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1 QUESTION BANK 

Name of the Department : Electrical and Electronics Engineering 

Subject Code & Name  : EE8501 & Power System Analysis 

Year & Semester  : III & V 

UNIT – I – POWER SYSTEM  

PART A 
 

1.  What is single line diagram? 

A Single line diagram is diagrammatic representation of power system in which the components 

are represented by their symbols and the interconnections between them are shown by a single straight 

line (even though the system is 3- phase system). The ratings and the impedances of the components are 

also marked on the single line diagram. 

2.  What are the components of power system? 

The components of power system are Generators, power Transformers, Transmission lines, 

Substation Transformers, Distribution Transformers and Loads. 

3.  Define per unit value. 
 

The per unit value of any quantity is defined as the ratio of the actual value of the quantity to the 
base value expressed as a decimal. The base value is an arbitrary chosen value of the quantity. 

Actual Value 

Per unit Value = ---------------- 

Base Value 

 

4.  What is the need for base values? 

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.  

5. Write the equation for converting the p.u. impedance expressed in one base to another.  
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6. What are the advantages of per-unit computations?  

(i) Manufacturers usually specify the impedance of a device or machine in per unit on the 

base of the name plate rating.  

(ii) The p.u values of widely different rating machines lie within a narrow range, even though 

the ohmic values has a very large range.  

(iii) The p.u. impedance of circuit element connected by transformers expressed on a proper 

base will be same if it is referred to either side of a transformer.  

(iv) The p.u. impedance of a 3-phase transformer is independent of the type of winding 

connection (Y or ).  

 

8. A generator rated at 30 MVA, 11 kV has a reactance of 20%. Calculate its p.u. Reactance’s for 
a base of 50 MVA and 10kV.  

 
Solution:  

2  
kVb,old MVAb, new 

New p.u. reactance if generator = Xpu,old  x --------- x  -------------- 
kVb, new MVA b, old 

 
Here, X pu,old = 20% = 0.2 p.u.  ; kVb,old  = 11 kV, MVA b, old = 30 MVA 

 
kVb,new = 10 kV   ; MVA b, new  = 50 MVA 

 

11 

2 

50 

 

  

New p.u. reactance of generator = 0.2 x   -----   x ----- = 0.403 p.u.  

10  30   

 

9.  What is impedance and reactance diagram? 

The impedance diagram is the equivalent circuit of power system in which the various 

components of power system are represented by their approximate or simplified equivalent circuits. The 

impedance diagram is used for load flow studies. The reactance diagram is the simplified equivalent 

circuit of power system in which the various components are represented by their reactance. The 

reactance diagram can be obtained form impedance diagram if all the resistive components are neglected. 
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3 The reactance diagram is used for fault calculations. 

 

10. What are the factors that need to be omitted for an impedance diagram to reduce it to a 
reactance diagram?  

(or) 

What are the approximations made in reactance diagram? 

 

The following approximations are made in reactance diagram. 

1. The neutral reactances are neglected.  

2. Shunt branches in the equivalent circuits of transformer are neglected  

3. The resistances are neglected.  

4. All static loads and induction motors are neglected.  

5. The capacitances of the transmission lines are neglected.  

11. What is a bus?  

  
The meeting point of various components in a power system is called a bus. The bus is a 

conductor made of copper or aluminum having negligible resistance. The buses are considered as points 

of constant voltage in a power system. 

 

12. What is bus admittance matrix? 

The matrix consisting of the self and mutual admittances of the network of a power system is 

called bus admittance matrix. It is given by the admittance matrix Y in the node basis matrix equation of 

a power system and it is denoted as Ybus
.
 The bus admittance matrix is symmetrical. 

13. What is bus impedance matrix? 

The matrix consisting of driving point impedances and impedances of the network of a power 

system is called bus impedance matrix. It is given by the inverse of bus admittance matrix and it is 

denoted as Zbus
.
 The bus impedance matrix is symmetrical. 

