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Seat No.

Instructions : (1) All questions are compulsory.

(2) Illustrate your answers with neat sketches wherever necessary.
(3) Figures to the right indicate full marks.
(4) Assume suitable data, if necessary.

M arks

1. Attempt any five of the following : 10

a) State the applications of MOSFET (any two).

b) Draw the V-I characteristics of power transistor.

c) Draw the symbol of GTO and TRIAC.

d) Define triggering. List the type of triggering.

e) Define commutation. Give the types of commutation.

f) Define transfer time and back up time of UPS.

g) State the applications of power electronics.

2. Attempt any three of the following : 12
a) Describe with neat sketch the construction and working principle of MOSFET.
b) Draw construction of SCR using two transistor model. Explain its operation.
c) Explain the operation of RC triggering circuit with neat diagram.

d) Draw a neat diagram of 1¢p half wave controlled converter with RL load. Give its
operation.

3. Attempt any three of the following : 12

a) Draw a neat labelling V-I characteristics of SCR and explain the region.
b) Explain the operation of PUT relaxation oscillator with diagram.

c) Explain with sketch the operation of single phase fully controlled midpoint configuration
with R load.

d) Give the operation of battery charger using SCR with a neat diagram.

P.T.O.



N arks

4. Attempt any three of the following : 12

a) Explain the operation of snubber protection circuit with diagram.

b) Explain the operation of opto coupler based triggering circuit with diagram.
c) Give the concept of firing angle and conduction angle with a neat waveform.
d) Draw the circuit diagram of DC static circuit breaker and give its operation.
)

e) Describe emergency lighting system with neat diagram.

5. Attempt any two of the following : 12
a) Draw a symbol and neat labelling V-1 characteristics of GTO and explain its operation.
6. b) Explain auxiliary commutation with a neat diagram. Also draw its waveform.

c) Explain in detail over-voltage protection.

Attempt any two of the following : 12

a) Give the operation of single phase full wave bridge controlled converter with RL load
with a neat diagram. Also draw its waveform.

b) Give the effect of source impedance on converter operation.
c) Explain the operation of UPS with a neat block diagram.
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Important Instructions to examiners:

1) The answers should be examined by key words and not as word-to-word as given in the model
answer scheme.

2) The model answer and the answer written by candidate may vary but the examiner may try to assess
the understanding level of the candidate.

3) The language errors such as grammatical, spelling errors should not be given more importance (Not

applicable for subject English and Communication Skills).

4) While assessing figures, examiner may give credit for principal components indicated in the

figure. The figures drawn by candidate and model answer may vary. The examiner may give

credit for any equivalent figure drawn.

5) Credits may be given step wise for numerical problems. In some cases, the assumed constant values
may vary and there may be some difference in the candidate™s answers and model answer.

6) In case of some questions credit may be given by judgement on part of examiner of relevant answer
based on candidate"s understanding.

7) For programming language papers, credit may be given to any other program based on equivalent

concept.
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1 Attempt any FIVE of the following: 10

1 a) State the applications of MOSFET (any two).

Ans:
Applications of MOSFET:
i)  Switching-mode-power-supplies (SMPS) and linear power supplies.

i)  Brushless DC motor drives 1 mark for
iii)  Solid state DC relay each of any
iv)  Automobile applications two valid
v)  Stepper motor controller applications
vi) Lighting controls = 2 marks

vii) Solenoid drivers
viii) Robotics
ix) Induction heating

1 b) Draw the V-I characteristics of power transistor.

Ans: 2 marks for
ns:
V-I characteristics of power transistor: labelled
)i ) diagram
I _ﬁ
les i
los :
Ie; H
= - 1 mark for
b i partially
e labelled
3 —— —— diagram
(. A \ A M No marks for
e cutof Regon unlabeled
diagram
1 c¢) Draw the symbol of GTO and TRIAC.
Ans:
1) GTO:
1 mark for
‘ any one
-9 H o symbol
Calhode - s}mbﬂbx K
2) TRIAC:

GATE

G 1 mark
MAIN MAIN
TERmmaL1 T1 T2 fpamaLz
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1 d) Define triggering. List the type of triggering.

1 e)

1 1)

Ans:

Triggering:
Triggering means turning-ON of a device from its OFF-state.

Types of Triggering:

1) Forward voltage triggering
2) Thermal triggering (Temperature triggering)
3) Radiation triggering (Light triggering)
4) dv/dt triggering
5) Gate triggering
(i) D.C. Gate triggering
(i) A.C. Gate triggering
(iii) Pulse Gate triggering

Define commutation. Give the types of commutation.

Ans:

Commutation:
The process of turning-off a conducting thyristor is called “commutation”.

Types of Commutation:

i)

i)
iii)
iv)
i)

i)
iii)
iv)
V)
Vi)

Line commutation (Natural commutation)
Load commutation
Forced commutation
External pulse commutation
OR

1 mark for

correct
definition

1 mark for
types

1 mark for
definition

1 mark for
types

Class A: load commutation (Self-commutated by resonating the load)

Class B: Resonant pulse commutation
Class C: Complementary commutation
Class D: Auxiliary commutation

Class E: External pulse commutation
Class F: AC line commutation

Define transfer time and back up time of UPS.

Ans:

Transfer time of UPS:
The transfer time, sometimes also called switchover time, is the amount of time thenark
UPS will take to switch from utility to battery supply during a mains failure, or from

battery to mains when normal utility power is restored.

Back up time of UPS:

The backup time is the amount of time for which the UPS will supply the power t@ mark
load during mains failure.

Page No: 3 0f 18
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1 g) Statethe applications of power electronics.

2 a)

Ans:
Applications of power electronics:
[ Solid-state controllers for home appliances

0 Light dimmers in home and theatres % mark for
0 Switch-mode-power-supply (SMPS) and Uninterruptible-power-supply (UPS)aach of any
U Power supply for air-craft, space shuttle and satellites four

0 AC and DC drives in rolling mills, paper mills, textile mills, cement mills etc. applications
0 Solid-state-controllers for mine winders, cranes, elevators, lifts, excavators ete.2 marks
U Solid-state-controllers for traction vehicles.

0 Power control in chemical processes, metallurgical processes.

0 HVDC transmission

0 Active power filters and reactive power compensators in power system

U Static circuit breakers

0 High voltage supplies for electrostatic precipitators, X-ray machines.

Attempt any THREE of the following: 12

Describe with neat sketch the construction and working principle of MOSFET.

Ans:
Construction and working principle of MOSFET:
A) Depletion type MOSFET:

Drain D D

. l " 1 mark for
I diagram

P Substrate = Vas

Source Source

{2) Basic N-channel MOSFET siruciure () Connecticn diagram
A} Depletion type power MOSFET
Construction:
The N-channel depletion type MOSFET is formed on P-type silicon substrate with two

Qﬁavily doped h silicon for low resistance connections of terminals Drain (D) 1 mark for
Source (S). The third terminal Gate (G) is isolated from the N-channel by a thin construction

oxide

layer. The substrate is normally connected to the source.

Operation:

The gate-to-source voltage VGS can be either positive or negative. When VGS is

negative, gate becomes negative with respect to source and some of the 2 marks for
electrons in the operation

N-channel are repelled leaving behind positive ions. The depletion region is
created

below the oxide layer, effective channel width is reduced, resulting a high

resistance from the drain to source, RDS. At certain negative voltage VGS the
channel will be Page No: 4 0f 18

completely depleted, offering very high value of RDS and no current will flow
from drain to source i.e. IDS = 0. The value of VGS when this happens is

11 1 1 rr 1 . YAl . 11 1
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RDS will be the normal resistance of the N-channel. When VGS is positive, the gate is
positive and hence attracts electrons into the N-channel. Thus channel becomes wider,

more carriers are available for current, RDS get reduced and the current IDS increases.
OR
B) Enhancement type MOSFET:

|
Dirain o 0

Induced
Channel

1 mark for
diagram

Si0s

-
=
-7'-1'/

Gata

AT,
]

I T

Source Sourc
Basic siruciune Connocilon Dlagram

B) N-channal enhancement type MOSFET

Construction:
The N-channel enhancement type MOSFET is formed on P-type silicon substrate with

fwg heavily doped*n silicon for low resistance connections of terminals Drain (D) 1 mark for
Source (S). It has no physical N-channel. The third terminal Gate (G) is isolated construction

from
E&%l%ébs'frate by a thin oxide layer. The substrate is normally connected to the

Operation:
hen %GS is positive, gate is positive and hence on opposite side of oxide 5 \5rks for

electrons are attracted from the P-substrate and accumulated on the surface operation
beneath the oxide layer. If VGS is greater than or equal to a value known as

threshold voltage, VT,

suffg%%@revéqa&témmwm@m P-cHehaeLIMOSFETEAsARELhe

curren
2 b) e dbssteligidbnter SORGSind WEBaNEISISRRfJBL. Eigsiaivills 6peititidR. more

Asymulation of
FlwottransistdraModeb ofc<SCReent. Thus the MOSFET is a gate voltage controlled

device. Anode (A) A

—Er 1 mark for

Gate(G) o—|_n "' [p ’ (a)
Bl s I 1 mark for

¥ G—Lp 2] (b)

J
Cathode(K) I = %l_mgrks for
iagram
(a) Structure K

(b) Equivalent circuit K

Two Transistor Model of SCR
A simple p-n-p-n structure of thyristor can be visualized as consisting of two

complimentary transistors: one pnp transistor T1 and other npn transistor T2 as shown
in the figures. The collector current of transistor is related to emitter current and

Page No: 5 of 18
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leakage current as:

where, =common-base current gain
= leakage current from collector to base with emitter open
For transistors T1 and T2, we can write,
and
From KCL applied to T1, we can write

From KCL applied to entire equivalent circuit,

and substituting in above equation, 2 marks for
mathematical
[ ] treatment

[ ]

From this equation it is clear that the anode current depends on the gate current,
leakage currents and current gains.

If tends to be unity, the denominator [ ] approaches zero,
resulting in a large value of anode current and SCR will turn on. The current gains vary
with their respective emitter currents.

When gate current is applied, the anode currentis increased. The increased ,

being emitter current of T1, increases the current gaifhe gate current and anode
current together form cathode current, which is emitter current of T2. Thus increase in
canboetsedrcentaes giis enfurthease in current gain

increase the anode current and the anode current further increases the current gains.
The cumulative action leads to the loop gain to approach unity and the anode current
drastically rises which can be controlled by external circuit only. Thus the SCR is
turned-ON.

Explain the operation of RC triggering circuit with neat diagram.

Ans:
RC triggering circuit:

1 mark for
[ circuit
{Load | ;
= diagram
'y Dy R
(-D Vg = Vi, sinot [
YT
L] L 2 marks for
RC half-wave firing circuit explanation

The RC half-wave triggering circuit is as shown in the figure. During negative half-

cycle of supply voltage vs, the capacitor C charges through diode D2 and load, with K f
lower plate positive. The charging time constant depends upon C and load impedanBark for
If this charging time constant is low, the capacitor gets quickly charged to supply waveform

voltage and may attain peak value Vm at -90° as shown in the waveform diagram. At

Page No: 6 0f 18
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this instant, as both capacitor voltage and supply voltage are equal and opposite,
capacitor current is zero. During period after [t = -90° to [t = 0°, the supply
voltage vs

dropsl, from Vm as capacitor discharges. The discharging current passes through
suppty

source, load and R. At [t = 0°, the capacitor voltage reduces to a value less
than Vm,

Eeetg:rgz%%nted by OA in the waveform diagram. After [t = 0°, the supply voltage

positive, it now helps the discharging current and therefore, the capacitor gets
%szcélr%rged at faster rate. Its negative voltage (lower plate positive) get reduced

at a particular instant. The discharging current further continues in the same

direction

Fgagngrsgteo capacitor with upper plate positive. When the capacitor voltage

gate trigger voltage, the SCR is fired. After firing, voltage across SCR drops to

low
value and hence capacitor voltage also get reduced to low value as shown. The
discharging of negatively charged (lower plate positive) capacitor and further

céimglegphase fully controlled half wave converter:
with upper plate positive is through load and R. Therefore, R determines the
discharging and positive charging time-const'ﬁr],ts\ If R incyeased, the time-

of

constant
%gtomcreased and firing is delayed. The SCR can néver triggered at 0° &

because the supply voltage is zero and less thah fﬂwger voltage. |'|.

Draw a neat diagram of 40 half wave controlled. cﬁ_@ with ﬂ_L load. Give its
operation. —" I t } 7L U

Ans:
<
E— \i'I v, ‘@ I E
|"..|'M$|nm1 L L

A

(a} Circuil arrangement ) Wavelorms

0!

