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. 2 Explain how a transistor can be used as a static switch. Describe a base current signal

ey
<

generating circuit using an opto-coupler, ' [8]
-~ 1) Figure 1.b shows afull wave rectifier circuil used to change a 12V battery througha 2°
ohm resisior. . (8]
& 4 .
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(i) Draw the waveform of output voltage Vy and charging current io.
(ii) Calculate the average and rms value of charging current.
(iiiyPower supplied to the battery.
(iv)Power output fromp the rectifier.
(v) Efficiency of the charging sytem.
2. a) Explain the operation of single phase half wave rectification using thyristor with
resistive load. Draw the waveform of cutput voliage and the voltage appearing across
the thyristor. Derive the expression for RMS value of output voltage. [8]

b) Explain the operation of a three phase single way . controlled rectifier circuit with
" highly indictive load. Derive the expression for average value of the output voltage.

Draw the wave form of output voltage for firingle of 60°. 8]
3. &) Explain the principle of step up de chopper and deduce the expression for average
outpui voltage. 181

b) A step down dc chopper has a 20 ohm resistor load and input voltage 220V, When the
converter switch is ON, its voliage drop in chopper switch is 1V and the chopper
frequency is 2KHz. If the duty cycle is 0.8, calculate: i8]

(i} Average value of the output voltage
(ii) Efficiency of choper circuit



- Explain the operatmn of single phase ac voltage controller wzth resistive load. If the

input voltage is 220V, 50Hz, calcuiate the rms value of output voltage for ﬁnng ang!e
of 90°.

~ In which circumstance, HVDC transmission line has advantages over the HVAC
transmission line? Prove that a HVDC line with two conductors | {tansmit same .

amount of power as transmitted by HVAC line with three conductors of same sxze

- What type of power electronic converter is used in HVDC line and why?

Explain the operation of a three phase Sinusoid PWM inverter with neat circuit
diagram and associated waveforms. How smtchzng mstants for inverter sthch pair of
a phase are determined.

- Figure 5 shows the waveform of output voltage (per phase) of thrée p’*xass inverter.
Calculate RMS value and peak value of fundamental component of the {mtput‘

voltage.
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v Candidates are required to give their answers in their own words as far as practicable.

v’ Attempt Al questions.
v’ All questions carry eqial marks.
v’ Assume suitable data if necessary.

1. a) Explain how a transistor can be used as static switch. Also explain base signal
generating circuit for transistor switch.

, '\'b) For the circuit shown in below:
i) Calculate the maximum value of di/dt and dv/dt of the SCR
ii) Find the RMS and average current rating of SCR for firing angle delays of 90°

109#‘ 0.15 pF
‘ i r\m 15 mH
™ STEO
SCR
"2.230sin314t @ 250

2. a) In figure below shows a full-wave rectifier circuit used to charge at 12 'V battery

through a 2 Q resistor.
S T ~
YL
A R
vs=15v {1V Vo R=2 ohm
° ) A l Tjr"Eb=12V
/N Z& .
e |
Calculate:

i) Average value of charging current

ii) Power supplied to the battery

iii) Gross output power from rectifier

iv) Additional resistance to be connected in series with 2 € resistors to limit the
average value of charging current to 0.5 amp.

b) Explain the operation of three-phase single way-controlled rectifier circuit with
necessary waveforms. Also derive the expression for average value of the output

voltage.




Detennihe the average value of output voltage and the fundamental component of the
load current of step down chopper having input voltage of 220V DC, load resistance
20 Q and duty cycle of 45% Given: chopping frequency of chopper is 1 kHz.

Explain the operation of single PWM techniques for inverter control and therefore
determine the rms value of output voltage.

Explain the operation of a single phase current source inverter with ac motor as load.

In figure below shows the wavefo)rm of output voltage (per phase) of three phase
inverter. Calculate RMS value and fundamental component of the output voltage.

Vo
4

I

" 400V

200V

¢ e 1 18

With mathematical aid, explain how full converters can be used for reverse power

" flow in bipolar link of HVDC transmission.

b)

Explain the operation ofac voltage controller and its application in electronic load
controller for Micro-Hydré power plant.
’ sk
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Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions.

All questions carry equal marks.

Assume suitable data if necessary. -

a)
b)

2)

Explaining the reverse recovery characteristics of diode.

Explain the V-I characteristics of a power thyristor. How an opto-coupler can be used
to isolate the gate signal generator and power circuit.

Explain the operation of three phase single way controlled rectifier with highly
inductive load. Derive the expression of average and RMS value of output voltage.
Draw the waveforms of output voltage for o = 30° and calculate average value of
output voltage.

Explain the operation of a single phase AC voltage controller. Derive the expression
for RMS value of the output voltage as the function of firing angle.

Explain class C and class E dc chopper.
Explain the operating principle of step up dc to dc chopper.

With the help of suitable circuit diagram, explain the operation of six steps three
phase inverter. And also draw the output waveforms of instantaneous phase and line .