14. Write the four ways of adding an impedance to an existing system so as to modify bus  

impedance matrix.  

To modify a bus impedance matrix, a branch of impedance Zb  can be added to original system 

in the following four different ways. 
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Case 1: Adding a branch of impedance Zb from a new bus-p to the reference bus. Case 2: Adding a 

branch of impedance Zb from a new bus-p to the existing bus-q. Case 3: Adding a branch of impedance 

Zb from an existing bus-q to the reference bus. Case 4: Adding a branch of impedance Zb between two 

existing buses h and q. 

15. How the Zbus is modified when a branch of impedance Zb is added from a new bus-p to the 

reference bus?  

When a branch of impedance Zb is added from a new bus-p to the reference bus, the order of the bus 

impedance matrix increases by one. 

Let the original bus impedance matrix have an order of n and so the new bus impedance matrix have 

an order of (n+1). The first n x n sub matrix of new bus impedance matrix is the original bus impedance 

matrix. The elements of (n+1)
th

 column and row are all zeros except the diagonal. The (n+1) diagonal 

element is the added branch impedance Zb . 

16. What are symmetrical components? 

An unbalanced system of N related vectors can be resolved into N systems of balanced vectors. 

The N – sets of balanced vectors are called symmetrical components. Each set consists of N – vectors 

which are equal in length and having equal phase angles between adjacent vectors. 

17. What are sequence impedance and sequence networks? 

The sequence impedances are impedances offered by the devices or components for the like 

sequence component of the current . 

The single phase equivalent circuit of a power system consisting of impedances to the current of any one 

sequence only is called sequence network. 

 

PART – B 

1. Draw the per unit reactance diagram for the power systems shown below Neglect resistance and use a 

base of 100MVA, 220KV in 50 ohms line. The ratings of the generator, motor and transformers are,  
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G: 40MVA, 25KV, X’’ = 20% M: 50MVA, 11KV, X’’ = 30%  

T1: 40MVA, 33 Y/ 220Y KV, X = 15% T2: 30MVA, 11 Δ / 220Y KV, X = 15% Load: 11KV, 50MW+j68 

MVAR 

 

2. Draw the reactance diagram using a base of 50MVA and 13.8KVon generator G1  

 

 
 

G1: 20MVA, 13.8KV, X’’=20% ; G2: 30MVA, 18.0KV, X’’=20% G3: 30MVA, 20.0KV, X’’=20% ; T1: 

25MVA, 220/13.8 KV, X =10%  

T2:3Single phase unit each rated 10MVA, 127/18 KV, X =10% T3: 35MVA, 220/22 KV, X =10% 
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3. Write brief note on per unit quantities and also derive the changing the base of per unit quantities.  

4. Derive the bus admittance matrix and also derive bus or node elimination by matrix algebra.  

5. Derive the bus impedance matrix using bus building algorithm.  

6. Find the bus admittance matrix for the given network. Determine the reduced admittance matrix by 

eliminating node 4. The values are marked in p.u.  

 

  

7. Find the bus impedance matrix for the system whose reactance diagram is shown in fig. All the 

impedances are in p,u.  

 

 

 

8. Derive the modeling of Generator, Transformer and Transmission line for load flow and short circuit 

analysis.  
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UNIT – II – POWER FLOW ANALYSIS  

PART A 

1.  What is power flow study or load flow study?  
The study of various methods of solution to power system network is referred to as load flow 

study. The solution provides the voltages at various buses, power flowing in various lines and line-

losses. 

2. What are the works involved in a load flow study? or How a load flow study is performed?  
The following work has to be performed for a load flow study. 

(i) Representation of the system by single line diagrams.  

(ii) Determining the impedance diagram using the information in single line diagram.  

 (iii) Formulation of network equations. 

(iv) Solution of network equations.  

 
3. List the quantities specified and the quantities to be determined to be determined from load 

flow study for various types of buses.  
  

The following table shows the quantities specified and to be obtained for various  

types of buses. 

