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1. VISION OF THE DEPARTMENT: 
Empowerment of women in the field of Electrical and Electronics Engineering by imparting core value 
based quality technical education to meet global needs.  
 
MISSION OF THE DEPARTMENT: 
 

M1: To pursue excellence in electrical and electronics engineering education and research by 

providing positive and professional quality technical education 

M2: To enhance learning through practice of cutting edge technologies in Electrical and 

Electronics engineering with multidisciplinary approach to meet industry requirement. 

M3: To conduct individual and team activities that enhances the managerial and professional 

skills. 

PROGRAMME EDUCATIONAL OBJECTIVES: 
PEO I: To provide a good foundation in mathematics, sciences, management and Engineering 
fundamentals to make them globally competent and to excel in their chosen profession. 
PEO II: To inculcate ethical values and aptitude for lifelong learning that enables them to stay abreast 
with latest technology needed for successful professional career. 
PEO III: To encourage students towards importance of power sector, green and energy efficient 
sources and to train them in critical issues of power system automation and energy management. 
PEO IV: To equip graduates with the communication skills and team work with multi-disciplinary 
approach and zeal to provide solutions for engineering problems. 
 
PROGRAM OUTCOMES: 

Engineering Graduates will be able to: 

1. Engineering knowledge: Apply the knowledge of mathematics, science, engineering 
fundamentals, and an engineering specialization to the solution of complex engineering 
problems. 

2. Problem analysis: Identify, formulate, review research literature, and analyze complex 
engineering problems reaching substantiated conclusions using first principles of mathematics, 
natural sciences, and engineering sciences. 

3. Design/development of solutions: Design solutions for complex engineering problems and 
design system components or processes that meet the specified needs with appropriate 
consideration for the public health and safety, and the cultural, societal, and environmental 
considerations. 

4. Conduct investigations of complex problems: Use research-based knowledge and research 
methods including design of experiments, analysis and interpretation of data, and synthesis of 
the information to provide valid conclusions. 



 

5. Modern tool usage: Create, select, and apply appropriate techniques, resources, and modern 
engineering and IT tools including prediction and modeling to complex engineering activities 
with an understanding of the limitations. 

6. The engineer and society: Apply reasoning informed by the contextual knowledge to assess 
societal, health, safety, legal and cultural issues and the consequent responsibilities relevant to 
the professional engineering practice. 

7. Environment and sustainability: Understand the impact of the professional engineering 
solutions in societal and environmental contexts, and demonstrate the knowledge of, and need 
for sustainable development. 

8. Ethics: Apply ethical principles and commit to professional ethics and responsibilities and 
norms of the engineering practice. 

9. Individual and team work: Function effectively as an individual, and as a member or leader in 
diverse teams, and in multidisciplinary settings. 

10. Communication: Communicate effectively on complex engineering activities with the 
engineering community and with society at large, such as, being able to comprehend and write 
effective reports and design documentation, make effective presentations, and give and receive 
clear instructions. 

11. Project management and finance: Demonstrate knowledge and understanding of the 
engineering and management principles and apply these to one’s own work, as a member and 
leader in a team, to manage projects and in multidisciplinary environments. 

12. Life-long learning: Recognize the need for, and have the preparation and ability to engage in 
independent and life-long learning in the broadest context of technological change. 

 
Program Specific Outcomes (PSOs): 
PSO 1: Able to design and analyse energy efficient and eco-friendly power and energy systems by 

employing control strategies related to power electronics, power systems applications for societal and 

industrial requirements. 

PSO 2: Able to apply cutting edge engineering hardware and software tools to solve complex Electrical 

and Electronics Engineering problems.  

 
 



 

 
2. COURSE OUTCOMES: 

At the end of the course student will be able to: 

C313.1 Describe various types of circuit breakers and their operation. 
BTL2 

Comprehension 

C313.2 Choose appropriate relay for the protection of power system. 
BTL3 

Application 

313.3 
Apply different methods of protection for various power system 
components. 

BTL3 

Application 

C313.4 Choose appropriate grounding system for various equipment 
BTL3 

Application 

C313.5 Choose appropriate devices for over voltage protection 
BTL3 

Application 

 
3. SCOPE: 

This course introduces all varieties of Circuit Breakers and Relays for protection of Generators, 
Transformers and feeder bus bars from over voltages and other hazards. It emphasis on Neutral 
grounding for overall protection. 

4. PREREQUISITES: This subjects needs knowledge of basic concepts like properties of different 
types of materials like conductors, insulators, semi conductors and dielectric materials studied in 
engineering physics and behaviour of these materials with temperature along with basic 
knowledge in power systems, machines, electric circuit theory and field theory.  

5. SYLLABUS: (EE603PC) 
 

SYLLABUS – JNTUH 

 UNIT – I Introduction to Circuit Breakers:  

Circuit Breakers: Elementary principles of arc interruption, Recovery, Restriking Voltage and 
Recovery voltages.- Restriking Phenomenon, Average and Maximum RRRV, Numerical 
Problems - Current Chopping and Resistance Switching - CB ratings and Specifications: Types 
and Numerical Problems. – Autoreclosures. Description and Operation of following types of 
circuit breakers: Minimum Oil Circuit breakers, Air Blast Circuit Breakers, Vacuum, and SF6 
circuit breakers. 

 



 

UNIT –II Electromagnetic and Static Relays: 

Principle of Operation and Construction of Attracted armature, Balanced Beam, induction Disc 
and Induction Cup relays. Types of Over Current Relays: Instantaneous, DMT and IDMT types. 
Application of relays: Over current/ under voltage relays, Direction relays, Differential Relays 
and Percentage Differential Relays. Universal torque equation, Distance relays: Impedance, 
Reactance, and Mho and Off-Set Mho relays, Characteristics of Distance Relays and 
Comparison. Static Relays: Static Relays verses Electromagnetic Relays. 
UNIT –III Protection of Power Equipment:  
 
Protection of generators against Stator faults, Rotor faults, and Abnormal Conditions. Restricted 
Earth fault and Inter-turn fault Protection. Numerical Problems on % Winding Unprotected. 
Protection of transformers: Percentage Differential Protection, Numerical Problem on Design of 
CT s Ratio, Buchholtz relay Protection. Protection of Lines: Over Current, Carrier Current and 
Three-zone distance relay protection using Impedance relays. Translay Relay. Protection of Bus 
bars – Differential protection. 
 
