2000 m from the feeding point A. Each conductor has a            

resistance of 0·01 Ω per 1000 m. Calculate the potential difference at each load point if a potential            

difference of 300 V is maintained at point A.           5M 

 

     3. Explain substation bus bar arrangements by comparing each with neat sketches.                      10M 

 

     4. Classify grading methods of cables and explain them.                                                                10M 

 

     5. A 100 MVA, 33 kV 3-phase generator has a sub-transient reactance of 15%. The generator is 

connected to the motors through a transmission line and transformers as shown in Fig. The motors 

have rated inputs of 30 MVA, 20 MVA and 50 MVA at 30 kV with 20% sub-transient reactance. The 

3-phase transformers are rated at 110 MVA, 32 kV, Δ/110 kV Y with leakage reactance 8%. The line 

has a reactance of 50 ohms. Selecting the generator rating as the base quantities in the generator 

circuit, determine the base quantities in other parts of the system and evaluate the corresponding p.u. 

values. 10M 

 
    

 6. Discuss the effect of synchronous machine excitation in detail with the help of phasor diagrams? 10M 

 

 

 



 

 

   

 7. a)Derive the fault current expressions for a LLG fault of an unloaded generator?                                      5M                       

        b) A 25 MVA, 13.2 kV alternator with solidly grounded neutral has a sub-transient reactance of 0.25 p.u. The 

negative and zero sequence reactance’s are 0.35 and 0.1p.u. respectively. A single line to ground fault occurs at 

the terminals of an unloaded alternator; determine the fault current. Neglect resistance.                5M 

 

   8. a) Derive the expression for velocity of a travelling wave through a loss less line.                             5M  

       b) Derive the coefficient of reflection and refraction of voltage and current for open ended line.   5M 

 

   9. Explain types of lightning arresters with neat sketches.          10M 
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Scheme of Evaluation 

 
PART-A 

 
1. a) Transformer substation, indoor substation, outdoor substation, Underground Substation 

 

b) As per the definition of the single line diagram, it is specified as the diagram that uses single line 

and symbols to represent the path and the components of an electrical circuit. 

 

c) The components or various sections of power system may operate at different voltage and power 

levels. It will be convenient for analysis of power system if the voltage power, current and 

impedance ratings of components of power system are expressed with reference to a common value 

called base value. Hence for analysis purpose a base value is chosen for voltage, power, current and 

impedance. 

 

d) The Kelvin's law states that the most economical size of a conductor is that for which annual 

interest and depreciation on the capital cost of the conductor is equal to the annual cost of energy 

loss. 

 

e) Grading of cable is the process of achieving uniform distribution of dielectric stress or voltage 

gradient in a dielectric of cable. 

 

f) The maximum momentary short circuit current Imm corresponds to the first peak of short circuit 

current of transmission line. 

 

g) Velocity of light i.e. 3 X 108 m/sec. 

 

h) Rod gap, Horn Gap Lightning arresters 

 

i)  

 

Indoor substation  Outdoor substation  

Less because all the 
components are 
insulated.therefore clearance 
required between them is less. 

More as some components 
such as bus bar, O.H. line are 
not insulated hence clearance 
between them is more. 

More because additional building 
construction is required. 

Less because no building 
construction is required 

Difficult due to less space 
available. 

Easy due to more space is 
available. 

http://www.polytechnichub.com/compare-indoor-substation-outdoor-substation/
http://www.polytechnichub.com/compare-indoor-substation-outdoor-substation/


 

           j) Rubber, Impregnated Paper, Polyvinyl Chloride etc… 

 

PART-B 

 2. a) Explain in detail about Kelvin’s law for most economical cross section and its limitations.    5M 

Kelvins Law def. and explanation:3M diagrams:2M 

      

     The cost of conductor material is generally a very considerable part of the 

total cost of a transmission line. Therefore, the determination of proper size of conductor for the line is of 

vital importance. The most economical area of conductor is that for which the total annual cost of 

transmission line is minimum*. This is known as Kelvin’s Law after Lord Kelvin who first stated it in 1881. 

