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Section A : Electrical Machines + Analog Electronics + Control Systems

A 4-pole, 3-¢ Slip Ring Induction Motor (SRIM) is used as a frequency changer. Its stator
is excited from 3-phase, 50 Hz supply. A load requiring 3-phase, 20 Hz supply is
connected to the star-connected rotor through three slip rings of SRIM.

(i) Atwhat two speeds the prime mover should drive the rotor of this SRIM? -
(ii) Find the ratio of two voltages available at the slip rings at the two speeds.

[12 marks]
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The open-loop transfer function of a unity feedback ac position control system is

G(s) = _ 10K
s(1+0.1s) *

Find the minimum value of the amplifier gain K so that when the input shaft rotates at

> revolution per second, the steady-state velocity error is 0.2°. With that value of K,

what will be the value of damping factor and natural frequency? !
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In the figure shown below: v 4
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Calculate :

(i) The power delivered by each source.

(ii) The power dissipated in each resistor. [12 marks]
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For the magnetic circuit shown below:

Iron core

‘>|

T
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S
=

Length of iron path = 120 cm, g = 0.5 cm, area of cross-section of iron =5 x 5 cm?,
p,=1500,1=2 A, N =1000 turns.

Calculate and compare the field - energy stored and field energy density in iron as well
as in air gap. Neglect fringing and leakage flux.
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The short-circuited tests on two single-phase transformer gave the following resulfs:
200 kVA : 3% rated voltage ; rated current at 0.25 power factor lagging
500 kVA : 4% rated voltage ; rated current at 0.3 power factor lagging
These two transformers are connected in parallel. How do they share a load of 560 kW
at 0.8 power factor lagging?
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.2 (a)

The asymptotic approximation to the log-magnitude versus frequency plot (Bode plot)
of a unity feedback control system is shown in the figure. The system is a minimum
phase system.

|GH]| (dB)

2 -6 dB/octave

________________________

-12 dB/octave

Determine :

(i) Gain crossover frequency in rad/sec.

(ii) Phase crossover frequency.

(iii) Gain margin in dB.

(iv) Phase margin in degrees. [20 marks]
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Q.2 (b}

A 150 kVA, 2500/250 V, single-phase two winding transformer is to be used as an auto
transformer for stepping up the voltage from 2500 V to 2750 V. At rated load, the two
winding transformer has 2.5% loss, 3% voltage regulation and 4% impedance. For the
auto transformer, determine the followings:

(i) Voltage and current rating.
(ii) kVA rating.

(iii) Efficiency.

(iv) Percentage impedance.

(v) Regulation, and

(vi) Short circuit current on each side. [20 marks]
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A closed-loop control system with unity feedback is shown in figure below. By using
derivative control, the damping ratio is to be made 0.75. Determine the value of T,. Also
determine the rise time, peak time and peak overshoot without derivative control and
with derivative control. The input to the system is a unit-step. ‘
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When the primary of a transformer is energized at rated voltage of 11000 V and at rated
frequency of 50 Hz, it takes 3.2 A and 2400 watt at no-load. Another transformer has all

its core dimension /2 times the corresponding core dimension of the first transformer.

Number of primary turns, type of core material and lamination thickness are the same
in both the transformers. If the primary of the second transformer is energized from
22000 V, 50 Hz supply, calculate the no-load current and power drawn by it.

[20 marks]
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Q.3 (b)

A 460V, 25hp, 60 Hz, 4-pole, Y-connected wound rotor induction motor has the following
impedances per phase referred to stator sideis a:
R, =0.641Q,R,=0332Q
X, =1106Q, X,=0464Q, X =263Q
(i) What is maximum torque of this motor? At what slip and speed does it occur?
(i) What is the starting torque of this motor?
(iili) When the rotor resistance is doubled, what is the speed at which the maximum

torque now occurs? What is the new starting torque of the motor?
[20 marks]
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A 440V, 50 Hz, 6 pole, Y-connected induction motor running at 950 rpm has the following
parameters referred to the stator : R, = 0.5 Q, R" =04 Q, X, = Ri= L2
X,, = 50 Q. Motor is driving a fan load, the torque of which is given by
T, =0.0123 w2 Now one phase of the motor falls, calculate the motor speed and current.
Will it be safe to allow the motor to run for a long period? (Solve using approximate
circuit)

[20 marks]
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Q4 (a)

A 4-pole compound generator has armature, series-field and shunt-field resistance of
1Q, 0.5 Q and 100 Q respectively. This generator delivers 4 kW at a terminal voltage of
200 V. Allowing 1V per brush for contact drop, calculate for both short-shunt and long-
shunt connections.

(i) The generated emf, and

(i1) The flux per pole if the armature has 200 lap-connected conductors and is driven at
750 rpm.
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4(b)

Obtain the time response of the system described by
:'cl i 0 1 |x y 1 5
Xo —1 2]||lxs| |1
0 0
with the initial conditions %(0) = o= | ]
%0)] |1 X2
[20 marks]
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Q4 (o)

A 10 kVA, 380 V, 4-pole, 50 Hz, 3-9, star-connected cylindrical rotor alternator has a
stator resistance and synchronous reactance of 1 ohm and 15 ohms respectively. It
supplies a load of 8 kW at rated voltage and 0.8 lagging power factor.

(i) Draw a phasor diagram of operation.

(ii) Expressthe resistance and synchronous reactance in per unit values with the machine
rating as the base.