UNIT –IV Neutral Grounding:  
 
Grounded and Ungrounded Neutral Systems - Effects of Ungrounded Neutral on system 
performance. Methods of Neutral Grounding: Solid, Resistance, Reactance - Arcing Grounds 
and Grounding Practices. 
 
UNIT – V Protection Against Overvoltages: 
 
Generation of Over Voltages in Power Systems.- Protection against Lightning Over Voltages - 
Valve type and Zinc-Oxide Lighting Arresters - Insulation Coordination -BIL, Impulse Ratio, 
Standard Impulse Test Wave, Volt-Time Characteristics. 

 
 
SYLLABUS - GATE 
  
Principles of over‐current, differential and distance protection; Circuit breakers, 
  

SYLLABUS - IES 
 
Principles of protection systems, basics of solid state relays and digital protection; Circuit breakers, 
 
SYLLABUS – TSTRANSCO 
 
Principles of over‐current, differential and distance protection, Circuit breakers 
 
SYLLABUS – TSGENCO 
 
Protection of Alternators against stator faults, Overcurrent, directional and distance protection of lines. 
Characteristic of Relays. Protection of transformers against winding faults, overloads and external short 
circuits. Circuit Breakers – Relative merits and demerits. Air-blast, oil, minimum oil, vacuum, Sulfur 
hexafluoride and D.C. circuit breakers. 
 



 

   

5. SUGGESTED BOOKS: 

Text Books (Prescribed by JNTUH/Faculty) 

                         BOOK TITLE WITH AUTHOR & EDITION 

A1 Switchgear and Protection ,Sunil S Rao, Khanna Publlishers 

A2 Protection and switchgear, Bhavesh Bhalija, R.P.Maheswari,Nilesh, 
G.Chothani,Oxford university press. 

A3 Electrical power sytems, C.L.Wadhwa, New Age International(P) Limited, 
Publishers 

A4 Power system protection and switchgear, Badari Ram, D.N.Viswakarma,  
TMH Publications 

A5 Electrical power system protection, C.Christopoulos and A.Wright, Springer 
International. 

A6 “C R Mason”, Art & Science of Protective Relaying – Wiley Eastern Ltd, 1966. 

A7 Power system protection and switch gear by Bhuvanesh Oza,  TMH. 

A8 A Text book on Power system engineering ,  M.L.soni,  P.V.Gupta, U.S.Bhatnagar,  
A.Chakrabarthy,  Dhanapat  Rai  &  Co pvt Ltd. 

A9 A Text book of power system engineering,  R.K.Rajput,Laxmi Publications(P)  Limited. 

A10 “Paithankar and S. R. Bhide”, “Fundamentals of Power System Protection”, PHI, 2003. 

 

 

6. WEBSITES: 

 

                                               Web sites 

B1 https://nptel.ac.in/downloads/108101039/ 

B2 www.erics.com/Power- Transmission 

B3 www.elsesvier.comz 

B4 www.wikipedia.org/wiki/ 

B5 www.cyme.com 

B6 www.osha.gov/SLTC/electrical/index.hmtl 

 

 

 



 

 

7. SUBJECT EXPERT DETAILS (INTERNATIONAL/ NATIONAL/ REGIONAL) 

 

 National Experts: 

C1 Dr.P.S.Subramanyam VBIT 

C2 Dr.Jayaram  Kumar 

C3 Dr.K.Raja Reddy 

C4 Dr.S.Kamakshiah 

C5 International Experts: 

C6 Christopher L. Demarco,Grainger professor of power engineering 

C7 Ian A. Hiskens ,Professor 

C8 Robert H. Lasseter ,Emeritus Professor 

 
 

8. JOURNALS (NATIONAL / INTERNATIONAL/REGIONAL) 

 

                               Title of the Journal 

D1 Electrical India 

D2 Journal of The Institution of Engineers (India): Series B - Springer 

D3 Electric Power system Research 

D4 IEEE Transactions on Dielectrics and Insulation 

D5 IEEE Transactions on Power Systems, Power Delivery 

 
 
 
10. QUESTION BANK: 
 
UNIT – I (Objective questions) 
 

1. Breaking capacity of the circuit breaker is usually expressed in MVA. 
2. The arcing contacts in a circuit breaker are made of Copper tungsten alloy. 
3. The contact resistance is least affected by: Ambient temperature. 
4. Magnetic circuit breaker has instantaneous trip action. 



 

5. The initiation of the arc by field emission and thermionic emission. 
6. The transient voltage that appears across the contacts it the instant of are extinction is known as 

Restriking voltage 
7. In a circuit breaker the active recovery voltage depends upon Circuit conditions, Power factor & 

Armature reaction. 
8. The rate of rise of restriking voltage (RRRV) depends upon Circuit power factor & Switching 

condition. 
9. In a circuit breaker the current that exists at the instant of contact separation is called Breaking 

current. 
10. A Circuit breaker is essentially current intterrupting device. 
11. Circuit breakers are essentially current carrying contacts called electrodes. 
12. Which of the following circuit breakers produce least arc energy:  
a) Plain oil 
b) Minimum oil 
c) Air blast 
d) Air break 
Ans: c 
13. Arc chutes are used in:  
a) Oil circuit breaker 
b) Vacuum circuit breakers 
c) SF6 circuit breakers 
d) Air blast circuit breakers 
Ans: d 
14. On which of the following routine tests are conducted? 

a) Oil circuit breaker 
b) Minimum oil circuit breakers 
c) Air blast circuit breakers 
d)  All the above 
Ans: d 

15. SF6 gas is 
      a) Yellow in color 
      b) is lighter than air 
      c) is nontoxic 
      d) has pungent smell 
      Ans: c 
16. Circuit breakers usually operate under  
      a) transient state of short circuit current 
      b) sub transient state of short circuit current 
      c) steady state of short circuit current 
      d) after dc component has ceased 
      Ans: a 
17. Which of the following medium is employed for extinction of arc in air circuit breaker?  

