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conventional methods of power processing. Understand
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With neat diagram, discuss the control characteristics of various power K2
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semiconductor devices. Understand
(b) | Discuss the Gate Characteristics of SCR with neat diagram. 5 K2 Col1
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(c) | Explain Dynamic Turn OFF characteristics of SCR. 5 Un d:f'itan d C92
OR
4 (a) | Explain the peripheral effects caused by power electronics converters. 5 Undﬁtand Co1
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PART-A

1(a) | Define power electronics. Identify its industrial applications. 5 ha CO1

Understand

Power Electronics is a branch of solid state Electronics which deals
with control and conversion of electric power.

Automotives and Traction: Subways, hybrid electric vehicles, trolley,
fork-lifts, and many more. A modern car itself has so many components
where power electronic is used such as ignition switch, windshield
wiper control, adaptive front lighting, interior lighting, electric
power steering and so on. Besides power electronics are extensively
used in modern traction systems and ships.

Industries: Almost all the motors employed in the industries are
controlled by power electronic drives, for eg. Rolling mills, textile
mills, cement mills, compressors, pumps, fans, blowers, elevators,
rotary kilns etc. Other applications include welding, arc furnace, cranes, | Any five

Sol | heating applications, emergency power systems, construction | application
machinery, excavators etc. {1 x5=35)
Defense and Aerospace: Power supplies in aircraft, satellites, space
shuttles, advance control in missiles, unmanned vehicles and other
defense equipments.

Renewable Energy: Generation systems such as solar, wind etc. needs
power conditioning systems, storage systems and conversion systems in
order to become usable. For example solar cells generate DC power and
for general application we need AC power and hence power electronic
converter is used.

Utility System: HVDC transmission, VAR compensation (SVC),

static circuit breakers, generator excitation systems, FACTS, smart
grids, etc.

Identify the merits and demerits of power electronics as compared to K2

(b) Understand COl1 |

conventional methods of power processing.

Merits:
Sol | Mass Production : Due to huge development in the production
techniques of semiconductor devices, these semiconductor based power | Merits Any




electronic devices are now produced in huge bulk and hence have
resulted into very low price.

Highly Reliable : Since these devices have no mechanical moving
parts, there are very less failure chances and hence has a very rugged
performance and long life, provided it is operated under rated
conditions.

Highly Efficient : In most of the applications these devices acts as a
switch and we know that in both the modes of the switch, i.e. ON and
OFF the power loss in it is very less, and the switching losses are also
very low.

Negligible Maintenance : Again due to absence of mechanical moving
parts, the power electronic systems require almost nil maintenance.
Fast : In'comparison to mechanical or electro-mechanical devices the
power electronic systems have way faster dynamic response.

Size : These power electronic systems are very small in size when
compared to mechanical systems for similar power ratings and hence
less weight, less floor space, less handling issues, less installation cost,
less packing and transportation prices and many more.

Demerits:

Harmonies : This is the only serious disadvantages of power electronic
systems that it injects considerable harmonics both the sides, to the
connected load side and to the power source side.

Low Power Factor : Certain power electronic converters operate at
very low input power factor and hence it might be required to install
reactive power compensation equipments.

Low Overload Capacity :Power electronic devices work on
rated voltage and current provided proper heat evacuation system is
provided. Excess current causes hot spots at junctions and burning of
devices.

three (1x3
= 3)

Demerits
any two

(1x2=2)

3+2=5

Explain class B commutation.

K2
Understand

CcO2

Sol

tigd  Closs B cormeutation cirgult Vit  Amsocisted sseforea

Initially, as soon as the supply voltage Edcis applied, the
capacitor C starts getting charged with its upper plate positive and the
lower plate negative, and it charges up to the voltage Edc.

When thyristor 7'is triggered, the circuit current flows in two
directions:

() The load current ILIL flows through the
path Edc+—T—RL—-Edc—Edc+T-RL-Edc—

Characteris
tic figure

(2)

Expalnatio

n(3)

2+3=5




(2) Commutating current I¢ .