- voltage for star connected load.

Explain the operation of a three phase sinusoidal PWM inverter with neat circuit
diagram and waveforms.

Explain Bridge configuration of single phase cyclo converter with necessary circuit
diagram, waveform. Also tabulate the conduction sequence. :

Why HVDC transmission is preferred over HVAC transmission for transport of large
power over long distance? Perform mathematical expression and make companson
between HVDC and HVAC transmission.
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a)

b

_L,']

b).

Explain the V-I characteristic of a thyristor. Also explain a thyristor firing circuit.

For a circuit shown in figure below, Draw the wave forms of each diodes and thyristor
also derive the expression of average and RMS value of output voltage as the function
of firing angle o.. Assuming load current is constant at 10A, calculate the magnitude
all phase of fundamental component of input AC current is.

Highly
1 Inductive
Load

Vs=230v
f=50Hz

Draw the circuit diagram and waveform of output voltage of a single phase full bridge
diode rectifier. The input ac voltage is 220V, 50 Hz. Calculate average value and
fundamental component of output voltage.

For the full-wave bridge rectifier circuit of Figure below, the ac source is. 120 V rms
at 50 Hz, R = 2 Ohm and Vdc = 80 V. Determine the power absorbed by the dc
voltage source and the power absorbed by the load resistor ‘R’.

The supply voltage of a step down chopper is 230V dc, load resistance is 10 ohms.
Take the voltage drop of 1V across chopper when it is ON. For a duty cycle of 0.4,
calculate the average and rms value of output voltage.

Draw the circuit diagram of Type-E four quadrant chopper and explain its operation
for all four quadrants.

Explain the operation of three phase sinusoidal Pulse width modulation inverter.

Explain the operating principle of single phase current source inverter with necessary
waveforms.

Explain the bridge configuration of single phase step-down cycloconverter with
necessary circuit diagram and waveform. Also tabulate the conduction sequence.

What are the differences between HVAC and HVDC transmission lines? Perform a
mathematical comparison between HVAC and HVDC lines.

Fok



11 TRIBHUVAN UNIVERSITY Exanm. R ol
INSTITUTE OF ENGINEERING  Level BE Full Marks | 80
Examination Control Division | Programme | BEL Pass Marks | 32 |
2074 Chaitra Year /Part | IV/I Time  [3hrs. |

Subject: - Power Electronics (EE701)

v" Candidates are required to give their answers in their own words as far as practicable.
V' Attempt All questions.

V' All questions carry equal marks.

v’ Assume suitable data if necessary.

1. a)
b)
2. a)

5

Explain the V-I characteristics of a thyristor. Also explain a thyristor firing circuit.
Explain the dv/dt protection and di/dt protection methods for a thyristor.

Draw the circuit diagram of single phase full converter with highly inductive load and
explain its operation. If the load current is constant at 15A, draw the waveform of
input as current and calculate the fundamental component of the input ac current.

A single phase fullwave rectifier charges a battery from a single phase supply of 230
V, 50 Hz. The battery has interval emf of 200 volt and its internal resistance is 0.5

ohm. Calculate:

i) Average value of charging current

ii) Power supplied to the battery

iii) Gross power output from the rectifier

iv) Additional resistance to be connected in se11es to reduce the charging current

-« by 30%
Explain the operation of stepup dc chopper.
Draw the circuit diagram of Type-E four quadrant chopper and explaln its operation

- for all four quadrants.

The given waveform in figure below is the output voltage and three phase inverter.

‘Calculate the fundamental component and 3™ harmonic component of the output
voltage.
\:,i-s\‘z
2p ]

b)

b)

The single phase ac controller has input voltage of 230V, 50Hz and the positive and
negative thyristors are triggered at an angle of 90° and 7+90° respectively. The series
RL load has R = 20 Q, L = 50mH then determine the rms value of load voltage and
load current.

Explain the operation of single phase cyclo-conterter. What are its applications?

Explain the series connection of two single phase full converter with necessary circuit
diagram and waveforms. How these series connected circuit can be operated in
rectification mode and inversion mode?
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1. a) Explain V-1 characteristics of a Thyristor and explain the meaning of latching current
and holding current. Describe a gate signal generating circuit for firing a Thyristor. £8]

b) Below figure shows a full-wave diode rectifier circuit used tovcharge a 24V battery
through a 5 ohm resistor. Calculate: : (8]

(i) Conduction period of charging current 70.
(ii)Average value of charging current io
(iii)Power supplied to the battery and gross power output from the rectifier

Yi,

{peS ohm |
Vi =30V {rms} 3 = Y
Som By e

o

(P — 4 T - T G- .

