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SECTION—A

1. (a) An LTI system has the property that
a"u(n) - nau(n)

Cc¢ sidering the system as causal and stable, find the frequency response H ()
of 1e system. Also, determine the difference equation that relates the input
x(n) and the output y(n). 12

(b) C: sider a unity feedback system with open 1op transfer function given as
(s-2)(s-4)

G(s) =
(s+20)(s-3)(s? +s+1)

81 tch the root locus diagram for G(s) and show that G(s) cannot be stabilized
by a stal : controller. 12

(c) TlI electromagnet shown in the figure below is used to lift a sheet of steel. The
coil has 400 turns and a resistance of 5 ohms. The reluctance of the magnetic
m erial is negligible. The magnetic core has a square cross-section of 5 cm by
5 cm. When the sheet of steel is fitted to the electromagnet, air gaps, each of
length g =1 mm, separate them. An average force of 550 newtons is required to
lift the sheet of steel. Considering the fact that the same r.m.s. current is
required to produce the same average torque when the supply is DC or 50 Hz
AC, find the ratio of the two supply voltages (i.e., AC voltage r.m.s. value to
DC voltage) to lift the sheet : 12

_] v §R=SQ

FatilfaN

>

(d) GO circuit of single-phase transmission line is composed of three solid
conductors of radius 1:2 cm. The return circuit is composed of two solid
conductors of radius 2 cm. The conductors layout is as shown in the figure
below. Find the inductance per km of the complete line : 12
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(i) Further, to achieve zero steady-state error for unit step inputs, an integral

control block is inserted into the system as shown in the figure below :

For this enhanced configuration, find the state feedback control gain K
and integral block gain K; such that the closed-loop system achieves same
performance as in part (i), i.e., (M p S 10% and tg £1sec) with zero

>ylt)

steady-state error.

3. (a) A servo system with tachometer feedback is shown below. Assuming K, to be
positive, determine the ranges of K and K, for which the system is stable :

R(s)

(b) (i) A 240V separately excited DC motor has an armature resistance of
r, =006 Q. When it is connected to a 240 V supply, it draws 90 A from the

12
(s+2)(s+3)

il

—> C(s)

supply and rotates at 1200 r.p.m.

(1) Find the torque developed by the motor at this operating condition.

{2) For the same excitation and same supply voltage, if the torque
developed is 280 N-m, find the speed and armature current.

(i) Explain briefly the various types of stepper motors. A three-stack stepper

motor is used to produce a step size of 2°.

(1) Determine the steps per revolution.

{2) Determine the number of rotor teeth.

fc) (i) Explain, on the basis of their controllability, the different types of
semiconductor switches used in power electronic circuits. Also, draw their

output characteristics.

fii) Explain the ‘variable voltage variable frequency’ method of speed control of
otor. Draw the relevant characteristics showing
the variation of torque and speed below the base speed and above it.

a three-phase induction
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SECTION—B

5. (a) A first-ord¢ system with unity feedback has forward path transfer function

G(s) =—£. The system is connected in cascade with an integral controller
s+o

whose transfer function is Gc(s)=£. If the required natural frequency
s

w, =12 rad/sec and the permissible steady-state error for unit ramp input is
01, find the values of K; and o. 12

(b) Let z=rel® and s=06+jQ. Use bilinear transformation to show that if r <1,

then 0 <0, and if r >1, then 0 >0, and when r =1, then ¢ =0, 12

{c) A single-phase, 10 kVA, 460/120 V, 50 Hz transformer has an efficiency of
96% when it delivers 9 kW at 0-9 power factor. ais transformer is connected
as an autotransformer to supply load to a 460 V circuit from a 580 V source.

(i Show e autotransformer connection with appropriate dot convention.

(i) Determine the maximum kVA the autotransformer can supply to the
460 V circuit.

(i) Determine the efficiency of the autotransformer for full load at 0-9 power
factor. 12

(d) A renewal energy-based power plant of 200 MW installed capacity has the
following data :

Capital cost = ¥ 2,250/kW
Interest + depreciation = 10%
Annual load factor = 0-7

Annual capacity factor = 0:6
Annual running cost = ¥ 40 x10°

Energy consumed by plant auxiliaries = 6%

Find the (i) reserve capacity and (i) generation cost per unit. 12
(e) A c trolled half-wave rectifier has an AC source of 240 V r.m.s. at 50 Hz. The

load is a 30 Q resistor.

(i) Determine the delay angle such that the average load current is 2:5 A.

(i) Determine the power absorbed by the load.

| ietl pov - oor. 12
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(c) ) The schematic diagram of a practical differentiator circuit using op-amp is
as shown in the figure below :

(1) Calculate the various component values, if the differentiator
differentiates input signal from frequency 10 Hz to 2 kHz effectively.

(2) Also, sketch the output voltage (v,) waveform, when the triangular wave
as shown in the figure below is applied as input signal :

10

(i) For the op-amp circuit shown in the figure below, calculate the output
voltage v, and the current through 1 kQ resistor, when the input voltage

v; =2V and R=5kQ :
R

WA

R

e L

R R
Al_—V\N\/_“———\/\N\/‘—‘

+
Tl
= 1 L
Also, compute the current i, if 1 kQ resistor is replaced by 2 kQ resistor. 10
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(c) (i) A single-phase, full-bridge inverter has input DC voltage V; =250V. The
output voltage fundamental frequency is 50 Hz. Find the r.m.s. value of
fundamental output voltage and its first two prominent harmonics for
square-wave mode of operation. 10

(i) Referring the inverter of part (i), if a motor-loa of R=10%, L =20 mH is
connected to the output of the inverter, find the value of fundamental and
its two prominent current harmonics for square-wave mode of operation.
Assume no filtering. 10
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