
W'16 : 3 AN: EL 41214221432 (1470)

POWER ELECTROIIICS

Time : Three hours

Maximum Marks : 100

Answer FIVE questions, taking ANY TWO from Group A,
ANY Two from Group B. and ALL from Group C.
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Answer should be brief and to-the-point and be supplemented
with neat sketches. Llnnecessary long answers may

result in loss of marks.

Any missing or wrong data 
.may 

be assumed suitably giving
proper justification.

Figures on the right-hand side margin indicate full marks.

Group A

(a) Explain'swirching characrcristics of power MOSFET. 5

(D) Describe the various tlpes of power diodes indicating
clearly the differences amongst them. 5

(c) A diode whose inrcrnal resistance is 20 O is to supply
poryer to a 1000 O load from a230 V (rms) source of
supply. Calculate (i) the peak load cunent (ii) the dc
load current (ril) fire percentage regulation from no load
to given load. 3+3+4

(a) Discuss the two-transistor model of a thyristor. l0

(D) (r) Describe the principal of stepup chopper with
different waveforms and (ii) derive an expression
for the average ouput voltage in terms of input d.c.
voltags and duty-cycle. 8+2

(?\rn Ovcr)

l.

2.
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3. (a) Explain (f) d, ldtand (ii) dVat protection for Thyrtrrot 
* ,

(&) Write short notes on (i) Cooling and (fi) heat sinks rvhile
using Thyristor in power converter. 5 + 5

4. (a) Explain, with a neat diagram, (f) the basic structure
and (fi) working of Insulated Gate Bipolar Transistor
(IGBT). 5 + s

(D) A single-phase full bridge diode rectifier is supplied from
230 Y, 50 Hz source. The load consists of Resistance
of l0 C) and a large inductance so as to maintain the
load current constant. Determine

(0 average values ofoutput voltage and output current

(rr) average and rms values of diode currents

(ifi) rms values of output and input currents and supply
power factor. 3+3+4

Group B

(a) Explain, with the help of neat power diagram and

associated waveforms, the operation of a single-phase
semiconverter with RLE load. Assume continuous
conduction.

(D) Describe the effect of source inductance on the
performance of a 3-phase full converter with the help

of phase voltage waveforms.

(a) Discuss the principle of working of a three phase

bridge inverter(VSDwith 180' mode showing phase

and line voltage waveforms. The load is assumed

star-connected resistive.

(D) A single phase full bridge inverter has a resistive load
of .R: 5 Q and the dc input voltage of Eu" :220Y.
Determine

(r) the RMS output voltage at the fundamental
frequency

(fi) the output power

(ifi) the output voltage at the fundamental frequency

(lv) the average and peak current of each thysistor.

Explain the various methods of speed contro, 
"/#:r:.'induction motor when fed through semiconductor

devices. 20

(a) Describe how the speed of a separately excited d.c.

motor is controlled through the use oftwo three-phase

10semiconverter.

(D) A 220Y, I 500 rpffi, 10 A separately-excited d.c. motor
has an armature resistance of I ohm. It is fed from a
single-phase fully-controlled bridge rectifierwith an ac.
source voltage of 23A V 50 Hz. Assuming continuous
load current, compute motor speed at the firing angle
of 30" and torque of 5 Nm. l0

Group C

9. Choose the correcf answer for the following r , l0 x 2

(r) The number ofthyristors required for single-phase to
single-phase cycloconverter of the mid-point type
and for three-phase to three-phase 3-pluse type
cyc loconverter respectively

(a) 4,6
(D) 8, t8
(c) 4, 18

(o 4,36

7.

8.

5.

l0

l0

6.

12
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(rr) A 3-phase to single-phase conversion device ernploys
a 6-pulse bridge cycloconverter. For an input voltage
of 200 V per phase, the fundamental rms. value of
outputvoltage is

(a) 600/r V
(D) 30016 lrY
(c) 300/r V
(4 600J, trY

(iir) Turn on time of an SCR in series with RL circuit can
be reduced by

(a) increasingR

(D) decreasing R
(c) increasingl
(d) decreasing L

(rv) When an UJT is used for triggering an SC& the wave-
shape of the voltage obtained from UJT circuit is a

(a) sine wave

(D) saw-tooth wave

(c) trapezoidal wave

(d) square wave

(v) In a d.c. chopper, per unit ripple is maximum when
dutycycle is

(a) 0'2
(D) 0.5

(c) 0'7

(d) 0.e

(vi) A 3-phase full converter has an average output
voltage of 200 V for zero degree firing angle and

for resistive load. For a firing angle of 90o, the output
voltage would be

W'16 :3 AN :8L4121422/432 (147{}) ( 4 ) (Continued) AG- X, 100

(a) 200 V
(D) s0 v
(c) 30'8 V
(a 26-8Y

(vii) Choose the correct statement

(a) MOSFET has positive temperature coefficient
(TC) whereas BJT has negative TC

(D) Both MOSFET and BJT have positive TC

(c) Both MOSFET and BJT have negative TC

(d) MOSFET has negative TC whereas BJT has
positive TC

(viii) Secondary breakdown occurs in

(a) MOSFET but not in BJT
(6) both MOSFET and BJT
(c) BJT but not in MOSFET
(d) none of these

(,x) In a BJT

(a) p=#l
(b) .. ct[r=-' ct-l

p
(c) cr = p;J

uto-o*1.\--l7 p

(*) In a 3-phase semiconductor, the three SCRs are
triggered at an interval of
(a) 60'
(&) e0'
(c) lZO"

{^d) 180'
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S'09:3AN :EL 412/422/432 (1470) 

POWER ELECTRONICS 

Time : Three hours 

Maximum Marks : 100 

Answer FIVE questions, taking ANY 'IWO from Group A, 

ANY 'IWO from Group B and .. AIL from Group C. 

AU parts of a question (a, b, etc. ) should 

be answered at one place. 

Answer should be brief and to-the-point and be supplemented 

with neat sketches. Unnecessary long answers may 
result in Joss of marks. 

Any missing or wrong data may be assumed suitably giving 

proper justification. 

Figures on the right-hand side margin indicate full marks. 

Group A 

1. (a ) What do you mean by an ideal rectifier? 

How does it differ from an actual one? When are 
the rectifiers required to be connected in series and 

in parallel? 1 + 1 + 2 

(b) Describe clearly the various techniques used in 

practice to take corrective action against unequal 
distribution off orward currents between the rectifiers 
connected to a load in parallel. 

(c) A full-wave 1-~ rectifier circuit, using two diodes 
as shown in Fig. 1 ,-feeds into a load resistance of3 kQ. 

4 

(Turn Over) 
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Assume the practical diode = 0 and the secondary 
transformer voltage to C-T to be 300 V. Calculate the 
( i) d.c. load current , ( ii ) d.c. current in each diode , 
(iii) a.c. voltage across each diode, (iv) d.c. output 
power, ( v) %regulation, and ( vi) % efficiency. 2 x 6 

~II 
~ 

3k0 

Fig. I 

Z. (a ) Draw the circuit diagram and voltage output 

waveform of a 3-~ full-wave rectifier assembly and 

explain its operation. What is E de in terms of rms input 

voltage per phase and ideally Edc is not a function of 

VA rating? Calculate the approximate% ripple present 

in the unfiltered output voltage. . What is the 

fundamental ripple frequency when the supply 

frequency is 60 Hz? 5 + 5 

( b ) Rectifiers , with PIV rating of 500 V and a current 
rating of 30 A, are available. Determine whether 
these would be better used in a 1-~ or a 3-~ 
full-wave bridge circuit. 10 

3. (a ) A 1-T half- wave uncontrolled rectifier supplies an 
R-L load along with a free-wheeling diode. Draw 
voltage waveforms across the load, the rectifier, 

S'09: 3AN:EL412/4221432 (1470) ( 2 ) (Continued ) 

and the free-wheeling diode. Also , calculate the 

average and rms load currents as well as average and 

rms load voltages. 12 

(b) An electromagnetic vibrator coil, having an 

inductance of 80 mH and negligible resistance , is 

connected to a 1-~ , 230 V , 50 Hz a.c. supply through 

a half-wave uncontrolled rectifier. Calculaterms and 

average values of coil cuqent as well as the peal diode 

current. What is % increase in the rms value of the ,, 
rectified load current as compared to rms value of 

the load current without the rectifier? 8 

4. (a ) What is a snubber circuit ? What does it do in a thyristor 

operated controller? Calculate values of the snubber 

circuit components for a thyristor; given 

( di/ dt ) max = 40 AI f.LS and ( dvl dt ) max = 100 VI f.LS 

and supply voltage is equal to 230 V , 50 Hz. Assume 

suitable values for any other data, if necessary. 
. 2+2+4 

( b ) With reference to V-I characteristics of a thyristor 

for different gate currents, define its 'holding 

current'! 'latc1ring or pick-up current' and 

' repetitive peak inverse voltage' ratings. From the 

two-transistor analogy, explain the' OFF' and' ON' 

conditions of a thynstor. What are the mechanisms 

and methods used to 'tum-on' and 'tum-off' a 

thyristor? 6+6 

S'09: 3AN:EL412/422/432 (1470) ( 3 ) (Tum Over) 
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GroupB 