2. a) Figure shows below a full wave controlled rectifier with resistive load. The load
voltage is 230V, 50 Hz and it is operated at firing angle 45°. Draw the waveform of
output voltage, output current and ac input current. Calculate average value of output
voltage, output dc power and input power factor. (8]

|

(\)) Vs=220V,50 Hz

b) Explain the operation of symmetrical angle control method for power factor
improvement. Derive the expression for average and RMS value of the output voltage. 8]

3. a) Explain the operation of single phase inverter with ac motor as load. Derive the
equation for current drawn by the motor of positive half cycle and negative half cycle. [8]



b) Figure below shows a step down de chopper. If it is operated in variéble frequency
mode with ON time constant at 3msec. Calculate the OFF time for a duty cycle at
" 30% and average value of output voltage.

TN

[P S td
Vde =200V v OjR
-}

4. a) Explain the operation of a three-phase Sinusoidal PWM inverter with circuit diagram
and associated waveforms. How the switching instants of the switch pair of a phase

are determined.

b) The following figure below shows the waveform of the output voltage of a single
phase inverter with an inductive load of R =5 ohm and L = 10mH connected in series.
Calculate the magnitude and phase of fundamental component of the output voltage

and write down the time domain equation of the load current considering Fourier
series up to 5™ Order. . R | :
&

100V |

L

L
T = 0.02 sec |

5, a) A-single phase full 'wave ac voltage controller feeds a load of R = 10Q with an ac
" input voltage of 230V, 50Hz. Firing angle for both the thyristors is 45°. Calculate rms

value of output voltage, load current, input power- factor and average value of current
of thyristors. v '
b) Justify that the total power loss of HVDC transmission line is only 2/3 th of total

power loss in HVAC transmission line. Make assumption that the power loss per
conductor is same for both lines and also the transmission capacity of both lines are

same.
EE XS

18]

(8}

18]

(81

(8]




TRIBHUV AN UNIVERSITY

15 Exam.
INSTITUTE OF ENGINEERING Level BE Full Marks | 80
Fxamination Control Division | Programme | BEL Pass Marks | 32
’ 2072 Chaitra Year/Part | IV/I Time 3 hs.
Subject- - Power Electronics (EE701)
v Candidates are required to give their answers in their own words as far as practicable.

v Attempr All questions.
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v Assume suitable data if necessary.

1. a) Explain the V-I characteristics of a power thyristor and illustrate its application in
power circuit. How an opto-coupler can be used to isolate the gate signal generator
and power circuit? ' ‘ '

b) Explain the V-I characteristics of power transistor and illustrate how it can be used as
a static switch? : L

2. a) With the help of suitable circuit diagram and waveforms, explain the operation of

extinction angle control for power factor improvement in rectifier circuit. Derive the
 expression for average value and rms value of output voltage.
b) For the circuit shown in figure below, the battery voltage is E = 12 V. The average

b)

charging current should be 10A.
' =50

24V
50 Hz *

Calculate:

i. The conduction angle of the diode
ii) Power supplied to the battery

iii) Average value of charging current
iv) The rectifier efficiency

Describe the principle of step up chopper. Derive an expression for the average output
voltage in terms of input voltage and duty cycle.

Explain the operation of a three phase inverter for 180 degree conduction with neat
circuit diagram and waveforms. How the fundamental component of output (per
phase) voltage can be calculated?

Explain the operation of signal phase square wave inverter. Derive the expre_ésioﬁ for
ms value of output voltage and fundamental component of output voltage.
With the help of suitable circuit diagram and waveform, explain the operation of

single phase ac voltage controller using resistive load. Derive the expression for rms
value of output voltage.

Explain bridge configuration of single phase cycloconverter with necessary circuit
diagram, waveform. Also tabulate the conduction sequence.

Justify the statement "HVDC power transmission is only economical than HVAC
transmission if bulk amount of power has to be transmitted over a long distance". And
also justify that the power transmission capacity of HVDC and HVAC lines are equal.

K
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Candidates are required to give their answers in their own words as far as practicable.
Attempt ALl questions. -

The figures in the margin indicate Full Marks.

Assume suitable data if necessary.

a) Discuss a method of thyristor turn ON mechanism. Also explain about thyristor force.
commutation techniques.

b) Explain how a transistor can be used as a power swith.

a) Figure shows a single phase full converter circuit with highly inductive load so that
load current is constant and equal to 25 amp. Explain its operation for firing angle =
30°. Draw the waveforms of input voltage Vs, output voltage Vj and input current i,
Calculate the fundamental component of input current and Input power factor..

ot ’ ‘
LR R N
Vi

/\./> Vew2B0V,SaHZ Load

4,
s, g.o
[ l AT 2
j TRV IR o) SESPY -

" b) Yﬁ’bcplain the operation of three-phase single way rectifier with diode with neat circuit

diagram and waveforms. Derive the expression for average and rms values of the
output voltage.

a) Explain the operation of three phase AC to DC conversion using three Thyristors.
Draw the input and output voltage waveform and find average and rms value of
output voltage expression from the obtained waveform. Assume highly inductive
load. | o

b) Explain the operation of step up chopper. Derive the expression for the average and
rms value of output voltage. ~

a) Explain the operation of single phase PWM inverter. Derive the expression for rms
value of output voltage and also write down the output voltage in the form of Fourier
expression. ' :

b) With the help of suitable circuit diagram and waveform, explain the operation of
single phase cycloconverter. '

a) Explain the operation of ac voltage controller and its application in electronic load
controller for micro hydro plant.

b) Explain the series connection of two single phase full converter with necessary circuit
diagram and waveforms. How these seties connected circuit can be operated in
rectification mode and inversion mode?

