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Section A : Electrical Machines

Q.1 (a)| A ring of magnetic material has a rectangular cross-section. The inner diameter of ring
is 20 cm and outer diameter is 25 cm, its thickness being 2 cm. An air-gap of 1 mm length
is cut across the ring. The ring is wound with 500 turns and carrying a current of 3 A
producing a flux density of 1.2 T in the air gap. Find :

(i) Magnetic field intensity in the magnetic material and in air-gap.

(ii) Relative permeability of the magnetic material.

(iii) Total reluctance of the magnetic circuit and component values. (Neglect the fringing
effect). @

[12 marks]
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Q.1(b)

The core-loss (hysteresis + eddy-current loss) for a given specimen of magnetic material
is found to be 2000 W at 50 Hz. Keeping the flux density constant, the frequency of
supply is raised to 75 Hz resulting in a core loss of 3200 W. Compute separately hysteresis
and eddy current losses at both the frequencies.
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Q1 (Cﬂ

A single phase load is fed through a 66 kV feeder whose impedance is
(120 + j400) Q and a 66/6.6 kV transformer of equivalent impedance (referred to LV)
(0.4 + j1.5) Q. The load is 250 kW at 0.8 leading power factor at 6 kV. Compute :

(i) the voltage at sending end of the feeder.

(ii) the voltage at the primary terminals of the transformer.

(iii) complex power at the sending end of the feeder.
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Q.1(d)| For electromechanical system shown in figure, the air-gap flux density under steady
operating condition is B(f) = B, sin wt.

D
A ; Rest position
X | X ¢ ofarmature
7 || ]
<—— Armature, Mass M

i
+ C_>
Vv d_IN K
D
_i AL —’UO'O‘—*E
Coil resistance
is negligible

AR

Find :
(i) coil voltage
(i1) the force of field origin as a function of time.

(iii) the motion of armature as a function of time.
[12 marks]
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The following data pertain to a 250 V DC series motor :

P
Z—180,Z—1

Flux/pole = 3.75 mWb/field amp

Total armature circuit resistance =1 Q
The motor is coupled to a centrifugal pump whose load torque is
T, = 10%n* Nm where n = Speed in rpm
Calculate the current drawn by the motor and the speed at which it will run for given

load.
[12 marks]
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Q.2 (a)

A 3-¢, 12 kV, 15 MVA, 60 Hz, salient pole synchronous motor is run from a 12 kV,
60 Hz, balanced 3-¢ supply. The machine reactances are X, = 1.2 pu, X ;= 0.6 pu (with
the machine rating as base). Neglect rotational losses and armature resistance losses.
The machine excitation and load are varied to obtain the following conditions :

(i) Maximum power input is obtained with no field excitation. Determine the value
of this power, armature current and the power factor of this condition.
(ii) Rated power outputis obtained with minimum excitation. Determine this minimum
value of excitation emf.
[20 marks]
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Q.2(b)

A 3-¢, 250 kW, 460 V, 60 Hz, 8-pole induction machine is driven by a wind turbine. The
induction machine has the following parameters :

R, = 0015 Q, R, =0.035 Q
L, = 0.385mH, L, =0.358 mH, L =17.24 mH
The induction machine is connected to 460 V infinite bus through a feeder having a

resistance of 0.01 @ and inductance of 0.08 mH. The wind turbine drives the machine at
a slip of -2.5%. Determine :

(i) the speed of turbine.
(if) the voltage at the terminals of induction machine.
(iif) the power delivered to infinite bus and the power factor.

(iv) the efficiency of the system. Assume the rotational and core losses to be 3 kW.
[20 marks]
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Q2 ()

A10kW, 100 V, 1000 rpm dc machine has armature resistance, R, = 0.1 £ and is connected
to 100 V dc supply.

(i) Determine the starting current if no starting resistance is used in the circuit.

(i) Determine the starting resistance if the starting current is limited to twice the rated
current.

(iii) This dc machine is to be run as a motor, using a starter box. Determine the values
of resistance required in (3-section) starter box such that the armature current I is
constrained within 100 to 200% of its rated value (i.e., 1 to 2 pu) during start-up.