Th(ej: circuit diagram of single-phase half-wave controlled rectifier with RL load
an

without freewheeling diode is shown in Fig. (a). The SCR T is forward biased

only

during positive half cycle whereas reverse biased during negative half cycle.
Therefore, it is triggered in positive half cycles only. When the gate pulse is
applied

in positive half cycle with delay angle of [l as shown in waveform diagram (b),
the SCR conducts and starts to carry the load current. Since the load is
inductive (RL), the current lags behind the voltage. The load inductance
maintains the load current and keeps SCR on even if the supply voltage is
reversed. Thus every positive half cycle of load voltage is followed by some

1 mark for
circuit
diagram

2 marks for
explanation

1 mark for
waveforms

negative voltage till the current drops to zero. The negative voltage apped&tagg No: 7 of 18

across load reduces the average load voltage. Thus the use of freewheeling
diode helps to increase the average load voltage. For
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some sensitive loads, the negative voltage is undesirable. In such cases freewheeling
diode is used to prevent the negative voltage across the load.

Attempt any THREE of the following: 12

Draw a neat labelling V-I characteristics of SCR and explain the region.
Ans:
V-I characteristics of SCR:

i Forward voltage drop
I
— *f—

+— Forward conduction

Reverse Latching current 2 mal’ks fOr
:;;:;:own 'S lgs lga Igy
Hmngcuﬁont—l{‘_ @ Ly lg=0 l.a.bel.ed
" h gl P - - — 1) .
Van e—i | oV diagram
Reverse . | Foward sl
blocki leakage
et ] 1 mark for
blocking .
partially
labeled
V-l Characteristics of SCR d Iagram

Operating regions:
1) Forward Blocking region: In this region, the SCR is forward biased but not
triggered. It carries only forward leakage current. The SCR in this region is
treated as OFF switch.
2) Forward conduction region: In this region, the SCR conducts the forward
current and latched into conduction after triggering. The SCR in this region is 2 marks for
treated as ON switch. _ . _ _ four regions
3) Reverse blocking region: In this region, the SCR is reverse biased, hence
carries only reverse leakage current. The SCR in this region is treated as OFFproportionall
switch. y reduced if
4) Reverse conduction region: In this region, the SCR conducts the reverse  all are not
current after the breakdown of reverse biased junctions. The SCR get damageaered.
if operated in this region.

Explain the operation of PUT relaxation oscillator with diagram.

Ans:
PUT as a Relaxatlon Oscillator:

I]E

1 mark for
/—l Capaciter circuit
Waveform dlagram
Sawioothed Wavelorm 1 mark for

Ve N k ’\ I\ ’\ g waveforms

n]

1. The circuit diagram of PUT as relaxation oscillator is as shown in the above figure.

Page No: 8 of 18
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. The gate terminal is held at potential ——

where, is called intrinsic stand-off ratio & given by,

Its value is thus decided by the external resistors RB1 & RB2. It means by preberlynarks
choosing these resistors (programming), we can fix its value, hence termed as for

Programmeable-UJT (PUT). explanatio

. The anode is held at capacitor voltage. Initially, the capacitor voltage is zero, héhce

the anode-gate junction is reverse biased and device remains off.

. As soon as the supply voltage VBB is connected to the circuit, the capacitor begins

to charge towards VBB volt. So far anode voltage is less than gate voltage, device
remains off.

. When the anode voltage reaches to peak-point voltage VP, the anode voltage

becomes higher that gate voltage. The anode-gate junction is forward biased, gate
current flows, regeneration starts and device is turned on. The capacitor then

discharges through the device to valley-point voltage VV.

. During discharging of capacitor, a pulse of current flows through the cathode

resistor RK and we get pulse voltage across it, as shown in the waveform.

. At the end of discharging, the device is turned off due to very low current. The

capacitor then starts charging and the cycle repeats.

. The capacitor voltage waveform is saw-tooth in nature, whereas the voltage across

RK is in the form of pulses.

Explain with sketch the operation of single-phase fully controlled midpoint
configuration with R load.
Ans:

Midpoint converter with resistive load:

L

1 mark

RO

T2

| pt
f‘”’rz“

b

Explanation:-
1) During positive half cycle of AC supply, A is positive with respect to B ,this makes

T1 forward biased and T2 is reverse biased. But since no triggering pulse is applied,
both are in off state. When SCR T1 is triggered at firing angle «, current flows
through load from A, T1 and back to centre tap of the transformer. This current flowmarks

is continuous till angle ™t when the line voltage reverses the polarity and T1 is turned
off.

2) During negative half cycle of AC supply, B is positive with respect to A ,this makes

T2 forward biased and T1 is reverse biased. But since no triggering pulse is applied,
both are in off state. When SCR T2 is triggered at firing angle o+, current flows

Page No: 9 of 18
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through load from B, T2 and back to centre tap of the transformer. This
current flow is continuous till angle 2m, when the line voltage reverses the
polarity and T2 is turned off. The operation is as shown in waveforms.

1 mark

3 d) Givethe operation of battery charger using SCR with a neat diagram.

Ans:

Battery charger circuit using SCR:
The figure shows the battery charger circuit
using SCR. A 12V discharged battery is
connected in the circuit and switch SWis 2 marks for
closed. The single-phase 230V supply is circuit
stepped down to (15-0-15) V by a centre-  diagram
tapped transformer. The diodes D1 and D2
forms full wave rectifier and pulsating DC

A e ity s garusing SCA supply appears across terminals A and B.
When SCR is off, its cathode is held at the

potential of discharged battery. During each positive half-cycle, when the 2 marks for

potential of &%?@t;ggy
point C rises to sufficient level so as to forward bias diode D3 and gate-cathode = please be
junction of SCR, the gate pulse is provided and SCR is turned on. When SCR is

awarded to
turned . ' N any other
on, the charging current flows through battery. Thus during each positive half- ya|id battery
cycle of charging

pulsating DC supply, voltage across A-B, SCR is fired and charging current is scheme)
passed till the end of that half-cycle. Due to Zener diode D4, the maximum

voltage at point C

gsttg%csl at 12V. Due to the charging process, the battery voltage rises and finally

full value of 12V. When the battery is fully charged, the cathode of SCR is held at

12V. So the diode D3 and gate-cathode junction of SCR cannot be fdtaggrjo:100f18
biased, since the potential of point C can reach up to 12V. Therefore, no gate

current is

sunplied and SCR is not fired. In this wav. after full charsing. further charsing is
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4 Attempt any THREE of the following. 12
4 a) Explainthe operation of snubber protection circuit with diagram.
Ans:
Operation of Snubber protection circuit: 5
The snubber circuit is used to provide protection i S
against high dv/dt. During turn-on of thyristor, itis .\, [_N el Tc_u"*"' AR
switched from high impedance state to low impedance ? L
state and current is suddenly increased. During turf=, Tuming 2 marks for
off, the forward current is first reduced to zero, thea— N circuit
due to storage charges at the junctions, reverse curréfytre ="t "““'“‘;“’“": P diagram
flows. This reverse recovery current reaches to peak \A—i—
value IRR and then it is abruptly reduced to zero. When __v. r L
current is reduced abruptly (very high rate), the Circ‘él:[mea Newdef on nL
inductance which includes load inductance, stray Vs A
inductance and di/dt inductance cause high emf # -— 2 marks for
(Ldi/dt) that appears at high rate (dv/dt) across the =~ © & F e e st nmatel 8 explanation

thyristor. A snubber circuit having series RC

combination is used to limit this high dv/dt as well as peak reverse voltage appearing
across thyristor. As prior to turn-off, thyristor was conducting, voltage across it and
also across snubber R-C circuit was negligibly small. The capacitor voltage at this
instant therefore can be assumed to be zero. Thus when thyristor turns-off abruptly, the
reverse recovery current IRR is transferred through snubber R-C circuit. The uncharged
capacitor initially acts as short-circuit and hence at this instant the voltage appearing
across thyristor is only because of drop in resistance RS i.e. RS IRR. Once the thyristor
is turned-off, the snubber circuit R-C and circuit inductance with load impedance

forms a series RLC circuit. After turn-off, the capacitor charges slowly and limits dv/dt
across thyristor. The reverse voltage to which the capacitor be charged and the rate
(dv/dt) at which it is charged, is determined by the circuit parameters R, L and C.

4 b) Explain the operation of opto-coupler based triggering circuit with diagram.

Ans:
Opto-coupler based triggering circuit: v
A simple opto-coupler based triggering %

circuit for SCR is shown in the figure. An
opto-coupler or opto-isolator’is a S| SRS l___ 2 marks for
combi_nation of_light source and _light- i | circuit
sensitive device enclosed in  a Opto-coupler| "

I
. . i . | %o diagram
compartment. The light source is LED ofPto-iselater X { | 8

infra-red LED (IRLED) and light- T A e O
sensitive device may be photo-diode or W sen
photo-transistor. Referring to the circuit ™% [
diagram, when the SCR is to be turned- ™ 2 marks for
on, a voltage is applied to base of Q1 ~ explanation

through R1. The base current flows and Q1 is turned on. The collector current flow and
voltage appears across the LED of opto-coupler. The light emitted by LED falls on the

photo-transistor and it is turned-on. When photo-transistor is turned-on. It carries the

R3

Page No: 11 of 18
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current, which flows through R3 and acts as gate current for the SCR. Thus gate
current is provided to SCR and it is ultimately turned-on. The firing circuit is
electrically

isolated from SCR circuit but optically qggpled.

(Any other equivalent valid circuit and explanatiobn)

Give the concept of firing angle and conduction angle with a neat waveform.

Ans:
Firing Angle():
Firing angle is defined as the angle between the instant, acmput v,

the SCR would conduct if it would be a diode and the 1 mark for
instant it is triggered or fired. each
Firing angle or delay angle can be defined as the angle |/i description
measured from the angle that gives maximum average and 1 mark
output voltage to the angle when the SCR is actually if:;;‘:;ﬁ,g\/ for each
triggered or fired by gate pulse. o waveform

Conduction Angle (0): Y = Firing Angle or Delay Angle =4 marks
Conduction angle is defined as the angle between tHe PR
instant the SCR is triggered or turned on and the %

instant at which the SCR is turned off. J
Assuming that the SCR is turned off naturally at the ..1._.

end of positive half cycle, the relation between the a=45°} p=135°
firing or delay angle () and conduction angle (I) can
be expressed as:

0

Draw the circuit diagram of DC static circuit breaker and give its operation.

Ans:

DC Static Circuit Breaker:

The figure, shows circuit configuratio
of DC sta#lg cir¢uit breaker using

SCR. Wh¢ th$%té1‘ffpvﬁttom o
mq@mentaply pfessed thegf‘fl
regeives fate e 3 b 2 marks for
starts to cnduct The ty{,rm g 0 of T1 circuit
capises' mejor pant of DCIsupply Zr, diagram
voltage tq appte\acréssthe log d and Z
poper is deliyeded{idfedd>Fhe
capacitor& chargesio loag voltage
with po“[’ity as shown in the figure,
throtghR#: i 2 marks for
If we attempftS Break the e load explanation
current i.e switch off the load, using mechanical contact type switch, since current is

DC, heavy arcing may damage the switch. Instead, if we use this circuit configuration,

the load current can be interrupted by turning off the SCR T1. When ,,Stop" button is

Page No: 12 of 18
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pressed momentarily, SCR T2 receives gate current through R5 and it is turned
on. The turning on of T2 causes the charged capacitor C to place across
conducting SCR T1. The capacitor provides reverse bias across Tl and
discharges quickly through T2, resistance and T1. The discharge current is
reverse current for T1 and it is turned off. The load current is then continued

through C and T2. The capacitor C first discharges
landdthen charges with reverse polarity to supply DC voltage. At this instant, the
oa

current falls to zero, and further since current falls below holding current

level, T2 is

ItH gﬁapgffloggturally. Thus manual firing of T2 by pressing ,,Stop™ button

current through T1.
W.?h‘?id current can be automatically interrupted under overload condition.

on and carrying load current, if overload occurs, the voltage drop across R1

exceeds the
B?rwrd voltage drop of string of diodes D1, D2, D3 and gate-cathode junction

Therefore, gate current is provided to T2 and it is turned on. Turning on of T2
immediately causes turning off of T1 as mentioned above. The load current is
interrupted and thus over-load protection is provided. Since no moving
contact type

mel\lcraanism is used for interruption of load current, this circuit configuration is
calle

DC static circuit breaker. By proper selection of R1 and number of diodes in

pr'fﬁ' SH using emergency D4 Ry

%V Eq\%:hﬁél,lm(?ﬁekig}ﬁﬂlg(l\'elay contacf Tn fault sensing CII‘CUITT, the ¢ircuit 5 marks for
g’eﬁﬁlggo tgwgéﬁ&rrupéﬁhggverload and fclultE}IJrrent_. /Q-\“ circuit
e e e S R B
e figure. The input 230v AC o g jo__ 6V L
Eopprgencicighting systern:0-6\AC i -

il susstrenyial commercial “gRd [industtial Areas, [the i Lﬁmnat@l@wﬁstem

treanisdbienaiC Bupplgdes tHeandent of AC supplv%—]ure_ partigl illuminatioh can 2 marks for
2 form full wave rectifier and s i

BSmnvert 6-0-6V AC supply into SerperEghig sysien explanation

6V DC supply for 6V lamp. When AC supply is available, 6V DC supply appears

across lamp & it glows. The pulsating current also flows through D3, R1 to trickle

charge the battery. Thus battery charging is carried out when AC supply is availabl;e.