The total annual cost of transmission line can be divided broadly into two parts viz., annual charge on 

capital outlay and annual cost of energy wasted in the conductor. 

 

(i) Annual charge on capital outlay: This is on account of interest and depreciation on the capital cost of 

complete installation of transmission line. In case of overhead system, it will be the annual interest and 

depreciation on the capital cost of conductors, supports and insulators and the cost of their erection. Now, 

for an overhead line, insulator cost is constant, the conductor cost is proportional to the area of X-section 

and the cost of supports and their erection is partly constant and partly proportional to area of X-section of 

the conductor. Therefore, annual charge on an overhead† transmission line can be expressed as : 

Annual charge = P1 + P2 a 

where P1 and P2 are constants and a is the area of X-section of the conductor. 

(ii) Annual cost of energy wasted: This is on account of energy lost mainly‡ in the conductor due to I2R 

losses. Assuming a constant current in the conductor throughout the year, the energy lost in the conductor is 

proportional to resistance. As resistance is inversely proportional to the area of Xsection of the conductor, 

therefore, the energy lost in the conductor is inversely proportional to area of X-section. Thus, the annual 

cost of energy wasted in an overhead transmission line can be expressed as :  

Annual cost of energy wasted = P3a ...(ii) where P3 is a constant. 

Total annual cost, C = exp. (i) + exp. (ii) = (P1 + P2 a) + P3/a 

∴ C = P1 + P2 a + P3/a ...(iii) 

In exp. (iii), only area of X-section a is variable. Therefore, the total annual cost of transmission 

line will be minimum if differentiation of C w.r.t. a is zero i.e. d/da(C) = 0 

or d/da(P1 + P2 a + P3/a) = 0  

or P2 − P3/a
2 = 0 

or P2 = P3/a
2  

or P2 a =P3/a 

i.e. Variable part of annual charge = Annual cost of energy wasted.  

 

Therefore Kelvin’s Law can also be stated in an another way i.e. the most economical area of conductor is 

that for which the variable part* of annual charge is equal to the cost of energy losses per year. 

Graphical illustration of Kelvin’s law. Kelvin’s law can also be illustrated graphically by plotting annual 

cost against X-sectional area ‘a’of the conductor as shown in Fig. . In the diagram, the straight line (1) 

shows the relation between the annual charge (i.e., P1 + P2a) and the area of X-section a of the conductor. 

Similarly, the rectangular hyperbola (2) gives the relation between annual cost of energy wasted and X-

sectional area a. By adding the ordinates of curves (1) and (2), the curve (3) is obtained. This latter curve 

shows the relation between total annual cost (P1 + P2a + P3a) of transmission line and area of X-section a. 

The lowest point on the curve (i.e., point P) represents the most economical area of X-section. 

 

 

 

 



 

         b) A 2-wire DC distributor cable AB is 2 km long and supplies loads of 100A, 150A, 200A and              

50A situated 500 m, 1000 m, 1600 m and 2000 m from the feeding point A. Each conductor has a            

resistance of 0·01 Ω per 1000 m. Calculate the potential difference at each load point if a potential            

difference of 300 V is maintained at point A.                          5M 

Diagram: 2M Solution and Result: 3M 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      3. Explain substation bus bar arrangements by comparing each with neat sketches.                      10M 

                  Four Bus bar schemes (4 X 2.5M each)=10M 

a) Single Bus System 

    Single Bus System is simplest and cheapest one. In this scheme all the feeders and transformer bay are         

connected to only one single bus as show. 

Advantages of Single Bus System 

1) This is very simple in design. 

 2) This is very cost effective scheme.  

3) This is very convenient to operate.  

Disadvantages of Single Bus System 

1) One but major difficulty of these type of arrangement is that, maintenance of equipment of any bay 

cannot be possible without interrupting the feeder or transformer connected to that bay.  

2) The indoor 11KV switchboards have quite often single bus bar arrangement. 



b) Single Bus System with Bus Sectionalizer 

Some advantages are realized if a single bus bar is sectionalized with circuit breaker. If there are 

more than one incoming and the incoming sources and outgoing feeders are evenly distributed on the 

sections as shown in the figure, interruption of system can be reduced to a good extent. 