[2 + 2 + 16 marks]

By

oo V




Do not
MADE ERSY Question Cum Answer Booklet | Page 18.of 80 |Yrein

is margin

—

() = 2 goc&wv Wt

o Ve (Sup 92+ ot ba) Dot oo,
Unedenit- B el Chonge

&V: s+ ) Dooxt By,
Wb ErQupSothe o Tny = 9

——

Lot 2‘3 Lmin




Do not
MADE ERSY Question Cum Answer Booklet | Page 19.f 80 |1l

o) = 99‘]‘ Lo+ }29’
% Q@: + 9ra+ ,2‘%
. Qs




Do not

@ IMADE ERSY Question Cum Answer Booklet | Page200f 80 40
Q.3 (a)| (i) A six-step voltage of frequency 60 Hz, as shown in figure, is applied on a coil
wound on a magnetic core. The coil has 500 turns. Find the maximum value of flux
and sketch the waveforms of voltage and flux as a function of time.
Vv
WOV
45V | 1
60
: L t
3%6 1_%6 ~45V
|—, -0V
(i) Find the number of series turns required for each phase of a 3-¢, 50 Hz,

10-pole alternator with 90 slots. Winding is to be connected to give a line voltage of
11 kV. The flux/pole is 0.16 Wb.
[15 + 5 marks]
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Q.3 (b)

Tests are performed on a1-¢, 10 kVA, 2200/220 V, 50 Hz transformer and the following

results are obtained :

Open Circuit Test | Short Circuit Test

(HV side open) | (LV side shorted)
Voltmeter 20V 150V
Ammeter 25 A 455 A
Wattmeter 100 W 215 W

{(iy Derive the parameters for approximate equivalent circuit referred to LV side and

the HV side.

(ii) Determine the power factor for no-load and short-circuit tests.

(iii) Determine voltage regulation at 75% full load, 0.6 power factor lagging.

{10 + 2 + 8 marks]
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Q3 ()

Ateston % hp, 120V, 60 Hz, 1725 rpm single phase induction motor reveals the following
results :

Stator resistance : 2 Q

Rotor resistance referred to stator : 4 Q

Stator leakage reactance : 3 Q

Stator leakage reactance referred to stator : 3 Q

Resistance corresponding to the windage, friction and iron losses : 600 £

Magnetizing reactance : 60 Q

Draw the equivalent circuit diagram of motor and determine the forward and backward
branch rotor power, power output, efficiency and power factor of motor when it runs at
1725 rpm.

[20 marks]
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Q4 (a)

(1)

(ii)

A 230V, 250 rpm, 100 A separately excited dc motor has armature resistance of
0.5 Q. The motor is connected to 230 V dc supply and rated dc voltage applied to
field winding. It is driving a load whose torque speed characteristics is given by
T, =500 - 10w, where w is the rotational speed in rad/sec and load torque in N-m.
Find the steady state speed at which motor will drive the load and armature current
drawn by it from source. Neglect the rotational losses of the machine.

A 200 V dc shunt motor takes 22 A at rated voltage and runs at 1000 rpm. Its field
resistance is 100 © and armature circuit resistance (including brushes) is 0.1 Q.
Compute the value of additional resistance required in armature circuit to reduce
its speed to 800 rpm, when

(a) load torque is independent of speed.

(b) load torque is proportional to speed.
[10 + 5 + 5 marks]
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Q4(b)| A 3-¢,25kW, 400V, 50 Hz, 8-pole induction motor has rotor resistance of 0.08  and
standstill reactance of 0.4 Q. The effective stator/rotor turns ratio is 2.5/1. The motor is
to drive a constant-torque load of 25 Nm. Neglect stator impedance.
(i) Calculate the minimum resistance to be added in rotor circuit for motor to start-up
on load.
(i) Atwhat speed would the motor run, if the added resistance is (a) left in the circuit,
and (b) subsequently short circuited?
[20 marks]
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Q4 ()

(1)

The following data are taken from the open circuit and short circuit characteristics
of a 45 kVA, 3-¢, Y-connected, 220 V(L-L), 6 pole, synchronous machine. From the
open circuit characteristics :

Line-to-line voltage (V;) = 220 V

Field current (I) =2.84 A

From the short circuit characteristics :

Armature current (A) 118 152

Field current (A) 220 284

From the air gap line :

Field current (I) = 2.20 A; Line to line voltage (V) = 202V

Compute the unsaturated value of synchronous reactance, its saturated value at
rated voltage and short circuit ratio.