5. (a) What are the various 1-~ a.c. phase-control 
techniques applied to regulate power into a load? 
Explain the techniques showing only power-control 
circuits. The details of firing and protection circuits 
need not be drawn. 12 

{b) Calculate the rms voltage output of a 1-~ full-wave 

half -controlled a. c. phase-controller operated from 

a 230 V, 50 Hz mains supply when the thyristors are 
fired at an angle of 90 o and the load is resistive. 5 

{ c ) Calculate the output voltage in rms value of an 
'on-off' controller using 1-cj>, 230 V, 50 Hz supply 
when the 'on-time' is 16 cycles and the 'off-time' 
is 6 cycles. 3 

6. (a ) With the help of suitable diagrams , discuss the 
operation of a series inverter. Derive a performance 
equation for the basic series inverter circuit. How can 
the· drawbacks of a series inverter be removed? 
Discuss with the help of diagrams. 6 + 6 

(b) A 1-cj> half -wave bridge inverter feeds a resistive 
load of R = 10 Q. The d. c. voltage of the inverter is 
given as 200 V. Determine {i) RMS value of 
the fundamental component of output voltage, 
(ii) output power, (iii) average current of each 
thyristor , and {iv ) PIV of each thyristor. 8 

7. (a) Derive the expressions for average and rms load 

voltage of 1-cj> full-wave fully controlled thyristorized 

bridge rectifier with inductive load. The average 

S'09:3AN:EL412/4Z2/432(1470) ( 4) (Continued) 

/ . 

voltage available from a 1-~ full-wave fully controlled 

bridge rectifier is 200 V with a firing angle of 40° when 

the load is inductive. Calculate the rms load voltage. 
8+6 

{b) A3-~ full-converteris operated from a 3-~ , 415V, 

50Hz supply. It is delivering a c_onstant load current 

of 45 A at a firing angle of 30° to a highly inductive 

load. 'Determine {i) average output voltage, 

{ii) average power output, (iii) rms and average 

values of thyristor current ~ and { iv ) PIV requirement 

of each thyristor. 6 

8. (a) (i) How are the choppers classified? Show the 

quadrants of operation of different choppers. 

Draw their circuits and briefly explain their 

working. 

{ ii) Explain, with a diagram, how a step-up chopper 

8 

~~- 6 

{ b ) A separately excited d. c. motor has a rated speed of 

1000 rpm , rated current of 25 A and an armature 

resistance of 0 -4 Q. The supply voltage is 220 V d. c. 

It is desired to control the speed using a d. c. chopper. 

{ i ) Find the duty cycle of the chopper so that the 

motor may~ operate at 600 rpm and develop the rated 

torque , and { ii) find the duty cycle , if the motor 

operates at 600 rpm and develops half the rated 

torque. 6 

S'09:3AN:EL412/422/432 (1470) ( 5 ) (Tum Over) 
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Groupe 

9. Choose the correct answer for the following: 2x 10 

( i) When a semiconductor diode is damaged by excessive 

forward current , then the damaged diode will show 

(a ) very high resistance in both the directions 

( b ) high in one and low resistance in the other 

direction 

( c ) very low resistance in both the directions . 

( d ) either ( a ) or ( c ) above. 

( ii) What would be the maximum reverse voltage that 

each rectifier must withstand in a full-wave C-T 

transformer circuit , if the rms value of the voltage 

across one half of the transformer secondary is 20 V? 

(a) 20V 

(b) 28·2V 

(c) 40V 

(d) 56·4V. 

(iii) When a semiconductor rectifier is damaged by 

excessive reverse voltage, then the damaged rectifier 

will show 

( a ) very high resistance in both the directions 

( b ) high in one and low resistance in the other 

direction 

( c ) very low resistance in both the directions 

( d ) either (a ) or ( c ) above. 

S'09:3AN:EL412/422/432(1470) ( 6) (Continued j 

( iv) An RC snubber circuit is used to protect a thyristor 

against 

(a ) failure to tum on 

( b ) switching transients 

(c) false triggering 

( d ) failure to commutate. 

( v) If a 1-~ converter is fed by a source having an 

inductance , L , and the load current is fo, then the 

decrease in output voltagp due to overlap is 

(a) wL 10 /3rt 

( b ) wL 10 /27t 

(c) wL/0 /rt 

(d) wL 10 /47t. 

( vi) In a 1-~ dual converter, r1 and r2 are firing angles 

of two converters , then 

(a ) r 1 + r 2 = 1t 

(b) r1 - r 2 = rt/2 

( c ) r1 + r2 = rt/2 

( d ) r 1 - r 2 = 1t. 

( vii ) In a series inverter, the commutating elements 

(a ) do not carry the load current 

( b ) can} 50% of the load current 

(c) carrry the full load current 

( d ) Any one of the above. 

S'O<V~AN:EL412/422/432!1470l I 7 l !Turn Over} 
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S'10:3AN:EL.412/422/432 (1470) 

POWER ELECTRONICS 

Time :Three hours 

Maximum Marks : 100 

Answer F1VE questions, taking ANY 1WO from Group A, 
ANY 1WO from Group B and ALL from Group C. 

AD parts of a question (a, b, etc. ) should 

be answered at one place. 

Answer should be brief and to-the-point and be supplemented 

with neat sketches. Un.necessary long answers may 

result in Joss olmarks. 

ADy missing or wrong data may be assumed suitably giving 

proper justification. 

Figures on the right-hand side margin indicate full marks . 

Group A 

1. (a ) .Discuss briefly the voltage commutation and current 

commutation techniques used for the commutation 
of thyristors. 6 

(b) Compare and contrast an IGBT with a power 
transistor. 

( c ) What are ( dV I dt ) and ( di I dt ) ratings of a thyristor? 

Explain the methods of measurements of these 

ratings. 

4 

6 
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f d J A thyristor has half -cycle surge current rating of 

3000A for 50 Hz supply. Calculate its one cycle 

surge current rating and ( i 2 t ) rating. 4 

2. (a) A diode, used as a half -wave rectifier, has a forward 

resistance of 500 ohms. If the secondary voltage is 

400 sin 314 t, calculate (i ) I m , Inns , and I ~v , 

(ii) d.c. output voltage, (iii) a.c. power input and 

d.c. power output for a load of 3·4kQ, and 

(iv) transformer utilization factor. 8 

(b) Explain why the load voltage for an m-phase 

rectifier, in which the leakage inductance of the 

transformer has a significant value, is less than that 

for a rectifier with a negligible leakage inductance, 4 

(c) Explain how unwarited harmonics can be eliminated 

using the selective harmonic elimination method. 

What are its merits and demerits for improving the 

power factor? 4 

(d) Discuss why a 'zigzag' type of secondary winding 

is preferred for a three-phase transformer with a star 

primary for a three-phase half-wave rectifier. 

Support your argument with suitable waveforms. 4 · 

3. (a ) What is a PUT? How does it differ from UJT ? Discuss 

basic UJT (2N 2646) relaxation oscillator circuit 

operation and explain VA - /A characteristics of this 

oscillator. 5 

( b ) . Design an UIT relaxation· oscillator .using 
UIT-2 N 2646 for triggering a thyristor. The UIT has 
following characteristics : 

Intrinsic stand-off ratio =0 · 7, valley 
current = 6 rnA, maximum i.nterbase voltage = 20 V, 

valley voltage = 2 V, interbase resistance = 7 kO, 

emitter-leakage current= 2 rnA, and peak point 

current = 50 x i 0-6 A. 6 

( c ) What are the basic ·requirements for the current to 

be supplied to the gate terminal of a thyristor for its 

successful firing? 4 

(d) What is· an optoisolator? , What advantages do 

optoisolators have over electromechanical relay? 

