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1.
Define the incidence matrices 
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 and verify the following relations for the network shown in fig.1.  Take 1 as ground bus
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fig.1
2.
Compute the bus admittance matrix for the power system shown in fig.2, (i) by direct inspection method  (ii) using singular transformation matrix.  Derive formulae used.
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fig.2
3.a)
Develop the equations for modifying the elements of a bus impedance matrix when it is coupled to other elements in the network, adding the element not creating a new bus.

b)
Determine the bus impedance matrix for the system shown in fig.3 by adding element by element.  Take bus 1 as reference bus.
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4.a)
Derive the expression for elements of modified bus impedance matrix when a mutually coupled element is to be removed.

   b)
The ZBus matrix of a power system network is given by:





    1

   2

  4




1
j 5/16

j 1/8

j 1/12


     ZBus
=
2
j 1/8

j 1/4

j 1/6




4
j 1/12

j 1/6

j 5/6


choosing bus 3 as reference bus, the network is shown in fig.4  Modify the elements of ZBus matrix by removing the line between the buses 3 and 4.





[image: image9.png]








fig.4

5.a)
Show that although phase component primitive impedance matrix is not symmetric, the symmetrical component transformation matrix decouples the sequence impedances for stationary and rotating elements.

b)
Derive the necessary expressions for building up algorithm of a three phase bus impedance matrix when the added element is a branch.

6.a)
Distinguish between various types of load modeling with respect to constant power, current and impedance loading aspects.

   b)
A substation has the following loads:


Residential commercial load  P1=0.561 V1.36  (p.u. active power)


Industrial load P2=0.377 V0.26  (p.u. active power)


Agricultural load P3=0.062 V0.36 (p.u. active power)


Find the P-V characteristics in the exponential form of the combined three loads.

7.a)
Explain the turbine model and represent as a block diagram and  obtain transfer function of the models.

   b)
Explain the fundamental characteristics of an excitation system.

8.a)
Write short notes on:


i) Types of frames of references and their performance equations.


ii) Transformer modeling of off-nominal ratio setting.


iii) Three phase primitive network elements representation is impedance form.
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1.a)
Define the following terms with suitable examples each: 

i) Basic Cutset Incidence Matrix


ii) Basic Loop Incidence Matrix


iii) Branch Patch incidence Matrix


iv) Node incidence Matrix.

b) Derive the relationship between loop impedance matrix, primitive network impedance matrix and Basic loop incidence matrix.

2.a)
Derive the bus impedance matrix elements, when each element is added one by one into a partial network by considering (i) Adding a new element without creating a new bus.  (ii) Adding a new element with creating a new bus.  Assume mutual impedance between the added element and the elements in the partial network.

b)
Develop the model of a phase shifting transformer deriving necessary expressions.

3.a)
Derive the Bus admittance matrix by singular transformation.

   b)
Form the Y Bus using singular transformation for the network shown in Fig.1
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fig.1
4.a)
Prove that ZBus= KTZBRK.

b)
Prove that a balanced three phase element with balanced excitation can be treated as single phase element having impedance equal to difference of self and mutual impedance between the phases.

c)
Represent the three phase unbalanced network in admittance form and write the performance equation.
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5.a)
Define the Basic Cutset incidence matrix of a three phase network element with suitable example.

b)
Derive the necessary expressions for formation of ZBus for a three phase network representation, with addition of branch.
6.a)
Explain the steady-state modelling of a synchronous machine.

   b)
Derive the swing equation.

   c)
Explain the various voltage dependent load modelling aspects.

7.a)
Explain the block diagram of AVR-IEEE type I model and derive the transfer function.

b)
Explain the mathematical model of a speed governing system and hence derive the transfer function.

8.
Write short notes on:

a) Phase shifting transformer


b) Modelling of induction motor

c) Removal of a link in ZBus​ with no mutual coupling between the element deleted and other elements in the network.
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1.
For the following graph, form the necessary incidence matrices and hence verify the following relations:  (i) Ab  Kt=U  (ii) Bl=Al Kt   (iii) Cb=-Blt  (iv) 
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Assume spanning tree consisting of the elements 1, 2, 4.

2.a)
Derive the relationship between bus admittance matrix, bus incidence matrix and primitive admittance matrix.

b)
A power system consists of 4 buses.  Generators are connected at buses 1 and 3, whose reactances are j 0.2 and j 0.1 respectively.  The transmission lines are connected between buses 1-2, 1-4, 2-3  and 3-4 have reactances of j 0.25, j 0.5,          j 0.4, j 0.1 respectively.  Find the bus admittance matrix (i) by direct inspection.  (ii) using bus incidence matrix and primitive admittance matrix.

3.a)
Derive the necessary expressions needed to compute the new element of bus impedance matrix, when a coupled element is added, the addition of theis element resulting in the creation of new bus.

b)
A three bus system has a transmission line each between a pair of buses.  The reactances of lines between buses 1-2, 1-3, and 2-3 respectively are j 0.2, j 0.4,              j 0.4 respectively.  There is a mutual impedance between the elements 1-3 and 2-3 having a value of j 0.1.  Determine the bus impedance matrix, by adding elements one by one.

4.a)
A three phase rotating element is represented by a primitive impedance matrix given by:






   a

   b

  c




a
j 1.5

j 0.5

j 0.4
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b 
j 0.4

j 2

j 0.5





c
j 0.5

j 0.4

j 2


obtain 
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.  Derive the formulae used.
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b) Explain how three phase representation of primitive network elements are modelled and hence explain performance equations in impedance and admittance forms.

5.a)
Derive the swing equation of a synchronous machine.

b)
Explain mathematical model of a composite load and derive the expressions for real and reactive powers.

6.a)
Derive the transfer function of speed-governing mechanism and hence derive the transfer function.

b)
Explain IEEE type-1 model of an excitation system and hence derive the transfer function.

7.a)
Explain how the incidence matrices A, 
[image: image15.wmf]Ù

A

 are represented in 3-phase unbalanced network elements.

b)
Derive the necessary expressions for building up algorithm of a three phase bus impedance matrix when the added element is a link.

8.
Write short notes on:


a) Augmented Basic Cutset incidence matrix.


b) Phase shifting transformer modelling.


c) Modelling of Induction Motor.
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1.
The transpose of the bus incidence matrix of a power system network is given by




  1

  2

  3

  4

  5



1
-1

  1

-1

  1

  0


At=
2
 0

  0

  0

-1

-1



3
 0

-1

  0

  0

  1

(a) Draw its oriented graph
(b) obtain B, 
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 matrices    (c) Prove the following relations: (i) 
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2.
Find the bus admittance matrix using singular transformation matrix for the following network:
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Derive the formula used.

3.a)
Prove that ZBus = KTZBRK.
   b)
Determine ZLoop for the following network using Basic loop incidence matrix.
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4.
Derive the necessary expressions for the building up of ZBus when (i) new element is added creating a new bus  (ii) new element is added between two existing buses.  Assume mutual coupling between the added element and with the elements in the partial network.

5.a)
Define the matrices A, B, C for three phase ZB primitive network model.

b)
Prove that the symmetrical component transformation matrix diagonalises  
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 for stationary and rotating elements.
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6.a)
Explain the necessity of speed-governing system, develop the mathematical model and derive the transfer function.

b)
Draw the block diagram of the excitation system and hence develop the transfer function.

7.a)
Draw the characteristics of load modelling aspects.

b)
Derive the model of induction motor deriving necessary electrodynamic equations.

8.
Write short notes on:


a) YBus formation by direct inspection.


b) ZLoop matrix.


c) Modelling of off-nominal transformer settings.
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