 

 

4. Define Voltage controlled bus. 

  
A bus is called voltage controlled bus if the magnitude of voltage V and real power (P) are 

specified for it. In a voltage controlled bus the magnitude of the voltage is not allowed to change. The 

other names for voltage controlled bus are generator bus and PV bus. 

5.  What is PQ-bus? 

A bus is called PQ-bus or load bus when real and reactive components of power are specified for 

the bus. In a load bus the voltage is allowed to vary within permissible limits. 

Bus type Quantities specified Quantities to be obtained 

   

Load bus P,Q V  , δ 
Generator bus P,   V Q, δ 

Slack bus V  , δ P,Q 
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8 6.  What is swing bus (or slack bus)? 

A bus is called swing bus for (or slack bus) when the magnitude and phase for bus voltage are 

specified for it. The swing bus is the reference bus for load flow solution and it is required for 

accounting line losses. Usually one of the generator bus selected as the swing bus. 

7.  What is the need for slack bus? 

The slack bus is needed to account for transmission line losses. In a power system the total 

power generated will be equal to sum of power consumed by loads and losses. In a power system only 

the generated power and load power are specified for buses. The slack bus is assumed to generate the 

power required for losses. Since the losses are unknown the real and reactive power are not specified for 

slack bus. They are estimated through the solution of load flow equations. 

8.  Write the expression for complex power injected to a bus. 

The complex power injected to bus-p of a n-bus system is given by 

n 

Sp = Pp – jQp = Vp
*
   ∑ Ypq  Vq 

q=1 

The complex power Sp is the difference between power injected by generators connected to 

the bus and power drawn by the loads connected to the bus. In a pure generators bus, only generators 

will be connected to the bus and so Pp and Qp corresponds to power injected by generators. (In this 

case Pp and Qp are positive). In a pure load bus, only loads will be connected to the bus and so Pp and 

Qp corresponds to power drawn by loads (In this case Pp and Qp are negative). 

11. Discuss the effect of acceleration factor in the load flow solution algorithm. How will you 

account for voltage controlled buses in this algorithm? 

In load flow solution by iterative methods, the number of iterations can be reduced if the correction 

voltage at each bus is multiplied by some constant. The multiplication of the constant will increase the 

amount of correction to bring the voltage closer to the value it is approaching. The multipliers that 

accomplish this improved convergence are called acceleration factors. An acceleration factor of 1.6 is 

normally used in load flow problems. Studies may be made to determine the best choice for a particular 

system. The acceleration factor is a real quantity and it modifies the magnitude of voltage alone. Since in 

voltage controlled bus (generator bus), the magnitude of bus voltage is not allowed to change, the 
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9 acceleration factor is not used for voltage controlled bus.  

12.  Why do we go for iterative methods to solve flow problems? 

The load (or power) flow equations are nonlinear equations and so explicit solution is not 

possible. The solution of nonlinear equations can be obtained only by iterative numerical techniques. 

13. What will be the reactive power and bus voltage when the generator bus is treated as load 

bus?  

When the generator bus is treated as load bus the reactive power of the bus is equated to the 

limit it has violated, and the previous iteration value of bus voltage is used for calculating current 

iteration value.  

14. Compare the G-S and N-R methods of load flow solutions.  
 

  G-S method    N-R method  

1. Variable is expressed in rectangular Variables are expressed in polar 
 coordinates.   coordinates.   

2. Computation time per iteration is less. Computation time per iteration is more 

3. It has linear convergence It has quadratic convergence 

characteristics.   characteristics.   

4. The  number  of  iterations  required  for The numbers of iterations are independent 

convergence  increases  with  size  of  the of the size of the system.  

system.    The choice of slack bus is arbitrary. 

5. The choice of slack bus is critical.     

         

 

15.  How the convergence of N-R method is speeded up? 

The convergence can be speeded up in N-R method by using Fast Decoupled Load Flow (FDLF) 

algorithm. In FDLF method the weak coupling between P-δ and Q-V are decoupled and then the 

equations are further simplified equations are further simplified using the knowledge of practical 

operating conditions of a power system. 

