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Note: . 1) Answér any FIVE full questions.
2) All questions carry equal marks

1. (a) With circ.'uit diagrams and waveforms of control sigﬁal and oﬁtput voltage,
explain the control characteristics of S.C.R and MOSFET. {8 Marks)

(b} List the major types of power electronic circuits and menti on in exch case, the
type of input supply given and the output we get. (6 Marks)

(c) Sketch the output characteristics of enhancement type MOSFET. What are
the basic differences in control of BJT and MOSFET? (6 Marks)

9. (a) With a circuit diagram, explain ‘antisaturation control’ of BJT. Mention the
improvement and drawback of this arrangement. (6 Marks)

(b) Discuss methods for providing isolation of gate/ base circuits from power circuit,
with circuit diagrams. {8 Marks)

(¢) For the transistor switch of Fig. Qn. 2c,

i) Calculate forced beta, 7 of transistor

it) - If the manufacturer’s specified J is in the range 8 to 40, calculate the
minimum overdrive factor (ODF). :

iii) Obtain power loss 'PT in the transistor.

FI G ' &"‘" 2 < . (6 Marks)
3. (a) Using two transistor model, explain how a small gate current can turn ON a
S (.. when blocking forward voltage. (6 Marks)

(b) With circuit diagram and waveforms, discuss the operation of R-C firing circuit
for a half wave S.C.R. controlled rectifier. (8 Marks)

(c) How many S.C.R’s are required in a series string to withstand a.d.c voltage
of 3500 volts in steady state, if the S.C.Rs have steady state voltage rating

Contd.... 2
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of 1000V and the steady state derating factor is 30%? Assuming maximum
difference in leakage current of 8.C.Rs to be 10mA, calculate the value of
voltage sharing resistances to be nsed. Draw the cireuit showing the S.C.R.s
and the voltage sharing resistances. . (6 Blarks)

4. (a) Distinguish between natural commutation and forced commutation for S.C.R

with illustrative examples. (6 Marks}

(b} With a circuit diagram and waveforms, explain the principle of self commutation

(c)

5. (a)

(b}

(c)

6. (a)

(b)

of an S.C.R. Write down the general expression for your circuit when. 8.C.R
is turned ON in a series L, C circuit with a d.c. supply voltage Vs and give
the expression for i(t). State the initial conditions assumed. What is the
conduction time (commutation time) of the S.C.R.? : (10 Marks)

A complementary commutation circuit as shown in FIG. Qn 4e has two S.C.Rs
with specified minimum turn off time, ¢ of f equal to 50,.s. Make necessary cal-

culations and state whether the circuit components are correct for satisfactory
commutation of 8.C Rs '

%JO.‘D— {0

F(’ (g' QP\»-4 - C (4 Marks)

For a.c voltage control, discuss the difference in performance between single
phase unidirectional controller and bidirectional controller for a resistive load
with ecircuit diagrams and output voltage waveforms. (6 Marks)

With a circuit diagram and waveforms of gating pulses and output voltage,
explain the operation of a single phase ON-OFF type a.c voltage controller.
Define duty cycle k& and derive an expression for r.m.s output voltage. What
are the applications for this method? (10 Marks)

A circuit of the above type with an input of 230V, 50Hz is connected to a
resistive load of 20 ohms. The circuit is operating with the switch ON for 30
cycles and OFF for 30 cycles.

Determine :

1) r.un.s. output current and

1)  input power factor. {4 Marks)
Show the circuit diagram of a single phase semiconverior and explain the

operation, assuming constant load current. Sketch waveforms of output voltage
and current in one S.C.R for a firing angle, o = 45, ’ (10 Marks)

With circuit diagram, explain the operation of a three phase full converter for
constant load current. If the input to this circuit is 3 phase, 50Hz a.c supply,
determine the firing angle, o, for the S.C.R.8 to obtain an output average d.c
voltage of 50% of the maximum. If this output voltage is 270 volts, calculate
a.c. supply line to line r.m.s voltage. (16 Maris)

Contd.... 3
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7. (a) With cir¢uit diagram, equivalent circuits and waveforms of load voltage and
load current, discuss the operation of a step down d.c chopper with R-L load.

Distinguish between continuous and discontinuous current modes of cperation.
(10 Marks)

(b) Draw the schematic circuit of a class E four quadrant d.C. chopper and mention
the devices that provide the path for current in the first and third quadrants
of operation. {6 Marks)

(¢) Considering the gwitch to be ideal in the circuit of Fig. Qn. Tc, determine :

i) the duty cycle, k for which the output average d.c. voltage and rm.s
voltage are equal
el

i1} the chopper efficiency. er— - _
’ Y T Switch |
doc.,asoV o2
|
— e
Elg . 8n. 7 ¢ (4 Marks)

8. (a) With circnit diagram of 2 half bridge transistor inverter, explain the operation.
Sketch waveforms of output voltage and current in devices, for a resistive load.
Derive an expression for output r.m.s voltage. If your circuit uses additional

diodes, what 1s their function? _ (10 Marks)

(b) Considering a single phase bridge inverter, explain the phase displacement
method of output voltage control. If the d.c input voltage ig 200 volts and the
required r.m.s fandamental output voltage is 90 volts, determine the delay

angle, 3. (10 Marks)
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acteristics of the SCR. (8 Marks)

1. (a) Explain
hich may be approximated by a

(b) A thyristor has a forward characteristic W
straight line shown in the following figure. Calculate the mean power loss for

j) a continuous on state current of 23 A.
of mean value 18A
A for one half cycle.

the turn-on and turn off char

ii) a half sine wave
iii) Alevel current of 39.6

(6 Marks)

o D) -

auee o1 =

« =+ (¢) Theinput voltage to circuit ghown below.is Vs = 200«.)61&@& a load resistance
. of R= 10§} and a load inductance of [ = 50pH: If the damping ratio is 0.7
- and discharging current of capacitor is BA, determine . ‘

' ""'.'_-'1): ' {he values of Rs &Cs |

— i) Maximum %‘ti (6 Marks)
" .
_ | \ | T ; 2.
\I R g G 1 &
(4 Marks)

types of power clectric circuits.
(b) Describe briefly the various base drive control methods used in Juverion
(10 Marks)

fransistors.