Under what circumstances should one consider using 

an optoisolator? 5 

4. (a ) With the basic power circuit diagfam and output 

voltage waveforms, explain the working of Jones 

choppers. 4 

( b ) A step-down d.c. chopper has a resistive load of 

R = 15 ohm and an input voltage Edc = 200 V. When 

the chopper remains 'ON', the voltage drop is 2 · 5 V, 

the chopper frequency is 1 kHz for a given duty cycle 

of 50%. Determine ( i ) average output voltage, 
(ii) r.m.s. output voltage, (iii) chopper efficiency, 

( iv ) effective input resistance of chopper. 8 

(c) Explain time-ratio and controi limit control strategies 

employed in d.c. choppers, with the circuit diagrams 

and associated output waveforms. 4 
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( d) Explain in brief how average voltage across the load 

is made more than d.c. supply voltage using chopper. 

Derive the expression for the average voltage. 4 

GroupB 

S. (a ) Explain the basic principle of operation of a 
cycloconverter with a neat equivalent circuit diagram. 
Also, draw and discuss the waveforms illustrating the 

operation of the idealized cycloconverter circuit with 
loads of various displacement angles. 5 

(b) A six-pulse, blocked group cycloconverteris fed from 
a three-phase, 600V (line), 50Hz supply. The supply 
has an inductance of 1·146 mH/phase. If the 
cycloconverter is supplying a variable resistive load 
with a current of 28 A, estimate the peak and RMS 
value of load voltage for firing angles of Oo, 30°, and 
60°. 8 

( c ) Explain the principle of load commuted 

cycloconverter and discuss its advantages and 

disadvantages over line commuted converters. 5 

(d) What are the applications of cycloconverters.. 2 

6. (a) An inductive load is supplied from a single-phase, 

230V, 50Hz a.c. supply. The load cUrrent varies 

between the two extreme limits ( 4 - JO) Amp and 

(6-J12) Amp. A thyristor control inductor (TCI) is 

installed to compensate for the reactive power, thus 

making the power factor equal to unity. Find the values 

of 'L' and' C' of the TCI. 8 

( b). What is a thyristor controlled iriductot (TCI) aQd why 

is it necessary on transmission lines? Discuss various 

aspects of bus control using a TCI. 4 

( c ) How does a switch mode regulator differ from a linear 

regulator ? Use a block diagram in support of your 

answer. 

(d) Derive expressions for the real power transmitted and 

reactive power taken by converters used in HVDC 

transmission. 

7. (a ) With the help of a neat circuit diagram and associated 

waveforms, explain the operation of single phase 

half-bridge MOSFET based voltage-source inverter 

4 

4 

with resistive and inductive (RL) load. 6 

(b) Explain the following· performance parameters of 

inverters : (i) Harmonic factor of nm harmonic, 
(ii) total harmonic distortion, (iii) distortion factor, 

and ( iv ) lowest order harmonic. 4 

(c) A single-phase half -bridge inverter has a resistive 

load of R = 3 ohm and the d.c. input voltage 

Edc = 24 V. Determine (i) IGBT ratings, {ii) total 

· harmonic distortion, (iii ) distortion factor; and 

( iv) harmonic factor and distortion factor of the 

lowest order harmonic. 8 

( d) Compare between voltage source and current source 

inverters. 2 
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8.. (a) Derive the expression which relates theaveragespeed 

to average motor current for speed control of a d.c: 

series motor by a single-phase semiconverter. 5 

( b ) The speed of a 20 HP, 210 V, 1000 rpm series 

motor (d.c.) is controlled by a single-phase 

(i) semiconverter, and (ii) full converter. The 

combined field and armature circuit resistance is 

0·25 ohm. Motor constants are Kaf = 0 · 03 N- rnA 2 

and Kres = 0·075 V-s/rad. The supply voltage is 

230V. Assuming continuous and ripple for motor 

current, determine the motor current, motor torque 

and supply power factor. 8 

( c ) Exp)ain the induction motor operation when the 

( VI f) ratio is held constant. Also, Mrive the . 

expreSsion for maximum torque. 5 

(d). Explain the advantages of variable frequency 

induction motor drive. 

Groupe 

2. 

9. C'.hoose the correct answer for the following: 2x10 

( i j Photomultipliers are based on the principle of 

(a) pyro-electric effect 

( b ) photovoltaic effect 

( c ) photo-conduction 

(d) secondary emission. 

( ii) Typical value ~f open circuit voltage of a solar cell 
is 
(a) lOmV 
(b) lOOmV 
(c) 0·5V 
(d) l·OV. 

(iii) The effect of d. c. saturation in a rectifier transform 

is to 
(a ) decrease the output 
( b ) increase the output 
( c ) decrease the a.c. component of the output 
( d ) reduce the ttipler harmonic. 

( iv) Ripple frequency of a six-phase half -wave rectifier 
for 230V, 50Hz input will be 
(a) 150Hz 
(b) 50Hz 
(c) 300Hz 
(d) lOO.Hz. 

( v) For a thyristor, pulse triggering is preferred to d.c. 
triggering because 
( a ) gate dissipation is low 
( b ) pulse system is simpler 
(c) triggering signal is required for very short 

duration 
( d ) No harmonic:content. 

( vi) Converter is a circuit which 
{a ) converts a.c. to d. c. only 
{ b ) converts d.c. to a.c. only 
{c) converts a.c. to d.c. and vice-versa 
(d) converts a.c. to a.c. at different frequency. 
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W' 10 :3AN: EL 412/422/432 (1470) 

POWER ELECTRONICS 

Time : Three hours 

Maximum Marks : I 00 

Answer FIVE questions, taking ANY TWO from Group A, 
ANY TWO from Group B and ALL from Group C. 

All parts of a question (a, b, etc.) should 
be answered at one place. 

Answer should be brief and to-the-point and be supplemented 
with neat sketches. Unnecessary long answers may 

result in loss of marks. 

Any missing or wrong data may be assumed suitably giving 
proper justification. 

Figures on the right-hand side margin indicate full marks. 

Group A 

1. (a) Briefly explain the· thyristor operation using two 
transistor anaiogy. 6 

(b) Compare linear and switching mode regulators. 4 

(c) F.or the circuit, shown in Fig. 1, find the energy 
lost in the diode. 4 

lOA V = 0·7 V 
F 

5 sec 

Fig. 1 
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(d) Compare GTO and thyristors. Giv~ typical 
applications of GTO. 6 

2. (a) Briefly explain the working of a synchronized 
UJT triggering circuit for a single-phase. full-wa\ e 
bridge converter. 6 

(b) A thyristor assembly dissipates 500 W power 
with junction temperature limited to I OS"C. 
Assume that the ambient temperature is 40. °C 
and the junction to heat sink thermal-resist,mce 
is 0·1 °C!W. Find the heat sink to ambient 
thermal resistance. :4 

(c) How are choppers classified·? Briefly explain 
the operation of a type-C chopper. 6 

(d) Compare silicon diode and Schottky diode. 4 

3. (a) Define and compare natural .and forced-
commutation of thyristors. 6 

(b) Figure 2 shows two MOSFETs connected in 
pardllel. Calculate the power di~~ipation of each 
transistor. 4 

~ 
-jY·lS~ 

Fig.2 

(c) Compare step-dowQ and step-up choppers. A 
step-up chopper is used to deliver_ to&d voltage 
of 500 V from a 200V d.c. ~ource If ·the. 

(b) A three-phase fully-controlled bridge converter is 
feeding a load that draws a constant and ripple
free load current of 10 A at a firing angle of 30° 
Find the approximate total harmonic distortion and 
the R.M.S. value of fundamental component of 
input. 6 

(c) Suggest a method to reduce the harmonics of a 
cycloconverter. 

(d) Com~are off-line and on-line UPS. 

6. (a) Briefly explain the operation of a 6-pulsefull-wave 
converter with RL load and derive an expression 
for the output voltage. 10 

(b) A single-phase half-bridge inverter has a input 
supply of 120 V d.c. Find the (1)total RMS current 
in 1 0 ohms resistive load; (ii) RMS value of output 
voltage; and (iii) fundamental and third harmonic 
RMS voltage. 3 x 2 

(c) Compare voltage-source and current-source 
inverters. 