16. Mention the various methods of voltage control employed in power system. The 

various methods of voltage control in a power system are. 

1. Voltage control by adjusting the excitation of generators.  

2. Voltage control using shunt capacitors.  

3. Voltage control using series capacitors.  

4. Voltage control by synchronous capacitors.  



TAGORE INSTITUTE OF ENGINEERING AND TECHNOLOGY 
Deviyakurichi-636112, Attur (TK), Salem (DT).  Website: www.tagoreiet.ac.in 

Approved by AICTE, New Delhi and Affiliated to Anna University, Chennai 

Accredited by NAAC 
 

Department of EEE 
 

10 5. Voltage control by tap-changing transformer.  

6. Voltage control by regulating and booster transformer.  

PART – B 

01. Explain step by step computational procedure for Gauss seidal method of power flow solution and 

discuss the advantages of the method.  

02. The following is the system data for a load flow solution. Determine the voltages at the end of first 

iteration using Gauss-Seidel method. Take α=1.6  

The line admittances: 

 
The schedule of active and reactive powers: 

 
 

 

03. Derive load flow algorithm using Newton-Raphson method with neat flowchart and State the importance 

of the method.  

 

 

 

 

 

 

 

 



TAGORE INSTITUTE OF ENGINEERING AND TECHNOLOGY 
Deviyakurichi-636112, Attur (TK), Salem (DT).  Website: www.tagoreiet.ac.in 

Approved by AICTE, New Delhi and Affiliated to Anna University, Chennai 

Accredited by NAAC 
 

Department of EEE 
 

11 UNIT – III- SYMMETRICAL FAULT ANALYSIS 

PART A 

1.  What is meant by a fault? 

A fault in a circuit is any failure which interferes with the normal flow of current. The faults 

are associated with abnormal change in current, voltage and frequency of the power system. The faults 

may cause damage to the equipments if it is allowed to persist for a long time. Hence every part of a 

system has been protected by means of relays and circuit breakers to sense the faults and to isolate the 

faulty part from the healthy part in the event of fault. 

2.  How the faults are classified? 

In one method of classification, the faults are classified as shunt and series faults. The shunt 

faults are due to short circuits in conductors and the series faults are due to open conductors. 

In another method of classificat6ion, the faults are classified into symmetrical and 

unsymmetrical faults. In symmetrical faults the fault currents are equal in all the phases 

and can be analyzed on per phase basis. In unsymmetrical faults the fault currents are unbalanced and so 

they can be analyzed only using symmetrical components. 

3. List the various types of shunt and series faults.  

The various types of shunt faults are 

(i) Line-to-ground fault  

(ii) Line-to-line fault  

(iii) Double line-to-ground fault  

(iv) Three phase fault.  

The various types of series faults are 

(i) One open conductor fault  

(ii) Two open conductor fault.  

4. Name the main differences in representation of power system for load flow and short circuit 

studies.  

(i) For load flow studies both the resistances and resistances are reactance are considered 

whereas for fault analysis the resistances are neglected.  

(ii) For load flow studies the bus admittance matrix is useful whereas for short circuit studies 

bus impedance matrix is used.  
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(iii) The load flow study is performed to determine the exact voltages and currents whereas in 

short circuit studies the voltages can be safely assumed as 1 pu and the pre-fault current 

can be neglected.  

5. For a fault at a given location, rank the various faults in the order of severity. In a power 

system relatively the most severe fault is three phase fault and less severe fault is open 

conductor fault.  

The various faults in the order of decreasing severity are given below.  

(i) 3-Phase fault  

(ii) Double line-to-ground fault  

(iii) Line-to-line fault  

(iv) Single line-to-ground fault  

(v) Open conductor faults.  