2. (a) lList the different

Contd.... 2
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(¢) In the circuit shown the BJT is acting as a chopper switch at a frequency of
15 KHz. F De=240V and load current is 100 Amps. The switching times are
ty=0, tp = 1.5usec and #, — 0.7usec. Caleculate the values of
1) Lgand ¢,

i) Rs for critically damped conditions
iii) R if the discharge current is limited to 5% of load current

iv) Power loss due to snubber neglrét:ting effect of inductor L, on voltage of

Cs. Assume that V. e(sat) = 0. (6 Marks)

|

3. (a) Distinguish clearly between natural commudation and forced commutation.
(8 Marks)

(b} With the help of a neat diagram and associated waveforms, explain the operation
of a complementary commutation circuit. Derive an expression for the turn-off
time assuming a resistive load. ) (8 Marks)

(c) For the commutation circuit shown in the following figure, C = 20uF and
Ly = 25uH. The initial capacitor voltage is equal to input voltage i.e.,
Vo = Vs = 200 volts. If the load current I, varies between 50A and 200 A,

determine the variations in circuit turn-off. Derive any formulae you use.

(10 Marks)
L D. -
4 & . H — InCA—
‘f <. l‘v T /
o) o TG L et
Ns L T P Dt5
e i
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4. (2) Compare and contrast on-off cortrol with phase control as applied to AC voltage
controllers. (6 Marks)

(by A Single phase half wave AC voltage controller shown in the following figure
feeds power to 2 resistive load of 65 from 230V, 50Hz source. The firing angle

of SCRis a= 3,‘-,‘1 Calculate :

i) Rios value of output voltage

ii) Input power factor
ii}) = Average input current. Derive any formulae yoxi use for atleast two

subdivisions.
(10 Marks)

(¢) Explain why short duration pulses are not suitable for AC voltage controller
s (4 Marks)

with inductive loads.
5. (@ A three phase fully controlled converter is operating with a highly inductive
load. The load current is continuous and ripple free equal to lo

Determine :
i) Rms supply current i) Displacement factor
iit) Distortion factor iv) Power factor
v) Harmonic factor. _
. (10 Marks)

(b) A single phase half wave rectifier has a transformer secondary voltage of

230 volts, 50 Hz and supplies a purely resistive load of B = 1. If the average

output voltage ig 256% of the maximum possible value of DC output voltage.
{10 Marks)

Caleulate :
i) Delay angle of thyristor
ii) Rms and average value of output current

iii) Rms and average volume of thyrisor current

iv) Input power factor.

6. (a) Explain in detail how choppers are classified. (10 Marks)

() For an ideal type class A chopper. circﬁit Vs = 22:Ovolts; R = 54,
[ =15mH, f= 1KHz and E=0 Duty cycle K = 0.5: Calculate :

1 Lnin & Imax :
i)y Alie, peak to peak ripple current.
i) Average and Rms value of load current.

w) Effective input resistance of chopper.
(106 Marks)

v) Rms chopper current.
Contd.... 4
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7. (a) Define the performance parameter and inverters. : (4 Marks)

inverter. : (10 Marks)

{c) Foratype A choi)pér circuit, By, = 220V, f=500Hz, Duty cycle £ = 0.3 and
load R =19, L = 3mH and E = 23 Volts. Compare_the following quantities.

1) Check whether the conversien is continuous or not.

(b) With necessary waveforms explain the operation of a single Iili_ase half-bridge

ii) Average o/p current
1il) Imam & Im‘m ‘ (6 Marks)

8. (a) With the help of a neat diagram and associated w/F’s, explain the operation of
a three phase inverter employing 120° conduction strategy. (10 Marks)

(b) Explain : |
i) Phase displacement technique.
ii) ‘Multiple pulse width modulation technique. |
used for controlling the output voltage of a single phase inverter. (10 Marks)

ik ok ok
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the different types of power converters and

1. (@) Whatis @ power converter 7 Lst
rnenilon their conversion functions. (7 Marks)
ectronic circuifs ? What are the remedies
(5 Marks)

(p) Whatare the peripher_o\ offecisof power el

for them ?
by a dc signat applied 1o

@. 1c)lis triggered
] resistor.

(c) The thyristor shown in the ¢ircuit of Fig
fhe gate. Calculate i) the average value of current i, power l0ss inthe
: - (8 Marks)
e P
'y
ooV

shown in fig & 2(a) is operafing from a 120V, 50H 2

0

current of 5A at a delay angle of & = 30

d provides an average load
1 confent of the load current is negligible calculate -

ge and dc oufput power

M if a freewh
d resistance and dela

2. (a) Thesingie phase full converter

supply an
if the fipP

p dc load volta
QCIosS

celing diode is connected
y angle and

an circuited. Assume same

de across the load.
(10 Marks)

entioned N
e lod

d current if thyristor T3 18 OP
le and @ freewheeling dio

iH the quantities M
the output for the sam

in the dc load volfage an
and firing anNg

loqd resistance
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(0) Draw the circuit diagram of a single phase dual converter with RLiocad. Sketch
the waveforms of input voltage, output voltage of converter 1. output voltage of
converter 2 and voltage across the clreulating inductor, Assume o = 600 Mention
any two advantages of circulating cutrent mode of operation of dud! converters.