(iii) Calculate the percentage regulation.

(iv) What is the terminal voltage if the load is suddenly removed (with the speed and

excitation unaltered)?
[20 marks]
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Q.5 (a)

Section B : Electrical Machines + Analog Electronics + Control Systems

Obtain the transfer function of the feedback control system shown by using signal flow
graph method.

M i [12 marks]
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! Q.5(b)

The 741 C Op-Amp having the following parameters is connected as shown in the figure.

VCC
Vo
VEE
Vin
10kQ Ry
1kQ
J_ 0

A = 20000, R, = 2 MQ, R, =75 Q, f, =5 Hz, supply voltage = £15V, output voltage
swing = 13 V. Identity the circuit.

Compute the values of A, R, Rypand V.
[12 marks]
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The open-loop transfer function of a unity feedback control system is given by
K
GO = sa+vsT)”

(i) By what factor the amplifier gain K should be multiplied so that the damping ratio
is increased from 0.2 to 0.8?

(ii) By what factor the time constant T should be multiplied so that the damping ratio is
reduced from 0.9 to 0.3?

. [12 marks]
A-wguser |1)
K
G = ThasT)
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Q.5(d)

Consider a negative feedback system having the characteristic equation,
+ = =
(1+s)(1.5+5)(2+5)

It is desired that all the roots of the characteristic equation have real parts less than -1.
Extend the Nyquist stability criterion to find the largest value of K satisfying the condition.

[12 marks]
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Q5 (e)

1

Sketch the polar plots of the transfer function G(s)=

s(1+s)(1+ 2s)

. Determine whether

the polar plots cross the real axis. If so, determine the frequency at which the plots cross

the real axis and the corresponding magnitude |G(jw)|.

Ayt ,

GITS = o (147w) U*F?‘f)

-

[$0) = & Tt T

Lt o s ige iR G SR

-
vl [ ¢ 4/[1,( L)
1)
e a0 —Jo
\J}/,&..
as o -2 o

pale pist o

N
)

A PE/I:/{,«@I&F Croxs/up AL e Ais
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Q.6 (a)

() The root locus plot for the certain control system is shown below:
jo

s-plane

Find the break-away and break-in points for the above root locus plot.

(ii) Obtain a state-space model of the system shown in figure below:

1 10
U(s) @ = S+5 Y(s)
controller plant
;O
R
sensor

[10 + 10 marks]
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Q.6(b)| Derive the condition of oscillation and the expression for the frequency of oscillations
for the circuit shown. (Use mesh analysis and Barkhausen’s criteria). Draw actual
oscillator circuit with one operational amplifier and minimum number of RC elements.

>

c C C
Fat e iy
T§R R R
e

AAA

[20 marks]
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Q.6 (c)

(i} Using the Routh criterion, check whether the system represented by the following

characteristic equation is stable or not. Comment on the location of the roots.

Determine the frequency of sustained oscillations if any,
st+263+ 652 +85+8=0

[10 marks]
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(ii) A control system with open loop transfer function is represented by

G(s)H(s) = Determine the range of value of K for which value of

(s+2)%(s+3)°
gain margin (GM) = 4 and position error constant is K, > 2 when unit step input is

applied.
[10 marks]
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Q.7 (a)

The control system shown in figure employs proportional plus error rate control.
Determine the value of error rate constant K, so that the damping ratio is 0.6.

(i) Determine the value of setting time and maximum overshoot.
Find the steady-state error if the input is a unit-ramp.

(ii) What will be the those values (as calculated in part-i) without error rate control?

B 1+sk, 10 0c

+ s+2 s

[20 marks]
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Q.7 (b)

A negative unity feedback control system is provided with compensator in cascade with
system, for system to be stable. The transfer function of plant and compensator are
1 (s+a)

respectlvely W and o

. Calculate the range of value of ‘a” for system to

be stable and also represent complete system in form of block diagram. At critical stability
condition, what will be the nature of compensator?

[20 marks]
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Q.7 {c})| In the figure shown below:

The op-amp in the circuit has a finite open loop gain (A,), finite output resistance (R, > 0) and
it is ideal in all other aspects. Z,, Z, and Z, are purely reactive elements with magnitudes
1X1],]X5| and |X3|. Prove that X; and X, must be of the same type of reactance (i.e., both
must be either capacitive or inductive) to produce sustained oscillations.

[20 marks]
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Q8 (a)

The equivalent circuit referred to the low-tension side of a 250/2500 V single phase
transformer is shown in figure.

02Q 07Q
e MM +

250 © e

Yy

V, 500 Q3

P o=
The load impedance connected to the high-tension terminals is 380 + j230 Q. For a primary
voltage of 250 V,
Find:
(i) The secondary terminal voltage.
(ii} Primary current and power factor, and
(iii) Power output and efficiency.
[20 marks]
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D8 (b)

Given the transfer function,

Y(s) 1

U(s)  (s+5)(s+4)
Obtain the state equation using :
(i) Cascade decomposition
(ii) Direct decomposition
It is desired that the closed loop poles are to be placed at s = (-1 % j2). Determine the
feedback gain matrix K for part (i) and (ii).

[20 marks]
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Q38 (o)

Using the Nyquist criterion, find the range of K for stability for the system shown in

figure. Also find the value of gain K and frequency of oscillation for marginal stability.

R(s)

K

©
|

s(s+3)(s+ 5)

<)

[20 marks]
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