The capacitor C get charged with upper plate positive to some voltage less than 6V.

due to capacitor voltage, gate-cathode junction of thyristor T get reverse biased. The

anode is at battery voltage and cathode is at rectifier output voltage, which is slightly

higher, hence thyristor is reverse biased and can not conduct. The lamp glows due to

rectifier output DC voltage.

When AC supply fails, rectifier output DC voltage is reduced to zero. The capacitor C

then discharges through lamp and R2. After discharging, due to battery, it charges
Page No: 13 0f 18
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through R3 and lamp with lower plate positive. Due to capacitor voltage, gate-cathode
junction get forward biased and gate current flows. Since the anode is now at higher
potential than cathode, thyristor T is turned-on. The lamp get connected across battery
through thyristor and therefore, it glows. In rthis way, on failure of AC supply, light is
obtained from DC supply.

OR
(Any other equivalent valid circuit and explanatiobn)

Attempt any TWO of the following: 12

Draw a symbol and neat labeling V-I characteristics of GTO and explain its operation.
Ans:
Symbol and V-I characteristics of GTO:

Ia
- " " } 1 mark for
= VS any one
' | Ll (Y symbol
o : > — =
Calhodn K Anoda voliage _'”r:';
GTO Symbols W-| characleristics of GTO 2 k f
Operation of GTO: marks for
i) Asthe applied anode to cathode voltage is increased above zero, very small V-

current (leakage current) flows through the device. Under this condition the characteristic

is said to be off. It will be continued till the applied voltage reaches the 3 marks for

iy forward Breakover voltage (VBRF). explanation

éfemgeanode-cathode (applied) voltage exceeds the breakover voltage, the

conducts heavily and the GTO is turned ON. The anode to cathode voltage

. decreases quickly because, the GTO offers ver¥ low resistance when it is
iii) ADthis stage the GTO allows more current to flow through it. The amplitude of

the haneatisltependindawanlthgsapptgydltage and load resistance connected in
the circuit.
iv) If the value of the gate current Ig is increased above zero, the GTO turns ON
even at lower anode-cathode voltage (less than forward breakover voltage, VBRF).
v) Ifthe polarity of applied voltage is reversed, we get the reverse characteristics.
vi) In reverse direction GTO breaks down at very low voltage (VBRR). The reverse
breakdown voltage is of the order of 20 to 30 volt only.

Explain auxiliary commutation with a neat diagram. Also draw its waveform.

Ans: G <

Auxiliary Commutation e .&,IJ

At start, the Ta is triggered and turned on to carrgﬁ W v " J| t

the load current. Due to the resonant circuit R-L-C, mT A :

the current initially rises, attains peak and then fall ; fEs

to zero. This turns off the auxiliary SCR Ta. This T 5t ” | _ 2 marks for
current charges the capacitor C with upper plate -+« — circuit
positive. The capacitor thus forward biases the S diagram
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main SCR T. When main SCR T is triggered, it is turned on and charged capacitor

C is placed across Ta so as to apply reverse bias across it. The load current now

flows

][_hcrtl,)sugh T. The capacitor continues to discharge through T, L and D. Since this 4 marks for
stepwise

resonant combination, the capacitor discharges completely first and then opelraation

charges with

opposite polarity till the current falls to zero. The capacitor current cannot
reverse

because of diode D. Now the oppositely charged capacitor forward biases the

auxiliary

SCR Ta. Thus when Ta is triggered, T is turned off and the same cycle is
repeated. In this configuration, the firing of auxiliary SCR commutates the
main SCR, hence name

is apxiliaryreQgmutidteircuit
i). . Non-linear reslistor “Th%/rector“

Exp ign detail aver tage protection.

Ans: Tt s basically a series r-C circuit which is Ls

Over-valtage R@tR¢HOihe device to be protected. The -
Over-veHagBé eiiREiORIP e MR sy @tdets wFing: o
internal or external overvoltages by following v 1K R
ways: 3 marks for
i) .Internal 'over-voltages are generated by e it i W snubber
interruption of reverse recovery current IRR condition for single SCR in converter circuit

during turn-off of device. With snubber circuit, the IRR is diverted

through R-C after SCR has blocked the reverse
current. If LS, R, and c are suitably chosen, the voltage across
thyristor can be limited to suitable safe value.

i) At the time of external over-voltages, the capacitor charges through R at
slow rate, hence does not allow the voltage to change at high rate. Thus
transient voltage spikes are damped and also rate of rise of forward voltage
dv/dt across SCR is reduced.

iii) The resistance R of snubber circuit causes power loss at the time of energy

transfer oscillations between snubber circuit capacitance C and stray

circuit inductance, therefore the oscillations are damped and over-voltage

transients are reduced.

iv) The snubber circuit can be connected directly across secondary winding of
transformer to suppress the over-voltages caused by switching on or off

the primary winding.

B) Non-linear resistor (Thyrector): |

Thyrector is a non-linear resistor device having

v-I characteristic as shown in the figure. Under

normal working voltage it offers very high« Y

resistance and draws very small leakage 3 marks for

current.  However, under over-voltage

conditions, its resistance is reduced, it draws thyrector

heavy current and maintains safe voltage THiractos ikt

across it. Thus its resistance depends upon
voltage
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across it. This device is therefore used as surge diverter. At the time of
over- voltage surge, it conducts heavy current, causing virtual short-
nosodsddh enpedapcedanedimorienghagance, by which the SCR volatge is
maintained to safe low value. After the surge energy is dissipated in

thyrector, the thyrectyior returns to its high resistance state. Thyrector is
normally placed across the supply terminals.

Attempt any TWO of the following: 12

Give the operation of single phase full wave bridge controlled converter with RL load
with a neat diagram. Also draw its waveform.
Ans:

Single phase fully control bridge converter with RL load:
1. During positive half cycle of input voltage,

T1 and T2 are forward biased and during R i I ’ -h—f'-'

negative half cycle, T3 and T4 are forward , A, LS

biased. Therefore, T1-T2 pair and T3-T4 (5 ” :J i I 2 marks for
pair 1 :

are fired alternately in positive and negative : 1 description
half cycles of input voltage respectively, as

]

shenvadon R AYAE TR iddse&ive sCRs S, 2 marks for
are fired at firing or delay angle [J, as Sh o v oag T T
shown. Once SCR pair conducts (at ! M A AN /\ d?;rgrtg;q
delay angle in each half cycle), the oA A AT N \ ﬂ
input source voltage appears across LA AL L DL
load, the current flows and if the load is t 1 s | R | } . 2 marks for
fuhchiotengh nature, the -4 Y /\/\ ; waveforms
SCRs remain into conduction till the /N /N /i \ N
fall of current to zero or firing of next il el L=
pair of SCRs as shown in the waveform ¢ hNEATAL ~ L

diagram. o
3. Due to load inductance, the current lags__+ A “ RN\ LA\
behind the output voltage and falls to &= “7f B 70 T T e
zero after the end of that half cycle. t TP O\
Therefore, during the time interval %‘“‘L‘
between voltage zero instant and
ceveesédzero instant, the
supply voltage appears across load for
discontinuous conduction.
4. At current zero, the SCRs are turned off and load gets isolated from source,
causing load voltage zero till the firing of next pair of SCRs.
5. If load inductance is large, the load current never falls to zero. The current
attempts to fall, but before it could fall to zero, the next pair of SCR get fired
and we get continuous conduction.
6. In this situation, the reversed voltage appears across load after the end of each
half cycle till the firing of next pair of SCRs as shown in the waveform.

(b} Waveforms
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6 b) Give the effect of source impedance on converter operation.
Ans:
Effect of source impedance on converter operation:
For single-phase fully controlled bridge converter, the

SCRs are triggered in pairs alternately. During positive 1 mark
half-cycle of input, SCRs T1 and T2 are triggered  jrcuit
whereas diagram
during negatlve half-cycle, SCRs T3 and T4 are
triggered. . 2 marks for
When T1 and T2 are conducting, T3 and T4 are off. waveforms
On the
reversal of supply voltage, firing of T3 and T4 causes
powo applizgttageosaugeradping atonalTimaadamgead 1 mark for
Vol %0k - they &factice, the source always possesses some  gfact of

7 turned ! nI”‘|J1e MIPERREGRLs 5N TPS2 UE3 T THBE  source
N instarfaRSERIENEITPENS Y §'€8$S|ble only when the resistance
| \-B4 1) If the source impedance is purely resistive,

b 54_"%---;_ T,n 1 cememe  then voltage drop across it causes reduction in
A e input voltage and ultimately in the output voltage
: of converter. 2 marks for

2) If the source impedance is largely inductive,  offact of
then source current cannot change instantly. The ¢4 rce
current cannot get transferred immediately from ;.4 ctance
outgoing SCRs to incoming SCRs. The commutation

[ Wesilorn of SCRs is delayed. During current transfer, both
Effect of Source Inductance on the . h
performance of 1-ph full converter. pa.|r5 Of SCRS CondUCt S|mUltaneOUSly and l.oa.d

voltage appears zero. As both pairs of SCRs conduct

simultaneously, this commutation period is called “overlap period ()”. The
output dc voltage is given by,

As source inductance (Ls) increases, the commutation period (overlap angle [)
increases and as a consequence, the output dc voltage decreases.
6 ¢ Explain the operation of UPS with a neat block diagram.

Ans:
Uninterruptible-Power-Supplies (UPS):

AC |

supply Rectifier or | _p Transfer Critical
from battery charger IMSan==1 awith i— IoLd 2 mark for
lnnes t
block
! diagram
— | Battery
-? bank

A UPS block diagr.-'.m
A block diagram of UPS system is shown in figure. It essentially consists of four major
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components:
i)Rectifier (or battery charger) ii) Battery bank
iii) Inverter vi) Transfer switch

i) Rectifier (or battery charger):
Its function is to convert available AC supply at input line into DC supply 1 mark for
and then to feed DC power to inverter and also to battery bank to keep it o5ch block
charged. It is designed to handle the total current supplied to inverter explanation
i) Butterjtbankank. _ 4 marks
It consists of number of batteries in series. The rating and number of units in the
bank depends upon the following factors: Input voltage required by inverter,
Back-up time requirement of UPS, Efficiency of inverter and load power.
When the line voltage is present, the battery trickle charged to compensate for
the slight self-discharge. The battery continuously draws a small amount of
current to maintain itself in a fully charged state.
When AC input fails, battery supplies DC power to inveter, wherein it is
converted into AC and then fed to load. During this period, the battery
discharges. On recovery of AC mains supply, the battery charging starts.

iii) Inverter:
It is used to convert DC supply available at its input terminals into AC supply.
The filter is normally used at the output of inverter to minimize the harmonic
distortion. Most of the loads are highly non-linear and inject large harmonic
currents into the UPS.

iv) Transfer switch:
It is a change over switch. When AC supply is available, the transfer switch
connects load to AC supply directly. However, when AC supply from line is not
available and load demands for AC supply, the transfer switch can be placed to
connect inverter output AC supply to the load. Due to fast action requirement,
transfer switch can be implemented by fast acting semiconductor devices.
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Instructions :
(1) All Questions are compulsory.

(2)  Answer each next main Question on a new page.
(3) Illustrate your answers with neat sketches wherever necessary.

(4)  Figures to the right indicate full marks.

Marks
1. Attempt any FIVE of the following : 10
(@) Define (i) Holding current, (ii) Latching current of SCR. 2
(b) Draw circuit diagram of Class B commutation. 2
(c) State classification of Phase controlled rectifiers. 2
(d) Define (i) Conduction angle, (ii) Firing angle. 2
(e) Draw circuit diagram of symmetrical configuration of bridge converter. 2
(f)  State the advantages of SMPS. (any two) 2
(g) State the need of UPS. 2
2.  Attempt any THREE of the following : 12
(@) Describe with neat sketch the constructional details of IGBT. 4

[1 of 4] P.T.O.



22326
(b)

(c)
(d)

[2 of 4]

Explain two transistor analogy of SCR with neat diagram.
With neat diagram explain synchronized UJT triggering circuit.

Explain working of static A.C. circuit breaker.

3.  Attempt any THREE of the following :

(a)
(b)

(c)

(@)

Give comparison of SCR & TRIAC. (any four points)

Explain the thermal triggering method of SCR. Enlist different triggering
methods of SCR.