         a) water 
         b) oil 
         c) air 
         d) sf6 
         Ans: c 
   18. Air blast circuit breaker is used for   
         a) over currents 



 

         b) short duty 
         c) intermittent duty 
         d) repeated duty 
         Ans: d 

19. The current zero interruption, in oil and air blast circuit breakers, is achieved by 
     a) lengthening of the gap 
     b) cooling and blast effect 
     c) both (a) and (b) 
     d) deionizing the oil with forced air 
     Ans: c 
20. Thermal circuit breaker has 
     a) delayed trip action 
     b) instantaneous trip action 
     c) both of the above 
     d) none of the above 
     Ans: a 
 

 
UNIT – I (Descriptive questions) 
 

1) What are different arc interruption methods? Explain any one in detail? 
2) Obtain an expression for rate of rise of striking voltage? 
3) Explain resistance switching as applied to circuit breakers? 
4) Explain in detail the theory’s which explain the arc extension phenomenon? 
5) Define a circuit breaker? Describe its operation in brief? 
6) Discuss the arc phenomenon in a circuit breaker? 
7) Explain the following terms 

i) Arc voltage  ii)  restriking voltage  iii)recovery voltage 
8) Write a note on current chopping phenomenon? 
9) Explain in brief cross jet and plain jet explosion pot? 
10) Why SF6 gas preferred in circuit breakers? 
11) Write a note on dielectric properties of SF6 gas? 
12) Explain the construction and working of SF6 circuit breaker? 
13) What are the Advantages and disadvantage of SF6 circuit breaker? 
14) State the classification of circuit breakers? 
15) Explain the construction and working of air blast circuit breaker? 
16) Write a note on air blast circuit breaker? 
17) Explain the plain break oil circuit breaker? 
18) Explain with the help of neat sketch the construction and working of minimum oil circuit 

breaker? 
19) What are the advantages and disadvantage of minimum oil circuit breaker? 
20) What are the possible applications of Vacuum circuit breaker? 

      21) What are the different ratings of circuit breaker s explain any one in detail? 

 
UNIT – II (Objective questions) 



 

 
1. Relay contacts are normally made up of: Silver contacts 
2. The most efficient torque-producing actuating structure for induction type relays is: Induction cup 

structure 
3. Impedance relays can be used for: Both earth and phase faults 
4. Sparking between the contacts can be reduced by inserting: A capacitor in parallel with the contacts 
5. The contact resistance is least affected by: Ambient temperature 
6. The arc voltage produced in an ac circuit breaker is always: In phase with the arc current 

   7.Relays can be designed to respond to changes in 
      a) resistance, reactance or impedance 
      b) voltage and current 
      c) light intensity & temperature 
      d) all above 
      Ans: d 

   8. An efficient and a well designed protective relaying should have 
        a) good selectivity and reliability 
        b) economy and simplicity 
        c) high speed and selectivity 
        d) all of the above 
        Ans: d 
   9. Directional relays are based on flow of 
        a) power 
        b) current 
        c) voltage wave 
        d) all of the above 
        Ans: a 
   10. Burden of a protective relay is the power 
        a) required to operate the circuit breaker 
        b) absorbed by the circuit of relay 
        c) developed by the relay circuit 
        d) none of the above 
        Ans: b 
   11. The operation of a relay depends on: 
        a) Rate of flux buildup 
        b) Armature core air gap 
        c) Spring tension 
        d) All the above 
        Ans: d 
UNIT – II (Descriptive questions) 

1) Describe any one type of electromagnet attracted armature relay? 
2) Describe with neat sketch the operation of solenoid and plunger type relay? 
3) What are the advantage and disadvantage & applications of of electromagnet relays? 
4) Explain the working principle of directional power relay? 
5) Explain what is meant by primary protection and back up protection? 
6) Discuss the basic action of a backup protection? 
7) Discuss the construction and working of directional induction type over current relay? 
8) Discuss in brief the various essential qualities of protective relaying? 
9) Define and explain the relay time, breaker time and fault clearing time? 



 

10) Discuss the classification of protective relays? 
11) Discuss the following terms 

i) Pick up  ii) drop out or reset  iii) time delay 
12) Discuss the following terms 

i) Holding relay   ii) trip circuit  iii) protective scheme 
13) Discuss the following terms 
i) Protective system  ii) current setting iii) plug setting multiplier iv) time setting 

multiplier   
14) What is universal relay torque equation what is its use? 
15) Explain the basic elements of static relays? 
16) Compare static and electromagnetic relays? 

UNIT – III-(Objective questions) 
1. Protection scheme used for detection of loss of excitation of a very large generating unit feeding    
    power into a grid employs  offset mho relay. 
2. Differential protection of generator makes use of the principle that, under normal conditions, the  
    currents at both ends of the phase winding are equal. 
3. The reactance relay is essentially an overvoltage relay with directional restraint. 
4. The large size generator is protected against overloads by providing Thermal sensitive relays. 
 5. Merz - price relays are used for  Generator protection. 
 6. Differential protection scheme is used for alternators of capacity more than 1 MVA. 
 7. The relay with inverse time characteristics will operate within: 5 to 10 sec. 
 8. Buchholtz relay is installed between main tank and conservator. 
 9. Buchholtz relays only can be used with oil immersed transformers equipped with conservator. 
 10. For the protection of a delta/star power transformers, the CT’s on delta side must be connected in  
star and those on the star side in delta. 

11. Buchholtz relay is gas actuated relay. 

  12. Merz - price relays are used for  Generator protection &  transformer protection. 

  13. Earth fault  relays provides protection from earth faults only. 

  14. Overcurrent relays  provides protection from phase to phase faults and overloading. 

  15. Under-voltage relay is mostly used for 
        a) Transformer protection 
        b) Bus-bar protection 
        c) Motor protection 
        d) Feeder protection 
        Ans: c 
  16. Earth fault relays are: 
        a) Directional relay 
        b) Non-directional relay 
        c) Short operate time relay 
        d) Under voltage relay 
        Ans: a 



 

 
 
 
UNIT-III (Descriptive questions) 

 
1) Which are the various types of faults which can occur in a generator explain in brief? 
2) Which are the various abnormal running conditions which may exists in a generator? 
3) Explain the basic differential protection scheme what are its disadvantage? 
4) Explain the basic percentage basic differential protection scheme and draw its operating char 
showing positive and negative torque regions? 
5) Draw and explain the Merz price protection of alternator stator windings? 
6) Explain the adv of Merz price protection of alternator? 
7) Explain the restricted earth fault protection of generators? 
8) Derive the expression for the percentage of the winding unprotected in the restricted earth fault 
protection? 
9) Explain the operation of unrestricted earth fault protection? 
10) Draw and explain balanced earth fault protection scheme? 
11) Suggest the scheme for inter turn fault protection of stator of alternator? 
12) What are the methods to provide rotor earth fault protection? 