(10 Marks)

3. (@ Exb?oin how ahﬁsc:‘ruraﬂon base control improves the switching performance of a
BJT. {6 Marks)

(b With the help of switching waveforms explain the switching times ofa power MOSFET,
{7 Marks)

() A MOSFET is operated as a chopper switch at g frequency of fs = 50k H 2. Tha
circuit arrangement is shown in fig € 3(c). The dc input voltage of the chopper is
Ve = 30V and the load current s II = 404. The switching fimes are ity = 60nsg

and ¢ = 25ns.
Determine the vaiuas of D Lg iy T, i) R, for critically domped condition and
V) Rg if peak discharge current is limited to 5% of load current. (7 Marks)
'€a]s) . ]
+ Le o
R
Don
: L
\'G ‘
Re H '
4 p
Ta R, s
-V  _Va I

4. (o) Distinguish between :
) Latching current and holding current of a thyristor

iy~ Converter grade and inverfer Qrade thyristors, ' (4 Marks)

(b} Define tumn -off time of thyristor and mention any two factors that affect i,
(3 Marrks)

(¢} Ten thyristors are used in o sting to withstand a dc voltage of Vo = 15kV.
The maximum leakage current and fecovery charge differences of yristors are
10mA and 150uC respectively, Each thyristor has o volfage sharing resistance of
R = 56k$2 and capacitance of Cy = 0.5uF. Determine

D the maximum steady state voltage shaning Vi ¢(maz),

i the steady state volfage derating ?r_::ec’ror,

i) the maximum transient voltage sharing Vi p(maz) and

iv)  The fransiert voifage derating factor, (8 Marks)

{d) Briefly explain RC triggering circuit for full wave control. (5 Mairks)

5. (@) What do you mean by commutation ? What are the conditions o be safisfied for
commutation of o thyristor 7 (4 Marks)

Contd.... 3
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() In fig @ 5(b) the initial capacitor voltage Vj = 500V, capacitance ¢ — 25uF and

{c)

6. ()

(b

(c)

(b)

{c)

(b)

©)

inckictance L = 10pH. Defermine the peck value of resonant current and the
conduction time of thyristor Ty, Derive the expressions used. - (8 Marks)

With the help of a neat circuit diagram and relevant waveforms explain the
operation of a complementary commutation circuit, " (8 Marks)

Mention the advantages and disadvantages of on-off control method of ac voltage
controf, (3 Marks)

A singe phase full wave ac voltage controller using two thyristors in antiparaliel has
a resisfive load of R = 1.5§2 and the input voltage is 120V (rms),50Hz. IF the
desired output power is By = 4.53kW determine

N the delay angles of the thyristors 75 and T,

iy the rms output voltage and output current,

i) the input power factor, PF and

V) the rms current of each thyristor. (11 Marks)

Explain why short duration single gate pulses are not suitable for tiggering thyristors
in a full wave ac voltage confroller with inductive loads. _ (6 Marks)

With the help of. a neat circuit diagram expiain the principle of working of g step -
down chopper. _ ' _ (& Marks)

In & step - down chopper, the source voltage is 220V de. Thetoad circuit pdrameters
and R =102 and L = 5mH. If the chopper is operating at a frequency of 200 H z
and the ON/OFF ratio of the chopper is 2 : 1 calculate

D the average load current,

i) the maximum and minimum vaiues of instantaneous load current under sfeady
state conditions. (7 Marks)

Explain how the principle of step-up chopper can be used fo Hransfer energy from -
a low voltage de source to a high voitage dc source. (7 Marks)

A single phase full bridge inverter has o resisfive foad of R = 109 and the de input
voltage is Vi = 220V, Calculate i} the rms oufput voltage at the fundamenial
frequency, V7, i} the average rms and peak currents of each transistor switch,
i) the cutput power, Fy and iv) the peak off-state voltage of each ?ronsistc()g, JB lﬁ')
arks

Draw the circuit diagram of a three phase bridge inverfer with wye connected
resistive foad. Sketch the gating signals and line to line output voltages for 1800
conduction aoperation. - (7 Marks)

With the help of neat waveforms explain the principle of multiple pulse width
modulation method of output voltage contfrol in g single phase inverter, Write the

exprassion for the rms output voltage. . (7 Marks)
¥k X XN
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Note: ] Answer any FI VE full questions.
1 a. What are the advantages of static power converters? Mention the peripheral

;. 1. (termimal) effects of such static power. converters. - - .- . .: . (06 Marks)
b, :Mention at least four power electronic circuits; 1ndloate the1r inputs and
. s outputs. with one apphcatron of each type. ... . s+ 2o (06 Marks)

. c. . Draw the input and output characteristics of four of the followmg devices:
. 1)BIT 11) MOSFET ) IGBT - . iv) SCR V) UJT. . (08 Marks)

I_ 2 a : Compare BJT MOSFET and SCR wrth reference to power switching

applications. {06 Marks)
b. Draw the switching model and switching wave- forms of a power MOSFET,
 Define:the different switching times. - ©T . {06 Marks)

-«icr-A power BIT is connected as a switch asin ﬁg 2(c) w1th the following data:

VCCEIOOV, VBZSV,
VeEgan™2.5V,
ViEgay™1.75V

of the thermistor is
varied from 10 to 60,

- Fig.2(c)
Calculate: i) the value of Ry that will result in saturation with an over drive

factor of 20: i) the forced B. iii) powerloss in the transistor. .~ (08 Marks)