Draw single phase full wave mid-point converter for inductive load. Draw

input and output waveforms for it.

Draw the circuit diagram of battery charger using SCR and explain it’s

working.

Attempt any THREE of the following :

Draw I-V characteristics of power transistor. Show different regions.

(b) With reference to GTO answer the following :

(c)
(d)

()  State advantage of GTO over SCR.

(i) Draw construction of GTO.
Explain triggering of SCR using opto-coupler. State its advantages.

Describe the operation of single phase fully controlled bridge converter with
R-load.

Explain the working principle of SMPS with neat diagram.

12

12



22326 [3 of 4]
5.  Attempt any TWO of the following :

(@)  With neat sketch explain four modes of operation of a TRIAC.

(b)  Explain with neat circuit diagram and input output waveforms, single phase

half wave converter with R-L load. Give significance of freewheeling Diode.

(c) Describe working of online UPS. List any two applications of UPS.

6. Attemptany TWO of the following :

(@) Draw symbols and V-I characteristics of the following devices :
(i)  LASCR (i)  DIAC
(iii) PUT (iv) SCS

(b) Foraclass D commutation, answer the following :
()  Explain the operation with a circuit diagram.

(i)  Interpret with waveforms.

(c) A 1-0half controlled rectifier supplied with voltage V = 300 sin 314 t, and
load resistance is 100 [. Find :
() Average output DC voltage.
(i)  Load current.
(For 0 = 600 and O = 1000)

12

12

P.T.O.
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Important Instructions to examiners:

1) The answers should be examined by key words and not as word-to-word as given in the model
answer scheme.

2) The model answer and the answer written by candidate may vary but the examiner should assess the
understanding level of the candidate.

3) The language errors such as grammatical, spelling errors should not be given importance (Not

applicable for subject English and Communication Skills).

4) While assessing figures, examiner may give credit for principal components indicated in the figure.

The figures drawn by candidate and model answer may vary. The examiner should give credit for

any equivalent figure/figures drawn.

5) Credits to be given step wise for numerical problems. In some cases, the assumed constant values

may vary and there may be some difference in the candidate’s answers and model answer (as long

as the assumptions are not incorrect).

6) In case of some questions credit may be given by judgment on part of examiner of relevant answer
based on candidate’s understanding.

7) For programming language papers, credit may be given to any other program based on equivalent

concept
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1a) Attemptany FIVE of the following: 10
1a) Define: (i) Holding Current (ii) Latching Current of SCR
Ans: 1 Mark for
(i) Holding Current: each definition
Holding current is defined as the minimum anode current requiredto = 2 Marks

maintain conducting SCR in the on-state.

(ii) Latching Current:
Latching current is defined as the minimum anode current required to
maintain the SCR in the on-state immediately after the SCR has been
turned on and the gate signal has been removed.

1b) Draw circuit diagram of Class B commutation.
Ans:

Class B: Resonant Pulse Commutation:

2 Marks for
! labeled circuit
diagram
oy
Circuit diagram
1c) State classification of Phase controlled rectifiers.

Ans:

Classification of phase controlled rectifiers:

2 Marks
Types of Rectifiers
¥ ¥
== | = |
Half Controlled Fully Cantrolied Half Controlled Fully Controdled
|
T 1
| Half Wave J ‘ Full Wave(Bridge)
1d) Define: (i) conduction angle (ii) firing angle.

Ans:

(i) Conduction Angle ([):
Conduction angle is defined as the angle between the instant the SCR is 1 Mark for
triggered or turned on and the instant at which the SCR is turned off. each definition

Assuming that the SCR is turned off naturally at the end of positive half cycleF 2 Marks
the relation between the firing or delay angle () and conduction angle ([J) can

B BIRRE AES0): .
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Firing angle is defined as the angle between the instant the SCR would
conduct if it would be a diode and the instant it is triggered or fired. Firing
angle or delay angle can be defined as the angle measured from the angle
that gives maximum average output voltage to the angle when the SCR is
actually triggered or fired by gate pulse.

1e) Draw circuit diagram of symmetrical configuration of bridge converter.

Ans:
T - YL 2 Marks for
| Ascr J\scr circuit
AC Supply _ . diagram
/\.\; A v LT .-:: Ruoao

1f) State the advantages of SMPS. (any two)

Ans:

Advantages of SMPS:
1. High Efficiency, more than 94%. 1 Mark for
2. Easy maintenance and servicing. each of any
3. High modularity and redundancy. two
4. Lower power dissipation. - 2 Marks
5. Wide AC input voltage range.
6. Less cost.

1¢g) Statethe need of UPS.
Ans:
Need of UPS: 1 Mark for

1) An Uninterruptible Power Supply (UPS) is used to protect critical loads,,h, point
from mains supply problems including spikes, voltage dips, fluctuations and 5 mrks
complete power failures using a dedicated battery.

2) A UPS system can also be used as standby system when AC mains is

failed.
2 Attempt any THREE of the following: 12
2a) Describe with neat sketch the constructional details of IGBT.
Ans:

Construction:

2 marks for

[ Cate oxide) \1 . L }r '\':i\- ‘-'-L COﬂStI’U Ctlon
.I P ; -

diagram

| Erdrs
SiC); —of | = Si0;

PPLPSISP FELLSSISS PSS PSS s

Collector

Construction of IGBT
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Insulated gate bipolar transistor or IGBT, is a solid state devices primarily

used as an electronic switch which, as it was developed, came to 2 marks for
combine high efficiency and fast switching. The insulated gate bipolar description
transistor (IGBT) is a three terminal semiconductor device combines the

benefits of both MOSFET and BJT. So, an insulated gate bipolar transistor

(IGBT) has input impedance like that of a MOSFET and low ON state

power loss as in a BJT. It is also called as metal oxide semiconductor

insulated gate transistor (MOSIGT) and other name to this device are

insulated gate transistor (IGT), conductivity modulated field effect

transistor (COMFET). It is similar to that of a double-diffused power

MOSFET (DMOS) except for a p+ layer at the bottom. This layer forms the

IGBT collector and a pn junction with n-drift region, where conductivity

modulation occurs by injecting minority carriers into the drain drift region

of the vertical MOSFET. Therefore, the current density is much greater

than a power MOSFET and the forward voltage drop is reduced. The p+

substrate, n- drift layer and p+ emitter constitute a BJT with a wide base

region and hence small current gain.

Explain two transistor analogy of SCR with neat diagram.
Ans:
Two-transistor Analogy of SCR:

Ancde (A) A
_;Tr 1 mark for (a)
Gate(G) o—_N ‘j' [o y =l 1 mark for (b)
P J23 n J; n = 2 marks for
\_iL. Go—{ p | P j‘z = diagram
K| |
Cathode(K) . c1
G o—>» -
Ig laz 2
{a) Structure K

(b) Equivalent circuit K
Two Transistor Model of SCR

A simple p-n-p-n structure of thyristor can be visualized as consisting of two
complimentary transistors: one pnp transistpr T and other npn transisior T as
shown in the figures. The collector current of transistor is related to emitter
current and leakage current as:

where, =common-base current gain
= leakage current from collector to base with emitter open
For transistors T1 and T2, we can write,
and

F KCL liedto T1, it
rom applied to T1, we can write 2 marks for

mathematical

From KCL applied to entire equivalent circuit,
treatment

and substituting in above equation,
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[ ]

From this equation it is clear that the anode current depends on the gate current,
leakage currents and current gains,

If tends to be unity, the denominator | | approaches zero,
resulting in a large value of anode current and SCR will turn on. The current
gains vary with their respective emitter currents. When gate current is applied,
the anode current is increased. The increased , being emitter current of T1,
increases the current gain . The gate current and anode current together
form cathode current, which is emitter current of T2. Thus increase in

rdBpEERisET esaacat gaing énttjamincrease
the anode current and the anode current further increases the current gains. The

cumulative action leads to the loop gain to approach unity and the anode current
drastically rises which can be controlled by external circuit only.

With neat diagram explain synchronized UJT triggering circuit.
Ans:
Line Synchronized UJT triggering circuit:

2 Marks for
circuit
diagram

) *
i 2 Mark for
description
% = 4 Marks

5

VAC \/)

The UJT is almost ideal as a firing device for SCRs. There are 2 main reasons
for the compatibility between UJTs and SCRs. Firstly, the UJT produces a
pulse-type output, which is excellent for accomplishing sure turn-on of an SCR
without straining the SCR’s gate power dissipation capability. Secondly, the
UJT firing point is inherently stable over a wide temperature range. This can
compensate for the temperature instability of the SCR.

The usual method of triggering an SCR with a UJT is shown in Figure 1.

In this circuit, zener diode Z1 clips the Vs waveform at the zener voltage during
the positive half-cycle of the ac line. During the negative half cyce, Z1 is

forward biased and Vs is held near O V.
Once the dc voltage Vs has been established, which occurs immediately
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after the ac line crosses zero, CE begins charging through resistor RE.
When CE reaches the peak voltage of the UJT, the UJT then fires. This
generates a voltage

pulse across R1 and results in the firing of the SCR. When the SCR is

firdRis circuit, automatic synchronization between the firing pulse of the

it emicf idve STRaglhrityeitopcbiad e Thst ofehespbsitivdnbathwclbe UIT
delivers a pulse, the SCR is sure to have the right polarity between the anode
and cathode for turning on.

Explain working of static AC circuit breaker.

Ans:

Static AC Circuit breaker:

The circuit configuration of static
AC circuit breaker using SCR is
shown in the figure. When switch _ | ”

Loy .
‘S’is closed, the SCRs Tl and T2  phase i T\

LOAD

2 Marks for
are fired in positive and negative  sueon g Ao, 3 o circuit
Dmhf@cles respectively. ' ! s ?-‘ diagram
positive half-cycle, T1 receives gate ! 4

current through D2 || R2, switch S AC Gircult breaker
and R3 and it conducts. At the end of positive half-cycle, T1 is turned off due2t¥arks for
natural current zero. In the negative half-cycle, T2 receives gate current throB%'ération

D1 || R1, R3andswitch S and it conducts. It is turned off at the end of this
negative half cycle due to natural current zero value. When the load current is

required to be interrupted, the switch S is opened. It results in blocking of gate
currents of both SCRs and hence both SCRs are maintained off. When sitch S is
opened at any instant in a particular half-cycle, the load current continue to flow
through conducting SCR till the end of this half-cycle, however in the next half-
cycle the other SCR will not be fired due to non-availability of gate current.
Thus the maximum time delay for breaking the circuit is one half-cycle.

Attempt any THREE of the following 12
Give comparison of SCR and TRIAC (any four points)
Ans:
SCR TRIAC
It is an unidirectional device. It is a bidirectional device.
It is turned-on by only positive gate | It can be turned-on by either
current. _ _ positive or negative gate current, 1 Mark for
Operatesonty inthe firstquadrant Operates in either 1 or3 rd each of any
quadrant. four points
Anti-parallel SCRs are used for TRIAC is equivalent to a pair of = 4 Marks

bidirectional current flow. antiparallel connected SCRs.

It has better gate-current sensitivity. | It has poor gate-current sensitivity

as compared to SCR.

It has lower turn-on & turn-off times as It has higher turn-on & turn-off

compared to TRIAC. times as compared to SCR.

For bidirectional current applications,| For bidirectional current
two SCRs & two heat sinks require applications, one TRIAC & one

Page No 6 0f 18
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more space. heat sink require less space.
Firing circuit design is simple. More careful firing circuit design
is required.
Higher voltage & current ratings as Lower voltage & current ratings as
compared to TRIAC. compared to SCR.
GATE
Anode D | Cathode G
Gate :l;tl:!ma.u T ﬁ T2 :':n:’:mu
A MAIN TERMINAL 2
*j-.wonr; M2
P My
% <
GATE 4///% -’2 LN
+ P
G J p:‘
7774
/ﬁf}% Ny My
— O CATHODE GATE O G & MAIN TERMINAL 1
c MT,
It is employed in large power Itisemployed inlow and medium
applications including large power power applications including lamp
supplies, DC motor drives, lighting and dimmer, heating control, zero voltage
heating, Static VAR compensators) switched AC relay, small AC motor
Electronic circuit breakers etc. control etc.

Explain the thermal triggering method of SCR. Enlist different triggering
methods of SCR.

Ans:

Types of Triggering:

1) Forward voltage triggering 1 Mark for

2) Thermal triggering (Temperature triggering) different

3) Radiation triggering (Light triggering) methods

4) dv/dt triggering +

5) Gate triggering 3 Marks for
(i) D.C. Gate triggering thermal
(i) A.C. Gate triggering triggering
(iii) Pulse Gate triggering = 4 Marks

Thermal Triggering :
0 If the temperature of a thyristor increases, there is an increase in the
number of electron hole pairs. This will increase the leakage current.
Therefore the value of ol and a2 will increase. If (a1l + a2 ) tends to
unity, then the thyristor may be turned on.
0 This is called as thermal triggering of thyristor. It is an undesirable
feature. The break over voltage goes on decreasing with increase in
temperature.
01In short, due to increase in temperature the thermally generated leakage
current increases. This current gets multiplied internally and thyristor is

Page No 7 of 18
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turned on.