A
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a) Draw a snubber circuit for an SCR. How does it provide dv/dt protection?

—

b) Explain how a BJT can be used as a switch in power circuit.

2. a) The average value of output voltage of single phase full converter with 4 GTO
switches is controlled by extinction angle control method. The load current is constant
and equal to 20Amp due to highly inductive load. For the extinction angle of 30°,
draw the waveforms of load voltage, load current and input ac current. Also find RMS
value of output voltage, magnitude and phase of fundamental component of the input

ac current.
Is
. | v
o - ©
5 i "'.,
FARY St L3 g3
_ Highly

(f:i--\ > : - Vo inductive
L-\:?l V5=230 VW, 50Hz ‘ load

. b) Explain the operation of three phase single way controlled rectifier with thyristor with
B neat diagram and waveforms. Derive the expression for average and RMS value of the

output voltage.

a) Explain the operation of a step down chopper with dc motor as load.

W

b) With the help of suitable circuit diagram explain 180° conduction mode of three phase
inverter? And also draw the output waveforms of instantaneous phase and line voltage
for star connected load. »



4. a)

b)

b)

A single phase full bridge inverter with dc input voltage of V=400V and generating
output square wave of 50Hz is connected to inductive load having R=10 Q and
L=50mH. Calculate the magnitude and phase of fundamental component and third
harmonic component of output voltage and load current.

) + Bndge
V=400 v —— inverter Vo

Explain the operatlon of ac voltage controller with purely resistive load. Also explain
the use of ac voltage controller in ELC

With the help of suitable circuit diagram, describe the operation of reversible power
flow on DC line.

What are the advantages of HVDC transmission line with compare the HVAC
transmission line. Perform a mathematical analysis to compare power transfer
capacities of these lines.

gk
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Candidates are required to give their answers in their own words as far as practicable.
Attempt All questions. ‘ '
All questions carry equal marks.

. Assume suitable data if necessary.

a) In which circumstances, a thyristor may subjected to-high di/dt and dv/dt. Why these are
harmful to thyristor. Explain how a thyristor can be protected against high di/dt and dv/dt.

b) Explain how a transistor can be used as a static switch. Describe how gate signal for the
base of a transistor can be generated to turn ON and OFF a transistor.

a) In figure below shows a full wave rectifier circuit which is used to charge a 24 V battery
through 5Q resistor. Draw the necessary waveforms related with the operation of this
circuit and hence determine: ' .

i)  Average value of charging current
ii) Power supplied to the battery

iii) Gross output from rectifier

iv) Efficiency of rectifier

50V

50 Hz

Vo

& :
~—==—E=20V

P b

b) Explain the operation of three phase single way controlled rectifier for firing angle
o, = 1/6 with associated’ waveforms and hence deduce the expression for average and root
mean square value of the output voltage assuming highly inductive load.



a)

b)

. a)

b)

With the help of suitable circuit diagram and waveforms, explain the operation of 3 phase
full wave bridge rectifier using diodes. Derive the expression for average value and rms
value of output voltage. ' - '

Explain the operation single phase full converter with highly inductive load. How it can
be operated in rectification as well as in inversion mode?

Explain the operation of a three phase Sinusoidal PMW inverter with neat circuit diagram
and waveforms. o ,

In figure below shows the schematic diagram of a single phase inverter giving square:

~-wave AC output voltage Vo with frequency of 50 Hz. Calculate the magnitude and phase

of fundamental and third harmonic component of the output voltage and load current.

+ ‘} 0, iB )
; N \,]-)
| _E—“‘:‘GV ' | Single Phase | (]R = 10 ochm .
7’45\!, —2 &

“Why HVDC_"transmissi*on is preferred ‘over HVAC transmission for transport of large
~power over ‘long “distance? Perform ~mathematical operation. and make comparison

- between HVDC and HV A Transmission.

‘Explain the ‘operation of single phase AC. wvoltage ‘controller: with ‘necessary circuit .

diagram and waveforms. Derive the expression for RMS value of the output voltage.