7. (a) What is a regenerative drive? Briefly explain the 
working of a four-quadrant minimum delay drive 

4 

for d.c. motor speed control. 8 

(b) Briefly describe the operation of bipolar HVDC 
system. Also, give advantages and disadvantages 
of HVDC system. 8 

(c) A half-wave controlled rectifier with R-L load has 
230 V /50 Hz input supply. Find the RMS value of 
output voltage, if current becomes zero at a.= 30° 
(beyond I 80°). 4 

off-period ~f switching device is 80 J..I.S, find 
the ON period of switch. 6 

(d) Give necessary requirements for paralleling the 
diodes. How can dynamic current sharing be 
achieved? 4 

4. (a) For a UJT oscillator, derive an expression for 
frequency of oscillations. Give considerations 
for selection of timing resistor. 6 

(b) A thyristor is connected to 230 V/50 Hz a.c. 
supply and has to supply maximum load 
current of 100 A. The maximum permissible 
di/dt rating is 50 AIJ.!S. Calculate the value of 
series inductor to limit the rate of current rise 
to dildt rating. Also, calculate the energy stored 
in the inductor. 4 

(c) For a pulse-width modulated chopper shown in 
Fig. 3, derive an expression for output voltage. 6 

L 

t_/~t 

r r I ~~ 
Fig.3 

(d) How is inductor value selected? Compare BJT 
and IGBT transistors. - 4 

Group B. 

5. (a) Define and compare semi-converter, full converter 
and dual converter. 4 

8. (a) Briefly explain the operation of a single-phase 
cycloconverter which accepts 230 V /50 Hz a. c. 
and provides output voltage at 16·6 Hz. 8 

(b) Briefly explain the Vlf control of induction motor. 6 

(c) Briefly explain how single pulse-width modulation 

reduce_s harmonics. Show that, for pulse-width of 

120°, third harmonic is eliminated. 6 

Group C 

9. Choose .the correct answer for the following: 10x2 

(l) The trigger circuit of a thyristor is shown in Fig. 4. 
The thyristor requires a gate current of 1 0 mA 
for guaranteed tum-on. The value of resistor 'R' 
required to turn-on reliably under all conditions 
is 

(a) 10 kO 

(b) 16000 

(c) l200ohms 

(d) soon 

Fig.4· 

+ IOOV 

50 

(ii) Figure 5 shows a three-phase half-wave rectifier. 

The source is a symmetrical three-phase, four

wire system. The line-to-line source voltage is 
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S'11 :3AN :EL412/422/432 (1470) 

POWER ELECTRONICS 

Time : Three hours 

Maximum Marks : 100 

Answer FIVE questions, taking ANY 'IWO from Group A, 
ANY 1WO from Group B and AIL from Group C. 

A11 parts of a question (a, b, etc. i should 

be answered at one place. 

Answer should be brief and to-the-point and be supplemented 

with neat sketches. Unnecessary long answers may 

result in Joss of marks. 

Any missing or wrong data may be assumed suitably giving 

proper justification. 

Figures on the right-hand side margin indicate full marks. 

Group A 

1. What is power electronics? Give some applications of 

power electronics. What are the advantages and 
disadvantages of power electronic circuits compared with 

its electromechanical parts ? 4 + 6 + 10 

2. A 220V, 1·5kW heater is energised from a 200V, 50Hz 
supply through a diode. Find the power absorbed by the 
heater element, average value of the load current, peak 
value of the diode current, and input power factor. Derive 
the formula used. 20 
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3. (a) Describe the working of a single-phase fully 
controlled bridge converter with resistive load, and 
then explain how can it be operated in rectifier as 

well inverter mode. 10 

( b ) A three-phase diode bridge is used to provide rectified 

output from a 400 V, 50 Hz, 3 -phase supply to a R-L 

load with 10 Q resistance and 300 mH inductance. 

Determine the (i) d. c. level of the output voltage, 

( ii) rms value of the diode current, (iii) rms value 

of the source current, and (iv) apparent power drawn 

from the mains. 10 

4. Write short notes on the following : 

(i) GTO 

(ii) MOSFET 

(iii) BJT 

(iv) IGBT. 

GroupB 

4x5 

5. (a ) What is an inverter? List a few industrial applications 
of inverters. Explain its principle of operation with 
the aid of a diagram. 2 + 2 + 6 

(b) A single-phase half bridge inverter, supplied from 
200 V d. c. supply, is connected to a resistive load of 
20Q. Find (i) r.m.s. valueoffundamentalcomponent 
ofthe output voltage and current, ( ii) power delivered 
to the load due to fundamental component, (iii) peak 
and average current of each thyristor, ( iv) PIV rating 
of each thyristor, (".)power delivered by each source 
due to fundamental component. 10 

6. (a ) What is a cycloconverter? Give some of its industrial 

applications. 5 

( b ) What do you mean by pulse width modulation ? What 

are the advantages and disadvantages of this method? 5 

(c) A three-phase to single-phase cycloconverter 

employs a 6-pulse bridge circuit. This circuit is fed 

from 400V, 50Hz supply through a delta/star 

transformer, whose turns ratio per phase is 3: 1. For 

an output frequency of 2Hz, the load impedance is 

4 + j 3Q . The commutation overlap and thyristor tum 

off time limit the firing angle delay (a) in the in version 

mode to 165°. Compute ( i) peak value of rms output 

voltage, (ii) rms output current, and (iii) output 

power. 10 

7. (a ) Define firing angle of a converter. 4 

( b ) Derive an expression for average and rms voltages 

of m-pulse phase controlled converter. 16 

8. The speed of a 10kW, 230V, 1000rpmseparatelyexcited 
d.c. motor is controlled by means of two 3-phase full 
converters, one in the armature circuit and other in the field 
circuit and both are fed from 400 V, 50 Hz source. The 
armature and field resistances are 0·3 Q, and 300Q, 
respectively. With magnetic saturation neglected, the motor 
voltage constant is 1·1 V.s/ A.rad. The armature and field 
current are continuous and ripple-free. Determine the 
following: 

(a) Firing angle of the armature converter, if the field 
converter is operated at maximum field current and 
developed torque is 80 N.m at rated speed. 7 
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(b) Motor speed, if the field converter is set for maximum 

field current, the developed torque is 80 N .m, and the 

firing angle of the armature converter is 0° . 7 

( c I Firing angle of the field converter, if the speed is to 

be increased to 3000 rpm for the same load 

requirement in part (b). Neglect converter losses. 6 

Groupe 

9. Choose the correct a..11swer for the following: 

(i) A thyristor can be termed as 

(a ) d.c. switch. 

( b ) a. c. switch. 

( c ) either (a ) or ( b ) above. 

(d) square-wave switch. 

20x 1 

(ii) On-state voltage drop across a thyristor used in a 

220 V supply system is of the order of 

(a ) 100 - 11 0 V 

(b) 200- 220V 

(c) 1 to l·SV 

(d) O·StolV. 

(iii) While operating on variable frequency supplies, the 

a.c. motor requires variable voltage as well in order 

to 

(a ) protect the insulation. 

(b) avoid the effect of saturation. 

I c) improve the capabilities of the inverter. 

I d ) protect the thyristor from dv I dt. 

(iv) In d.c. chopper&, per unit ripple is maximum when 

duty cycle, k , is 

(a) 0·2 

(b) 0·5 

(c) 0·7 

(d) 0 ·9 

( v) The main switching element of a SMPS in the 

operating range of 20kHz to 100kHz is 

(a) SCR 

(b J urr 
(c) GTO. 

(d) MOSFET 

( vi) The main reason for connecting a pulse transformer 

at the output stage of a thyristor triggering circuit 

is to 

(a ) amplify the power of the triggering pulse. 

(b). provide electrical isolation. 

(c) reduce the tum on time of the thyristor. 

(d) avoid spurious triggetu~g of the thyristor due to 

noise. 

( vii) In case of an armature controlled separately excited 
d.c. motor drive with closed speed control, an inner 
control loop is useful because it 

(a ) limits the speed of the motor to a safe value. 

( b ) helps in improving the drive energy efficiency. 

( c ) limits the peak current of the motor to the 

permissible value. 

I d) reduces the steady state speed error. 
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( viii) Line commutation is used with converters. The 
forced commutation will be used with 

(a) converters. 

(b) inverters. 

{ c ) choppers. 

{d) both ( b ) and ( c ) above. 

(ix) Commutation overlap in the phase controlled a.c. 
to d.c. converter is due to 

(a ) load inductance 

( b ) harmonic content of load current 

(c) switching operation in the converter. 

( d) source inductance. 

(x) In d.c. choppers feeding highly inductive loads, the 
waveforms for input and output currents are 

(a ) discontinuous and continuous, respectively. 

(b) both continuous. 

(c) both discontinuous. 

(d) continuous and discontinuous, respectively. 

(xi) When a thyristor is negatively biased, 

(a ) all three junctions ~e negatively biased. 