3c) Draw single phase full wave mid-point converter for inductive load. Draw input
and output waveforms for it.
Ans:
Circuit Diagram:

2 Marks for
circuit
diagram
+
2 Marks for
waveforms
= 4 Marks

Waveforms:

e
| | ': | ' ! “
il ki | : l/l |3 |
o [ ji i
O I ERT I
H mSHa =2Vm : | 1
[ M/ |
el LN
Yl LotealfT ( i
ab MK |
l 2'\!,:,sim£ =
PV %

3d) Draw the circuit diagram of battery charger using SCR and explain it’s working.
Ans:
Battery charger circuit using SCR:
The figure shows the battery charger

circuit using SCR. A 12V discharged
_ battery is connected in the circuit and 2 Marks for
ok switch SW is closed. The single- Uit
20V phase 230V supply is stepped down d(;erU|
e to (15-0-15) V by a centre-tapped |agjrram
5 transformer. The diodes D1 and D2 2 Marks for
forms Automiatic battery charger using SGR full wave rectifier and  explanation
pulsating DC supply appears across = 4 Marks
terminals A and B. When SCR is off, its cathode is held at the
potential of

discharged battery. During each positive half-cycle, when the potential of
point C rises to sufficient level so as to forward bias diode D3 and gate-

cathode
'gmction of SCR, the gate pulse is provided and SCR is turned on. When
CRis Page No 8 of 18
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turned on, the charging current flows through battery. Thus during each
positive half-cycle of pulsating DC supply, voltage across A-B, SCR is fired
and

charging current is passed till the end of that half-cycle. Due to Zener

diode D4,

qucgqsas),(lmgm voltage at point C is held at 12V. Due to the charging

battery voltage rises and finally attains full value of 12V. When the

battery is ,
fully charged, the cathode of SCR is held at 12V. So the diode D3 and

gate-

cathode junction of SGR cazinot bevforward |
point C can reach up 1042»Th erNe,
SCR is not fired. In [this iway/ after &

automatically stopped.f * -

SCR; on

______________________________________ i8&8d, since the potential of
p gate.aqrrent is supplied and
| chargiig, further charging is

Waveform for battery charger circuit

Attempt any THREE of the following: 12
Draw I-V characteristics of power transistor. Show different regions.
Ans: 4 marks for
I-V characteristics of power transistor: labeled
I N F diagram
las H
Isa :
s i 2 mark for
Tz 5 partially
Is: ! labeled
- diagram
4] . = ! Beeakover
At Regon \ e No marks for
Satwration Region kil Nidier unlabeled
diagram

With reference to GTO answer the following:
i)State advantages of GTO over SCR
ii)Draw construction of GTO.

Ans:
I) Advantages of GTO over SCR:
i) Itisturned-off by negative gate pulse. % Mark for
ii) No commutation circuit required, reducing the cost, size, weight and g5ch of any
volume of the circuit. four
iif) As commutation choke is not used, the associated acoustic and advantages
electromagnetic noise (interference) is absent. = 2 Marks

iv) Less turn off time permits high switching frequency.
v) It has higher di/dt rating at turn-off.
II) Construction of GTO:

Page No 9 of 18
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G K 2 Marks for
constructional
sketch
A
OR any other equivalent constructional sketch

Explain triggering of SCR using opto-coupler. State its advantages.
Ans:
Triggering of SCR using opto-coupler:
A simple opto-coupler based
triggering circuit for SCR is 4
shown in the figure. An opto- é
coupler or opto-isolatoris a ma 1 Mark for
combination of light source and Pl e L-—- circuit
light-sensitive device enclosed in | ! diagram
a compartment. The light source Opto-cowplery g { | 2 g
is LED or infra-red LED (IRLED) P % ! Oz
and light-sensitive device may be B —— - T
photo-thaxls sior. K ¥ son 2 Marks for
Referring to the circuit diagram, m o explanation
when the SCR is to be turned-on,

a voltage is applied to base of Q1 b

through R1. The base current flows and Q1 is turned on. The collector current
flow and voltage appears across the LED of opto-coupler. The light emitted by

LED falls on the photo-transistor and it is turned-on. When photo-transistor is
turned-on. It carries the current, which flows through R3 and acts as gate current
for the SCR. Thus gate current is provided to SCR and it is ultimately turned-
on. The firing circuit is electrically isolated from SCR circuit but optically
coupled.
OR

(Any other equivalent valid circuit and explanation)
Advantages of Opto-Couplers i)Triggering circuits are well protected due
to electrical isolation. ii)It is small size and light weight device.

iii)Interfacing with logic circuits is easily possible. 1 Marks for

two
Describe the operation of single phase fully controlled bridge converter advantages

with R-

load.
Ans:

Page No 10 of 18
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Circuit Diagram:

[ 1. 7 1 Mark for
. S circuit
iy £ T"‘ ' | diagram

'-:-\.\,\J:‘".".J .I
. L. T
A AL .i i
T
: | | 3
Waveforms:
a1 _ _ 1 Mark for

- e S e waveforms

Explanation:

During positive half cycle of Vs, SCRs T1 and T2 are fired, so that Vab 2 Marks for
[] appears across load.

During negative half cycle of Vs, SCRs T3 and T4 are fired, so that Vba

appears across load.

Thus alternate firing of SCR pairs results in repeated positive half cycles

i.e pulsating DC across load.

The delayed firing of SCR pairs provides phase control and control over
output voltage.

4e) Explain the working principle of SMPS with neat diagram.
Ans:

Working principle of SMPS:

0 SMPS converts unregulated AC or DC voltage into a regulated
voltage.In case of AC it first converted into unregulated DC. This is fed 2 Marks for
to a high frequency switching element. The switch is operating at the
high frequencies of 20 kHz to 1 MHz, chopping the d.c voltage into a
high frequency square wave. This square wave is fed into power
isolation transformer ,stepped down to a predetermined value and then

explanation

explanation

Page No 11 of 18
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rectified and filtered to produce the required d.c output. A portion

O of this output is monitored and compared against the fixed
reference voltage and the error signal is used to control the on-off
times of the swich, thus regulating the output.

!
I’J@- - 2 Marks for
¥ i ijch ] l i diagram
&G impt s —| —[-_ —— | die outpLt
= f3=
Bipalar
Input rectification Fower Cput rectification
and filtering Transformer and filtering
duty cycle i = 1
SHArol EA s -
= | -1
m:r_al o5c ol
::::: ity |
Attempt any TWO of the following: 16
With neat sketch explain four modes of operation of a TRIAC?
Ans:
Modes of operation of a TRIAC:
MT? MT2
PL | | X - P1 ; ikt ITI
N1 \!' __; Vi N1 .‘.‘!J = Vapg
— T T 1 Mark for
G ., L ]EE N
N4 |‘."' 2 v N4 4 1;\5\_ o each of four
ol =)= wm T diagrams
. 1|
Ve YT
AITE ; T2 = 4 Marks
- N3 P1 3
M onf = Mok =
= | 1 sl |1 |
N4 *"'T }z\%l N2 = ol e 1‘ o2 )
(;l e I.‘\l'll [il ik l.\m
1f

Vee

There are four different operating modes of TRIAC:

1) MT2 and gate are positive with respect to terminal MT1(Mode1l) : Here2 Marks for
terminal MT2 is positive with respect to terminal MT1 current flows throu%&planation
path P1-N1-P2-N2.The two junctions P1-N1 and P2-N2 are forward biased

whereas junction N1-P2 is blocked. The TRIAC is now said to be positively

biased. A positive gate with respect to terminal MT1 forward biases the junction

P2-N2 and the breakdown occurs as in a normal SCR.

2) MT2 is positive but gate is negative with respect to terminal

Page No 12 of 18
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MT1(Mode2):

Though the flow path of current remains the same as in mode 1 but now
junction P2-N3 is forward biased and current carriers injected into P2 turn on
the TRIAC.

3) MT2 and gate are negative with respect to terminal MT1(Mode4)

: When terminal MT2 is negative with respect to terminal MT1, the current
flow path is P2-N1-P1-N4. The two junctions P2-N1 and P1 — N4 are forward
biased whereas junction N1-P1 is blocked. The TRIAC is now said to be
negatively biased. A negative gate with respect to terminal MT1 injects current
carriers by forward biasing junction P2-N3 and thus initiates the conduction.
4) MT2 is negative but gate is positive with respect to terminal

MT1(Mode3):

Though the flow path of current remains the same as in mode 3 but now
junction P2-N2 is forward biased, current carriers are injected and therefore, the
TRIAC is turned on.

Explain with neat circuit diagram and input output waveforms, single phase half
wave converter with R-L load. Give significance of freewheeling diode.

Ans:

Single phase half wave converter with R-L load:

1 Mark for
el G 4 [ circuit
¢ Tiee L a1 | i diagram
H i Tﬁ ms:no;_E \“é
T. v H ; i
A rE T o
Sl " &3 LA o § N
© 3)&} ' P 2 Marks for
| el L i :
Iy, sinat waveforms
(a} Circuit arrangement (b} Wawveforms

Il'hedcircuit diagram of single-phase half-wave controlled rectifier with RL
oa

and without freewheeling diode is shown in Fig. (a). The SCR T is

forward

biased only during positive half cycle whereas reverse biased during
negative

half cycle. Therefore, it is triggered in positive half cycles only. When the

gate
pulse is applied in positive half cycle with delay angle of I as shown in 2 Marks for
waveform diagram (b), the SCR conducts and starts to carry the load explanation
current. Since the load is inductive (RL), the current lags behind the

voltage. The load inductance maintains the load current and keeps SCR on

g¥eR thtPrevapp bhratagriveouataadad Riss eManbrasitive hak ticlesafdpad

voltage is followed by some negative voltage till the current drops to zero.

The negative voltage appearing across load reduces the average load

voltage. For some sensitive loads, the negative voltage is undesirable, I

such cases freewheeling diode is epage No130f18
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freewheeling diode helps to increase the average load voltage. Mode 1: (0

to o)) (+ve half cycle)
ﬁ%?e?gpede is positive w. r. t. cathode but gate pulse is not applied

SCR is in off state though it is forward biased. The load current is zero &

load

voltage is also zero.

Mode 2: (o to ) (+ve half cycle + gate signal is applied at o)

§p§‘is forward biased and gate signal is applied, therefore SCR turns on

When SCR is triggered the load current will increase in a finite time

through the
[Bgactive load. The supplied voltage from this instant appears across the

Due to the inductive load the increase in current is gradual, energy is

stored in
inductor during acto 1.
Mode3: (it to 2 1) (negative half cycle) During this part of negative half

cycle,
8Hrer|%§/t continues to flow but falls and finally becomes zero when the

Sipradd S N GI808% s ePiRAted IRdDE 08 foeristaeRad AR Hsior

emrg@jure etc. to prevent voltage spikes across these loads when the

isvedclagdievibe isduneedHefiice due to energy stored in inductor, current

cohitrnsiesed flohyppistinestoréd efefyus chairggiveteteatérasviihenthe [t
switching device is turned off.

=) In absence of FWD, the stored energy in inductance will maintain forward

Heriheyitaabivehstenty weltsgmieppaataraiesicd i don@v¥vhentide kedg 1 Mark for

baEBRER hero, due to negative supply voltage, the SCR is turnd off. At Significance
~d) When the power semiconductor device in series with load is turned off, of FD
IREEfREe-wheeling diode is forward biased and the current in load is

UbgnBgsed tHheishgamR ghrisleap iedidhei SER fietuiived stk above
i Fé’b%%t%&s turned off easily and regain its blocking ability.