 

6. What is the need for short circuit studies or fault analysis?  

The short circuit studies are essential in order to design or develop the protective schemes for 

various parts of the system. The protective scheme consists of current & voltage sensing devices, 

protective relays and circuit breakers. The selection (or proper choice) of these device mainly depends 

on various currents that may flow in the fault conditions. 

7.  What is the reason for transients during short circuits? 

The faults or short circuits are associated with sudden change in currents. Most of the 

components of the power system have inductive property which opposes any sudden change in currents 

and so the faults (short circuit) are associated with transients. 

8.  What is meant by doubling effect? 

If a symmetrical fault occurs when the voltage wave is going through zero then the maximum 

momentary short circuit current will be double the value of maximum symmetrical short circuit current. 

This effect is called doubling effect. 
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9.  What is synchronous reactance? 

The synchronous reactance is the ratio of induced emf and the steady state rms current (i.e. it is 

the reactance of a synchronous machine under steady state condition). It is the sum of leakage reactance 

and the reactance representing armature reaction. 

10. Define sub transient reactance. 

The sub transient reactance is the ratio of induced emf on no-load and the sub transient 

symmetrical rms current, (i.e, it is the reactance of a synchronous machine under transient condition) 

11. What is the significance of sub-transient reactance in short circuit studies? 

The sub-transient reactance can be used to estimate the initial value of fault current 

immediately on the occurrence of the fault. The maximum momentary short circuit current rating of the 

circuit breaker used for protection or fault clearing should be less than this initial fault current. 

12. How symmetrical faults are analyzed? 

The symmetrical faults are analyzed using per unit reactance diagram of the power system. 

Once the reactance diagram of the power system is formed then the fault is simulated by short circuit 

(or by connecting the fault impedance at the fault point). The currents and voltages at various parts of 

the system can be estimated by any one of the following method. 

(i) Using Kirchoff’s laws  

(ii) Using Thevenin’s theorem  

(iii) By forming bus impedance matrix.  

 

13. What are the main factors to be considered to select a circuit breaker?  

The choice of a circuit breaker for particular application depends on the following ratings of 

the circuit breaker. 

i.) Normal working power level specified as rated interrupting current or rated interrupting 

MVA. 

ii.) The fault level specified as either rated short circuit interrupting current or rated short circuit 

interrupting MVA. 

iii.) Momentary current rating. 

 iv.) Speed of circuit breaker. 
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14 14. Why the circuit breaker interrupting current is asymmetrical? 

The interrupting current of circuit breaker is the sum of symmetrical short circuit current and 

dc-offset current. The presence of dc-offset current makes the interrupting current as asymmetric. 

15. What is momentary current rating of circuit breaker? How it si estimated? 

The momentary current rating is the maximum current that may flow through a circuit breaker 

for a short duration. It is estimated by multiplying the symmetrical sub-transient fault current by a factor 

of 1.6 (The factor 1.6 accounts for dc-offset current during sub-transient period).  

16. Define short circuit interrupting MVA of a circuit breaker. 

The short circuit interrupting MVA of a circuit breaker is the volt-amperes (power) flowing 

through it at the moment of opening its contacts due to a fault. 

 

It is estimated by the following equations. 
 

Short circuit interrupting MVA = √3  VpL   IfL    or 
 

Short circuit interrupting MVA =   VpfL,pu    IfL,pu     x MVAb 

 

PART – B 

01. Derive the synchronous, sub transient and transient reactances due to Short circuit of an unloaded 

synchronous machine.  

02. Derive the internal voltages of loaded synchronous machines under transient conditions.  

03. Three 11.2 KV generators are interconnected as shown in figure by a tie -bar through current limiting 

reactors. A three phase feeder is supplied from the bus bar of generator A at line voltage 11.2 KV. Impedance 

of the feeder is (0.12+j0.24) ohm per phase. Compute the maximum MVA that can be fed into a symmetrical 

short circuit at the far end of the feeder.  
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04. A radial power system network is shown in fig. a three phase balanced fault occurs at Point F. Determine 

the fault current and the line voltage at 11.8 KV bus under fault condition.  