Express the synchronous reactance in ohm per phase and in per unit on machine
rating as base.

(i) A 325 MVA, 26 kV, 60 Hz, 3-¢, salient synchronous generator is observed to be

operating at power output of 250 MW and a lagging power factor of 0.89 at a
terminal voltage of 26 kV. The generator synchronous reactances are X ;= 1.95 and
Xq = 1.18, both in per unit. Calculate generated emf and load angle between the
generator terminal voltage and generated emf.

[12 + 8 marks]
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Q5 ()

Section B : Power Systems-1 + Systems and Signal Processing-2 +

Microprocessors-2

Evaluate the inductance of phase ‘X" and “Y” for the single phase two conductor line
shown in figure and therefore calculate the total inductance of given line.
0.5 m—— 15m : 2m +—03 m—
@ @ €) ®© @
T T r,=0.03m r r,=004m

Conductor x Conductor y

[12 marks]
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Q5(b)

A 3-¢, 400 kV, 50 Hz transmission line has a series inductive reactance of 0.30 Q/km and
shunt susceptance of 3.75 x 10" S/km. If the line is 400 km long, then determine its

(i) Surgeimpedance

(i) Propagation constant
(iii) ABCD constant

(iv) Wavelength

(v) SIL

C G

= ) ®e~%0 '\D“

d= b aaqox e -g—»

& S we = Chotack Imp.
&\MWJS

[12 marks]
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Q.7 (b)

(i)

(ii)

A star connected 3-0, 12 MV A, 11 kV alternator has a reactance of 10%. It is protected
by Merz-price circulating current scheme which is set to operate for fault current
not less than 200 A. Calculate the value of earthing resistance to be provided in
order to ensure that only 15% of alternator winding remain unprotected.

For a 132 kV, 50 Hz system reactance and capacitance upto the location of circuit
breaker is 3 Q and 0.015 pF respectively. Calculate, frequency of transient oscillation,
maximum value of restriking voltage across the contacts of circuit breaker and
maximum value of RRRV.

[10 + 10 marks]
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Q.7 (9)

Write a program for 8085 microprocessor to provide signal for ON/OFF time to three
traffic lights (Green, Red, Yellow) and two pedestrian signs (walk and don’t walk). The
traffic lights and signs are turned ON/OFF by the data bits of output port as given

below :

‘ S.No. Signal Data Bits | On Time
1. Green Dy 15 sec
2. Yellow D, 5 sec
3. Red D, 20 sec
4, Walk Dg 15 sec
5. | Don't Walk D, 25 sec

Use one second delay subroutine program for interval. Assume traffic and pedestrian
flow are in same direction, the pedestrian should cross the road when green light is ON.
Also draw neat flow chart for execution of program by traffic signal controller.

[20 marks]
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Q.8 (a)

The power system shown in figure is supplying 10 MW UPF load at 1.10 kV. An SLG
fault occurs at bus-3. Determine the fault current. Assuming that fault resistance is
6.6 Q. The equipment parameters are shown in figure :

N &

@4 = @ - @38 i @
o—FF B 2B | uw
Generator 30 MVA 20 MVA
zgfg,A 11/22kV 22/11kV
X;=X,=01pu X}_;T; St X1_= X=X
Xo=015P11 =7ad pll —005})11

T
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Q-8 (b)

A second-order transfer function is given as

(1-0.25272)
1+09z7! +0.18272

H(z) =

Perform the filter realizations to obtain
(i)

(ii) Cascade form via first order section.

Direct form I and direct form II.

(iii) Parallel form via first order section.
[20 marks]
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Q38 (o)

Use four point DFT and IDFT to determine the circular convolution of following
sequences :

x,(n) = {1,2,3,1} and x,(n) = {4,3,2,2}
i ]

[20 marks]
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