Bizpificancy lohErekavhoelingDiottea(FVDY: applications of UPS.
Ans:
OnlineUPS:

= [}
1= T e ET =4 T[ ‘h , 2 Marks for
= iI i 3 Tosa — block diagram

Battory Bank

The block diagram of the on'line UPS systems is as shown, where the load is
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connected to the invertor through the UPS static switch. The UPS static
switch is normally ON switch. It turns off only when the UPS system fails.
In that case the mains static off switch is used only when UPS is to be
bypassed. The various operating modes are Mode 1:-When the AC mains
is on, the inverter circuit will supply the power to the inverter as well as
to the battery. Therefore it acts as a rectifier cum charger .Hence its
ratings are usually higher. The inverter o/p is connected to the load via
UPS static switch. Battery will be charged in this mode. Mode 2:-If the
supply fails suddenly, the rectifier o/p will be zero and hence the battery
bank now supplies power to the inverter without any interruption and
delay. There will not be any inverter as well as the load. After restoration
of the line supply,the charger supplies the inverter and recharges the
battery automatically first in constant current mode and then in constant
potential mode. Mode 3:-In case if the inverter /UPS fails, then the
normally OFF mains static switch is turned on which automatically
transfers the ac line to the load in less than Y% th of the cycle period with
no phase discontinuity. Applications of UPS: 1) Data Centers 2) Banks
and insurance 3) Industrials 4) Healthcare: hospitals, clinics and
retirement homes 5) Telecommunications 6) Special projects (events)

Attempt any TWO of the following
Draw symbol & V-I characteristics of the following devices

i)LASCR ii)DIAC i)PUT  iv)SCS
Ans:
i) LASCR:
t Forward vollage drop
e
— ¥
a==Farward conduction
Reverse Latching current
braakdown
woltage _— iy oa ' o
\ kg camreni —r:_‘--’ i3 -"E ‘I:_ ‘IE !E':I: o
Von o] * 10 s
A I F i d
\ Rirverse Forward iy
1 Rpwarse DEEa kT
\ Hng ieakage :f:,::,?f waltage
cusrant Forward
biocking
G
K
w
LASCR symbol V- Characteristics of SCR
ii) DIAC:

2 Marks for
working

1 Mark for

each of any
two

applications

= 2 Marks

12

Y Mark for

symbol
and
1 Mark for
characteristic
= 1% for
each bit
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i or
2 2 ¥ 5
Symbaol V-1 Characteristics of DIAC
iii) PUT:
Va 1
Vp \
K Hegalive resistance region
/ —-
turation region
o X Valley Point
]
li]
Ip Iv Ia
Cc
iv) SCS:
anode -—(OMN STATE

anode
H ]‘w‘EGATT'v"EnRESISTﬁN CE

gals S Iu:c‘il N
- -
' . = E
[ OFF STATE -
gate * |

V s s
H FORWARD VOLTAGE

i
Hl

L]

1

ANODE CURRENT

cathode
For a class D commutation, answer the following:
i) Explain the operation with circuit diagram.
i) Interpret with waveforms.
Ans: Class D commutation:
This is also called as auxiliary commutation because it uses an auxiliary
SCR 1o
switch the charged capacitor across conducting SCR to turn it off. In this
scheme, the main SCR is commutated by the auxiliary SCR. The main
SCR
with load resistance RL forms the power circuit while the diode D,

inductor L,
capacitor C and SCR2 forms the commutation circuit.

When the supply voltage Vdc is applied, both SCRs are in OFF state and

hence . ' . Page No 16 of 18
mﬁs?%%acnor voltage is zero. In order to charge the capacitor, SCR
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triggered first. So the capacitor charges through the path Vdc-C-SCR2-RL-Vdc.

o b
i . ; 1 Mark for
.- fa— - circuit
il | ? diagram
H ;Tm' duidt
- : 2 Marks for
= | explanation
e m L i ' 2 Mark for
N , ' f

When the capacitor is fully charged, the charging current becomes zero and fffeerorms
SCR2 is turned-off naturally. 1 Mark for

The supply voltage Vdc as well as the charged capacitor C holds the SCRiniterpretation
forward bias condition. If the SCR1 is triggered, it is turned-on and two currents
flow through it: one is the load current supplied by source, through path Vdc-
SCR1 - RL - Vdc and another one is capacitor discharge current through path C
—SCR1 -L-D - C. The capacitor while discharging supplies its energy to the
inductor L. When the capacitor fully discharges, its voltage becomes zero at
peak discharge current instant. Then the inductor L utilizes its energy to
maintain the current through the same path and the capacitor charges with
reversed polarity. When the inductor gives out its energy to the capacitor, the
current naturally falls to zero and the capacitor charges fully with reversed
polarity. Due to the presence of diode the reverse discharge is not possible. Thus
after reverse charging of C, the SCR1 continues to carry only load current. The
capacitor voltage maintains forward bias across SCR1, thereby it can be
triggered at any instant.

Now when it is desired to turn-off SCR1 for load voltage control, the SCR2 is
triggered. The charged capacitor (lower plate positive) then placed across
conducting SCR1, applying reverse bias to SCR1. Also, the capacitor

discharging starts through path C - SCR2- RL- Vdc - C. The load current is

shifted from SCR1 to C — SCR2 path. When this discharging current becomes
more than the load current the SCR1 is turned OFF. After turning off of SCR1,
the reverse bias is maintained across it by capacitor voltage, which ensures the
proper turn-off.

The capacitor discharges fully first and then starts charging with polarity of
upper plate positive, through the SCR2 — RL to a supply voltage Vdc. When the
capacitor fully charges, the charging current falls to zero and SCR2 is naturally
turned off. The capacitor voltage as well as supply voltage make SCR1 forward
biased and keep ready for next triggering. The above cyclic process is repeated.

6c) A l-phase Half controlled rectifier supplied with voltage v=300sin 314t, and
load resistance is 100Q. Find

Page No 17 of 18



MAHARASHTRA STATE BOARD OF TECHNICAL EDUCATION
(Autonomous)
(ISO/IEC-27001-2005 Certified)

Winter — 2019 Examinations

Model Answer
Subject & Code: FUNDAMENTALS OF POWER ELECTRONICS (22326)

i)Average output voltage ii)Load current (For a=6000 and a=100L0)
Ans:
Data Given: Vm =300 volt, RL=100Q
1) For a=60L(
i)Average output voltage:

=143.24V
Average output voltage = =143.24V

ii) Load current:

2) For c=1000
i) Average output voltage:

Average output voltage = =71.61V

ii) Load current:

Load current=0.789A

1v5 Marks

1% Marks

1¥%5 Marks

1v%5 Marks
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Instructions :
(1) All Questions are compulsory.

(2)  Answer each next main Question on a new page.
(3) Illustrate your answers with neat sketches wherever necessary.

(4) Figures to the right indicate full marks.

Marks
1. Attempt any FIVE of the following : 10
(@) Define (i) Holding current, (ii) Latching current of SCR. 2
(b) Draw circuit diagram of Class B commutation. 2
(c) State classification of Phase controlled rectifiers. 2
(d) Define (i) Conduction angle, (ii) Firing angle. 2
(e) Draw circuit diagram of symmetrical configuration of bridge converter. 2
(f)  State the advantages of SMPS. (any two) 2
(g) State the need of UPS. 2
2.  Attempt any THREE of the following : 12
(@) Describe with neat sketch the constructional details of IGBT. 4

[1 of 4] P.T.O.



22326
(b)

(c)
(d)

[2 of 4]

Explain two transistor analogy of SCR with neat diagram.
With neat diagram explain synchronized UJT triggering circuit.

Explain working of static A.C. circuit breaker.

3.  Attempt any THREE of the following :

(a)
(b)

(c)

(@)

Give comparison of SCR & TRIAC. (any four points)

Explain the thermal triggering method of SCR. Enlist different triggering
methods of SCR.

Draw single phase full wave mid-point converter for inductive load. Draw

input and output waveforms for it.

Draw the circuit diagram of battery charger using SCR and explain it’s

working.

Attempt any THREE of the following :

Draw I-V characteristics of power transistor. Show different regions.

(b) With reference to GTO answer the following :

(c)
(d)

()  State advantage of GTO over SCR.

(i)  Draw construction of GTO.
Explain triggering of SCR using opto-coupler. State its advantages.

Describe the operation of single phase fully controlled bridge converter with
R-load.

Explain the working principle of SMPS with neat diagram.

12

12
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5.  Attempt any TWO of the following :

(@)  With neat sketch explain four modes of operation of a TRIAC.

(b)  Explain with neat circuit diagram and input output waveforms, single phase

half wave converter with R-L load. Give significance of freewheeling Diode.

(c) Describe working of online UPS. List any two applications of UPS.

6. Attempt any TWO of the following :

(@) Draw symbols and V-I characteristics of the following devices :
(i)  LASCR (i)  DIAC
(iii) PUT (iv) SCS

(b) Foraclass D commutation, answer the following :
()  Explain the operation with a circuit diagram.

(i)  Interpret with waveforms.

(c) A 1-0half controlled rectifier supplied with voltage V = 300 sin 314 t, and
load resistance is 100 [. Find :
() Average output DC voltage.
(i)  Load current.
(For 0 = 600 and O = 1000)

12

12

P.T.O.
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Important Instructions to examiners:

1) The answers should be examined by key words and not as word-to-word as given in the model
answer scheme.

2) The model answer and the answer written by candidate may vary but the examiner should assess the
understanding level of the candidate.

3) The language errors such as grammatical, spelling errors should not be given importance (Not

applicable for subject English and Communication Skills).

4) While assessing figures, examiner may give credit for principal components indicated in the figure.

The figures drawn by candidate and model answer may vary. The examiner should give credit for

any equivalent figure/figures drawn.

5) Credits to be given step wise for numerical problems. In some cases, the assumed constant values

may vary and there may be some difference in the candidate’s answers and model answer (as long

as the assumptions are not incorrect).

6) In case of some questions credit may be given by judgment on part of examiner of relevant answer
based on candidate’s understanding.

7) For programming language papers, credit may be given to any other program based on equivalent

concept
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1a) Attemptany FIVE of the following: 10
1a) Define: (i) Holding Current (ii) Latching Current of SCR
Ans: 1 Mark for
(i) Holding Current: each definition
Holding current is defined as the minimum anode current requiredto = 2 Marks

maintain conducting SCR in the on-state.

(ii) Latching Current:
Latching current is defined as the minimum anode current required to
maintain the SCR in the on-state immediately after the SCR has been
turned on and the gate signal has been removed.

1b) Draw circuit diagram of Class B commutation.
Ans:

Class B: Resonant Pulse Commutation:

2 Marks for
! labeled circuit
diagram
oy
Circuit diagram
1c) State classification of Phase controlled rectifiers.

Ans:

Classification of phase controlled rectifiers:

2 Marks
Types of Rectifiers
¥ ¥
== | = |
Half Controlled Fully Cantrolied Half Controlled Fully Controdled
|
T 1
| Half Wave J ‘ Full Wave(Bridge)
1d) Define: (i) conduction angle (i) firing angle.

Ans:

(i) Conduction Angle ([):
Conduction angle is defined as the angle between the instant the SCR is 1 Mark for
triggered or turned on and the instant at which the SCR is turned off. each definition

Assuming that the SCR is turned off naturally at the end of positive half cycleF 2 Marks
the relation between the firing or delay angle () and conduction angle ([) can

B BIRRE AES0): .

Page No 2 of 18



MAHARASHTRA STATE BOARD OF TECHNICAL EDUCATION
(Autonomous)
(ISO/IEC-27001-2005 Certified)

Winter — 2019 Examinations

Model Answer
Subject & Code: FUNDAMENTALS OF POWER ELECTRONICS (22326)

Firing angle is defined as the angle between the instant the SCR would
conduct if it would be a diode and the instant it is triggered or fired. Firing
angle or delay angle can be defined as the angle measured from the angle
that gives maximum average output voltage to the angle when the SCR is
actually triggered or fired by gate pulse.

1e) Draw circuit diagram of symmetrical configuration of bridge converter.

Ans:
T - YL 2 Marks for
| Ascr J\scr circuit
AC Supply _ . diagram
/\.\; A v LT .-:: Ruoao

1f) State the advantages of SMPS. (any two)

Ans:

Advantages of SMPS:
1. High Efficiency, more than 94%. 1 Mark for
2. Easy maintenance and servicing. each of any
3. High modularity and redundancy. two
4. Lower power dissipation. - 2 Marks
5. Wide AC input voltage range.
6. Less cost.

1¢g) Statethe need of UPS.
Ans:
Need of UPS: 1 Mark for

1) An Uninterruptible Power Supply (UPS) is used to protect critical loads,,p, point
from mains supply problems including spikes, voltage dips, fluctuations and 5 mrks
complete power failures using a dedicated battery.

2) A UPS system can also be used as standby system when AC mains is

failed.
2 Attempt any THREE of the following: 12
2a) Describe with neat sketch the constructional details of IGBT.
Ans:

Construction:

2 marks for

[ Cate oxide) \1 . L }r '\':i\- ‘-'-L COﬂStI’U Ctlon
.I P ; -

diagram

| Erdrs
SiC); —of | = Si0;

PPLPSISP FELLSSISS PSS PSS s

Collector

Construction of IGBT
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Insulated gate bipolar transistor or IGBT, is a solid state devices primarily

used as an electronic switch which, as it was developed, came to 2 marks for
combine high efficiency and fast switching. The insulated gate bipolar description
transistor (IGBT) is a three terminal semiconductor device combines the

benefits of both MOSFET and BJT. So, an insulated gate bipolar transistor

(IGBT) has input impedance like that of a MOSFET and low ON state

power loss as in a BJT. It is also called as metal oxide semiconductor

insulated gate transistor (MOSIGT) and other name to this device are

insulated gate transistor (IGT), conductivity modulated field effect

transistor (COMFET). It is similar to that of a double-diffused power

MOSFET (DMOS) except for a p+ layer at the bottom. This layer forms the

IGBT collector and a pn junction with n-drift region, where conductivity

modulation occurs by injecting minority carriers into the drain drift region

of the vertical MOSFET. Therefore, the current density is much greater

than a power MOSFET and the forward voltage drop is reduced. The p+

substrate, n- drift layer and p+ emitter constitute a BJT with a wide base

region and hence small current gain.

