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Question Paper Code : 91773

M.E. DEGREE EXAMINATION, JANUARY 2012.
First Semester
Power Electronics and Drives
PE 9211 — ANALYSIS OF ELECTRICAL MACHINES
(Common to M.E. Power Systems Engineering)

(Regulation 2009)

Time : Three hours Maximum : 100 marks

Answer ALL questions.
PART A — (10 x 2 = 20 marks)
What are the restrictions of generalized machine theory?
Present the non-linear magnetization of the doubly excited system.

What is the nature of transient response of general electro-mechanical
systems? Why?

What are reference frames?

A dc motor is started directly from.a 220V dc supply with no load. Find its
starting speed response and the time taken to reach 100 rad/ms.

“Rotating commutator winding can be represented by a pseudo-stationary coil
along the brush axis in a d.c machine” — Why?

Write the torque equation of a three-phase induction machine in terms of
stator variables.

Comment on the total air-gap MMF resulted from unbalanced three-phase
stator currents of a three-phase rotating electric machine.

State whether in a three-phase salient pole synchronous machine the mutual
inductances between the stator windings are a function of rotor position under

dynamic conditions. Justify your answer.

Define transient stability limit.
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PART B — (5 x 16 = 80 marks)

The electromagnetic relay of Figure Q. 11 (a) (i) shown below is
excited from a voltage source v=+2 V sinwt. Assuming the

reluctance of the iron path of the magnetic circuit to be constant,
find the expression for the average force on the armature, when the
armature is held fixed at distance x. (10)
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Fig. Q. 11 (8) (i)

Derive an expression for force in terms of co-energy of a doubly

excited electromagnetic system. (6)
Or

Obtain the general expression of stored magnetic energy. ®

Write short notes on calculation of air gap mmf. [€)]

Explain how Park’s transformation transforms equations in a,b,c
variable to d, q, 0 variable. 8)

Obtain the equivalent circuit of three phase synchronous machine
with reference frame fixed in rotor. [€))

Or

Derive the transformations for currents between a rotating
balanced z-phase (@, 8) winding and a pseudo-stationary two-phase
(d, q) winding. Assume equal turns on all coils. Show that the
transpose of current transformation matrix is equal to its inverse.

Write the voltage equations for Kron's primitive machine in matrix

form. What observations are mode from the impedance matrix of
this machine? 8
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For a given two pole DC machine develop primitive 2-axis machine
circuit model. With necessary assumptions obtain the various voltage
equations in state variable form. 16)

Or

(i) The parameters of a 5 h.p. d.c. shunt motor are r,=0.6Q,
Lya=0012H, R =120Q; Lyp=120H; L,p=18H and
V, =V, =240 V. Calculate the steady state rotor speed w, for
I,=0. ®
(i) The brush axis of a separately excited d.c. motor armature is

displaced from g-axis by an angle of a° Show that its electro
magnetic torque Te is given by the expression

T, =[MdI,Ia cos a+—;—13(2d -L,)sin Za]. ®)

(i) Draw the basic circuit model for a 3-phase Induction motor and
obtain the voltage equations in the form of matrices in terms of
stator and rotor currents. 8)

@) Derive and obtain expressionis for flux linkages in the two-axis
model for a 3-phase induction motor from ¢,and ¢, and 4, values.

®
Or

@) Obtain the expressions for a 3-phase induction motor (Veltage and
current) in state variable form in

(1) stator reference frame and
(2) synchronously rotating frame. - 8)

(i) Obtain the torque equation of 3-phase induction motor from
mathematical modeling of motor. ®)

Derive the circuit model of a 3-phase synchronous motor and mention few
salient features from its model. (16)

Or

Derive torque equation for a 3-phase synchronous motor model and
obtain steady state power angle characteristics based on its torque
expression.* (186)
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