®dok
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a) Explain the di/dt and dv/dt protection scheme of a thyristor. What factors should be
considered while designing gate control circuit. : .

b) Explain the operation of pulse train generation for gate firing circuit for thyristor

showing all the necessary componeris.
a) In figure below shows a full-wave rectifier circuit used to charge a 12V battery

through a 2 ochm resistor. .
. Ay
-

D A

Vs =15V (rms) N ﬂ . | v * oo
f=50Hz [ | 1 SR
B ]

i) Draw the waveform of output voltage Vo and Charging current io
ii) Calculate the average and rms value of charging current

iii) Power supplied to the battery | -

iv) Power output from the rectifier -

v) Efficiency of the charging systemn

| b). Explain the operation of three-phase single way controlled rectifier with highly

inductive load. Derive the formula for average value of output voltage. Draw the
waveform of output voltage for firing angle equal to 60°. ‘

a) Explain the operatibn of step up chopper with necessary diagrams and expressions.

b) Explain the operation of type E chopper with armature of dc motor as load.



. a)

b)

Explain the operation of three phase inverter consisting of three sets of single phase
inverter and each set is conducted with a phase difference of 120° to each other. Take
the loads to be purely resistive. Draw the waveform of each phase voltage (Vr, Vv
and Vp) along with the neutral voltage (Vn). Also draw the waveéform of Vrn.

Draw the circuit of a three phase to single phase bridge type cycloconverter and
explain its working. : .

xplain the operation of single phase ac voltage conﬁollcr with resistive load. If the
input voltage is 220V, 50 Hz, calculate the RMS value of output voltage for firing
angle of 90°. o B .

In which circumstance, HVDC transmission line has advantages over the HVAC
sransmission line? Prove that a HVDC line with two conductors can transmit same
amount of power as transmitted by HVAC line with three conductors of same size.

‘What type of power electronic converter is used in HVDC line and why?

ek
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1. a) Describe the switching characteristics of power MOSFET. What is meant by
threshold gate voltage? [8]
b) A power diode has a reverse recovery time of 2.4 ps. If di/dt is 30 A/ us, find (D)
stored charge (i1} peak inverse current, 147
c) What is latching current and holding current? [4]
2. a) A diode whose internal resistance is 20€2 is to supply power to 1000 £ load from a |
230 V ac supply in case of half wave rectification. Calculate the following . [8]
i) Peak load current
i1} dc load current |
it} dc diode volatge
A three phase full wave converter is operated from three phase star connected, 230V,
50 Hz supply with resistance R = 10 ohm. An average output voltage of 50% of the
- maximum possible output voltage is required. Determine (i) the firing angle (i) .
... average and rms values of load current and (iii) rectification efficiency. [3]
: 3 a) Explain the operation of a step doewn chopper in variable frequency mode. If it is
. operated with on time constant at Smsec. Calculate the OFF time for a duty cycle of
-40% and average value of the output voltage. (8]
b) Describe the series operation of two singie phase full converter to obtain hiéh output
voltage. Also find the average value and rms value of the output voltage waveform. [8]
4. @) Obtain the Fourier series of line fo line output voltage of square wave inverter and
hence show that all triplen harmonics are absent from it. : (8]
b) What is sinusoidal pulse-wzdth modulation? How is it obtained? Explain with the help
of neat diagram. [8]
3. a) A single-phase full wave ac voltage controller feeds a load of resistance 20 ohm with
an input voltage of 230 V, 30 Hz. If the firing angle for both thyristor is 45°,
calculate: (8]
i) rms value of output voltage -
i1) Load power and input power factors
iii) Average and rms current of thyristors
b) A single phase bridge type cyclo-converter has input voltage of 230V, 50Hz and load
of R = 10€2. The output frequency is one third of input frequency. For firing angle of
30°, caleulate: [8]

iy rms value of output voliage
i) rms vaiuve of output current
iii) mas current of each converier
ivy rms current of each thyristyor

B

AR B PN o e i e = e v

ey



Examination Control Division | Programme | BEL Pass Marks | 32
2070 Chaitra Year / Part /1 Time 3 hrs.

14 TRIBHUYAN UNIVERSITY

INSTITUTE OF ENGINEERING Full Marks

BE

Subject: - Power Electronics (EE701)

ANENENEN

[y

S

3

Candidates are required to give their answers in their own words as far as practicable.
Attemprt All questions. '

The figures in the margin indicate Fuil Morks,

Assume suitable data zf necessary.

a) Explaining the reverse recovery characteristics of diode and show that

I =[2*Q *(El_i—):il/.’l
RR “RR dt

b) Explain how a transistor can be used asa static switch. Describe how gate signal for
the base of a transistor can be g g,uwrmod to turn ON and OFF a transistor.

a) Show that the fundamental component of input current leads input voltage by a phase
angle of B/2 in case of extinction angle control method of power factor unprovoment
assuming highly 1nductxve load and B be the extinction angle.

b) Explain the operation of thrce—phase bride rectifier with 6 numbers of diodes. Derive
the expression for Average and RMS values of output voltage.