 

 
 

 

05. A 100MVA,11KV generator with X’’=0.20 p.u is connected through a transformer and line to a bus bar 

that supplies three identical motor as shown in fig. and each motor has X’’=0.20 p.u and X’=0.25 p.u on a 

base of 20MVA,33KV.the bus voltage at the motors is 33KV when a three phase balanced fault occurs at the 

point F. Calculate  

(a) subtransient current in the fault  

(b) subtransient current in the circuit breaker B  

(c) Momentary current in the circuit breaker B  

(d) The current to be interrupted by CB B in (i) 2 cycles (ii) 3 cycles (iii) 5 cycles (iv) 8 cycles 

 

 
 

 

06. Explain the step by step procedure for systematic fault analysis using bus impedance matrix.  
 

 

 

 

 

 



TAGORE INSTITUTE OF ENGINEERING AND TECHNOLOGY 
Deviyakurichi-636112, Attur (TK), Salem (DT).  Website: www.tagoreiet.ac.in 

Approved by AICTE, New Delhi and Affiliated to Anna University, Chennai 

Accredited by NAAC 
 

Department of EEE 
 

16  

 

07. The bus impedance matrix of four bus system with values in p.u is given by,  

 
 

In this system generators are connected to buses 1 and 2 and their sub transient reactances were included 

when finding Zbus. If prefault current is neglected, find subtransient current in p.u. in the fault for a 3 phase 

fault on a bus 4. Assume prefault voltage is 1 p.u. If the subtransient reactance of generator in bus – 2 is 0.2 

p.u. Find the subtransient fauly current supplied by generator. 
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UNIT-IV-UNSYMMETRICAL FAULT ANALYSIS 

PART A 

1. What is meant by a fault? 

A fault in a circuit is any failure which interrupts with the normal flow of current. The faults 

are associated with abnormal change in current, voltage and frequency of the power system. 

The faults may cause damage to the equipments, if it is allowed to persist for a long time. 

2. Give the reason for faults in power system? 

Faults occur in a power system due to insulation failure of equipments, flashover of lines 

initiated by a lightening stroke, permanent damage to conductors and towers or accidental 

faulty operations. 

3. List the various types of symmetrical and unsymmetrical faults. (MAY/JUNE 2006) 

 Symmetrical fault: 

 Three phase fault 

 Unsymmetrical faults: 

 Single line-to-ground fault 

 Line-to-line fault 

 Double line-to-ground fault 

4. For a fault at a given location, rank the various faults in the order of severity. 

In a power system, the most severe fault is three phase fault and less severe fault is open 

conductor fault. The various faults in the order of decreasing severity are, 

 phase fault 

 Double line-to-ground fault 

 Line-to-line fault 

 Single line-to-ground fault 

 Open conductor fault 

5. What is meant by fault calculations? 

The fault condition of a power system can be divided into subtransient, transient, and steady 

state periods. The currents in the various parts of the system and in the fault locations are 

different in these periods. The estimation of these currents for various types of faults at 

various locations in the system is commonly referred to as fault calculations. 
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6. What is synchronous reactance? 

The synchronous reactance is the ratio of induced emf and the steady state rms current (i.e., it 

is the reactance of a synchronous machine under steady state condition). It is the sum of 

leakage reactance and the reactance representing armature reaction. It is given by, 

Xs = Xl + Xa 

Where, 

Xs = Synchronous reactance 

Xl = Leakage reactance 

Xa = Armature reaction reactance. 

9.What is the significance of subtransient reactance and transient reactance in short 

circuit studies? 

The subtransient reactance can be used to estimate the initial value of fault current 

immediately on the occurrence of the fault. The maximum momentary short circuit current 

rating of the circuit breaker used for protection or fault clearing should be less than this initial 

fault current. The transient reactance is used to estimate the transient state fault current. Most 

of the circuit breakers open their contacts only during this period. Therefore for a circuit 

breaker used for fault clearing (or protection), its interrupting short circuit current rating 

should be less than the transient fault current. 