 

Advantages of Single Bus System with Bus Sectionalizer 

If any of the sources is out of system, still all loads can be fed by switching on the sectional circuit 

breaker or bus coupler breaker. If one section of the bus bar system is under maintenance, part load of 

the substation can be fed by energizing the other section of bus bar. 

Disadvantages of Single Bus System with Bus Sectionalizer 

1) As in the case of single bus system, maintenance of equipment of any bay cannot be possible without 

interrupting the feeder or transformer connected to that bay.  

2) The use of isolator for bus sectionalizing does not fulfill the purpose. The isolators have to be 

operated ‘off circuit’ and which is not possible without total interruption of bus – bar. So investment for 

bus-coupler breaker is required. 

    c) Main and Transfer Bus System 

 

• This is an alternative of double bus system. The main conception of Main and Transfer Bus System 

is, here every feeder line is directly connected through an isolator to a second bus called transfer bus. 

The said isolator in between transfer bus and feeder line is generally called bypass isolator. The main 

bus is as usual connected to each feeder through a bay consists of circuit breaker and associated 

isolators at both side of the breaker. There is one bus coupler bay which couples transfer bus and 

main bus through a circuit breaker and associated isolators at both sides of the breaker. If necessary 

the transfer bus can be energized by main bus power by closing the transfer bus coupler isolators and 

then breaker. Then the power in transfer bus can directly be fed to the feeder line by closing the 

bypass isolator. If the main circuit breaker associated with feeder is switched off or isolated from 

system, the feeder can still be fed in this way by transferring it to transfer bus.  

 

 

 

 

http://www.electrical4u.com/electrical-circuit-breaker-operation-and-types-of-circuit-breaker/
http://www.electrical4u.com/electrical-circuit-breaker-operation-and-types-of-circuit-breaker/
http://www.electrical4u.com/electrical-circuit-breaker-operation-and-types-of-circuit-breaker/
http://www.electrical4u.com/electrical-circuit-breaker-operation-and-types-of-circuit-breaker/
http://www.electrical4u.com/electrical-circuit-breaker-operation-and-types-of-circuit-breaker/


 

d) Double Bus System 

 

 

In double bus bar system two identical bus bars are used in such a way that any outgoing or 

incoming feeder can be taken from any of the bus. Actually every feeder is connected to both of the 

buses in parallel through individual isolator as shown in the figure. 

Advantages of Double Bus System 

 Double Bus Bar Arrangement increases the flexibility of system.  

Disadvantages of Double Bus System 

  The arrangement does not permit breaker maintenance without interruption 

 

     4. Classify grading methods of cables and explain them.                                                                10M 

      Capacitance grading:5M Inter heath grading;5M 

 

 

 

 

  



 

i) Capacitance grading:(5M) 

 

        ii)Intersheath Grading: (5M) 

 

 

 

 

 

 

 



 

5. Problem on One Line Diagram:          10M 

Solution:6M Formulae:2M Reactance Diagram:2M 

 

 



6. Discuss the effect of synchronous machine excitation in detail with the help of phasor diagrams? 10M 

 

Normal Over and Under excitation explanation: 5M Phasor Diagrams:5M 

 

 

 

 

 

 

 



 

7. a)Derive the fault current expressions for a LLG fault of an unloaded generator?                                      5M                

      Derivation 3M Diagram 2M 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  



 

 

 

7.b) problem on LG fault: 5M 

Solution methodology: 3M Formulae: 2M 

 

 

 

 

 

 

 

 

 

 

 



 

   8. a) Derive the expression for velocity of a travelling wave through a loss less line.                             5M  

Dervation: 3M Diagram: 2M 

 

 

 

 

 

 

 



8. b) Derive the coefficient of reflection and refraction of voltage and current for open ended line.   5M 

Diagram: 2M Explanation: 3M 

 

 

 

    



 

 

9. Explain types of lightning arresters with neat sketches.          10M 

Diagrams: 5M Explanation: 5M 

 

 

 

 

 

 

 

 

 

 

 



 

 

 