(b) outer junctions are positively biased and inner 

junction is negatively biased. 

l c ) outer junctions are negatively biased and inner 

junction is positively biased. 

(d) junction near the anode is negatively biased and 

the one near the cathode is positively biased. 

( xii) Resonant converters are basically used to 

(a ) generate large peak voltage. 

(b) reduce switching losses. 

( c ) eliminate harmonics. 

(d) convert a square wave into a sine wave. 

( xiii) A voltage source inverter is normally employed 

when 

( a ) source inductance is large and load inductance 

is small. 

( b ) source inductance is small and load inductance 

is large. 

( c ) both source and load inductances are small. 

(d) both source and load inductances are large. 

( xiv) A single-phase voltage source square wave inverter 
feeds pure inductive load. The waveform of the load 

current will be 

(a ) sinusoidal 

( b ) . rectangular. 

( c ) trapezoidal. 

( d ) triangular. 

(xv) A 3-phase semi-converter feeds the armature of a 
separately excited d.c. motor, supplying a non-zero 
torque. For steady state operation, the motor 
armature current is found to drop to zero at certain 
instances of time. At such instances, the voltage 
assumes a value 

(a ) equal to the instantaneous value of the a.c. phase 

voltage. 
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S'12:3AN: EL412/422/432 (1470) 

POWER ELECTRONICS 

Time : Three hours 

Maximum Marks : 100 

Answer FIVE questions, taking ANY TWO from Group A, 
ANY TWO from Group B and ALL from Group C. 

All parts of a question (a, b, etc. ) should 
be answered at one place. 

Answer should be brief and to-the-point and be supplemented 
with neat sketches. Unnecessary long answers may 

result in loss of marks. 

Any missing or wrong data may be assumed suitably giving 
proper justification. 

Figures on the right-hand side margin indicate full marks. 

Group A 

1. What is power electronics? Give some applications of 
power electronics. What are the advantages and dis; 
advantages of power electronic circuits as compared with 
its electro-mechanical parts ? 4 + 6 + I 0 

2. A 220 V, 1.5 kW heater is energised from a 200 V, 50 Hz 

supply through a diode. Find the power absorbed by the 

heater element, average value of the load current, peak 

vaiue of the diode current, and input power factor. Derive 

the formula used . 20 

3. (a) Describe the working of a single-phase fully controlled 
bridge converter with resistive load. Explain how can 
it be operated in rectifier as well as inverter mode. 10 

(Turn Over) 
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(b) Ad iode, with an internal resistance of20 n, is to supply 

power to a resistive load l 000 0 from a 200 V supply. 

Calculate the (t) peak load current, (it) d.c.load current, 

(iii) d.c. diode voltage, and (iv) percentage regulation 

from no load to full load. 10 

4. (a) What is a d.c. chopper? Explain its principle of 

s. 

6. 

operation. Where is it normally employed ? 3 + 5 + 2 

(b) A d.c. chopper (ideal), fed from 200V supply, is 

connected to resistive load. The output voltage consists 

of rectangular pulses of 2 ms, with a chopping 

frequency of 200Hz. Calculate the (r) ripple factor, 

(it) average and rms values of output voltage, (iir) ams 

value of fundamental component of output voltage, 

(iv) a.c. ripple voltage, and (v) chopper efficiency, if 

the load being a resistance of 10 0. 5 x 2 

Group B 

(a) What is an inverter? List a few industrial applications 
of inverters. Explain its principle of operation with 
the aid of a diagram. 2 + 2 + 6 

(b) A single-phase full bridge inverter delivers power to a 
RLC load in series ( R = 1 n, roL = 2·0 0, and 
1/roC = 1.50) from 200 V d.c. source. The output 
voltage is controlled by single pulse modulation and 
the pulse width is 90°. Determine the magnitude rms 
values of fundamental (first), fifth and seventh harmonic 
components of the output (load) current. Also, determine 

the power delivered to the load. 

(a) What is a cycloconverter ? Give some of its industrial 
applications. 

10 

5 

S'I2:3AN: EL412/422/432(l470) ( 2 ) (Continued) 

(b) What do you mean by pulse width modulation? What 
are the advantages and disadvantages of this method ? 5 

(c) A lhcee-phase to single-phase cycloconverter employs 
a 6-pulse bridge circuit. This circuit is fed from 400 V, 
50 Hz supply through a delta/star transformer, whose 
turns ratio per phase is 3 : 1. For an output frequency 
of 2Hz, the load impedance is 4 + j 3 n. The 
commutation overlap and thyristor tum-off time limit 
the fuing angle delay (a) in the inversion mode to 165°. 
Compute the (r) peak value of rms output voltage, 
(il) rms output current, and (iii) output power. 10 

7. (a) Define firing angle of a converter. 4 

(b) Derive an expression for average and rms voltages 
of m-pulse phase-controlled converter. 16 

8. The speed of a 12 kW, 220 V, 1000 rpm d.c. series motor is 
controlled using a single-phase half controlled bridge 
converter. The combined armature and field resistance is 
0· 2 Cl. Assuming continuous and ripple-free motor current 
and speed of 1000 rpm and k = 0·03 N .rnl N, determine 
motor current and motor torque for a firing angle a= 30°. 
The supply voltage is 250 V, 50 Hz. Derive the formula 
used. 20 

9. 

Group C 

Choose the correct answer for the following : 

( i) A thyristor can be termed as 

(a) d.c. switch. 

(b) a.c. switch. 

(c) either (a) or (b) above. 

(d) square-wave switch. 

S'I2:3AN: EL412/422/432(1470) ( 3 ) 
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( ii) On-state voltage drop across a thyristor used in a 220 V 
supply system is of the order of 

(a) 100- llO V 

(b) 200-220 v 
(c) ltol·SV 

(d) 0·5 to IV 

(iii) While operating on variable frequency supplies, the 
a.c. motor requires variable voltage as well in order to 

(a) protect the insulation. 

(b) avoid the effect of saturation. 

(c) improve the capabilities ofthe inverter. 

(d) protect the thyristor from dvldt. 

( iv) In d.c. choppers, per unit ripple is maximum when duty 
cycle k is 

(a) 0·2 

(b) 0·5 

(c) 0·7 

(d) 0·9 

( v} The main switching element of a SMPS in the operating 
range of 20 kHz to 100 kHz is 

(a) SCR 

(b) UJT 

(c) GTO 

(d) MOSFET 

(vi) The main reason for connecting a pulse transformer 

at the output stage of a thyristor triggering circuit is to 

(a) amplify the power of the triggering pulse. 

)'I2:3AN: EL412/422/432(1470) ( 4 ) (Continued) 

(b) provide electrical isolation. 

(c) reduce the turn on time of the thyristor. 
(d) avoid spurious triggering of the thyristor due to 

noise. 

(vii) In case of an armature controlled separately excited 
d.c. motor drive with closed speed control, an inner 
control loop is useful because it 

(a) limits the speed ofthe motor to a safe value. 
(b) helps in improving the drive energy efficiency. 
(c) limits the peak current of the motor to the 

permissible value. 
(d) reduces the steady state speed error .. 

(viii) Line commutation is used with converters. The forced 
commutation will be used with 
(a) converters. 
(b) inverters. 
(c) choppers. 
(d) both (b) and (c) above. 

(ix) Commutation overlap in the phase controlled a.c. to 
d.c. converter is due to 

(a) loadinductance. 
(b) harmonic content of load current. 
(c) switching operation in the converter. 
(d) source inductance. 

(x) In d.c. choppers feeding highly inductive loads, wave 
forms for input and output currents are 

(a) discontinuous and continuous, respectively. 

(b) both continuous. 

(c) both discontinuous. 

(d) continuous and discontinuous, respectively. 

S'12:3AN: EL412/422/432(1470) ( 5 ) (Turn Over) 



33

(xi) When a thyristor is negatively biased, 

(a) :alhhree jJ.mCtions are negatively biased. 

(b) <Mer junctimtsar.e posi:tndy ~ and itmer 

junction is negatively biased. 

(c) outer junctions are negatively biased and inner 

junction is positively biased. 

(d) the junction near the aswde is negatively biased 

and the one near the cathode is positively biased. 

(xii) Resonant converters are basically used to 

(a) generate large peak voltage. 

(b) reduce switching losses. 

(c) eliminate harmonics. 

(d) convert a square wave into a sine wave. 

(xiil) A voltage source inverter is normally employed when 

(a) source inductance is large and load inductance 

is small. 