The moment thyristor T'is turned ON, capacitor C starts discharging
through the path C+—L~T=C~C+L~-T-C— 'When the
capacitor C becomes completely discharged, it starts getting charged
with reverse polarity. Due to the reverse voltage, a commutating
current ICIC starts flowing which opposes the load current IL.IL. When
the commutating current ICIC is greater than the load current ILIL ,
thyristor 7"becomes turned OFF. When the thyristor 7'is turned OFF,
capacitor C starts getting charged to its original polarity through L and
the load. Thus, when it is fully charged, the thyristor will be ON again.
Hence, from the above discussion it becomes clear that the thyristor
after getting ON for sometime automatically gets OFF and after
remaining in OFF state for sometime, it again gets turned ON. This
process of switching ON and OFF is a continuous process. The desired
frequency of ON and OFF states can be obtained by designing the
commutating components as per the requirement.

OR
5 Explain Two Transistor Analogy of SCR. Using Two Transistor " K2 CO1
@) analogy derive an expression for anode current in terms of gate current. Understand
Two
Transistor
Model
(h
Derivation
(2)
oA Explanatio
Io n(2)
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Iy=1, ad L, =1,

Ao, =l (2.1)
Now, we have the relation from transistor analysis,

Iy =ly -y (L)

Also, Li=ayl 41, (23)

where [, s the reverse leakage current of the reverse biased junction J,
when the two outer layers are not preseat
Substituting Eq. (2.3) in Eq. (2.2) we et

=l - @ Iy -y,
=(-a) {fﬁi ) Ii?{,, ,
I,=1,
Iy=(1-) -l -
Also, la=tlat g
ly=1q
la= oIy 1

But Iy =1
Substituting Eqs (2.4 and (2.5) in Eq. (2.6), we get

-l =1y =l t g
Substituting Eq. (2.1) in Eq. (2.7), we get
(1 ~~~a,)17‘5,«»1&,,.,E = (L, + 1)+l
(-t @), =l + ]+ 1y,
-l + @)l =@l 1y 4l
i Wl 1,41,
I-+a)

i

- (b)

Explain the static characteristics of SCR.

K2
Understand

- CO1
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As the applied anode to cathode voltage is increased above zero, very
small current flows through the device, under this condition the SCR is
off. It will be continued until; the applied voltage reaches the forward
Break over voltage. If the anode-cathode (applied) voltage exceeds the
Break over voltage it conducts heavily the SCR turns ON and anode to
cathode voltage decreases quickly because, under this condition the
SCR offers very low resistance hence it drops very low voltage across
it. At this stage the SCR allows more current to low through it. The
amplitude of the current is depending upon the supply voltage and load
resistance connected in the circuit. The current below which SCR turns
OFF is called the “holding current (IH)” It can be defined as the
minimum value of anode current required to keep the SCR in ON State.
If the SCR falls below this holding current the SCR turns OFF. If the
value of the gate current I is increased above zero, (‘G > O) the SCR
turns ON even at lower Break over voltage. The region lying between
origin and forward break over voltage is called forward blocking
region. In this region SCR is OFF’. In forward conduction region SCR
is ON. Once the SCR is switched ON then the gate looses all the
control. So SCR cannot be turned OFF by varying the gate voltage.

VI
Characteris
tic (2)

Explanatio
n(3)

2+3=5

(©

Discuss the different methods to turn ON of Thyristor.

K2
Understand

CcO2

Sol

Forward Voltage Triggering :

One of the commonly used SCR Turn On methods is by increasing the
forward anode to cathode voltage. By doing this, the depletion layer
width is also increasing at junction J2. This also causes to increase the
minority charge carriers accelerating voltage at junction J2. This further
leads to an avalanche breakdown of the junction J2 at a forward break
over voltage VBO.