      13) State and explain the various possible fault in transformer? Why the faults are less in t/f than in 
            the generators? 
      14) What is over fluxing ?when it occurs what are the methods to overcome? 
      15) Which are the important points to be taken care of wire providing differential protection to the  
            transformers? 
      16) Draw and explain the merz-price protection scheme for  

i) Star & delta transformer.    Ii) Star & star transformer.  Iii) delta& star transformer.    
      17) State the problems encountered in a simple differential protection of transformer? 
      18) Write a note on magnet current in rush and frame leakage protection? 
      19) Draw and explain the construction and working of buchholz relay? 
      20) State the adv and disadvantage of buchholz relay? 

21) Explain the need of busbar protection and difficulties in busbar protection? 
22) Explain the frame leakage protection of busbar? 
23) Explain the current circulating protection of busbar ? 
24) Explain the high impedance differential protection of busbar? 
25) Explain non directional time and current graded method of protection of feeders? 
26) How inverse time relays help to improve nondirectional time graded method of protection of 

feeders? 
27) How setting of inverse over curreny relays is achieved? 
28) What are the disadvantages of nondirectional time and current graded method of protection of 

feeders? 
29) Explain parallel feeder protection? 
30) Explain tee feeder protection? 
31) Explain ring main system protection? 



 

32) Explain Merz-price voltage balance scheme for feeder protection? 

 
UNIT – IV (Objective questions) 
 

1. Severe over-voltages are produced during arcing faults in a power system with a 
neutral isolated. 

2. The insulation strength of EHV lines is mainly governed by switching 
overvoltage’s. 

3. Arcing grounds can be prevented by earthing the neutral. 
4. For successful working of ground wire, the footing resistance of tower should be 

low. 
5. The phenomenon of intermittent arc taking place in line to ground fault of a 3 

phase system with subsequent production of transients is known as  arcing ground. 
6.  The high voltages due to arcing grounds or transient line to ground faults are 

eliminated. 
7. If the value of the inductive reactance is such that the fault current IL balances 

exactly the charging current, then the grounding is known as resonant grounding. 
8.  The generators are normally provided with resistance grounding. 
9. Synchronous motors or synchronous capacitors are provided with reactance 

grounding. 
10. Resonant grounding is also called as ground fault neutralizer or petersoncoil. 

 
UNIT – IV (Descriptive questions) 
 

1) What is resistance grounding? What are its advantages and disadvantages? 
2) Describe ungrounded or isolated neutral system. What are its advantages? 
3)  What is solid grounding? What are its advantages and disadvantages? 
4) Explain the phenomenon of arcing grounds on overhead transmission lines. How does neutral 

Earthing oppose arcing ground currents? 

 
UNIT – V (Objective questions)  
 

1) Lightening arresters are used in power systems to protect electrical equipments against  direct 
strokes of lighting. 

2) Insulation coordination for UHV lines above 500 KV is done based on switching surges. 
3) The most severe surges on the line are produced by lightening. 
4) In sub-stations, the most commonly used type of arrester is thyrite arrester. 
5) Surge absorbers are used to reduce the steepness of wave front of the surge. 
6) The lightning current ranges from 10 KA to about 90KA. 
7) Valve type arresters incorporate non-linear resistors and are extensively used on 

systems operating at high voltages. 
8) A sudden rise in voltage for a very short duration on the power system is known as 

a transient voltage or voltage surge. 
9) Explusion type arrester can also be called as protector tube. 

UNIT – V (Descriptive questions) 



 

1) Explain the phenomenon of lighting discharge? 
2) What are the various type of lighting strokes? Explain in detail? 
3) What are The harmful effects of lighting strokes on substation equipments? 
4) What are the various methods protection against lighting strokes? 
5) How do earthing screen and ground wire provide protection against direct lighting strokes? 
6) What is a surge diverter?  what is the basic principle operation of surge diverter? 
7) Explain about Horn gap, rod gap , multi gap arrester s? 
8) Explain clearly how the rating and location of lighting arrester is selected? 
9) Explain the following terms  

i) Rated voltage ii)discharge current  iii)rated current    iv)residual voltage 
10) What is tower footing resistance?  what are the methods to reduce this resistance? 
11) What is a ground wire? Describe its location w.r.t to line conductors? 
12) Explain the operation of various types of surge absorbers? 
13) What do mean by coefficient of earthing? 
14) What are the basic requirements of a good lighting arrester? 
15) Define insulation level and insulation coordination? 
16) What do mean by basic impulse insulation level? 
17) How protection is provided against over voltages? 
18) Differentiate between power frequency over voltages and transient surges? 
19) Write note on equipment insulation? 
20) Define phase to phase per unit over voltage and with stand level of equipment? 

11. ASSIGNMENT QUESTIONS: 
 
Assignment-I 
 
Questions from I to II Units: 
 
Assignment 1_A 
 

1. a) What is the role of circuit breakers in substations? Explain the specifications of circuit 
breakers. 
b) In a system of 132kV, the line to ground capacitance is 0.03µF and the inductance is 7H. 
Determine the voltage appearing across the pole of a Circuit Breaker. If a magnetizing current 
of 8 amps (instantaneous value) is interrupted, determine also the value of resistance to be used 
across the contacts to eliminate the restriking voltage. 

2. a) What are the different types of arc quenching methods? Discuss the energy balance theory in 
detail. 
b) Explain the operation and applications of Vaccum Circuit Breakers.  

3. a) Discuss the construction and operation of attracted armature relay 
b) Explain the Operation principle and characteristics of MHO relay.  

4. a) Explain the operation of directional over current relay with a neat circuit diagram. 
b) Explain the Impedance relay by means of its characteristic on R-X plane.  