.-a) The“su.pply voltage of a step down chopper is. 230V dc, load resistance is FIOQ Take
.. the-voltage drop of 2V across.chopper when it is on. For a duty cycle of 0.4, calculate

-average and rms'value of output voltage. A ‘

de

108

%

b). Explain the process of reversible: power. flow on HVUC line and ‘obtain the- rela‘twn

between firing angle of both converters.

a) Explain the operation of a. mngie phase inverter with ac motor as load Derive the
equation for current drawn by the motor of positive half cycle and negative half cycle.
b) Figure below show the waveform of output voltage (per phase) of three- ‘phase

inverter. Calculate RMS value and peak value of flmdamental component of the

output voltage
A
eV —F
2007 o
A S

a) Draw the mzcmt of a single phase cycloconverter using a center tapped transfor‘n
Prepare a table showm;., the conduction pattern of thyristors and ourrent paths for em
output frequency of one-third the input frequency.

b) Explain the role uf ACVC in BLC while explaining the operating mechanism of ELC.
e e ’

[8]

(8]

(8]

e

(8]

(8]

(8]

18]

8]

;e
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All questions carry equal marks.

Assume suitable data if necessary.
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a) Explain how a power transistor can be used as a switch in the electric circuit. How an opto-. -
coupler can used to isolate the gate signal generator and power circuit? (8] .

. b) Explain the di/dt~protection scheme and dv/dt protection scheme for a thyristér. o [8]
2. ) Figire below shows a single phase full converter circuit with highly inductive load so that load

current is constant and equal to 10 amp. Explain its operation for firing angle of 45" and
draw the waveforms of input voltage Vs, output voltage Vg and input current Is. Calculate

¢ fundamental component of input current. ‘ 8]
s, ‘ re |
[———--*U-'*'ﬂ —o I
S
A\ ) Vemzav, Ba bz L y Vo Load
A 7 |

b) Explain the operation of three-phase single way controlled rectifier with thyristor with neat
circuit diagram and waveforms. Derive the expression for average value of the output
voltage. : :

3.a) ‘Expléin the operation of type-E dc chopper iillustrating its capability of driving a de motor
in all four quadrants. ; : . [8]

b) What are the differences between HVAC and HVDC transmission lines. Perform a mathematical
comparison between HVAC and HVDC lines. _ ‘ 81



JEUUUR -

4. a) Flgurc below shows the circuit diagram of single phase square wave inverter with mductxve load
The required frequency of output voltage is 120 Hz. Calculate the ON period and OFF
period of switches S, and ;. Derive the time domain equation of load current for first
positive half cycle of output voltage

Vs/2‘"“ )

Fay
Ry

ARA
. Vo

:

R L

§

Vs/2 @

o 'b) The:single phase inverter shown in ' Figure: above is:operated as pulse width: modulated (PWM)
.. inverter with frequency ratio = 1 and modulation index = 0.5 The intersection between the

- triangular carrier wave and square wave ac modulating: s1gnai is used to determine the

i sthcbmg mstant of switches ‘il,and Ss. Assummg purely resistiveload i

i) ‘Draw the waveforms of triangular carrier'wave, square wave ac modulatmg signal and
output voltage. :

ii) Determine the switching mstant of switches Sy and S

iif) Dctenmnc t‘ne RMS value of output voltage

5. a) Explam the Opcratton of ac voltage controller with purely resistive load. Derive the
expression for calculating rms value of the output voltage, If the load is inductive (R-L
load), denve the expression for time domain equation for load current. i8]

b) Startmg from the operation of single Phase cyloconverter, discuss step up and stepdown
smgle phasc cycloconvetter with suitable waveform and circuit diagram. 8]

ek .
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. a) '.Explain the dv/dt i)rotcction method for a thyristor. ‘ [6]

b) Describe a mivcrd-controller based firing circuit for a thyristor with opto-coupler as »
isolation circuit. : ' [6]

c) Fig.1c shows the single phase half-wave controlled rectifier with di/dt protection provided
" by the series inductor. The load is a purely inductive having an inductance of 100 mH.

Calculate the value of L so that di/dt is limited to 500A/sec. 3 [4] .
o /BN ] >{£—————
Ls :

Vs =220V [ Load .

O
Fig.1c . _
2. 8) Fig 2a shows a full-wave rectifier circuit used to chargé a 24V batiery through a § ohm resistor.
- Calculate: _ o - [8]
i) Conduction period of charging current io. Y
ii) Average value of charging current io
iii) Power supplied to the battery

V& =30V (rms) A
/N
G 5

Fig. 2a

b) Explain the operation of three-phase single way rectifier With diode with neat circuit
diagram and waveforms. Derive the expression for average and rms values of the output
voltage.’ ' ) . [8]




3. a) Explain the operation of Type-B and Type-C dc chopperwith neat circuit diagram. ~ [8]

b) Explain the series connection of two smgle phase full converter with necessary circuit
diagram and waveforms. - 8]

4. a) Explain the operation of a three-phase Sinusoidal PWM inverter with circuit diagram and

associated waveforms. How the switching instants of the switch pair of a phase are
determined.

b) The following Fig.4b shows the waveform of the 6ﬁipdt voltage of a single phase inverter
with an inductive load of R= 10 ohm and L= 20mH connected in series. Calculate the
magnitide and phase { of fundamental component of the output voltage and write down the

time domain equation of fundamental component of load current. - . [8]
AL"!
+ 100V
100V e femrmmememmnes
T=0.02sec
Fig.4b ‘
5.a) Exp!am the operation of ac voltage controllet and its apphcauon in electromc load controller
for micro hydro plant. [8]

'b) Explain the operation of single phase cyclo-converter with required mathematical expressnon
and waveform.