(b) source inductance is small and load inductance 

is large. 

(c) both source and load inductances are small. 

(d) both source and load inductances are large. 

(xiv) A single-phase voltage source square wave inverter 

feeds pure inductive load. The waveform of the load 
current will be 

(a) sinusoidal. 

(b) rectangular. 

(c) trapezoidal. 

(d) triangular. 

5'12:3AN:EL412/422/432(1470) ( 6) ( Continued) 

(xv) A 3-phase semi-converter feeds the armature of a 

separately excited d.c. motor supplying a non-zero 
torque. For steady state operation, the motor armature 
current is found to drop to zero at certain instances 
of time. At such instances, the voltage assumes a 
value 

(a) equalto the instantaneous value of the a.c. phase 

voltage. 

(b) equal to the instantaneous value of the motor 

back emf. 

(c) arbitrary. 

(d) zero. 

(xvi) A thyristorised, 3-phase, fully controlled converter 

feeds a d.c. load that draws a constant current. Then 

the input a. c. line to the converter has 

(a) an rms value equal to the d.c. load current. 

(b) an average value equal to the d.c. load current. 

(c) a peak value equal to the d.c. load current. 

(d) a fundamental frequency component, whose rms 

value equal to the d.c. load current. 

(xvii) Triangular PWM control, when applied to a 3-phase 

BIT based voltage source inverter, introduces 

(a) low order harmonic voltages on the a.c. side. 

(b) very high order harmonic voltages on the d.c. 

side. 

(c) very high order harmonic voltages on the a.c. side. 

(d) low order harmonic voltages on the d.c. side. 

S'12:3AN: EL412/422/432(1470) ( 7 ) (Turn Over) 
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(xviii) In a 3-phase controlled bridge rectifier, with an 

increase of overlap angle, the output d.c. voltage 

(a) decreases. 

(b) iocreases. 

(c) does .not change. 

(d) depends upon load inductance. 

(xix) Which semiconductor power device, out of the 

following, is not a current triggered device ? 

(a) Thyristor 

(b) GTO 

(c) Triac 

(d) MOSFET 

(xx) Which one of the following does not cause permanent 

damage of an SCR ? 

(a) High current 

(b) High rate of rise of current 

(c) High temperature rise 

(d) High rate of rise ofvoltage. 

S'l2:3AN: EL412/422/432(1470) ( 8 ) AG-900 
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W' 13: 3AN: EL412/422/432(1470) 

POWER ELECTRONICS 

Time : Three hours 

Maximum Marks : 100 

Answer FIVE questions, taking ANY TWO from Group A, 
ANY TWO from Group B and ALL from Group C. 

All parts of a question ( a, b, etc.) should 
be answered at one place. 

Answer should be brief and to-the-point and be supplemented 
with neat sketches. Unnecessary long answers may 

result in loss_ of marks. 

Any missing or wrong data may be assumed suitably giving 
proper justification. 

Figures on the right-hand side margin indicate full marks. 

Group A 

L (a) Discuss briefly the voltage commutation and 
current commutation techniques used for the 
commutation of thyristors. 5 

(b) Design various elements of an UJT relaxation 
oscillator, given the following data for the UJT: 
vr = 24 V, Ip = 48 J..l.A, vv = 0·75, IV= 5·1 rnA, 
11- 0·72, ~B = 6·5 kO, and RB(con) = 60 n. Also, 
compute pulse height obtained as per the design and 
maximum frequency range. 6 

(c) Explain the difference in construction of power 
MOSFET as compared to a conventional MOSFET. 4 

(d) Comment on the statement: 'When subjected to standby 
increasing overvoltages, the thyristor needs over-
current protection but not overvoltage protection'. 5 
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2. 

3. 

(a) The circuit shown in Fig. 1 is used to determine 
(dildt) and (dvldt) ratings of the thyristor. max max 
Resistance Rv is increased in steps and the switch, s ... , 
is closed to trigger the thyristor. In this process, at a 
value of Rv = 1·2 0, the thyristor gets triggered. 

Determine the value of (di!dt) and (dv/dt) . mu max 
Given: E= 120V,L = 10 )iH, VC(o) =OV andJloo= 180. 

L 

E-=-
c 

Fig. I 

(b) Compare and contrast the features of IGBT with those 

6 

of power transistor. 4 

(c) Explain the turn-off and tum-on processes of a GTO 
with the help of two transistor analogy. 5 

(d) Explain the difference in construction and operation of 
an inverter grade thyristor over a conventional one. 5 

(a) Explain the fo11owing thermal ratings of thyristors: 
(i) Junction temperature, and (ii) transient thermal 
resistance. 3 + 3 

(b) The IGBT used in the circuit of Fig. 2 has the 

following data: t0 n = 3 J..!S, 1.,1f= 1·2 J.lS, D = 0·7 (duty 

cycle), VeE > = 2 V, and f. = 1 kHz. Calculate 
(s~ s 

(i) average load current, (ii) conduction power Joss, 
and (iii) switching power loss during turn-on and 
tum-off. 

+ 
+ vee= 200 v 

• 
G 

Fig.2 

6 

(c) With the help ?fa structure diagram and equivalent 
circuit, explain the behaviour of aMOS-controlled SCR. 4 

(d) Explain the principle of operation of emitter-turn-off 
thyristor (ETO). 4 

4. (a) On the basis of 'four-quadrant' operation and 
configuration, explain the working of a de-de chopper. 6 

(b) A 250 V, 105 A, separately excited d.c. motor 
operating at 600 rpm has an armature resistance 
of 0·18 Q. Its speed is controlled by a two-quadrant 
chopper with a chopping frequency of 550Hz. 
Computethe(z) speed for motor operation with a duty 
ratio of 0·5 at 7/8 times the rated torque, and (ii) '!or 
speed. if it regenerates at 8 = 0·7 with rated unit. 

(c) Explain time ratio control (TRC) and current limit 
control !>trategies employed for d.c. choppers. Also, 
enumerate applications and limitations of individual 
strategies. 

8 

6 
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5. 

6. 

Group B 

(a) Explain, with the help of a neat power diagram and 
associated waveforms, the operation of a single-phase 
half-controlled converter with inductive load. 6 

(b) Explain the effect offree-wheeling diode in a half
controlled converter with a resistive-inductive (series 
combination) load, and justify that the diode improves 
the power factor of the converter. 6 

(c) A single-phase half-controlled converter is operated 
from a 120 V, 50 cps supply load resis1ance is of 10 Q. 

Ifthe average output voltage is 25 percent of the 
maximum possible average output voltage, determine 
(i) firing angle, (ii) rms and average output currents, 
and (iii) average and rrns SCR currents. 8 

(a) Draw and explain the operation of a speed-control of 
a d.c. series motor by a single-phase full converter for 
continuous motor control. Draw a neat circuit diagram 
aiong with associated voitage and current waveforms. 6 

(b) A separately excited d.c. motor is fed from a 230 V, 
50 cps, single-phase supply, half-controlled bridge 
rectifier. The d.c. motor parameters are given as 
armature resistance and inductance, respectively o~3 Q 

and 0·06 H, voltage constant is 0·9 VIA rad/sec and 
field resistance is l 04 n. The field current is also . 
controlled· by a semiconverter and is set to the 
maximum possible value. Load torque TL = 50Nm 
at 800 rpm. C~mpute the (i) field current, lr (ii) firing 
angle of the converter in the armature circuit, and 
(iii) input powerfactorofthearmature circuit converter. 
The inductance of the armature and field circuits ate 

sufficient enough to make the armature and field 
cun:ents continuous and ripple-free also. 9 

7. 

8. 

9. 

(c) Explain various schemes of d. c. motor speed control 
with their specific applications and limitations. 5 

(a) Explain the inductionmotor(slipring)speedcontrol 

using GTO as a chopper switch, and show that 

fundamental rotor current (/r) is given by an 

expression (3ht)/rms). 6 

(b) Explain the operation of switched reluctances motor 
(SRM). Also, list their advantages that have 
sparked interest in its use as an adjustable-speed drive. 8 

(c) Discuss the speed-torque curves for a chopper-
controlled induction motor. 6 

(a) With the help of a neat circuit diagram and associated 
waveforms, explain the operation of single-phase-full 
bridge MOSFET based voltage source inverter watt-
resistive load. 6 

(b) A single-phase fl.I!!-bridge inverter is operated-from a 

48 V battery and is supplying power to a pure-resistive 

load of 10 Q. Determine the (z) fundamental output 

voltage and first five harmonics, (il) Output rms power 

and output fundamental power, and (iii) transistor_, 

switch iating. 