 



 

Assignment 1_B 
 

1. a) Explain the properties of SF6 gas and why it is used in circuit breakers? 
b) A circuit breaker interrupts the magnetizing current of a 90 MVA transformer at 220kV. 
The magnetizing current of the transformer is 8% of the full load current. Determine the 
maximum voltage which may appear across the gap of the breaker when the magnetizing 
current is interrupted at 60% of its peak value. The stray capacitance is 3250 µF. The 
inductance is 40 H.  

2. a) Explain the terms recovery voltage, restriking voltage and RRRV. Derive an 
expression for restriking voltage in terms of system capacitance and inductance 
b) Explain about the current chopping phenomenon and resistance switching in circuit breakers.
  

3. a) Explain the operation of a biased differential relays with a neat circuit diagram. 
b) Explain in detail about the over current relays with their characteristics. 

4. a) Discuss the effect of power swings and fault impedance on distance relays. 
b) Compare Static relays with Electromagnetic Relays.  

Assignment 1_C 
 

1. a) Explain Symmetrical breaking capacity, Asymmetrical breaking capacity in detail.  
b) Explain the operation of SF6 Circuit breaker with the help of a neat sketch. Mention the 
advantages of SF6 circuit breaker. 

2. a) Explain the operation of self generated pressure oil Circuit breakers with the help of 
neat sketches and discuss the applications. 
b) Explain the operation and applications of Air-Blast Circuit Breakers. 

3. a) Explain the induction cup and disc relays with a neat sketch. 
b) Derive the Universal Torque equation of relay. 

4. a) Compare Directional relay and Differential relay. 
b) With a neat diagram, explain the operation of balanced beam type relay. 

 
Assignment-II 
 
Questions from III to V Units: 
 

1. A three phase transformer rated for 33KV/6.6KV is connected in star/delta and the 
protecting current transformer on the low voltage side has a ratio of 400/5. Calculate the 
ratio of current transformers on HV side. Sketch the connection diagram showing how the 
relay operates under fault? (CO4) (BTL4) 

2. Discuss the protection of parallel feeder?  (CO5)  (BTL2) 
3. Explain in detail the solid grounding for three phase system also mention its advantages and 

disadvantages? (CO5) (BTL2) 
4. Explain the construction and working of valve type arresters?  (CO6)  (BTL2) 
5. Describe the insulation co-ordination and explain its principle?  (CO6) (BTL2) 

 



 

 12. TUTORIAL QUESTIONS: 
 

Tutorial 1: 
 

1. A 50Hz 11KV three phase alternator with earthed neutral has a reactance of 50ohms per phase 
and is connected to a bus bar through a circuit breaker. The distributed capacitance up to circuit 
breaker between phase and neutral is 0.01µF. Calculate  
a) Peak restriking voltage across the contacts of the breaker. 
b) Frequency of oscillations. 
c) The average rate of rise of restriking voltage up to first peak.    (CO1)   (BTL4) 

2. In a short circuit test on a circuit breaker the following readings were obtained on single 
frequency transient 
a) Time to reach the peak restriking voltage 50µsec. 
b) The peak restriking voltage 100 KV. 
Calculate the average RRRV and frequency of oscillations.  (CO1)   (BTL4) 

3. For a 32kv system, reactance and capacitance up to location of circuit breaker are 3ohms and 
0.015µf respectively. Calculate the following.   
a) Frequency of transient oscillation 
b) Maximum value of restricking voltage 
c) Maximum value of RRRV. (CO1)   (BTL4) 

4. A generator connected through a 3-cycle circuit breaker to a transformer is rated 10mva, 13.8kv 
with reactance of X11

d =10%, X1
d

  ,Xd =100%.It is operating at no-load and rated voltage when a 
3 phase short circuit occurs between the break and transformer. Determine. 
a) Sustained short circuit current in breaker 
b) Initial current RMS in breaker 
c) Maximum possible DC component of the short circuit current in breaker 
d) Momentary current rating of breaker 
e) Current to be interrupted by the breaker 
f) Interrupting KVA    (CO1)   (BTL4) 
 

   
 
  Tutorial 2: 
 

1. Formulate the universal torque equation of relay?  (CO2)  (BTL6) 
2. Explain the operation of balanced beam relay with neat diagram? (CO2)  (BTL2) 
3. Explain the operating principle and characteristics of mho relay?  (CO2)  (BTL2) 
4. Determine the time of operation of relay placed at location number 1 and 2 assuming that fault current 

is 2000Amps.Ct ratio 200/1, relay 1 set at 100% and 2 at 1255 and the relay number  1 has time 
multiplier of 0.2, the time grading margin between the relay is 0.5sec for discrimination assume the 
relay to have 2.2 sec IDMT characteristics as shown in figure. (CO2)  (BTL4) 

 
Plug setting multiplier 2 3.8 5 10 15 20 



 

Time in sec for a time multiplier 10 6 3.9 2.8 2.2 2.1 

 

 

 Tutorial 3: 
 

 
1. A 6.6 KV star connected alternator has a transient reactance of 2Ω/phase & negligible 

winding resistance and it is protected by circulating current merz-price protection. The  
alternator neutral is earthed through a resistance of 7.5 ohms. The relays are set to  
operate when there is out of balance current of 7Amp if secondary of 500/50A CT’s.  
Calculate the percentage of winding protected against earth fault? (CO3)  (BTL4) 
 
 

2. A 50MVA three phase 33KV synchronous generator is protected by merz-price  
protection using 1000/5 ratio CTs it is provided with restricted earth fault protection 
with the earthing resistance of 7.5Ω. Calculate the percentage winding unprotected in 
each phase against earth fault if the minimum operating current of the relay is 0.5A.  
(CO3)   (BTL4) 

 
 
  Tutorial 4: 
 

1. Explain the translay protection with neat diagram?  (CO5)   (BTL2) 
2. Discuss the various methods used for neutral grounding?  (CO5)   (BTL2) 

 
 
Tutorial 5: 

 
1. Explain the construction and principle of zinc oxide lightening arresters? (CO6) (BTL2) 
2. Discuss the following terms 

a. BIL 
b. Withstand voltage 
c. Impulse ratio 
d. Critical flash over voltage 
e. Chopped wave insulation level       (CO6) (BTL2) 

 
 

                                

 

 

 

 



 

 

 

 

 

 

 LESSON PLAN ( UNIT WISE) : 

    

 
 

S.No. 

