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SECTION “A”

[20 Q. x 0.5 = 10 marks]

Choose and encircle in the most appropriate option from each set of choices

i

Which of the following is an example of controlled turn-on and uncontrolled turn off
device?
a. Diode. b. SCR. c. MOSFET. d. IGBT.

The time constant (1) for a circuit which consists of a diode with an RL load in series
is
a. L/R. b. R/L. ¢. RL. d. I/RL.

For a diode, reverse recovery current time is defined as the time between the instant diode
current becomes zero and the instant reverse recovery current decays to

a. Zero. b. 10% of reverse peak current (Irm).
c. 25% of Irm. d. 15% of Irm.
S D i
The voltage across capacitor, vc and current, i when =
switch, S is closed at t=0 , if capacitor is initially + )
charged with voltage Vo with upper plate positive as T TV R
. + o
shown in figure is Ve +

a. 0, Vo/R. b. -Vo, Vo/R. c.-Vo,.-Vo/R. d. Vo, Vo/R.

A single phase one pulse diode rectifier is feeding an RL load with freewheeling diode
across the load. For conduction angle, B the main diode and free-wheeling diode would
conduct respectively for

a. w, 7n-P. b. =, . c. B-m, m. d. m, B-n.

In a thyristor

a. Latching current, I1 is associated with turn off process and holding current, Iu with
turn on process.

b. Both I and Iy are associated with turn off process.

c. Ivis associated with turn on process and holding current, Iy with turn off process.

d. Both Iy and In are associated with turn on process.

For a three phase half wave converter, the average output voltage is given as
3Vm 3Vmi h
B (1 +cosa) b. i (1+ cosa) c. = (cosa) d. el (cosa)

For a three phase converter, which of the following offers four quadrant operation
a. Half wave converter. b. Semi converter.
c. Full converter. d. Dual converter.



10.

1118

12.

13.

14.

15.

17.

19.

20.

The firing sequence for a three phase full converter with firing angle a = (0" is
a. 60% 120°, 180 240°, 300, 360°. b. 120°, 180°, 240°, 300°, 360°, 420°.
c. 150°210°, 270° 330°, 390°, 450°. d. 210°,270° 330 390°, 450°, 510°.

Each diode of a 3 phase half-wave diode rectifier conducts for
a. 60°. b. 180°. e 1200 d. 90°.

The maximum value of phase voltage for a three phase 120° voltage source inverter is
a. V3. b. 2V¢/3. ¢, Vi d. Vy2.

In dc choppers, if Ton is the on period and f is the chopping frequency, then output
voltage in terms of input voltage V is
a. V*Ton/f. b. V¥{/Ton. c. V/If*T. d. V¥f*Ton.

The cycloconverter requires natural or forced commutation as under

a. Natural commutation in both step up and step down cycloconverters.
b. Forced commutation in both step up and step down cycloconverters.
c. Forced commutation in step up cycloconverters.

d. Forced commutation in step down cycloconverters.

The input power to the step down converter equals the output power from the converter
under lossless condition and is expressed as

a. P=kVs?/R. b. P=kVs/R. c. P=Vs? k*R. d. P=k*Vs 2R,

The thyristors on same leg of for a 180° conduction mode three phase inverter conducts

for an interval of and the maximum value of phase voltage obtained is
volts.

a. 180 degree, 2V/3. b. 180 degree, Vy/3.

c. 120 degree, 2Vy/3. d. 60 degree, 2Vy/3.

In a sinusoidal pulse modulated (SPWM) inverter there a N pulses per half cycle if

a. Triangular carrier wave peak coincides with zero of reference sinusoid waveform.
b. Triangular carrier wave zero coincides with zero of reference sinusoid waveform.

c. Triangular carrier wave peak coincides with peak of reference sinusoid waveform.
d. Sinusoid reference wave peak coincides with zero of carrier triangular waveform.

