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Detailed Explanations

1. (b)
L
o_
3_(1) 3'¢. R
I semi
supply converter
o— LV,
-
Eb
Vo = LA+ E,
If 1, is droped to zero then,
Vi = E

When [, drops to zero, at that instance of time, voltage assumes a value equal to the instantaneous value
of the motor back emf.

2. (b)
Vs ~t/T
I= E(1—e )
200 _
or I =1 = 2_0(1_6 1/0.01)
200 /0.0
3 _ M4
= 100 x 102 = 20(1 e!/0%1)
T= A = % =0.01s
R 20
or, g 001 = 1_-0.01
or, g 001 = 099
or, t = —In(0.99) x 0.01
or, t = 1.0050 x 10*s
or, t = 100.5us
4. (b)

As in the output the even and 3rd and multiple of 3rd harmonics are absent so, lowest order harmonics is
5th harmonics.

So, frequency of 5th harmonics

5 x fundamental frequency

= 5x60=300Hz

5. (b)
During overlapping period, number of conducting Thyristors are:
for 1-0—4 Thyristors
for 3-¢—3 Thyristors

6. (a)
Effective on period of a voltage commutated chopper is
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Ton = T, +%C = (8OO><1O_6)+(2><220 ><50><1O_6)
0
T; = 1.075x 103s.
7. (b)
The output waveform of line voltage is
VO, Line
VS
T — ot
2n !
3 2n
A
7 1) 2 2
3 s
o= (1T =
ny ot
V. _ 2
0,rms,line — 440 g =359.25V

8. (d)

AC input current waveform is not smooth in single-phase diode rectifier with capacitive filter. Presence of
an inductor makes the current waveform smoother.

10. (b)

1. (b)

The dc load current, is given by

v, 23032
n

= 20 = 16.26 A/u sec

I = constant
load current

m

[cosa — cos(a + )]

Let u, be the overlap angle for firing angle o, , then

I

or, COS oL — COos (o + W)

Vm Vm
—[COSO — COoSs(o + = ——|COSo4 — COS +
oL, [ ( w)] oL, [ 1 (o M1)]

COS o, — COS (o, + Uy)
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or, cos 0—cos (15°) = cos 30°—cos (30° + u,)
or, 0.0341 = 0.866 —cos (30° + u,)
or, cos (30° +u,) = 0.8319
or, 30°+u, = 33.7°
or, u, = 37°
12. (c)
R=10Q
3-0
Large
400V Inductor
50 Hz +
350 V

'|'_

For firing advance angle of 60°, oo = 180° - 60° = 120°

3V
Average output voltage, Vi = T’“cosa
V, = MCOS(120)°
T
or, vV, = -270.09V

As Vj is negative, this converter is operating as line-commutated inverter. The polarity of load Emf £ must
be reversed.

Now, Vo = “E+ IR

or, -270.09 = -350 +1,(10)
.. Load current, I, = 7.991A
Rms value of load current, 1y s = 1o = 7.991 A

Power delivered by the battery to the ac source through the line commutated inverter is:
Fy = Vyl,=-270.09 x 7.991
F, = —2158.289W

~ Fy, = 2158 W
Negative sign indicates that the power is delivered from load to source.
13. (b)
During on period of switch, the circuit behaves as
di
= = L_ +
Vs v, at Vst..' m %vL
Al
= L_
or, Vs i
or, Vo(T,) = LAI
D ()
During off period, the circuit behaves as shown below, —kt+—
—VL+ VO =0 _ .\
di VLg i =V
or, V, =V, = L— + \—/ *
at
or, Vi(Tq) = LAI -.(i)
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Equating both the equations.

or,

. When o < 0.5 the circuit operates as a step down chopper. In case o > 0.5, this circuit operates as

stepup chopper.
14. (d)

RMS value of fundamental component of load voltage

RMS value of fundamental current,

Now,

or,

or,

Phase angle,

01

01

®

v, - Y%

on nTE\/§

4V,  4x230
=——F—— =2071V

w2 /2

Vo

Z1

P +6-77°
J2Q
207 1
—A

J2

™ )

tan™ 4o degree
tan' =0 _ 45

- The fundamental component of current i, as function of time is

or,

Lo

lo1

\/5101 Sin((i)t - ¢1)

207.1 sin (ot + 45°) A
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15.  (b)

CH 1Q

220V FD /A 5 mH

+24V
'|'_

The limit of continuous current conduction is reached at duty cycle,

& = Eln[1+m(eT/T6* —1)]

T
£
Here, m = v,
L 5x10° 3
T, = B ] =5x10"s
Also, m = 2—4=O.11
220
551073 2000x10°°
§ = | == |in[1+0.11 e 1 _1|| =2.5/n(1.0541)
2000x10°
§ = 0.13
If duty cycle is less than this value, then load current will be discontinuous.