- 3 -a. Using twe transistor model, explain the turn-on mechanism of ' SCR.. Dérive
- anexpression for anode-current interms -of transistor parameters:. - (08 Marks)
T b ‘Explain‘the nced fo'f @, /, and 4 A 'protection for SCR. A SCR‘circuit has the
— : = v/ di =
) following data supply voltage 200V /# rating = 100 AJS > rating =

'50 %w . Calculate the Snubber crrcult elements usmg approxrmate

expressions. ~ . (08 Marks)
¢. - ‘With a circuit diagram and waveforms explam RC — trlggermg circuit. .
. . (04 Marks)

4 a What are the conditions to be satlsﬁed for successful commutation of a
o - thyristor? With' Voltage and current wave’ forms d1scuss the ™ ‘process * of

© comimutation. 0 < : © 7t (06 Marks)
~'b.” With the help of a circuit dxagram and waveforms explam the operatlon of
" resonant pulse commutation. - -7 (08 Marks)
“¢.” ‘For the complementary commutation circuit shown in fig.4(c). Calculate the
 values of C to provide circuit turn off time of 20 micro-sec. " (06 Marks)
Contd... 2
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Briefly explain how output is controlled in single phase bridge inverter.

EC42

1 R, IDJ'LC R,= 105

T 100V _{

i T

Fig.4(c)

Explain with a circuit diagram and waveforms the working of a single phase
control type AC voltage controller connected to resistive load. Derive the

relationship between rms output voltage and rms input voltage. (08 Marks)

Why short duration gate pulses are not suited for triggering thyristors in full
wave a.c. voltage controllers feeding inductive loads. (04 Marks)

A single phase full wave a.c. voltage controller shown in fig.5(c) bas a
resistive load of 5 Ohm with input voltage of 120 V, 50 Hz. The delay angles

{1-1:0!2:2%.

Determine : i) rms output voitage ii)' average current through the thyristors.

" iii) rms current through the thyristors iv) input P.F. _ (08 Marks)

Fig.5(c)

Explain the working of a single phase full converter feeding highly inductive
load. Derive an expression for average output voltage. (08 Marks)
What is a free Wheeling Diode? What are the advantages of free Wheeling
Diode in rectifier circuits feeding inductive load? (04 Marks)
A single phase dual converter is feeding RL load, the thyristors are triggered
with a delay angle of 60 degrees. Sketch the waveforms of input voltage, and
output voltage of both the converters. Mention any two advantages of
circulating current mode of operation of dual converter. (08 Marks)

Explain how DC choppers are classified, with reference to load voltage and
load current. (08 Marks)
With the help of a circuit diagram and waveforms explain the working of a DC
chopper. Derive an expression for: _
i) Output voltage it) Output power , (12 Marks)

With circuit diagram and waveforms explain the operation of a single phase
bridge inverter feeding resistive load. If additional diodes are connected across
the switches, what are their functions? . : (08 Marks)

(04 Marks)
With a circuit diagram explain the workmg of a single phase current source
inverter. (08 Marks)
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Note: I. Answer any FIVE full questions.

1 a Give a list of Power Electronic circuits for different input / output requirements.

_ (05 Marks)

Discuss the peripheral effects of Power Electronics equipments, (05 Marks)

¢. With model and waveforms, explain how the internal capacitances of the transistor
influence the switching characteristics of the transistor, (10 Marks)

2 a Explain the anti saturation control technique used to improve the switching speed of

apower B.J.T. : (06 Marks)
b. Discuss methods of providing isolation of gate/base circuits from power circuits,
' (06 Marks)

¢. A transistor switch of Fig Q2 (c) has B in the range of § to 40. Calculate
1) The value of Rp that resulis in saturation with an overdrive factor of 5.
ii)  The forced prand -

iii)  The power loss in the transistor. (08 Marks)

Fig Q2 (¢)

3 a. Explain the principle of operation of an SCR using two transistor model. (06 Marks)
b. What is the need for protection of thyristors. Explain how thyristors are protected
di . ,odv
against high ~— and high =——. 07 Marks
g g 7 g o (07 Marks)

.

¢. A string of series connected thyristors is to with stand a do voltage of 16 kV. The
maximum leakage current and recovery charge differences of the thyristors are
10 mA and 100 uC respectively. The derating factor for steady-state and transient i
voltage sharings are 20%. For a maximum steady state voltage sharing of 1 kV. ;

Determine
i) The steady state voltage sharing resistance R for each thyristor and
i)  The transient voltage capacitance C; for each thyristor, (07 Marks)

Contd...2
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4 a
b.
5 a
b.
C.
6 a
b.
7 a.
b.
8 a
b.

What is forced commutation? Discuss the following forced commutation techniques.
i}  Self commutaiion.

ii)  Impulse commutation. (14 Marks)
Obtain proper values of the commutating components for the circuit shown in Fig.
Q4 (b). The load current to be commutated is 5 A, tumn off time is 50 psec. Supply
voltage is 100 V, SCR; holding current is 2 mA. Derive the equation used. (06 Marks)

With necessary waveforms, explain the operation of a lg full wave controller with
inductive load. Derive expressions for rms output voltage and rms output current,

{10 Marks)
Explain why short duration gate pulses are not suitable for bidirectional ac voltage
controllers with inductive loads. (83 Marks)

A 1g full wave ac voltage controller supplies a resistive load of R = 10 £} from an
input voltage Vs = 200 V, 60 Hz. The delay angles of the thyristors are equal,

4 .
;= 0y = —. Determine
2

i} The rms output voltage.