The load current is continuous for a three phase half wave converter with resistive load
for delay angle
a. x> m/6. b. x=m/6. c.xg /6. d. x< m/6.

If the chopper frequency is 200 Hz and Teq is 2 ms, the duty cycle is
a. 0.4 b. 0.8 c. 0.6 d. 0.2

A step down chopper is operated in the continuous conduction mode in steady state with
a constant duty ratio, D. if V; is the magnitude of the dc output voltage and V; is the
magnitude of dc input voltage, the ratio Vo/V; is given by

a. D. b. 1-D. c. 1/1-D. d. D/1-D.

An ideal rectifier should have rectification efficiency, effective rms value of ac
component of output voltage, ripple factor, transformer utilization factor and total
harmonic distortion respectively

a. 50%, 0,0,1,0. b. 80%, 0,0,1.,0. c. 100%, 0,0,1,0. d. 100%, 0.5, 0.5, 0.5, 0.5.
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" SECTION “B”
[5 Q. x 8 =40 marks]

Attempt ANY FIVE questions. Assume any suitable data if required.

a. A diode circuit as shown in Figufe 1 below ¥
with capacitor having an initial voltage; V¢ ' .
(t=0) = Vo = 110V, capacitance, C = 10 uF; and Vi
inductance, L = 10 pH. If switch S is closed at t D il
= 0, determine (i) peak current through the
diode (ii) conduction time of diode, and (iii) +
final steady state capacitor voltage. [1+1+1=3] C =/

Ve

Figure 1. Diode circuit with LC load

b. Describe the static reverse blocking state, forward blocking state and forward
conduction state of a thyristor showing I-V characteristics. [5]

a. A single phase ac switch with configuration as shown in Figure 2 below is used
between a 120V-50Hz and an inductive load. The load power is 15 kW at a power
factor (pf) of 0.89 lagging. Determine (i) peak thyristor current, I (ii) average
thyristor current, Iy (iii) rms thyristor current, Irms (iv) Peak Inverse Voltage of
thyristor (PIV) and (v) firing angle of thyristors. T, and T». [1+1+1+1+1=5]

i1 : l T1
| %l
y ———— )
A P Ir2 io A
T2 |

Figure 2. Single phase ac thyristor switch

b. A single phase transformer with secondary voltage of 235V, 60 Hz delivers power to
a load R=100€Q2 through a full wave controlled rectifier circuit. For a firing angle
delay of 60", determine (i) rectification efficiency (ii) form factor and (iii) transformer
utilization factor. [1+1+1=3]

P.T.0.



. Plot the load voltage, load current and source current waveforms with reference to
source voltage considering discontinuous load current for a single phase full

converter feeding RL load. Assume the firing angle to be 15° and extinction angle to
be 190°.

(4]
. Prove that for a step up converter, output voltage Vo = Vi, ¥[1/(1-K)]; where Vi, is the
input voltage to the converter and K = Ton / T is the duty cycle of the converter. Plot
the source voltage, source current, output voltage and output current waveforms
considering RL load.

(4]

. A step up chopper has input dc voltage of 220 V and output dc voltage of 600 V. If
the non-conducting time of the thyristor chopper is 90 ps,
i.  Compute the pulse width of the output voltage.
ii.  In case pulse width is halved for constant frequency operation, find the new
output voltage [2+2=4]

. A single phase voltage controller using integral cycle control has input voltage of
230V, 50 Hz and a load of R = 15Q. For 6 cycles on and 4 cycles off, determine

i.  rms output voltage.

ii.  Input power factor. [2+2=4]

. A single phase half wave controlled rectifier is connected to a 220V source. Calculate
the firing angle necessary to deliver SOOW power to a 25Q load. (4]

. “The maximum phase voltage, Va, for a three phase 180° mode bridge voltage source
inverter is 2Vy/3, where Vs is the supply input dc voltage”. Prove the statement with
an illustration for only one phase voltage, Va, for conduction period of 0 to  only. [4]