10. Define doubling effect and DC off-set current. 

Doubling effect: 

If a symmetrical fault occurs when the voltage wave is going through zero then the 

maximum momentary short circuit current will be double the value of maximum symmetrical 

short circuit current. This effect is called doubling effect. 

DC off-set current: 

The unidirectional transient component of short circuit current is called DC offset 

current. 

11.What are symmetrical components? 

An unbalanced system of N related vectors can be resolved into N systems of 

balanced vectors called symmetrical components. Positive sequence components Negative 

sequence component Zero sequence components. 
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12. Write the symmetrical components of three phase system. (MAY/JUNE 2006) 

In a 3-phase system, the three unbalanced vectors (either current or voltage vectors) can 

be resolved into three balanced system of vectors. They are, 

 Positive sequence components 

 Negative sequence components 

 Zero sequence components. 

13.what are sequence impedances and sequence networks? 

The sequence impedances are the impedances offered by the devices or components 

for the like sequence component of the current. The single phase equivalent circuit of a power 

system consisting of impedances to current of any one sequence only is called sequence 

network. 

14. What assumption is made at the star / delta transformer? 

It is that the positive sequence quantities on the HV side lead their corresponding 

positive sequence quantities on the LV side by 30o. The reverse is the case for negative 

sequence quantities wherein HV quantities lag the corresponding LV quantities by 30o. 

15.Define positive sequence and negative sequence impedances. 

The positive sequence impedance of an equipment is the impedance offered by the 

equipment to the flow of positive sequence current. 

The negative sequence impedance of an equipment is the impedance offered by the 

equipment to the flow of negative sequence current. 

PART B 

1. A 25MVA,11kV generator with Xd” = 0.2 per unit is connected through a transformer, line 

and a transformer to a bus thet supplies three identical motors as shown in fig. each motorhas 

Xd” = 0.25 perunit and Xd’ = 0.3 per unit on a base of 5MVA, 6.6kV with a leakage reactance 

of 0.1 per unit and that of the step-down transformer is 25MVA, 66/6.6kV with a leakage 

reactance of 0.1 per unit. The bus voltage at the motors is 6.6kV when a three-phase fault 

occurs at the point F. for the specified fault, calculate  

(i) The subtransient current in the fault, 

(ii) The subtransient current in the breaker B, 
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(ii) The momentary current in breaker B. 

2. A salient pole generator without dampers is rated 20 MVA, 13.6kV and has direct axis 

sub-transient reactance of 0.2 per unit. The negative and zero sequence reactances are 

respectively, 0.35 and 0.1 per unit. The neutral of the generator is solidly grounded. With the 

generator operating unloaded at rated voltage with Ean = 1.0L0° per unit, a single line to 

ground fault occurs at the machine terminals, which then have per-unit voltages to grount, 

Va = 0; Vb=1.013L-102.25°; Vc = 1.013L102.25°. Determine the sub transient current in the 

generator and the line to line voltages for critical clearing angle 

3. For the sample system shown in fig. the generators are connected at all the four buses, 

while the loads are at buses 2 and 3. Values of real and reactive powers are table, bus 2 e a 

PV bus with V2 = 1.04 p.u and bus 3 and 4 PQ bus. Assuming a flat voltage start, find bus 

voltages and angles the end of first Gauss Seidal iterations. And consider the reactive power 

limit as 0.2≤Q2≤1. 
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UNIT – V-STABILITY ANALYSIS 

PART A 

1. Define Steady state stability. 

The steady state stability is defined as the ability of a power system to remain 

stable (i.e, without loosing synchronism) for small disturbances. 

2. Define transient stability. 

The transient stability is defined as the ability of a power system to remain stable 

(i.e., without loosing synchronism) for large disturbances. 

3. What is steady state stability limit? 

The steady stability limit is the maximum power that can be transmitted by a 

machine (or transmitting system) to a receiving system without loss of synchronism. In 

study state the power transferred by synchronous machine 9or power system) is always 

less than the steady state stability limit. 