it)  The input p.fand

iii) Average current of thyristors

iv) Rms current of thyristors. (67 Marks)
With the help of relevant waveforms, explain the working of a lo full converter
assuming continuous current operation. Derive expressions for average and rms

output voltages. {10 Marks)
With necessary waveforms explain the working of a 3¢ half wave converter. Obtain
cxpressions for average and rms output voltages. {10 Wiarks)
Explain the principle of operation of a siep-up chopper. (66 Marks)
With the help of necessary mode equivalent circuits and waveforms, explain the
operation of an impulse commutated chopper. (14 Marks)

What are inverters? Explain the working of an half bridge inverter with necessary

waveforms. What is the function of the feed back diodes? (16 Marks)
Explain how the output voltage of a l¢ inverter is controlled using sinusoidal
P.W.M technique. (10 Marks)

fekdok®
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: Note : Answer any FIVE full questions. . :

1 a Mention and explain the different types of power electronic converter systems. Draw

their output / input characteristics. (08 Marks)
b. What are the peripheral effects of power converter system? (04 Marks)
¢. What is the need of a base drive control in a power transistor? Explain proportional
and anti saturation control. ' _ (08 Marks)

2 a. With the necessary waveforms explain the switching characteristics of a power

transistor. (07 Marks)

b. Give the comparison between SCR, MOSFET and IGBT. (06 Marks)
~¢.  With the necessary sketches, explain the switching characteristics of an IGBT.

{07 Marks)

3 a. Sketch the static V-I characteristics of an SCR and then explain
1) Latching current.
i1} Holding current.

iii) Break over Voltage {08 Marks)
b. Explain the various methods of turn-on of an SCR and mention the advantages of
gate triggering. _ {08 Marks)

¢. The thyristor is gated with a pulse width of 40 psec. The iatuhmg current of thyristor
is 36 mA. For a load of 60 £ and 2H, will the thyristor get turned ON? If not, how it
can be overcome for the given load? Find its value. (04 Marks)

4 a. What do you mean by commutation? Explain briefly the different types of

commutation. {08 Marks)
b. 'With necessary circuit and waveforms, explain complementary commutation scheme.
{08 Marks)

c¢. The resonant pulse commutation circuit has a capacitance C = 30 yF and LL =4 uH.
The initial capacitor voltage is Vg = 200 V. Determine the circuit turn OFF time for
the load current I, = 250 A. (04 Marks)

5 a. What are the advantages of freewheeling diode? Explain the principle of operation of
a single phase HWR feeding an RL load. Draw the necessary sketches. (08 Marks)
b. With the necessary circuif and waveforms, explain the operation of three-phase full
converter. (08 Marks)
¢. A single phase rectifier for 10 kW rating is required. Thyristor of current rating 50 A
are to be used. Find the rated voltage of thyristor using a safety factor of 2, if the
rectifier is
i) Full wawve using centre tapped transformer.
i1} Full wave bridge rectifier.
Assume R1 load. (04 Marks)

Contd....2
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Classify the choppers and explain the different types and chopper circuits. (08 Marks)
Obtain an expression for the output voltage for a step-up chopper. Explain how duty
cycle is controlled. (08 Marks)
A dc chopper has an input voltage of 200 V and a load of 8 2 resistance. The voltage
drop across thyristor is 2 'V and the chopper frequency is 800 Hz. The duty cycle

o = 0.4. Find

i) Average output voltage.

it} Rms output voltage. .

i) Chopper efficiency. (04 Marks)

With necessary circuit and waveforms, explain the operation and fullwave a.c.
voltage controller feeding an RL load. (08 Marks)
Explain the various methods of gating an SCR. State why short duration pulses are
insufficient for an ac voltage controller feeding an RL load. (06 Marks)
A single phase half wave ac voltage controller has an input voltage of 150 V and a
load resistance of 8 §3. The firing angle of thyristor is 60° in each positive half cycle.
Find

i) Average output voltage.

ii) RMS output voltage.

iii) Power output.

1v) Power input .
v) Average input current over one cycle {06 Marks)

What do you mean by Inverters? Explain the operation of single phase full bridge

inverter. Draw the load current waveforms for R, RL and RLC loads. -+ (98 Marks)
With necessary circuit and waveforms, explain the operation of three phase bridge
-inverter with 180° mode of operation. (08 Marks)
Explain how harmonics can be reduced by transformer connections. (04 Marks)
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USN E.C42
Fourth Semester B.E. Degree Examlnatlon, Dec. 07/ Jan. 08
Power Electronics
Time: 3 hrs. | R Max. Marks:100

Note :1. Answer any FIVE full questions. ' o 7
1 a. Explain the peripheral effects caused by power electronic converters. {06 Marks)
b. Give the characteristic features of the following devices:

i) MOSFET i) Triac i) GTO i) RCT (08 Marks)
¢. Latching current of a SCR, with a dc voltage source of 200 V, is 100 mA. Compute the

minimum. width of gate pulse current required to turn-on this SCR, in case the load
comsists of i) L=02H ii) R =200 in series with. =02 H and iii) R=20Q in

series with L. = 2.0 H. (06 Marks)

2 a. Give the construction, static characteristics and applications of IGBT. (06 Marks)
b. With circuit diagrams, discuss the methods for providing isolation of gate / base circuits -

from power circuit. (08 Marks)