Unit 
No 

 
Topic  Planned 

 
Week 

Mode of 
Teaching 
BB/PPT/ 
OHP/MM 

 
 

Reference* 

 
 

Remarks 

1 1 

Introduction and overview of syllabus 
Circuit Breakers: Elementary principles 
of arc interruption 

1 BB A1  

2  

Recovery, Restriking Voltage and 
Recovery voltages, Restriking 
Phenomenon 

 BB A1  

3  

Average and Max. RRRV. Numerical 
problems, Current Chopping and 
Resistance Switching 

2 BB A1  

4  
CB ratings and Specifications: Types 
Numerical problems   BB 

A1  

5  

Auto reclosures, Description and 
Operation of Minimum Oil Circuit 
breakers & 
Air Blast Circuit Breakers 

 

BB 

A1  

6  
Vacuum circuit breakers 
SF6 circuit breakers 3 BB 

A1  

7  Tutorial‐I  BB   

8 2 

Electromagnetic Relays - Principle of 
Operation and Construction Attracted 
armature, Balanced Beam, induction 
Disc  relays 

4 BB 

A3 

 

9  

Induction Cup relays, Instantaneous, 
DMT and IDMT types, Over current/ 
Under voltage relays 

5 BB 

A3 

 

10  

Direction relays, Differential Relays 
Percentage Differential Relays 
 

 BB A3  



 

11  
Universal torque equation Distance 
relays , Impedance Reactance and Mho  6 BB A3  

12  Tutorial‐II     

13  
 Off‐Set Mho relays, Characteristics of 
Distance Relays and Comparison 7  A3  

14  
Static Relays: Static Relays verses 
Electromagnetic Relays.  BB A3  

15 3 

Generator Protection ‐ Protection of 
generators against stator and  Rotor 
faults 

 BB A10  

16  

Protection of generators against  
Abnormal Conditions, Restricted Earth 
fault and Inter‐turn fault Protection 

8 BB A10  

17  
Inter turn fault protection, Numerical 
Problems on % Winding Unprotected.  BB A10  

18  

Transformer Protection –Introduction 

Percentage Differential Protection, 
Numerical Problem on Design of CT s 
Ratio, 

9 BB A10  

19  
Numerical problems and Buchholtz 
relay Protection  BB A10  

20 4 

Feeder and Bus-Bar Protection & 
Grounding, Protection of Lines: Over 
Current protection 

10 BB A3  

21  Carrier Current protection  BB A3  

22  Tutorial‐III     

23  

Three‐zone distance relay  protection 
using Impedance relays. Translay 
Relay. Protection of Bus bars – 
Differential protection. 

11 BB A3  

24  
Neutral Grounding, Grounded and 
Ungrounded Neutral Systems  BB A10  

25  
Effects of Ungrounded Neutral on 
system performance.  BB A10  

26  
Methods of Neutral Grounding, Solid, 
Resistance, Reactance grounding 12 BB A10  

27  Arcing Grounds, Grounding Practices 13 BB A3  



 

28  Tutorial ‐ IV  BB   

29 5 
Protection against over voltages, 
Generation of Over Voltages in Power 
Systems 

14 BB A10  

30  
Protection against Lightning Over 
Voltages  BB   

31  Continued…   A10  

32  
Valve type Lighting Arresters, Zinc‐
Oxide Lighting Arresters, Insulation 
Coordination 

15 BB A10  

33  BIL, Impulse Ratio  BB A3  

34  
Standard Impulse Test Wave, Volt‐
Time Characteristics.   BB A3  

35  Tutorial‐V 16 BB   

36  Revision     

 

 

 INSTRUCTIONS FOR FILLING DETAILS: 

 

          Text Books    A1 to A10 

 Websites or e-books  B1 to B4 

 Subject expert details  C1 to C8 

 Journals    D1 to D5 

          

BB Black Board 

PPT Power point Presentation 

OHP Overhead Projector 

MM Multi Media 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

13. PREVIOUS YEAR UNIVERSITY QUESTION PAPERS: 

 

 

 

Code No: 117HX 
JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD 

B. Tech IV Year I Semester Examinations, April/May - 2018 

SWITCH GEAR AND PROTECTION 

(Electrical and Electronics Engineering) 
Time: 3 Hours Max. Marks: 75 

Note:   This question paper contains two parts A and B. 
Part A is compulsory which carries 25 marks. Answer all questions in Part A. 
Part B consists of 5 Units. Answer any one full question from each unit. Each 
question carries 10 marks and may have a, b, c as sub questions. 

 

PART- A 
(25 Marks) 

1.a) Define Arc voltage, restriking voltage and recovery voltage. [2] 
b) What do you mean by resistance switching? [3] 
c) Define relay. List out classification of relays. [2] 
d) What is distance realy? Mention the applications of distance relays. [3] 
e) Define Differential Protection. [2] 
f) Mention the different types of faults occur in generator. [3] 
g) Differentiate unit type protection and non- unit type protection. [2] 
h) What are the effects of ungrounded neutral on system performance? [3] 
i) What is insulation coordination? [2] 
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j) What are the causes of over voltages arising on a power system? [3] 
 
 

PART-B 
(50 Marks) 

2.a) What is the role of circuit breakers in substations? Explain the specifications  of circuit 
breakers. 

   b) In a system of 132kV, the line to ground capacitance is 0.03µF and the inductance is 7H. 
Determine the voltage appearing across the pole of a Circuit Breaker. If a magnetizing 
current of 8 ampes (instantaneous value) is interrupted, determine also the value of 
resistance to be used across the contacts to eliminate the restriking voltage. [5+5] 

OR 
3.a) What are the different types of circuit breakers when the arc quenching 

medium is the criterion? Mention the voltage for which a particular range of 
circuit breaker is recommended. 

b) Explain the operation and applications of Vaccum Circuit Breakers. [5+5] 

 
4.a) Discuss the construction and operation of attracted armature relay 

b) Explain the Operation principle and characteristics of MHO and off set MHO relay. [5+5] 