Explain two transistor analogy of SCR with neat diagram.
Ans:
Two-transistor Analogy of SCR:

Ancde (A) A
_;Tr 1 mark for (a)
Gate(G) o—_N ‘j' [o y =l 1 mark for (b)
P J23 n J; n = 2 marks for
\_iL. Go—{ p | P j‘z = diagram
K| |
Cathode(K) . c1
G o—>» -
Ig laz 2
{a) Structure K

(b) Equivalent circuit K
Two Transistor Model of SCR

A simple p-n-p-n structure of thyristor can be visualized as consisting of two
complimentary transistors: one pnp transistpr T and other npn transisior T as
shown in the figures. The collector current of transistor is related to emitter
current and leakage current as:

where, =common-base current gain
= leakage current from collector to base with emitter open
For transistors T1 and T2, we can write,
and

F KCL liedto T1, it
rom applied to T1, we can write 2 marks for

mathematical

From KCL applied to entire equivalent circuit,
treatment

and substituting in above equation,
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[ ]

From this equation it is clear that the anode current depends on the gate current,
leakage currents and current gains,

If tends to be unity, the denominator | | approaches zero,
resulting in a large value of anode current and SCR will turn on. The current
gains vary with their respective emitter currents. When gate current is applied,
the anode current is increased. The increased , being emitter current of T1,
increases the current gain . The gate current and anode current together
form cathode current, which is emitter current of T2. Thus increase in

rdBpEERiseT esaacat gaing énttgamincrease
the anode current and the anode current further increases the current gains. The

cumulative action leads to the loop gain to approach unity and the anode current
drastically rises which can be controlled by external circuit only.

With neat diagram explain synchronized UJT triggering circuit.
Ans:
Line Synchronized UJT triggering circuit:

2 Marks for
circuit
diagram

) *
i 2 Mark for
description
% = 4 Marks

5

VAC \/)

The UJT is almost ideal as a firing device for SCRs. There are 2 main reasons
for the compatibility between UJTs and SCRs. Firstly, the UJT produces a
pulse-type output, which is excellent for accomplishing sure turn-on of an SCR
without straining the SCR’s gate power dissipation capability. Secondly, the
UJT firing point is inherently stable over a wide temperature range. This can
compensate for the temperature instability of the SCR.

The usual method of triggering an SCR with a UJT is shown in Figure 1.

In this circuit, zener diode Z1 clips the Vs waveform at the zener voltage during
the positive half-cycle of the ac line. During the negative half cyce, Z1 is

forward biased and Vs is held near O V.
Once the dc voltage Vs has been established, which occurs immediately
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after the ac line crosses zero, CE begins charging through resistor RE.
When CE reaches the peak voltage of the UJT, the UJT then fires. This
generates a voltage

pulse across R1 and results in the firing of the SCR. When the SCR is

firdRis circuit, automatic synchronization between the firing pulse of the

i emic tidve STRaglhrityeifopcbiad ¢éhe Thst ofehespbsitivinbathwclbe UIT
delivers a pulse, the SCR is sure to have the right polarity between the anode
and cathode for turning on.

Explain working of static AC circuit breaker.

Ans:

Static AC Circuit breaker:

The circuit configuration of static
AC circuit breaker using SCR is
shown in the figure. When switch | ”

Loy .
‘S’is closed, the SCRs Tl and T2  phase i T\

LOAD

2 Marks for
are fired in positive and negative  sueon g Ao, 3 o circuit
Dmhf@cles respectively. ' ! s ?-‘ diagram
positive half-cycle, T1 receives gate ! 4

current through D2 || R2, switch S AC Gircult breaker
and R3 and it conducts. At the end of positive half-cycle, T1 is turned off due2tMarks for
natural current zero. In the negative half-cycle, T2 receives gate current throB%'ération

D1 || R1, R3andswitch S and it conducts. It is turned off at the end of this
negative half cycle due to natural current zero value. When the load current is

required to be interrupted, the switch S is opened. It results in blocking of gate
currents of both SCRs and hence both SCRs are maintained off. When sitch S is
opened at any instant in a particular half-cycle, the load current continue to flow
through conducting SCR till the end of this half-cycle, however in the next half-
cycle the other SCR will not be fired due to non-availability of gate current.
Thus the maximum time delay for breaking the circuit is one half-cycle.

Attempt any THREE of the following 12
Give comparison of SCR and TRIAC (any four points)
Ans:
SCR TRIAC
It is an unidirectional device. It is a bidirectional device.
It is turned-on by only positive gate | It can be turned-on by either
current. _ _ positive or negative gate current, 1 Mark for
Operatesonty inthe firstquadrant Operates in either 1 or3 rd each of any
quadrant. four points
Anti-parallel SCRs are used for TRIAC is equivalent to a pair of = 4 Marks

bidirectional current flow. antiparallel connected SCRs.

It has better gate-current sensitivity. | It has poor gate-current sensitivity

as compared to SCR.

It has lower turn-on & turn-off times as It has higher turn-on & turn-off

compared to TRIAC. times as compared to SCR.

For bidirectional current applications,| For bidirectional current
two SCRs & two heat sinks require applications, one TRIAC & one€
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more space. heat sink require less space.
Firing circuit design is simple. More careful firing circuit design
is required.
Higher voltage & current ratings as Lower voltage & current ratings as
compared to TRIAC. compared to SCR.
GATE
Anode D | Cathode G
Gate :l;tl:!ma.u T ﬁ T2 :':n:’:mu
A MAIN TERMINAL 2
*j-.wonr; M2
P My
% <
GATE 4///% -’2 LN
+ P
G J p:‘
7774
/ﬁf}% Ny My
— O CATHODE GATE O G & MAIN TERMINAL 1
c MT,
It is employed in large power Itisemployed inlow and medium
applications including large power power applications including lamp
supplies, DC motor drives, lighting and dimmer, heating control, zero voltage
heating, Static VAR compensators) switched AC relay, small AC motor
Electronic circuit breakers etc. control etc.

Explain the thermal triggering method of SCR. Enlist different triggering
methods of SCR.

Ans:

Types of Triggering:

1) Forward voltage triggering 1 Mark for

2) Thermal triggering (Temperature triggering) different

3) Radiation triggering (Light triggering) methods

4) dv/dt triggering +

5) Gate triggering 3 Marks for
(i) D.C. Gate triggering thermal
(i) A.C. Gate triggering triggering
(iii) Pulse Gate triggering = 4 Marks

Thermal Triggering :
0 If the temperature of a thyristor increases, there is an increase in the
number of electron hole pairs. This will increase the leakage current.
Therefore the value of ol and a2 will increase. If (a1l + a2 ) tends to
unity, then the thyristor may be turned on.
0 This is called as thermal triggering of thyristor. It is an undesirable
feature. The break over voltage goes on decreasing with increase in
temperature.
01In short, due to increase in temperature the thermally generated leakage
current increases. This current gets multiplied internally and thyristor is
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turned on.

3c) Draw single phase full wave mid-point converter for inductive load. Draw input
and output waveforms for it.
Ans:
Circuit Diagram:

2 Marks for
circuit
diagram
+
2 Marks for
waveforms
= 4 Marks

Waveforms:

e
| | ': | ' ! “
il ki | : l/l |3 |
o [ ji i
O I ERT I
H mSHa =2Vm : | 1
[ M/ |
el LN
Yl LotealfT ( i
ab MK |
l 2'\!,:,sim£ =
PV %

3d) Draw the circuit diagram of battery charger using SCR and explain it’s working.
Ans:
Battery charger circuit using SCR:
The figure shows the battery charger

circuit using SCR. A 12V discharged
_ battery is connected in the circuit and 2 Marks for
ok switch SW is closed. The single- Uit
20V phase 230V supply is stepped down d(;erU|
e to (15-0-15) V by a centre-tapped |agjrram
5 transformer. The diodes D1 and D2 2 Marks for
forms Automiatic battery charger using SGR full wave rectifier and  explanation
pulsating DC supply appears across = 4 Marks
terminals A and B. When SCR is off, its cathode is held at the
potential of

discharged battery. During each positive half-cycle, when the potential of
point C rises to sufficient level so as to forward bias diode D3 and gate-

cathode
'gmction of SCR, the gate pulse is provided and SCR is turned on. When
CRis Page No 8 of 18
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turned on, the charging current flows through battery. Thus during each
positive half-cycle of pulsating DC supply, voltage across A-B, SCR is fired
and

charging current is passed till the end of that half-cycle. Due to Zener

diode D4,

qucgqsas),(lmgm voltage at point C is held at 12V. Due to the charging

battery voltage rises and finally attains full value of 12V. When the

battery is ,
fully charged, the cathode of SCR is held at 12V. So the diode D3 and

gate-

cathode junction of SGR caginot bevforward |
point C can reach up 1oZ4Z2»Th erNe,
SCR is not fired. In [this iway/ after

automatically stopped.f * -

SCR; on

______________________________________ i8&8d, since the potential of
i gate.aqrrent is supplied and
| chargiig, further charging is

Waveform for battery charger circuit

Attempt any THREE of the following: 12
Draw I-V characteristics of power transistor. Show different regions.
Ans: 4 marks for
I-V characteristics of power transistor: labeled
I N F diagram
las H
Isa :
s i 2 mark for
Tz 5 partially
Is: ! labeled
- diagram
4] . = ! Beeakover
At Regon \ e No marks for
Satwration Region kil Nidier unlabeled
diagram

With reference to GTO answer the following:
i)State advantages of GTO over SCR
ii)Draw construction of GTO.

Ans:
I) Advantages of GTO over SCR:
i) Itisturned-off by negative gate pulse. % Mark for
ii) No commutation circuit required, reducing the cost, size, weight and g5ch of any
volume of the circuit. four
iif) As commutation choke is not used, the associated acoustic and advantages
electromagnetic noise (interference) is absent. = 2 Marks

iv) Less turn off time permits high switching frequency.
v) It has higher di/dt rating at turn-off.
II) Construction of GTO:
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G K 2 Marks for
constructional
sketch
A
OR any other equivalent constructional sketch

Explain triggering of SCR using opto-coupler. State its advantages.
Ans:
Triggering of SCR using opto-coupler:
A simple opto-coupler based
triggering circuit for SCR is 4
shown in the figure. An opto- é
coupler or opto-isolatoris a ma 1 Mark for
combination of light source and Pl e L-—- circuit
light-sensitive device enclosed in | ! diagram
a compartment. The light source Opto-cowplery g { | 2 g
is LED or infra-red LED (IRLED) P % ! Oz
and light-sensitive device may be B —— - T
photo-thanls sior. K ¥ son 2 Marks for
Referring to the circuit diagram, m o explanation
when the SCR is to be turned-on,

a voltage is applied to base of Q1 b

through R1. The base current flows and Q1 is turned on. The collector current
flow and voltage appears across the LED of opto-coupler. The light emitted by

LED falls on the photo-transistor and it is turned-on. When photo-transistor is
turned-on. It carries the current, which flows through R3 and acts as gate current
for the SCR. Thus gate current is provided to SCR and it is ultimately turned-
on. The firing circuit is electrically isolated from SCR circuit but optically
coupled.
OR

(Any other equivalent valid circuit and explanation)
Advantages of Opto-Couplers i)Triggering circuits are well protected due
to electrical isolation. ii)It is small size and light weight device.

iii)Interfacing with logic circuits is easily possible. 1 Marks for

two
Describe the operation of single phase fully controlled bridge converter advantages

with R-

load.
Ans:
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Circuit Diagram:

[ 1. 7 1 Mark for
. S circuit
iy £ T"‘ ' | diagram

'-:-\.\,\J:‘".".J .I
o i b T
A AL .i i
i
: | | :
Waveforms:
a1 _ _ 1 Mark for

- e S e waveforms

Explanation:

During positive half cycle of Vs, SCRs T1 and T2 are fired, so that Vab 2 Marks for
[] appears across load.

During negative half cycle of Vs, SCRs T3 and T4 are fired, so that Vba

appears across load.

Thus alternate firing of SCR pairs results in repeated positive half cycles

i.e pulsating DC across load.