¢. The collector clamping circuit of figure Q2 (¢) has Ve = 100V, RC =15Q, Vg1 =21V,
Vap =09V, Vgg =07V, Vg =15 V and Rg = 2.5 Q and B = 16. Calculate i) the
collector current without clamping, ii) the collector-emitter clamping voltage, Vg and

iit) the collector current w1th clamping. {06 Marks)
3 5 1 Ny
% v ~1 !
s + Vg~ ‘ - i i
| & | T
ke . T : : 0B
Poah 1%
1 v Ao * [" {}; | .'..Ed jv&fi ¢ f‘“—' :
A . oV — 1o MH
| . Y !, ”
Vg - .
e T T BoMF
| ] !
Fig. Q2 (¢} Fig. Q4 (¢)
3 a. Using two-transistor model, explain the switching action of a thyristor and significance of
' gate control. Also derive an expression for the anode current. (08 Marks)

b. Distinguish between:
i) Latching current and holding current.
n) Converter grade thyristor and inverter grade thyristor. ~
iti) Thyristor turn-off time and circuit turn-off time. (06 Marks)
c. Twelve thyristors are used in a siring to withstand a DC voltage of 16 KV. The maximum
leakage current and recovery charge differences of the thyristors are 10 mA and 175 uC
respectively. Each thyristor has equalizing components of R = 56 KQ and C = 0.5 pF.
Determine the derating factors for 1) steady state and ii) transient state. (06 Marks)

4 a. Distinguish between:
i} Voltage commutation and current commutation.

i) Load-side commutation and Line-side commutation. . (06 Marks)
b. Explain with the help of a circuit diagram and relevant waveforms, the operation.of an
impulse commutated circuit with accelerated recharging. (08 Marks)
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. Commutation circuit for a SCR by resonating load is as shown in figure Q4 (c). Check
whether the SCR is self-commutated. Calculate the time of conduction of SCR and the
voltage of the capacitor at the time of commutation. (06 Marks)

Derive an expression for the rms value of the output voltage of a bi-directional AC voltage
controller, employing on-off control. (06 Marks)
. Explain the operation of a single-phase phase-control type of voltage controller with RL
load. Give an illustration to show that for firing angle o less than load angle 6, output
voltage of the AC voltage controller cannot be regulated. (08 Marks)
A single phase full-wave voltage controller has an input voltage of 230 V and a load
having R =4  and L = 22 mH. The frequency is 50 Hz. The firing angles are 60° for both
thyristors. Find 1) Conduction angle of thyristors and ii) rms output voltage. (06 Marks)

Give the equations to show that the power factor of semiconverter is better than that of full
converter. (04 Marks)
. With neat circuit and wave diagrams, explain the working of a line-commutated converter,
which can. function as a rectifier and also as an inverter. Derive an expression for its
~ average output voltage. (10 Marks)
. A single phase dual converter is operated from a 230 V, 50. Hz supply and the load
resistance is R = 10 €. The circulating inductance is L, = 40 mH. Delay angles are o) = 60°

and op = 120°. Calculate the peak circulating current and the peak current of converter I.

(06 Marks)
With the help of circuit and quadrantal diagrams, explain the working of a class-E chopper.
Mention the devices that provide path for the current in each quadrant. (10 Marks)

. A chopper is feeding an RL load as shown in figure Q7 (b). The chopper frequency is 1
kHz and duty cycle K = 0.5. Calculate
i) The minimum instantaneous load current. ii) The peak instantaneous load current.

iii) The average value of load current. iv) The rms load current.
v) The rms chopper input current, (10 Marks)
{'},mbs’ﬂ' :
LN :
M + LnH
| A
| Ny Son
Vza0n v n )‘XD ?’“’“"
31
' I ! “:i:’gg
S R
Fig. Q7 (b)
Explain the operation of a three-phase transistorized inverter in 180° conduction mode,
with resistive star connected load. . (08 Marks)
. Write a note on voltage control of single phase inverters by sinusoidal pulse width
modulation technique. (05 Marks)

A full-bridge inverter circuit has an input voltage of 200 V. The load is a series RLC
circuit with R = 10 Q, L = 20 mH and C = 100 pF. The inverter frequency is 50 Hz.
iy  Express the instantaneous load current as fourier series. Consider upto 9™ harmonic

only. :
ify  Find the rms value of fundamental component of load current and
iif) Total harmonic distortion of the load current. (07 Marks)

B
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Fourth Semester B.E. Degree Exammatlon, Dec 08 / Jan 09
Power Electromcs -
Time: 3 hrs. Max. Marks:100
Note : Answer FIVE full questions, choosing at least two questions from each part.

Part A
1 a. With neat circuit and waveforms of control signal and output vol’cage explain the control
characteristics of IGBT and SCR. (08 Marks)
b. Explain briefly the different types of thynstor power converters and mention two

applications for each. {03 Marks)
c. What are the peripheral effects of power electronic circuits on load and source? (63 Marks)

2 a. Sketch and explain the switching charactenstlcs of power BJT. The sketch should have the

wave ferms of 1) Vg i) I ifi) Io. - (06 Marks)
b. Skeich the structure of n — channel enhancement type MOSFET and explain its working
principle. Also draw its transfer characteristics. . (08 Marks)
c. The IGBT shown in the circuit of figure Q2 (c) has the 10110Wing data:
on = 3msec, topp =1.2psec, Duty CYC}\,D 0.7, V, a1 =2V, f =1kHz.

Deterrmne 1) Average load current, i} Conductmn power loss, iil} Switching pewer
loss during turn-on and turn-off. o (66 Marks)

Fig, 02 (©
3 a. Using two transistor analogy, derive an expression for anode current of S.CR. (06 Marks)

dv .
b. Calculate the reqmred pa.rameters for snubber civeuii to provide Y proteotlon to an SCR

d
used m single phase bridge converter. The SCR has max —d%]— capacity of 60V/usec. The

input line-to-line voltage has a peak value of 425 V and the source mductance is 0.2 mH,
Damping lactor = §.65. (04 Marks)
¢. Mention the different turn-on methods employed to switch-on SCR. Explain with
waveforms, the resistance triggering circuit to turn-on SCR in the phase control circuit.