OR 
5.a) Explain the operation of directional over current relay with a neat circuit diagram. 

b) Explain the Impedance relay by means of its characteristic on R-X plane.
 [5+5] 

 

6.a) Explain briefly about stator fault protection in generator 
b) How do you protect transformer against incipient faults? [5+5] 

OR 
7.a) Explain the percentage differential protection scheme used for transformers. 

b)  A 3 – phase, 2 pole, 33 KV, 8000 KVA alternator has neutral earthed through 
a resistance of 4 ohms. The machine has current balance protection which 
operates up on out of balance current exceed 20 % of full load. Determine 
% of winding protected against earth fault. [5+5] 

 
8.a) Explain the principle of operation of a Translay Relay protection for feeders 



 

b) Explain with the aid of circuit and phasor diagrams the function of a Peter-
son coil in a 3-phase system. What are permissible practical deviations from 
resonance in the tuning of the Peterson coil? [5+5] 

OR 
9.a) Explain 3-zone distance protection of a transmission line 

b) Explain with diagram the high impedance bus bar differential protection 
scheme. [5+5] 

 
10.a) Differentiate between a surge diverter and a surge absorber with sketch. 

b) Explain the working of valve type lightning arrester. [5+5] 

OR 
11.a) Explain about Zinc-oxide lighting arrestor. 

b) Explain Volt-Time characteristics of surge arrester with neat sketch. [5+5] 

 
--ooOoo-- 

 

 

 

 

 

 

 

 

 

 

 

 

Code No: 117HX 
JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY 

HYDERABAD 

B. Tech IV Year I Semester Examinations, March - 2017 

SWITCH GEAR AND PROTECTION 

(Electrical and Electronics Engineering) 
Time: 3 Hours Max. Marks: 75 
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Note: This question paper contains two parts A and B. 
Part A is compulsory which carries 25 marks. Answer all questions in 
Part A. Part B consists of 5 Units. Answer any one full question from 
each unit. Each question carries 10 marks and may have a, b, c as sub 
questions. 

 
Part- A (25 Marks) 

 
1.a) Explain the term Active recovery voltage with respect to circuit 

breaker. 
[2] 

b) Explain the specifications considered for a circuit breaker. [3] 
c) What is meant by relay setting? [2] 
d) Distinguish between induction cup relays and induction disc relays. [3] 
e) What are incipient faults? [2] 
f) List the different type of faults that are encountered in transformers. [3] 
g) What is unit type protection? [2] 
h) How the system is graded with respect to the time of operation of 

relays? 
[3] 

i) What is meant by insulation coordination? [2] 
   



 

           j)      How do you classify the voltage surges in high voltage installations 
[3] 

Part-B (50 Marks) 
 

2.a) Explain the properties of SF6 gas and why it is used in circuit breakers? 
b) A circuit breaker interrupts the magnetizing current of a 90 MVA 

transformer at 220kV. The magnetizing current of the transformer is 
8% of the full load current. Determine the maximum voltage which may 
appear across the gap of the breaker when the magnetizing current is 
interrupted at 60% of its peak value. The stray capacitance is 3250 µF. 
The inductance is 40 H.
 [5+5
] 

OR 
3.a) Explain the terms recovery voltage, restriking voltage and RRRV. 

Derive an expression for restriking voltage in terms of system 
capacitance and inductance 

b) Explain about the working of vacuum circuit breakers and give its 
advantages. [5+5] 

 
4.a) Explain the operation of a directional over current relay with a neat 
circuit diagram. 

b) Explain in detail about the IDMT relays characteristics. [6+4] 
OR 

5.a) Explain the Operation principle and characteristics of MHO and off set 
MHO relay 

b) Compare Static relays with Electromagnetic Relays. [6+4] 
 

6.a) Explain the importance of harmonic restraint relay along with its 
application. 

b)  A 3 – phase, 2 pole, 33 KV, 8300 KVA alternator has nuetral earthed 
through a resistance of 3.66 ohms. The machine has current balance 
protection which operates up on out of balance current exceed 20 % of 
full load. Determine % of winding protected against earth fault. [5+5] 

OR 
 

7. Explain with a neat schematic diagram the working of protection against 
magnetic in rush current in transformer. [10] 

 
8.a) Explain with a neat block diagram the operation of the phase 

comparison scheme for protecting a feeder 
b) Explain the effects of ungrounded neutral on system performance. [5+5] 

OR 
9.a)  Explain the operation of a carrier current protection of transmission 

line with a neat schematic diagram 



 

b) Explain the principle of operation of a Translay Relay protection for 
feeders. [5+5] 

 
10.a) Discuss the phenomena of a lightning stroke. 

b) Explain the working of valve type lightning arrester. [5+5] 
OR 

11. Write short notes on the following: 
a) Causes of over voltages in power systems. 
b) Basic Impulse level and its significance. [6+4] 



[5+5]  

Code No: 117HX 
JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD 

B. Tech IV Year I Semester Examinations, November/December - 2017 

SWITCH GEAR AND PROTECTION 

(Electrical and Electronics Engineering) 

Time: 3 Hours Max. Marks: 75 

Note:   This question paper contains two parts A and B. 
Part A is compulsory which carries 25 marks. Answer all questions in Part A. Part B 
consists of 5 Units. Answer any one full question from each unit. Each question carr ies 10 
marks and may have a, b,  c as sub questions.  