Explain class A and class B chopper along with its quadrant operation. Plot its output
voltage and current waveforms. (4]

. Explain the working principle of a three phase full wave controlled rectifier with
input and output voltage waveform with a resistive load for a firing angle of 0°.  [4]
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EPEG 318: Formulae sheet

Single Phase Half Wave Diode Rectifier:
With R Load:
* RMS value of output voltage

vl_-'"zl’-’
V= Maximum value of source voltage (V:)
+  Average value of output voltage,

-vﬂ
L3

o Average value of output voltage,
¢ Power delivered P= T, _.R

Vaee

Power delivered to load

1o rms = rms value of load current = Ty,

‘ mpnuw-_—‘i*:*-am

with L load:
' Oltpﬂcmentl.-&-{l—msd}

+ Marimum vaoe of curent 1, - 2

. Awmdwml.-%
* RMS value of fundamental current

I'lu'%
* Output voltage V, =V, sinat =V,
+ Average value of current voltage V;= 0
With C Load:
» Qutput voltage Vo=Vmsinwt = V; = V:
+ Diode voltage Vo = Vm (sin wt - 1)
* OQutput cument Is= we Vmcos wt
v Average value of diode voltage Vo =V
* RMS value of diode voltage
Va0 = 1.225 Vm
Single-Phase Full wave Mid-point Diode Rectifier:
Average output voltage,

v -ﬂv.sim d(at)

V.s.:yl
n

Average output current,

Rms value of load voltage,

Vi ® ‘%iv,’,ﬁmtd(d}]

vm';;’"’-

Rms value of load current,

'/
!ﬂ,ml"i'{'

Power delivered to load = Viyers) logms)

- Input power factor = tmulums
Vi,

Single-Phase Fufl wave Diode Bridge Rectifier:
Average value of diode current,
--—l-‘ | 'h
b :‘.n!met'd{wt} n
Rms value of diode current,
R %jawmd{m}
L]

=2

-
-

Single phase half wave-controlled rectifier with R Load
Average output voltage,

Ve
V' = 5{1?“3}

Average output current,
vV
L -3%—{14- cosa)

Rms value of output voltage,

n
|

U_f' . ’1_
v, ﬁl{n a) zsmzaj
Commutation time or turn off time of the thyristor,
t{-!sec

@
Input power factor of the converter,

VI 1 1.
f=uit n-a+=sin2u
S 7 E[ 2 ]



EPEG 318: Formulae sheet

Single phase half wave-controlled rectifier with RL load:
Average output voltage,
U.-::(mc-mssi
Averzge output current,
v‘
b=
Rms value of cutput voltage,

{cosa - cosf)

. ,l
U.-:-i}.lﬁ-zl—iimzs-mwf
Commutabion tme or tum off bme for the thynstor,

-
sﬂ's
==Fape
t‘ o

Single phase half wave-controlled rectifier with RLF load:

Mnmmmd&wmamwmrmbehwudk

E)

o]

Average output current,

§ = s [Vleosa-costy=3) -]

Average outpat voltage,

Y= L[ fcosa-cost) B2x -9

Input power factor,

of - SR EL)

vi
Commutabon time or turn off time of thynstar,
lﬁ

t e
Bridge Inverter: Brge crmusts are. commonly used in DC-AC conversion, Moreover, an
outpet transfomer s not essentid in & brdge araut,
IqH&HwMa—mwmmvi*i%mm
1p Full Bridge Laverter- The cutpet votage
U,=E¢L%$‘I1M
Where, n = order of harmosi;
w=nf, i frequency of the output voltage in redfsec
Key poiats:
v The load mpedance (Z.) & fraquency

JTR

¥ ’ ¢ ¥
A%< R jnal-—
i I, MJ[

I 1]

s
. mm{u.;.-mﬁT”"'J i

* Output cument or load current & the instant of commutation | -l,-% or @ = zrad

+ Fundamental load power
PelPy =l R= VL, s,

Three Phase Half Wave Diode Rectifier:

The pesk inverse vetage (PIV) = 5 Vo for eachof the three diode D, D and . The average

outpet vkage.
Wy S
v,-mlv"mutd{mt}
" Ve
-%v, (Vg =2V,
[ Ve =BV =BV,
Rims vafue of output voltage,

v, -I"”'w s ot d)]

ms, = 084068 V,

Three-Phase Mid-point 6-Pulse Diode Rectifier
Average output voltage,

3 o
v, ‘E.‘_S_J,v“m“ dot)

=

Rims value of output voltage,

3 M
Vi) = m.‘!’w.md]'dut)

ey = 0.9558 Voo

THREE PHASE DIODE BRIDGE RECTIFIER
Average Value of load voitage,

V= 915 Iv_mut (deot)
Ny

Rms value of output voltage,

1%,
Vi = ml’[‘ﬁ,nmuﬁuq

V=

THREE PHASE HALF-WAVE -CONTROLLED RECTIFIER:

IUquhu&mdhm.hwmdﬁ!mw.

" J%v,mu ifor 0 <a<30r

i_ :—3n'o‘~[lfmfﬂ'-¥rl_i sfor 30° < a < 150*

1f Vs is the peak value of line voltage, average output voltage,
i‘,:—):lmn
Hblsﬂnbodmm,amageﬂlucm‘mw,

Lot

Average value of thyristor current,

if
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Three phase half-wave converter drive V, + (n, — 1)RI
3 5 o2

V —_
L P_:JEV’ DS{max) n,
2. Average value of output volrage p:=ili'1cosa [Fur b<u<n]
3
i DRF =1 — _‘7""_.
3. RMS value of phase or line current Iv=‘;|£ P ¥ orcuiai)
X
! 1
4. Averagz thyristor cument [, =] = 1 =1
3 VD?!mui = ; v, + EJC_}QAJ
'l L

5. RMS thyristor current Iy =1, JI
13

6 tnpupF=_tetl 3 2
tPF=—2 2 - "_roig 4]
Bevsr, ah , . nmo
4 rm ENE i(t) = (—sm—-sm nwt — na )
nm 3 ( )
Three phase Full-wave converter drive n=13,5
: i,
L. Average value of armarure voltage ¥, ="—"cosa [For 0<asa]
r

2. Average value of field volage ]"}:fﬂcosﬂ, [ForOSa;SJﬂ
= 1
s
3. RMS vahue of lin2 current ;;_{_J;.
3

4. Average thyristor current In= ,!'%

o

RMS 1h}mor:m1m =i g

*
6 pmpr=_to'h 3o
,ﬁty}t;’ T

Three phase Dual converter drive
1. Average value of output and fizld circuif voliage ¥, :%cosﬂ'! for {=;sn
Three phase semi converter drive
1. Average value of armature voltage F/, = %—a +cosa,) [For0<a<x]
2. Aserage vabie of field vohage 7, =%a+msa,1 [For 1<aesa]

3

3. RMS value of line cuivent ], = I'J; [For a<60°]

4. RMS tlymistor curreut [ =1, JE [For e<60°]
5. Average thynstor cumrent [, =, % [For a<60°]
80-2
6. BMS vahue of lme current [ =], [For 60°< a <180°]
. 80-a
7. RMS thyristor curment [, = j_g [For 60°< o <180°]
. 150-a ,
8. Average thyrmstor current J; =1, %( = ) [For 60°< o <150°]

9. Freewheeling diode RMS curent /= I, * % [For 60°< o <180°]

10, Freewheeling diode average curment [ =1, «2750  (For g0°< 0 <180°)

120
-
11, Input PF = /e =——'1-{1+cuaa'} [For a<6iF]
3.;1*1, hrs
12, m;g{.__pt'_"l._=m "'__f. [For 60°< u <18(°]
\ﬁc;:“r? ire T