{10 Marks)
4 & What do you mean by commutation in thyr;stcvq? Differentiate between natural
commutation and forced commutation, (06 Marks)

b. For class-C commutation circuit shown in figure Q4 (b) the D.C. source voltage is 120 V,
and the current through R1 and R2 = 20 A. The tumn off time of both the SCRs is 60usec.

Calculate the value of commutating capacitor “C”, for successful commutation,
(06 Marks)

Pof2




06EE4S

Fig. Q4 (b)
With neat circuit and waveforms explain the operation of complementary commutation.
(08 Marks)

: PartB

. Derive an expression for RMS value of the output voltage for single-phase full wave (bi-
directional) AC voltage controller with resistive load. (10 Marks)
. An on-off controller, with an input of 230 V, 50 Hz is connected to a resistive load of 200,
the circuit is operating with the switch ON for 30 cycles and OFF for 30 cycles. Determine
i) RMS output current  ii) input power factor. (10 Marks)

With neat circuit and waveforms derive an expression for the RMS value of output voltage

of single phase semi converter with RL load, (Assume discontinuous load current).
(06 Marks)

. A single phase half wave controlled rectifier is used to supply power to 10 load from
230 V, 50 Hz supply at a firing angle of 30°. Calculate i) Average output voltage

ii) Effective output voltage iii) Average load carrent. {06 Marks)
With neat circuit and waveforms explain the working principle of 3 phase half wave
controlled rectifier with ‘R’ load. (08 Marks)

. A DC chopper shown in figure Q7 (2) has a resistive load of 10 and the input voltage,
VS =200V . When the chopper switch is ON; its voltage drop is 2V and the chopping

frequency is 1 kHz. If the duty cycle is 50%, determine i) Average' output voltage ii)
RMS output voltage, iii} The chopper frequency, iv) The effective input resistance of the
chopper. o ) B (08 Marks)

Fig. Q7 (a)
. With neat circuit, explain the working principle of impulse commutated thyristor chopper.’
(08 Marks)
Explain briefly how choppers are classified. (04 Marks)

. Obtain Fourier series for the output voltage waveform of full bridge inverter (single phase)

with ‘R’ load. (10 Marks)
. With the help of neat diagram and waveforms, explain the operation of 180" mode of 3
phase inverter with star connected ‘R’ load. (10 Marks)
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USN 06EE45
Fourth Semester B.E. Degree Examination, June-July 2009
Power Electronics

Time: 3 hrs. ' Max. Marks:100
Note: Answer any FIVE full questwns choosing at least two questions from each part.
PART - A
1 List out and explain the different types of Power Electronic converters., Show their

output/input characteristics. - . (08 Marks)
What are the pheripheral effects of power converters. (04 Marks)
What is the necessity of base drive control in high power transistor? Explain proportional
base and anti-saturation control. (08 Marks)
2 With necessary waveforms, explain the switching performance of power BIT. {07 Marks)
With relevant diagrams, discuss the methods for providing 1solat10n of Gate/base drive
control in power circuits and what are its limitations? (07 Marks)
In the circuit of Fig.Q2(c), the BJT has P in the range 10 to 25. If Ve = 230V, Re = 12,

Vg =15V, Versan =1.2V and VBE@say = 1.8V, calculate :

i)  the value of Rj required to move the transistor into saturation with an ODF of 6
ii} forced beta By ; 11) total power dissipation.
Mw,_..w!\.___.
f, P Q{, % J‘g\ Te,
Ra @ bk
By te
7 Vg, Veg Yr, {

Fig.Q2(c) - T FigQ3(0) (06 Marks)
3 With neat sketch, explain the static V-1 characteristics of an SCR? What arc the
significances of latching current, Holding current and Break over Voltage. (08 Marks)
With help of Two transistor Model of an SCR, derive the expression for anode current.
There from explain the switching action and significance of Gate Control. {08 Marks)

The SCR in the circuit of Fig.Q3(c) has a latching current of 50 mA and if triggered by a
Gate pulse width 50u.sec. Show that with out resistance R! the thyristor will fail to remain
ON when the gating pulse ends. Also find the maximum value of R! to ensure firing. The
ON-State voltage drop of an SCR can be neglected. ' ' (04 Marks)

Define commutation? What are the necessity and conditions of commutation? Explain
briefly types of commutation circuits. (08 Marks)
With necessary circuit and waveforms, explain complementary commutation scheme,
Derive an expression for the same. (08 Marks)
Circuit of Fig.Q4(c) employing class-C commutation has Vg = 200V, R, = 10Q and
Ry =100€2. Determine: 1) Peak value of current through thyristors T; ; ii) Value of

| capacitor C if each thyristor has turn-off time of 40 LL.sec. Take factor of safety as 2.

(04 Marks)
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PART -B

What is an A C voltage regulator (controller)? With the help of waveforms, explain ON-
OFF control and phase control. : ' (06 Marks)
Explain the operation of a single phase bidirectional controller with resistive load. Obtain
the equation for r. m. s. and output voltage. Show the waveforms. (08 Marks)
The single phase full wave ACVC in Fig.Q5(c), operates on a single phase supply voltage of
230V ms at 50 Hs. If the triac is triggered at a delay angle of o (Alpha) = 45° during both
the half cycles of the input supply, calculate :

i) rms value of the output voltage

11) Togmms) through the heater element ’{ _
iii) Average value of the triac current %o\gﬁ“&{“ t ;2 ;\}V
iv) rms value of triac current Tt ‘y{) " é: J {'
- o
Fig.Q5(c) (06 Marks)

What is the use of freewheeling diode in converters? Explain the principle operation of
single phase FWR feeding with RL load. Draw the relevant sketch and waveforms.