(8}

dekok

i
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Candidates are req  give their answers in their own words as far as practicable.
Attemptany Five quesions, -+

All questions carry equal marks.

Assume suitable data jf necessary,

AENENRY

a) A single phase controfled rectifier bridge consists of one SCR and three diodes as
shown in figure, Sketch output voliage waveform for a firing angle o..of the SCR and
" heénce obfain an expros: ,nvfl‘féf.thé"iﬁ{?é'rag%output voltage under the assumption of
constant load current. Also draw the waveform of current through Ty, Dy, D, and Ds
with the same assumption. .- . _ . . ' ' ‘ '

—

4

o b) Descnbethe V-IcurveofathynstorDeﬁne the following terms:

1) Latchmg éurr‘enti O »
ii) Holdin_g’-dur:ent R !
iii) Turn ON and Tum OFF process : !

What are the advantages of GTO over SCR? y
2. a) The rectifier shown in figure is used as a battery charger. Find the conduction angle-of

-

diode and draw the output voltage Vy and load current iy .

%R

b) A'—step.d.own dec to de choioper is operated in constant frequency mode of operation .
with chopping frequency of 200 Hz. Calculate the ON time and OFF time of' the.
chopper for a duty cycle of 35% and corresponding output voltage magnitude. Given

that input dc voltage is 400 vols. ‘ .

3. a) 'With the help of suitable circuit diagram and waveform, explain the operation f 3-¢
full wave bridge rectifier using diodes. Derive the expression for average value and .
rms value of output voltage, S



[ I

~ 'i

b) Why 1t 1s neoesqaly to have pulse w1dth moclulatlon in 1nverter’7 Descrzbe the Vanous_u
' ,116Cl m mverter w1th necessary cucmt dxagram and waveform

a) Stamno vith ‘2 _yp»cal,‘_cncult arr;.ngement for HVD transmission’ lme dxscuss the

5. a) Theinputto a smgle phase ac voltage controller 15 22OV ac, Calculate the magnltude

and phase angle of findamental component of the output voltage at firing an°le of
90°,

1nversmn mode

1,".-\
AN
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¥ Candidates are required to give their answers in their own words as far as practicable, - '
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v The figures in the margin indicate: Eull Marks, -

v A;sw/ze ;sztgib[e c[:ziﬁ if }zeces.s'my.‘ A
. rectifier with load resistance R and the Joad emf B is

- - shown in figure below, Explain the operation and draw the waveforms of the output

1. a) A simple phase half wave diode r

voltage Vi and 15 Also find the average value of i; and rms value of this current. - I
i 1 —

. : . - . ] “ ” . ,. };:‘
b} For the circuit in the figure dbove, the source voltage is 235V, 50Hz and R = 802, =
E= 150V, find . ‘ '

. (8]
1) the average value of current i,

i) the power supplied to battery and the power dissipated in resistor. : _ .
“iif) PIV of the diode,

single phase semi-converter shown below is connec

ted to a highly inductive load, - 18]
" is . - Lo :

Taking firing angle of / 6, derive the followings:

i) Fundamental component of supply current (is)
i) Rms value of supply current (i;)

" b) For the following single phase controlled bridge rectifier,
draw the output voltage (V,), output current (ia),
thiristor and supply current (i), Als
output voltage waveform, ‘

‘explain the operation and o
current through the didde and i
o find.the average value and rms value of the .




~

3., a) 1"1gme below: showe a tlu ee phase star connecLecl rectlilel w1th a pu1ely reszstlve load

R Determme o

}) the rectification ratio

i) “the ripple factor ..

- if) the transformer 1.1t1112a1;10n factor

3 clerlve the, expresswn for rms value of: output voltage.

'Cramer clrlve used in mductlon motor control,

voltace of Vdc = 14OV

8.

w) the. peak current. ihrough B CllOCl6~ Lf'_ theqectxﬁel deliver- Idn—'— 30A a’c an—ou,t;pu;{t;v

mains ON,.
; Hz: If the clu‘ty cycleis SOAJ,
series ‘of the output voltage and also detennme the 1ms valm ol' e ﬁmcl'lmental

Explain the. 0pe1at1on of smusolclal pulse chlth modulatlon techit que apnllecl to
) mverte1 wﬂ:h the he .

lplof deﬁmng terms moclulatlon 1ndex and fr

Why extmct.on angle: control, scheme is-used in; smgle phase full covverter? Wlth ihe
help of necessary cireuit. dlacrram and waveform, explam the. operai; on of extinction
angle control, Also derlve the expressmn for ms value of output vo‘( age obtamed by
this scheme? G i ~

Explain the operation of three phase full. converter fora ﬁ1mg angl«* a= ’IZOQ._AISO

Draw the c1rcu1t dmgram and “explain “the 013er::11:1o11i of smale ;xhase ac voltage :

controller with series R-L load and fre wheeling diode across the load. Derive the
expression for rms value of load Voltage ata f'ulng angle c. Taloo load not to be highly

.inductive..