16. (d)
Fourier analysis of line voltage is,

< 3V . v
V., D smn(mt +§j

3V, . T
VL—L(fundamenta\) = = S|n((ﬂt + —)

b 3
3V 0.6752V,
Ve = \/En: . s =0.6752 x 180 = 121.543 V
17.  (c)
. CH
Back emf at 2100 romis £, = V,- IR, /'=
= 220-100 x 0.1 =04
= 210V .
210 v/ 250V — ZS
= ——=0.1V/rpm -
Back emf constant 5100 P
duty ratio = 04
= Vappliedis = 250 x 0.4 =100V
As torque is same
= I, = constant
= Backemf = 100-100x 0.1 =90V
90
speed = X 900 rpm
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18. (c¢)
o = common base current gain
I-50 = common base leakage current
I o+ 1-pp
Ioy = o4l + 1oy
lop = Ol +Icgo,
Iy = doy+ g
Iy = oyl + Iegoy + Ol + Iogop
In the above equation substituting,
I = I,+1,
I, = ol +Iogoy + 0 (I + 1) + I g0,
I ool g + Iogor + Iogop
a 1- (OC1 + OLQ)
19. (a)
VS
Without free wheeling diode (FD): )
T T w
2V, : N 2
Vv, = —cosa | PN |
n Yo ! output voltage without freewheeling diode
2x 2202 | |
- ><—O‘/_c0325° ' ) e
T o 7Ti (t+a) 2n i
= 17951V i output volliage with freewheelingidiode
With FD: Vo ! L :
Vv | i
_ Im . . t
V, = 1:7(1+COSOL) ' m B T pran
22042
= OJ_(1+00325O) =188.79 V
T
The difference in the output voltage is,
AV, = 188.79-179.561=9.28V
20. (b)

Equation of the straight line

y=mx+c¢C

)
—|v+cC
1.1

i

Now, Currenti = 0A atv=1.0Volt
B -60
= 97
.. The equation becomes
) 60 60
= V-
1.1 1.1

v

Il
/N
m -
8|2

+

-
~—

The mean power loss will be half the instantaneous power loss over the half cycle when the current is

flowing.
39.6| 1+ (11) 39.6
60

2

=34.17W

Mean power (fori=39.6 A) = - =
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21.  (c)

Applying KVL in the loop:
Vg + IgRg + Vg =0

Vas = Ry I + Y,
Ves = Rg1g+(1.5+81g) +T
. +
12 = (Rg+8)1g+1.5 ..(0) <> v
Peak power loss in the gate Ves™N g
= Vglg =5 W (Given) _l K

5 = (1.5+8Ig)lg
81g2+ 1.51g—5=0

—btb? —4ac _ —15+(1.57 - 4x8x(-5)

] =
g 2a 16
I, = 0.7A (Neglecting 7, =-0.889 A)

Substituting the value of 1, inequation (i),
12 = (R,+8)0.7+15

F?g=7§2

22. (d)
The source current for a 3-phase full converter is given by

=3

41, . nm .
i) = n%smsm?sm(nwt—noc)

rms value of fundamental current,

ﬂsinﬁ
i 3 J6

s = —=_IO

st \/E n

rms value of source current,

2
s IO\/;

1

. . 1
current distortion factor Sl m =0.955

23. (d)
Let, V, = Output of buck converter = Input of boost converter
V, = 10D,
Z
Output of boost converter = 30V =
1-D,
50 - 100
- 1-D,
or 3-3D, = D,
or D,+3D, = 3
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24.

25.

26.

(c)

For proper turnon I, 2 1
1 %
1= pJvate o
= VY
AT L R
r LATRANS 5x 1073
ol [itg 2 5%
or @X5><10_6+5—03 > 5x1073
L 50x10
-6
or 250x10 7 > 4% 1073
L
250%107°
or L ———="
4x10
or L < 0.0625H
L = 0.0625H

(b)

For proper commutation the circuit should be under damped.
1 _(ﬂf .
c \ar) ~

AL
Cc

4%x20x107°
R < \/—_e
50x10

R < 1.26Q

or R <

Option (b) is the only value which is less than 1.26 Q

R

-1Q
(a)

Qoo
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27.

28.

29.

Vb

> ot
V, = V_sinwt
Phase A will get maximum voltage at ot = 90°. At this instant
Vo = V= Vg
Vo =V, sinot-V_sin(of-120°)
= V_-V_sin(-30°) [+ ot=90°]
Vo = 15V,
(c)
P =V pf
5x10% = 220 x I x 1
I, = 2272A
]S
I, X
tand = == 5
Vs
ISXS
Vei
qf Ig X
5_ tan [_j
Vs
L[ 22.72x2nx50x5%x107°
§ = tan
220
d = 921°
(b)
V.=4V
V. =6V
Total pulse width = 2d
od _ [4_Y|m
N V. )N
(Where Nis number of pulses per half cycle)
2d = (1—ijn
Ve
2d =

(d)

(1-f)1aoo - 60°
6

The amplitude of n” harmonic of the two pulse waveform is

m

8V, . . nd
—=sinny.sin—
nm 2
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Peak value of fundamental voltage component

8Vg d _
Vv, = —-SmE-smy
Vs = 300V, N=2,y=56°
n-2d d
Y = +=
N+1 N
(we known)
( n )560 _m-2d d
180 3 2
or d = 24
Hence
v, = 82390 2% Ginsee = 13167V
30. (c)

To obtain the average value of the periodic waveform,

Area under the curve
Laverage =~ Total time period

(;><5><10)+(10><10)+[;><5><10)
30

5A

1 avg
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