(c) Explain why a PWM inverter is superior to a square
-wave inverter. 

Group C 

8 

6 

Choose the correct answer for the following : lOx 2 

( i) If the latching current in the circuit shown in fig. 3 is 
4 rnA, the minimum width of the gating pulse required 

to turn-on SCR properly will be 
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+ 
lOOV 

(a) 4 J.lS 

(b) 4·4 JLS 
(c) 0·4 J.1S 

(d) 40 J.lS 

Fig.3 

( ii) If three-phase, six pulse bridge circuit is having input 

voltage of 415 V for given voltage safety factor of 
2.1, the peak-inverse voltage (PIV) of the thyristor 
(connected to the bridge) is given by 

(a) 123·249 V 

(b) 1232·49V 

(c) 12·32 V 

(d) 1·232 v 

(iii) ~e forward voltage-drop across the SCR during ON 
state is'ofthe order of 

(a)10Vto15V 

(b) 100 V to 150 V 

(c) I V to 1·5 V 

(d) 0·1 V to 0·15' V 

(iv) Two-quadrant chopper provides flexibility for the d.c. 
motor to operate in 

(a) motoring mode only. 

(b) regenerative mode only. 

(c) both motoring as well as regenerative mode. 

(d) breaking mode only. 

( v) Owing to the reverse LC-oscillatory current stops the 
conduction of the SC~ the modified parallel resonant 
tum-off circuit ~omes under the category of 

(a) current-commutated chopper. 

(b) voltage-commutated chopper. 

(c) load commutated chopper. 

(d) frequency commutated chopper. 

(vi) The output power of a single-phase chopper with a 
resistive load is characterized by power factor given 
by 

(a) V1d(rms/V. 

(b) [J2 ~d(rms)]/Vm . 

(c) [~d(IDisJf .J2 V m 

(d) ~2V.d(rms) / V m 

where vld(llDS) = half-cycle r.m.s. value. 

(vii) Three-phase a.c. choppers (controllers) of category 
B consists of 

(a) 3cjt, A. connection with a neutral. · 

(b) 3cjt, A..connection with ari isolated neutral. 

(c) ·34>, A connection with load in series 

(d) 34>, v connection with load in parallel, keeping 
an a.c. chopper on load side. 
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S'14:3AN:EL412/422/432 {1470) 

POWER ELECTRONICS 

Time : Three hours 

Maximum Marks : 100 

Answer FIVE questions, taking ANY TWO from Group A, 
ANY TWO from Group B and ALL from Group C. 

All parts of a question ( a,b,etc.) should 
be ansn'eied at one place. 

Answer should be brief and to-the-point and be supplemented 
with neat sketches. Unnecessary long answers may 

result in loss of marks. 

Any missing or wrong data may be assumed suitably giving 
proper justification. 

Figures on the right-hand side margin indicate full marks. 

Group A 

1. (a) Explain the working of thyristor using two transistor 
analogy. 5 

(b) Define transformer utilization factor (TUF). Determine 
TUF for a single-phase center-tap rectifier. Also, state 
assumptions. 

(c) A semiconductor device dissipates 60 W. The 
maximum case temperature is 95 oc and the ambient 
temperature is 60°C. The thermal-resistance between 
case and sink is 0· 2 °C/W. Find sink to ambient thermal 

5 

resistance. 5 

(d) What is a step-up chopper? Derive an expression for 
output voltage. 5 
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2. (a) Compare BJT and MOSFET as switching devices. 5 
Group B 

3 

(b) What is a buck-converter? Derive an expression for 
output voltage. Assume steady-state conditions and 
time-ratio control. 

(c) A full-wave bridge-rectifier is fed with 6V/50 Hz 
supply. Load-resistance is 0·2 n. Calculate output 
voltage and current for the following cases: (i) Ideal 
diode and (ii) practi-cal diode with Vc == 1 V. 

(d) What is a UJT relaxation oscillator? Derive an 
expression for frequency of oscillations. 

(a) Compare linear and switching-mode regulators. 

(b) Define peak-point voltage, VP, and valley voltage V •. 

5. (a) Distinguish between fully-controlled and semi
controlled converters. Give typical applicatiom, 

5 (b) For a I cjl half-wave controlled bridge converter, with 
R-L load, derive an expression tor output vn!tage. 
Assume load current is continuous. 

(c) A single-phase full bridge inverter has a resistive load 
5 of 10 ohm. The input d.c. voltage is 220 V. Detr.:1min:,~ 

(i) r.m.s. output voltage at the fundamental frequency, 
(ii) RMS output voltage WJ.d (iii) output power. 

5 

5 

5 

5 

5 
(d) Explain in brief the operation of a single-phase to single

phase step-down cycloconverter. Assume resistive load. 5 

6. (a) Distinguish between voltage source and current source 
How is peak-point voltage stabilized? 5 inverters. 5 

(c) Define power-factor in non-linear circuits. State (b) Compare on-line and off-line UPS. Briefly describe an 

problems arising due to poor power-factor. 5 on-line UPS. 5 

(d) Define di/dt rating of a switching device. Suggest 
scheme to limit it. 5 

4. (a) uenne thermal-resistance and thermal-capacity·. 

(c) A single-phase half-controlled rectifier is driving a 
separately excited d.c. motor. The d.c. motor has back 
e.m.f. constant of 0.25 V /rpm. The armature current is 
5 A without any rippie. The armature resistance is 2 n. 
The converter is operating from a single-phase 230 V 
a.c. source with firing angle of 30°. Determine the 

Compare semiconductor devices and electrical 
machines for above thermal parameters. 5 

(b) Briefly explain the working of a voltage commutated 
chopper. 5 

(c) Compare SCR and GTO. 5 

(d) Following data is available for a power diode: (i) Cut-in 
voltage= 1 V, I,., = 0, ( ii) forward-voltage drop= 1 · 5 V, 
I,.,= 50A. Determine (i) forward-resistance, (ii) forward 
voltage at 25 A and (iii) power dissipation at 25 A. 5 

speed of motor. 5 

(d) What is a step-up cycloconverter? Briefly explain the 
operation of a single-phase bridge type step-up 
cycloconverter. Assume resistive load. 5 

7. (a) Define rectification and inversion mode m 
controlled rectifiers. Suggest application of inversion 
mode. 5 
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(h) What are inverter requirements for driving an induction 
motor? 5 

(c) Write a note on harmonic reduction in single-phase to 
single-phase cycloconverters. 5 

(d) Calculate tiring angles tix a three-phase half-controlled 
and full-controlled bridge converters when they 
supply half of their maximum voltage. 5 

8. (a) For a three-phase fully controlled bridge converter, 
derive an expression for output voltage with resistive 

9. 

load. Assume continuous current condition. 5 

(h) An a.c induction motor is driven from an inverter with 
constant V /f control. Its ratings are : No. of poles = 2, 
supply voltage= 4 I 5 V, 3-phase/50 Hz, N = 2850 r.p.m. 
The motor is run with the inverter output frequency set 
at 40Hz and with half the rated slip. Determine the 
running speed of motor. 5 

(c) Define circulating currents in dual converters. Briefly 
explain the operation of a non-circulating type of dual 
converter. 

(d) Write a note on HVDC system. 

5 

5 

Group C 

Answer the following in brief: 10 X 2 

(i) Forthewaveshape shown in Fig. I, the value of first odd 
harmonic is given by 

+ 12 

-l2 Fig. 1 

(a) (4/7t)J
2 

(b) (4/rr.)(l/5) 

(c) (2/rr.)(l/3) 

(d) (4/rr.)(l/3) 

(ii) Figure 2 shows, a composite switch consisting of a power 
transistor in series w"ith a diode. Assuming that transistor 
and diode are ideal, the composite VI characteristics is 
given by 

v 

! 
Fig. 2 

(a) 

(b) 

(c) 

(d) 
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(iii) For the circuit shown in Fig. 3, the inductor is pure 
(lossless). The diode conducts for 

(a) 90° 

(b) 180° 

(c) 270° 

(d) 360° 

L 

(iv) A P-N junction diode in series with 50 resistor is 
fo~ard-biased so that a current of20 A flows. If the 
voltage across combination is reversed to -100 Vat 
t = 0, the reverse-current that flows through the diode 
at t = 0 is 

(a) OA 

(b) 20 A 

(c) 40A 

(d) 10 A 

(v) A single-phase full-wave bridge converter supplies a 
load drawing constant and ripple-free load current. If 
the trigger angle is 3 0°, then the input power factor is 
given by 

(a) 0·65 

(b) 0·78 

(c) 0·85 

(d) 0·866 

(vi) Figure 4 shows a chopper operating from a 100 V d.c. 
input. The duty ratio is 0.8. The load is sufficiently 
inductive. The average current through the diode 
D

1 
is 

1 
IOOV 

(a) 13.2 A 

(b) 12.8 A 

(c) 16 A 

(d) 20 A 

5n 

Fig.4 

(vii) A MOSFET rated for 20 A carries a periodic-current 
as shown in Fig. 5. The MOSFET resistance is 
0·1 ohm. The average ON-state loss in MOSFET is 

. (a) 19·6 W 

(b) 10 w 
(c) 5 W 

(d) 2·5 w 

ID 
1t 21t 

Fi_g. 5 

(viii) A periodic waveform observed on an oscilloscope 
across a load is shown Fig.6 A permanent magnet 
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I 4 70)

fime : Three hours

Mafimam Marks z 100

Ansver FlvE questions, taking ANY fwo from Group A,
exvrwofom Group B and tttlrom Group C.