Illustrate the major advantages of HVDC tlansrmssmn over HYV, AC ir ansmlsswn w1th
: necessaly mathematical expressmn and assumpﬁon made ' ‘

What are the methods usecl for speed control of mducmon motox? ,xplam the statlc

. sk

(8.

8]

-

8]

18]
(8]

i8]
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4 Candxmtes are 1equn'ed to give thcn ansv\ ers in their cm 1 words 2s fm as puchuablP

v Artempt any Five qucsnons
v The figures in t]ze margin zerwﬁ""
v Assume suitadle. datcz zf necassalv

F. ull M [ii% lus.

a) Discuss any. two methods of thynstos wm ON mechanism, Also mention the various .
| s

et AN Fre e vt i

1.
fagtors o be Dns1dered for-gate eircuir nnrﬂemeﬂmnon.
’ : ) di dv | R rol
b) Tor the cucmt showu in ﬁgule c'ﬂculaze the max, values of EE arid — for SCR. N
dr

1‘0('2 U 15uF

IR 1 15K
| | —%29

“/X

O sm wt

i 1cure belov» dmw the waveform for output voltage and find

ltage of the waveform when free wheeling diode is not
+ connected in parallel

P2 a) Fcu the cix cult shown
: dverage. v'ﬂue of output VO

' - comnected. Also draw th WEWeforvn when free wheeling diode i: ,
i wnh the load as shown bv dotted line, Take load not to be highly inductive. . [8]
| '\ s \
? ' : M’“:‘_\‘-( Vo
| ‘ \l FD L l .
1 ! .
{ .
' b) A single plnce bndcre rectifier is supplied from a 120V, YHz source. The load &
Tesistance is B = 500Q. (i) Find the value of C-filter conne- ted in parallel with the
P load so that ripple factor of the output-voltage is less than 5% . (i) With the value of
| (8]

capacitor obtained i in part (1), calculate the averzys voltage V. ‘
Jiodes. Also obtain the

Explain the opmatmn of three phese bridge ruutifier with

mathematlcal axpressmn for Vg and Vs, © ' A (8]
. A single phase bndae rectifier shown below i roqmred to Jply an average output
T voltage Vg =400V to a resistive load of R < 1002 Detariine the voltage VP and.-
» ’ current rating of diodes and transformer.

whe

S .
o ¥ LDy TISDs
| : ' VE N N, |Vs o, W ;T'
. i . 3 - --y————.‘

W
nr
!

(8l

d

&
I
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5
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5

6.

n

.a) The ‘z;iﬁput voltage o a -_s;j11glé:7-;plz.as.e

o disadvantages of HVDC over HVAC,

[

4, a) 'F'igﬁi"e"fbelo'{%rf slhovis~adoe er. Wwith
L L=1ssmH r=s5Kpy; and E =20V, Caleulare -

1) Minimum jp stantaneous value of Joaq current
i) Pealk instantaneous valye of load current =
i) Maximum Peall to peak ripple current in load

b) Explain the Operation of three phase inverter consisting of three sets of single phase

' inx'ert:_z.' and each set is conducted with phase difference of 120° to each ather, Take
the loads to be purely resistive, Draw

and Vg), along wi'tl;,,,ths:;,.neutral; voltage (V; N Alsordraw the. waveform of V. : 1‘. ‘

4c voltage ‘controller s 220V ac. .Cal’c.ulate_the

- -magnitude ‘and :phags - of ‘fundan
- angle=90°, & - S

: | ang ?11}1eht"'for} HV. D‘C,;.V.tran;smis_Sic-in':~l'iﬁ¢;,v,i;¢,oﬁmp;’l_re,
: _,I—IVDC.‘transm;i;sslonil»me.aWith HVAC transmission, Also discuss the -advantages an'd '
a) Explain the PID controller for speed cmitrol ofde shunt motor, . .. -
b) Explain the following methods of s
i) Frequency contro] only
i) Constant VolyHZ coniro]

Discuss the advantage of constant yo] VEHZ control over fr

peed control of induction machine, .

equency control,
e - s

. "h", P

Vg&;.‘-

the waveform of each phas.c:,_yolt’age‘ (VR, Vv :

.._1;1‘.'11ta1' component of “the .outpur “voltage’ at firing .

inductive Toad Vs = 220\’, R =10 |

§
13
{