The delayed firing of SCR pairs provides phase control and control over
output voltage.

4e) Explain the working principle of SMPS with neat diagram.
Ans:

Working principle of SMPS:

0 SMPS converts unregulated AC or DC voltage into a regulated
voltage.In case of AC it first converted into unregulated DC. This is fed 2 Marks for
to a high frequency switching element. The switch is operating at the
high frequencies of 20 kHz to 1 MHz, chopping the d.c voltage into a
high frequency square wave. This square wave is fed into power
isolation transformer ,stepped down to a predetermined value and then

explanation

explanation
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rectified and filtered to produce the required d.c output. A portion

O of this output is monitored and compared against the fixed
reference voltage and the error signal is used to control the on-off
times of the swich, thus regulating the output.

!
I’J@- - 2 Marks for
¥ i ijch ] l i diagram
&G impt s —| —[-_ —— | die outpLt
= f3=
Bipalar
Input rectification Fower Cput rectification
and filtering Transformer and filtering
duty cycle i = 1
SHArol EA s -
= | -1
m:r_al o5c ol
::::: ity |
Attempt any TWO of the following: 16
With neat sketch explain four modes of operation of a TRIAC?
Ans:
Modes of operation of a TRIAC:
MT? MT2
PL | | X - P1 ; ikt ITI
N1 \!' __; Vi N1 .‘.‘!J = Vapg
— T T 1 Mark for
G ., L ]EE N
N4 |‘."' 2 v N4 4 1;\5\_ o each of four
ol =)= wm T diagrams
. 1|
Ve YT
AITE ; T2 = 4 Marks
- N3 P1 3
M onf = Mok =
= | 1 sl |1 |
N4 *"'T }z\%l N2 = ol e 1‘ o2 )
(;l e I.‘\l'll [il ik l.\m
1f

Vee

There are four different operating modes of TRIAC:

1) MT2 and gate are positive with respect to terminal MT1(Mode1l) : Here2 Marks for
terminal MT2 is positive with respect to terminal MT1 current flows throu%&planation
path P1-N1-P2-N2.The two junctions P1-N1 and P2-N2 are forward biased

whereas junction N1-P2 is blocked. The TRIAC is now said to be positively

biased. A positive gate with respect to terminal MT1 forward biases the junction

P2-N2 and the breakdown occurs as in a normal SCR.

2) MT2 is positive but gate is negative with respect to terminal
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MT1(Mode2):

Though the flow path of current remains the same as in mode 1 but now
junction P2-N3 is forward biased and current carriers injected into P2 turn on
the TRIAC.

3) MT2 and gate are negative with respect to terminal MT1(Mode4)

: When terminal MT2 is negative with respect to terminal MT1, the current
flow path is P2-N1-P1-N4. The two junctions P2-N1 and P1 — N4 are forward
biased whereas junction N1-P1 is blocked. The TRIAC is now said to be
negatively biased. A negative gate with respect to terminal MT1 injects current
carriers by forward biasing junction P2-N3 and thus initiates the conduction.
4) MT2 is negative but gate is positive with respect to terminal

MT1(Mode3):

Though the flow path of current remains the same as in mode 3 but now
junction P2-N2 is forward biased, current carriers are injected and therefore, the
TRIAC is turned on.

Explain with neat circuit diagram and input output waveforms, single phase half
wave converter with R-L load. Give significance of freewheeling diode.

Ans:

Single phase half wave converter with R-L load:

1 Mark for
el G 4 [ circuit
¢ Tiee L a1 | i diagram
H i Tﬁ ms:no;_E \“é
T. v H ; i
A rE T o
Sl " &3 LA o § N
© 3)&} ' P 2 Marks for
| el L i :
Iy, sinat waveforms
(a} Circuit arrangement (b} Wawveforms

Il'hedcircuit diagram of single-phase half-wave controlled rectifier with RL
oa

and without freewheeling diode is shown in Fig. (a). The SCR T is

forward

biased only during positive half cycle whereas reverse biased during
negative

half cycle. Therefore, it is triggered in positive half cycles only. When the

gate
pulse is applied in positive half cycle with delay angle of [ as shown in 2 Marks for
waveform diagram (b), the SCR conducts and starts to carry the load explanation
current. Since the load is inductive (RL), the current lags behind the

voltage. The load inductance maintains the load current and keeps SCR on

g¥en totPrevapp bhratagaiveouataadad Riks eManpRasitive hak ticlesafdpad

voltage is followed by some negative voltage till the current drops to zero.

The negative voltage appearing across load reduces the average load

voltage. For some sensitive loads, the negative voltage is undesirable, I

such cases freewheeling diode is epage No130f18
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freewheeling diode helps to increase the average load voltage. Mode 1: (0

to o)) (+ve half cycle)
ﬁ%?e?gpede is positive w. r. t. cathode but gate pulse is not applied

SCR is in off state though it is forward biased. The load current is zero &

load

voltage is also zero.

Mode 2: (o to ) (+ve half cycle + gate signal is applied at o)

§p§‘is forward biased and gate signal is applied, therefore SCR turns on

When SCR is triggered the load current will increase in a finite time

through the
[Bgactive load. The supplied voltage from this instant appears across the

Due to the inductive load the increase in current is gradual, energy is

stored in
inductor during acto 1.
Mode3: (it to 2 1) (negative half cycle) During this part of negative half

cycle,
8Hrer|%§/t continues to flow but falls and finally becomes zero when the

Sipradd S N GI508% o ePIRAted IRdDE 08 foeristaeRad AR Hior

emrg@jure etc. to prevent voltage spikes across these loads when the

isvedclagdievibe isduneedHefiice due to energy stored in inductor, current

cohitrsiesed flohyppistinesioréd efeyus chairgdiveteteatérdasviihenthe [t
switching device is turned off.

=) In absence of FWD, the stored energy in inductance will maintain forward

Heriheyitaabivehstenty weltsgmieppaataraiesicd i don@v¥vhentide keadg 1 Mark for

baEBRER hero, due to negative supply voltage, the SCR is turnd off. At Significance
~d) When the power semiconductor device in series with load is turned off, of FD
IREEREe-wheeling diode is forward biased and the current in load is

UbgnBgsed tHheishgamp ghrislea iedidhei SER fietuiived stk above
i Fé’b%%t%&s turned off easily and regain its blocking ability.

Bizpificancy lohErekavhoelingDiottea(FVDY: applications of UPS.
Ans:
OnlineUPS:

= [}
1= T e ET =4 T[ ‘h , 2 Marks for
= iI i 3 Tosa — block diagram

Battory Bank

The block diagram of the on'line UPS systems is as shown, where the load is
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connected to the invertor through the UPS static switch. The UPS static
switch is normally ON switch. It turns off only when the UPS system fails.
In that case the mains static off switch is used only when UPS is to be
bypassed. The various operating modes are Mode 1:-When the AC mains
is on, the inverter circuit will supply the power to the inverter as well as
to the battery. Therefore it acts as a rectifier cum charger .Hence its
ratings are usually higher. The inverter o/p is connected to the load via
UPS static switch. Battery will be charged in this mode. Mode 2:-If the
supply fails suddenly, the rectifier o/p will be zero and hence the battery
bank now supplies power to the inverter without any interruption and
delay. There will not be any inverter as well as the load. After restoration
of the line supply,the charger supplies the inverter and recharges the
battery automatically first in constant current mode and then in constant
potential mode. Mode 3:-In case if the inverter /UPS fails, then the
normally OFF mains static switch is turned on which automatically
transfers the ac line to the load in less than Y% th of the cycle period with
no phase discontinuity. Applications of UPS: 1) Data Centers 2) Banks
and insurance 3) Industrials 4) Healthcare: hospitals, clinics and
retirement homes 5) Telecommunications 6) Special projects (events)

Attempt any TWO of the following
Draw symbol & V-I characteristics of the following devices

i)LASCR ii)DIAC i)PUT  iv)SCS
Ans:
i) LASCR:
t Forward vollage drop
e
— ¥
a==Farward conduction
Reverse Latching current
braakdown
woltage _— iy oa ' o
\ kg camreni —r:_‘--’ i3 -"E ‘I:_ ‘IE !E':I: o
Von o] * 10 s
A I F i d
\ Rirverse Forward iy
1 Rpwarse DEEa kT
\ Hng ieakage :f:,::,?f waltage
cusrant Forward
biocking
G
K
w
LASCR symbol V- Characteristics of SCR
ii) DIAC:

2 Marks for
working

1 Mark for

each of any
two

applications

= 2 Marks

12

Y Mark for

symbol
and
1 Mark for
characteristic
= 1% for
each bit
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i or
2 2 ¥ 5
Symbaol V-1 Characteristics of DIAC
iii) PUT:
Va 1
Vp \
K Hegalive resistance region
/ —-
turation region
o X Valley Point
]
li]
Ip Iv Ia
Cc
iv) SCS:
anode -—(OMN STATE

anode
H ]‘w‘EGATT'v"EnRESISTﬁN CE

gals S Iu:c‘il N
- -
' . = E
[ OFF STATE -
gate * |

V s s
H FORWARD VOLTAGE

i
Hl

L]

1

ANODE CURRENT

cathode
For a class D commutation, answer the following:
i) Explain the operation with circuit diagram.
i) Interpret with waveforms.
Ans: Class D commutation:
This is also called as auxiliary commutation because it uses an auxiliary
SCR 1o
switch the charged capacitor across conducting SCR to turn it off. In this
scheme, the main SCR is commutated by the auxiliary SCR. The main
SCR
with load resistance RL forms the power circuit while the diode D,

inductor L,
capacitor C and SCR2 forms the commutation circuit.

When the supply voltage Vdc is applied, both SCRs are in OFF state and

hence . ' . Page No 16 of 18
mﬁs?%%acnor voltage is zero. In order to charge the capacitor, SCR
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triggered first. So the capacitor charges through the path Vdc-C-SCR2-RL-Vdc.

o b
i . ; 1 Mark for
.- fa— - circuit
il | ? diagram
H ;Tm' duidt
- : 2 Marks for
= | explanation
e m L i ' 2 Mark for
N , ' f

When the capacitor is fully charged, the charging current becomes zero and ffeerorms
SCR2 is turned-off naturally. 1 Mark for

The supply voltage Vdc as well as the charged capacitor C holds the SCRiniterpretation
forward bias condition. If the SCR1 is triggered, it is turned-on and two currents
flow through it: one is the load current supplied by source, through path Vdc-
SCR1 - RL — Vdc and another one is capacitor discharge current through path C
—SCR1 -L-D - C. The capacitor while discharging supplies its energy to the
inductor L. When the capacitor fully discharges, its voltage becomes zero at
peak discharge current instant. Then the inductor L utilizes its energy to
maintain the current through the same path and the capacitor charges with
reversed polarity. When the inductor gives out its energy to the capacitor, the
current naturally falls to zero and the capacitor charges fully with reversed
polarity. Due to the presence of diode the reverse discharge is not possible. Thus
after reverse charging of C, the SCR1 continues to carry only load current. The
capacitor voltage maintains forward bias across SCR1, thereby it can be
triggered at any instant.

Now when it is desired to turn-off SCR1 for load voltage control, the SCR2 is
triggered. The charged capacitor (lower plate positive) then placed across
conducting SCR1, applying reverse bias to SCR1. Also, the capacitor

discharging starts through path C - SCR2- RL- Vdc - C. The load current is

shifted from SCR1 to C — SCR2 path. When this discharging current becomes
more than the load current the SCR1 is turned OFF. After turning off of SCR1,
the reverse bias is maintained across it by capacitor voltage, which ensures the
proper turn-off.

The capacitor discharges fully first and then starts charging with polarity of
upper plate positive, through the SCR2 — RL to a supply voltage Vdc. When the
capacitor fully charges, the charging current falls to zero and SCR2 is naturally
turned off. The capacitor voltage as well as supply voltage make SCR1 forward
biased and keep ready for next triggering. The above cyclic process is repeated.

6c) A l-phase Half controlled rectifier supplied with voltage v=300sin 314t, and
load resistance is 100Q. Find

Page No 17 of 18



MAHARASHTRA STATE BOARD OF TECHNICAL EDUCATION
(Autonomous)
(ISO/IEC-27001-2005 Certified)

Winter — 2019 Examinations

Model Answer
Subject & Code: FUNDAMENTALS OF POWER ELECTRONICS (22326)

i)Average output voltage ii)Load current (For a=6000 and a=100L0)
Ans:
Data Given: Vm =300 volt, RL=100Q
1) For a=60L(
i)Average output voltage:

=143.24V
Average output voltage = =143.24V

ii) Load current:

2) For c=1000
i) Average output voltage:

Average output voltage = =71.61V

ii) Load current:

Load current=0.789A

1v5 Marks

1% Marks

1v5 Marks

1v5 Marks
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