All parts of a question (a,b,etc.) should
be answered at one place.

Answer shoald be briel and to-the-point and be supplemented
with neat sketches. Unnecessary long answers mety

result in loss of marks.

Any missing or wrong data may be assumed suitobly giving
proper justification.

Figures on the right-hand side margin indicate full marks.

Group A

,, :;, 1,', (a) WhatisaSchottlqFdiode?Giveisapplications. 4
.1 

'1

, ' , (D) A semiconductoi device dissipates' 50 W. The

: . ." ma:rimum case temperature is 90 "C and the ambient
, t-; ^ temperature is 60'C. The therrral resistance between

case and sink is 0-2 'CAf. Find sink to ambient themal
resistance. 4

:, (c) Deffurcanddistinguishlinearandswirchingregulalors. 4

(d) What is GTO ? Explain its operation and givetypical
applicatims 8

2. {a} Compare MOSFET and BJT as poner arvrtching
devi**e. 4

( Turn Over I
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(D) E:rplain the working ofthyristor using two transistor
analory"

(c) Foltowing data is available for a power diode :

Cut in voltage = I V with.|= 0 and forward voltage
drop of i"5V at forwardcurrent.Ir=40A.Assume
Iinearmodel.

tletennine (l) forwarcl resistance at Ir:20A and
(ir) power dissipation at Ir= 20 A.

(d) F'or the buck-t;pe switching regulator, determine an
expression for output voltage and critical-inductance.
Assume that ideal components are used.

(a) What is a steprup chopper ? Derive an er<pression for
output voltage assuming resistive load. What happens
if a large capacitor is connected acmss the load ?

{&) Give gatedrive requirements of SCR. Describe a

Spical circuit for inductive load"

(c) Derive an expression forouetrtvoltage ofahalf-wave
rectifierwith R-L load.

(d) For the UJT circuit shown in Fig. I , find the frequency
ofoscilldion

+24Y

l0 ko

0.1 uF

(a) For a threflmsc full-wave hidga rectifi€r circuit, draw

input and ouput voltagc waveforms for resistive load.

Also, derive an expression for ouput d.c. voltage.

(D) Defineandcompore nahral and forced cornmutation

ofthyristors.

(c) Explain the operation of line synchronized UJT
occilldr.

Group B

5. (a) Define rectification and inversion mode operation in
single-phase full wave cmtolled rcctifier with R-L load-

(D) Compare s€mi{offi,olledand ftlly-controlledrectifiers.

(c) E:cplain vfcontrol ofa single-phase induction-motor.
Alrc, give practical scheme.

(d) A single-phase 230 V, I kW heater is connected across

a 230 Y I 50 \:lz a.c. supply. Calculate load resistor and

find power absorbed for firing angle of 30". Assume

single-phase a.c. voltage conholleris used. 4

6. (a) Briefly erylain continuous and discontinuous mode of
operation ofa three-phase thyristor bridge converter

for continuous mode ofoperation. Derive an exp,rcssion

foroutputvoltage. 6+4

(r) What is an integral cyclobased a-c. voltags rcgulator ?

Derivc an expression for ougutvoltage. 5

(c) A single-frha.se bridgc inverkr has a load resistance
*I of 5 fl nnrl d.c. input voltage of 100 V Determins

r"nr.s. t'utput volta8a and r.m.s. value of furi.ramental

4"

3.

4

4

Fig.l

S'16:3A}{:EL4W4U$?/.147O) { 2 \

.;rr.ri:,lpar-"'x;;*lt

$'l{::iAFi:ti:{"{}?rl'i1,}rl,ii?t}4?U) ( 3 }

5

i ftu'x Aver )(Continu*dl

AMIE Study Material & Admission Packages AMIE(I) Study Circle, Roorkee www.amiestudycircle.com

58



7. (a) What is a dual-converter ? For simultsneous operation
of single-phase dual converter, find the relationship
between firing angles cr, and or. 5

(&) Compare voltage-source and current-source inverters. 5

(c) Writeanoteon l2-phasecontrolled converter gving
tpicalapplications 5

(d) A single-phase fully-controlled bridgc converter

supplies a load drawing a constant and ripple-free load

current lfthe triggering angle is 60o, then d etermine
the inputpoverfactor. . 5

(a) Write a notc on IIVDC system. 4

(D) What is a cycloconverter ? Describc tre ope,ration of a

three-phase to single-phase gycloconvertcr. 8

(c) A single-phase fully*ontrollcd bridge.converter is
connected to R-LE load. The supply voltage is
230V/50I'taThe.average load currcrrt of l0A is
continuous overtherange. Forr= 0'6 Q and.f,=2 mII,
calculate firi.ng{ggleforE= 120V. ' 4

' "1

(d) Compare ac. g4d d.c. drives. 4.

r,.G.mup C
': 

"i,Choosethe conect aunswrr forthe following: l0 xZ

(0 If a power-conv.€rter efEcieocy is Wo, the,t the
converter loss power as percelrtage of ouQutporver is
equalto

(a) lff/o

(c)t llo/o

(rfi None of the three above

(r, A pow€r transmission syst€,m traosmits 'p'W and
works cvoltageV and has powcr dissipation as pa.

If&e trmsmission voltage is doubleq th€o powerloss
fortbs same transmittcd power is

(a)2 p,
(b) 4 p,
(c) pJ2
(O pJ+

(rr0 orrccathyristorisnrqedon, it remains so until the
anode cuneirt dlops below

(a) tiggprpoint
(D) breakoverpoint
(c) holding curreirt value.

(d) thrcSoldvalue.

(tv) In thc circuit shoum in Fig.z, switch is initialty in
position I from t= 0 to t : To.The switch is ttrownto
positim 2 d time t : To. Find the current through the
diodeattime t:Tu.

l00v

(a) l0A
(D) 0A
(c) -20A
(o20 A

(v) The fiNe mst€rial used in electrical lines must have
nrhich one ofthe followingpro,perties ?

(a) Idighresistivity

8.

9. Fte.2

S'16:3Atl;EL4lY4nJ$U147$\ ( 4 l (Cot ttffisdl ( Tzrn&lerl
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-
(6) Inwconductivity

(c) Hiehmettingpoint

(d) Irwmeltingpoint

(ul) In the circuit shown in Fig. 3, the diode connects the
sc. source to e pur€ inductor ^L. The diode conducts
for

(ir) In a d.c. chopper, the waveforms of input and output
voltages are respoctively

(a) discontinuous and cmtinuous.

(D) bottcontinuous.

(c) highly discontimlous.

(d) continuous and discontinuols

(x) a.c. voltage regulators are widely used as

(a) traction driver.

(D) fan driver"

(c) rynchronous motor drive.

(d) slip.power recovery scheme ofslip-ring induction
motor.

I (purc inductor)

Fig.3

(a) 9D"

(D) 180"

(c) 27O'

(o360"

(vl| The ener5/capacity of bafery is ratd in

(a) kwh

(r) kw
(c) A-hr

(d) Joile

(vir) The advantage ofcycloconverter is

(a) very good power factor.

(&) requires few nurnber ofthyristors.

(c) commutntion failure rloes not short-cirpuit the
souxlce.

(d) k*a;d coxnr,nrlrl*tic,m is. purssible.

$'t6:Srrjql:Htr 4n?J42?1413ryt4?ts) { 5 .r {CoNinued} S'16:3AN:Et4l?422.43i:,(14?il; i i ',{1""' 1?.{}0
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