 
PART- A 

(25 Marks) 
1.a) List the major components of circuit breakers. [2] 

b)    What is the difference between a circuit breaker and a disconnecting switch? [3] 
c) What is an induction relay? [2] 
d) What is a mho relay? [3] 
e) What is the need for protection equipment in generators? [2] 
f) What is a current transformer? Explain its use. [3] 
g) What is a carrier current distance relay? [2] 
h) Explain the need for neutral grounding. [3] 
i) List different types of surge arresters. [2] 
j) What is voltage surge? Explain. [3] 

 
 

PART-B 
(50 Marks) 

 

2.a) What is meant by recovery voltage and restriking voltage? What is RRRV? How to obtain 
RRRV? Give the expressions for average and Maximum RRRV. 

b) What is a circuit breaker? Explain the operation of Oil Circuit Breakers.  [5+5] 

OR 
3.a) What is the role of circuit breakers in substations? Explain the specifications of circuit 

breakers. 
b) Explain the operation and applications of Air-Blast Circuit Breakers. [5+5] 

 
4.a) What are static relays? Discuss the advantages of static relays over electromagnetic relays.  

b) Discuss the construction and operation of attracted armature relay.  [5+5] 

OR 
5.a) With a neat diagram, explain the operation of balanced beam type relay.  

b) Explain the working of IDMT relay with a neat circuit diagram. [5+5] 
 

6.a) Discuss the protection of generators against stator faults. 
b) A 50 MVA, 3 phase, 33 kV synchronous generator is protected by the  Merz-Price protection 

using 1000/5 ratio C.T.s. It is provided with restricted earth fault protection with the 
earthing resistance of 7.5 Ω . Calculate the percentage of winding unprotected in each 
phase against earth faults if the minimum operating current of the relay is 0.5 A. 

R13 



 

OR 
 

7.a) Explain the Buchholtz relay operation with a neat sketch.  
b)   The primary of a transformer winding has 1000 turns while secondary has 500 turns. If   the 

primary CT ratio is 100:5, find the CT ratio required in the secondary side to establish 
circulatory current scheme. [6+4] 

 
8.a) Discuss the principles of distance relays? 

b) Explain the measurement of distance between the fault and the distance relay. [4+6] 
OR 

9.a) What are various methods commonly used for  neutral grounding? 

b) Explain in detail the solid grounding scheme for three‐phase systems. Also mention its 
advantages and disadvantages. [4+6] 

 
10. What is lightning? List its properties. Discuss the methods of protection against lightning. 

[10] 

OR 
11.a) What is insulation coordination? Explain its principle.  

b) Discuss the following terms related to insulation coordination. 
i) BIL 
ii) With stand voltage 
iii) Chopped wave insulation level 
iv) Critical flashover voltage 
v) Impulse ratio [5+5] 

 
 
 

--ooOoo-- 
 

 

 

 

 

 

 

 

 

 



 

 

Code No: 117HX 
JAWAHARLAL NEHRU TECHNOLOGICAL UNIVERSITY HYDERABAD 

B. Tech IV Year I Semester Examinations, November/December - 2016 

SWITCH GEAR AND PROTECTION 

Time: 3 Hours (Electrical and Electronics Engineering) Max. Marks: 75 

Note: This question paper contains two parts A and B. 

Part A is compulsory which carries 25 marks. Answer all questions in Part A. Part B 
consists of 5 Units. Answer any one full question from each unit. Each question carr ies 
10 marks and may have a,  b, c as sub questions.  

 

PART- A 
(25 Marks) 

1.a) Define restriking voltage and recovery voltage. [2] 

b) Mention the details circuit breaker rating [3] 
c) What are the differences between primary protection and back up protection? [2] 
d) What is a static relay? [3] 
e) What are the errors in CT? [2] 
f) What problems occur due to differential protection in power transformer and how are 

they eliminated? [3] 
g) Explain why feeders should be protected. [2] 
h) What are the effects of ungrounded neutral on system performance? [3] 
i) What is off‐set mho relay? [2] 
j) Write short note on Insulation coordination. [3] 

 
 

 
 

2. Explain the following in details: 
a) Symmetrical breaking capacity. 

PART-B  
(50 Marks) 

b) Asymmetrical breaking capacity. [5+5] 
OR 

3. Explain the operation of SF6 Circuit breaker with the help of a neat sketch. Mention the 
advantages of SF6 circuit breaker. [10] 

4. a) Explain the merits and demerits of static relays. 
b)  What are the types of over current relays? Sketch the characteristics and explain. [5+5] 
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OR 
5.a) Derive the Universal Torque equation of relay. 

b) Compare Directional relay and Differential relay.  [5+5] 
 

6.a) Explain the operation of Buchholtz relay with a neat diagram. 

b) A 3-phase transformer rated for 33kV/6.6kV is connected star-delta and the protecting current 
transformer on the low voltage side have a ratio of 400/5. Determine the ratio of the 
current transformer on the HV side.  [5+5] 

OR 
 

7.    A 6.6 kV, 4000 kV A star connected alternator  with a transient reactance of 2 Ω per     phase 
and negligible resistance, is protected by a circulating current protective system. The 
alternator neutral is earthed through a resistor  of 7.5Ω. The relays are set to operate when 
there is an out of balance current of 1 A in the secondary windings of the 500/5 current 
transformers. What percentage of each phase winding is protected against an earth fault?
 [10] 

 
8.a) What is Translay protection? Explain a scheme of protection for 3-phase transmission line.  

b) Discuss the protection of a parallel feeder.  [5+5] 

OR 
9.a) Explain the necessity of grounding. 

b) Discuss about arcing grounds and grounding practices.  [5+5] 
 

10.a) Describe the construction and principle of zinc oxide lightning arresters. 
b) Sketch Volt-Time characteristics and explain. [5+5] 

OR 
11.a) Explain the construction and working of valve type arrestor.  

b) State the external and internal causes of over voltage. Explain its ill effect in the power 
system. [5+5] 

 
--ooOoo— 
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14. Topic beyond syllabus: Digital relays 

 

15. Curriculum component mapping with POs and PSOs 
 
  

Course 
Outcomes 

 

Program Outcomes 

Program 
specific 

Outcomes 

PO1 
PO
2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 

PO11 
PO12 

PSO1 PSO2 

CO1 3 2 2 1 0 2 1 0 0 0 0 2 3 3 

CO2 2 2 2 2 1 2 1 0 0 0 0 2 3 3 

CO3 3 3 2 2 1 2 1 0 0 0 0 2 3 3 

CO4 3 3 2 2 1 2 1 0 0 0 0 2 3 3 

CO5 3 3 2 2 1 2 1 0 0 0 0 2 3 3 

CO6 3 3 2 2 0 2 2 0 0 0 0 2 3 3 

Average 2.83 2.6 2 1.83 0.6 2 
1.1
6 

0 0 0 0 2 
3 3 

 

 

 

 

 

 

 

 

 

 

 

 

 

16. Attainment of COs, POs and PSOs sheet: 
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