4. What is transient stability limit? 

The transient stability limit is the maximum power that can be transmitted by a 

machine 9or transmitting system) to a fault or a receiving system during a transient state 

without loss of synchronism. The transient stability limit is always less than the steady 

state stability limit. 

5. How stability studies are classified, what are they? 

The stability studies are classified depending on the nature of the disturbance. 

Depending on the nature of disturbance the stability studies can be classified into the 

following three types. 

1. Steady state stability  

2. Dynamic stability  

3. Transient stability.  

7. Define synchronizing coefficient. For what value of synchronizing coefficient the 

system  

remains stable.  

The term Pmax cos δo is called synchronizing coefficient is positive. It is positive  

when O≤ δo ≥ π /2. 
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8. Define swing curve. What is the use of swing curve? 

The swing curve is the plot or graph between the power angle δ and t. 

It is usually plotted for a transient state to study the nature of variation in δ for a 

sudden large disturbance. From the nature of variations of δ the stability of a system for 

any disturbance can be determined. 

9. Give the simplified power angle equation and the expression for Pmax 

The simplified power angle equation for a generator feeding energy to infinite bus 

is given by, δ 

Pe = Pmax sin δ 

 
E

 V Where, Pmax = 
-------------  

X 
E =  Magnitude of internal emf of generator. 

 

V =  Magnitude of infinite bus voltage 

X =  Transfer reactance between generator and infinite bus  

δ =  Power angle or torque angle.  

10. Define power angle.  

The power angle (or torque angle) is defined as the angular displacement of the 

rotor from synchronously rotating reference frame. 

11. Define critical clearing time and critical clearing angle and give equations for 

both. 

The  critical clearing angle, δcc  is the maximum  allowable  change  in  the 

power angle δ before clearing the fault, without loss of synchronism. The time 

corresponding to this angle is called critical clearing time, tcc. The critical 

clearing time, tcc can be defined as the maximum time delay that can be allowed 

to clear a fault with out loss of synchronism. 

12. List the methods of improving the transient limit of a power system. 

The following are the methods used to improve the transient stability of a system. 

(i) Increase of system voltage and use of AVR (Automatic 

Voltage Regulation)  
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(ii) Use of high speed excitation systems.  

(iii) Reduction in system transfer reactance.  

(iv) Use of high speed enclosing breakers.  

13. State equal area criterion. 

The equal area criterion for stability states that the system is stable if the area 

under Pa – δ curve reduces to zero at some value of δ. 

This is possible only if the positive (accelerating) area under Pa – δ curve for a 

finite change in δ. Hence this stability criterion is called equal area criterion. 

PART B 

1. A salient pole generator without dampers is rated 20 MVA, 13.6kV and has direct axis sub-

transient reactance of 0.2 per unit. The negative and zero sequence reactances are 

respectively, 0.35 and 0.1 per unit. The neutral of the generator is solidly grounded. With the 

generator operating unloaded at rated voltage with Ean = 1.0L0° per unit, a single line to 

ground fault occurs at the machine terminals, which then have per-unit voltages to grount, Va 

= 0; Vb=1.013L-102.25°; Vc = 1.013L102.25°. Determine the sub transient current in the 

generator and the line to line voltages for critical clearing angle. 

2.  Draw the sequence network connection for DLG fault at any point in a power system. From 

that obtain an expression for the fault current. 

3. Derive the swing equation of a single machine connected to an infinite bus system and 

explain the steps of solution by Runge – Kutta method.  

4. Agenerator is operating at 50Hz delivers 1 p.u. power to an infinite bus through a 

transmission circuit in which resistance is ignored. A fault takes place reducing the maximum 

power transferable to 0.5 p.u. whereas before the fault, it is 1.5 p.u. By the use of equal area 

criterion, determine the critical clearing angle. 

 

 

 

 

 

 