(06 Marks)
With neat circuit and waveforms, explain the working of a line Commutated Converter,
which works as rectifier and also as an Inverter. Derive an expression for its average output
voltage. ' , (10 Marks)
A single phase dual converter is supplying a load having R = 10Q from an ac source of
230V, 50H;. If the delay angle of the converters are oy = 60° and oz = 120° and the
circulating current limiting inductance L, = 50 mH, calculate the peak value of the
circulating current and the peak current through converter — 1. (04 Marks)

What is chopper? Classify and explain the different types of choppers with each circuit

diagrams. {06 Marks)
With the help of circuit and quadrantal diagrams, explain the working of a class-E chopper.
Mention the devices that gives path for the current in each quadrant. (08 Marks)

In the chopper circuit of Fig.Q7(c), the average output voltage is 109V. The voltage drop
across the chopper switch when it is ON i.e. Vg = 2V. If the load resistance R = 10Q, -
t=1.5KHz and duty ratio 8 = 50%, calculate :
i) The dc Input voltage to the chopper.

i) The mms output voltage

iii) The chopper efficiency

iv) Input resistance of chopper.

Fig.Q7(c) (06 Marks)
What do you mean by Inverters? Explain the operation of single phase full bridge inverter.
Draw the load current waveforms for R, RL and RLC loads, (06 Marks)
Explain the operation of a three phase transistorized Inverter in180° conduction angle mode
with Star-Connected Resistive load. ' (08 Marks)
Write a note on voltage Control of Single phase Inverter by Sinusoidal and multiple pulse
width modulation techniques. Show their waveforms. {06 Marks)

& % %k % %
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USN 06EE45
Fourth Semester B.E. Degree Examination, Dec.09/Jan.10
Power Electronics

Time: 3 hrs. | _ Max. Marks:100
: Note:1. Answer any FIVE full questions, selecting
at least TWO questions from each part.
2. Missing data may be suitably assumed.
Part—- A
1 a Give the circuit symbol, output characteristiéé and applications of various semiconductor
+ devices. o : ' . (10 Marks)
b. With the help of circuit and waveforms, explain the various types of power electronic
, converter circuits. : {16 Marks)
2 a. Withthe héIp of nécessary waveforms, explain the switching characteristics of a BJT.
. {06 Marks)
b.  With the help of necessary waveforms, explain the switching characteristics of an IGBT. '
o , (06 Marks)
c. What is the necessity of base drive control? Explain the various. methods of base drive
control used for BJTs. ‘ : (08 Marks)
3 a Explain the two transistor analogy of a thyristor. (06 Marks)
b. Mention and explain the various methods of turn ON used for thyristors. (08 Marks)
. ¢. The thyristor is gated with a pulse width of 40 psec. The latching current of thyristor is
36 mA. For a load of 60 Q and 2 H, will the thyristor get turned ON? If the answer is
negative, how this problem can be overcome for the given load? Find the value of remedial
parameter. Given V, =300V . : | (06 Marks)
4 a What do you mean by commutation? Explain the method of self commutation with
necessary circuit and waveforms. : : (07 Marks)
b.  With necessary circuit and waveforms, explain the complementary commutation method, -
: _ : (07 Marks)
C. In the resonant pulse commutation circuit, the capacitance C = 30 pF and inductance
L =4 pH. The initial capaciter voltage is V, =200 V. Determine the circuit turn-off time toff
if the load I is 50 A. ‘ (06 Marks)
Part— B
5 a With the help of circuit diagram and waveforms, explain the operation 1Q bidirectional
voltage controller with R-L load. . (07 Marks)
b. Explain the principle of ON-OFF control. Obtain an expression for rms voltage, rms current
and p.f. for full wave AC voltage controller. (07 Marks)
. A single phase half wave ac voltage controller has a resistive load of R = 10 Q and the input

voltage Vs =120V, f=60 Hz, a = —;E Determine i) rms value of output voltage, ii) Input

power factor iii) Average input current. _ (06 Marks)
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For a single phase semi-converter with R<L load operating in continuous mode, 1) Draw the
circuit diagram, input and output waveforms i) Derive an expression for average and rms
output voltages. ' B (10 Marks)
With the circuit diagram, explain the operation of three phase full converter for constant
load current. If the input to this circuit is 3 phase, 50 Hz supply, determine the firing angle a
for the SCRS to obtain an output average de voltage of 50% of the maximum. If this output
voltage is 270 V, calculate ac supply line-line rms voltage. : (10 Marks)

What is chopper? Explain the operation of various types of chopper. (08 Marks)

With the help of circuit and waveforms, explain the operation of step up chopper. (06 Marks)

In the step down chopper V, =230V, load resistance is 10 €. Take a voltage drop of 2V

across chopper when it is ON. Yor a duty cycle of 0.4, calculate i) Average and rms values
of output voltage. ii) Chopper efficiency. (06 Marks)

Explain the concept of sinusoidal modulation technique of voltage control in an inverter.

, (06 Marks)
What is the effect of harmonics? Explain harmonic reduction by transformer connection
method. ' (08 Marks)
For the inverter circuit shown in figure,

i)  Sketch to scale the waveforms of Vy, i,, iy, 1oy, 1, and i,.

ii)  Power delivered to load.

iii) State whether this circuit will require forced commutation. (06 Marks)

N
s

[o
Fig. Q8 (c)
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