Temperature Triggering:

The reverse leakage current depends on the temperature. If the
temperature is increased to a certain value, the number of hole-pairs
also increases. This causes to increase the leakage current and further it
increases the current gains of the SCR. This starts the regenerative
action inside the SCR since the (ol + a2) value approaches to unity.




dv/dt Triggering:

In forward blocking state junctions J1 and J3 are forward biased and J2
is reverse biased. So the junction J2 behaves as a capacitor (of two
conducting plates J1 and J3 with a dielectric J2) due to the space
charges in the depletion region. If the rate of change of the applied
voltage is large that leads to increase the charging current which
is enough to increase the value of alpha.

Light Triggering:

In this method, light rays with appropriate wavelength and intensity are
allowed to strike the junction J2. These types of SCRs are consisting a
niche in the inner p-layer. Therefore, when the light struck on this
niche, electron-hole pairs is generated at the junction J2 which provides
additional charge carriers at the junction leads to turn ON the SCR.
Gate Triggering:

DC Gate Triggering:

In this triggering, a sufficient DC voltage is applied between the gate
and cathode terminals in such a way that the gate is made positive with
respect to the cathode. The gate current drives the SCR into conduction
mode.

AC Triggering:

This is the most commonly used method for AC applications where the
SCR is employed for such applications as a switching device. With the
proper isolation between the power and control circuit, the SCR is
triggered by the phase-shift AC voltage derived from the main supply.
Pulse Triggering:

The most popular method of triggering the SCR is the pulse triggering.
In this method, gate is supplied with single pulse or a train of pulses.
The main advantage of this method is that gate drive is discontinuous or
doesn’t need continuous pulses to turn the SCR and hence gate losses
are reduced in greater amount by applying single or periodically
appearing pulses. For isolating the gate drive from the main supply, a
pulse transformer is used.

5 Methods
of
Triggering
(1x5=5)

PART-B

3(a)

With neat diagram, discuss the control characteristics of various power
semiconductor devices.

K2
Understand

CO1
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Contol Characteristics

s ‘ 10

stgnal 0

! t
A2 Vg H
+ 0 1 ¥ e | ST —

1%l

Thyristor ¥
Input Output V,

voltage R § \'\,’l!(flg,c\

)
v,

S—— - U 1
{a) Thyristor switch

Characteris
tic (2)
Explanatio
n(3)

2+3=5




SITH
A _km..____\ K

&
A P s v
R AT N -
GTO K
A oK ;
Vs ETE
MCT
s Oy

oC

IGBT

> E

vGs

0

4y

1
T

(b) GTOMTOETOAGCT/ MCT/SITH switch (For MCT, the polarity of Vi is reversed as shown)

(b)

Discuss the Gate Characteristics of SCR with neat diagram.

K2
Understand

CO1

Sol

o) lgg-rrin

The first region near the origin is defined by the maximum gate voltage
that will not trigger any device. The gate must be operated in this region
whenever forward bias is applied across the thyristor and triggering is

not necessary.

The second region is further defined by the minimum value of gate

voltage to trigger all devices at minimum rated junction temperature.

The third region is the largest region shows the limits on the gate signal
for reliable firing. Normally, a signal in the lower left part of this region
is adequate for firing. For applications where fast turn ON is required, a

hard firing signal in the upper part of the region may be needed.

Gate
Characteris
tic figure
(2)
Explanatio

n(3)
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(c)

Explain Dynamic Turn OFF characteristics of SCR.

K2
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Turn-OFF time of thyristor is defined as the minimum time interval
between the instant at which the anode current becomes zero, and the
instant at which the device is capable of blocking the forward voltage.

At instant t; the anode forward current becomes zero. During the
reverse recovery time t; to t; the anode current flows in the reverse
direction. At the instant t,, a reverse anode voltage is developed and the
reverse recovery current continuous to decrease. At t;, junction J, and J;
are able to block a reverse voltage. However, the thyristor is not yet
able to block a reverse voltage. However, the thyristor is not yet able to

block a forward voltage because carriers, called trapped charges, are |

still present at the junction J,. During the interval t; to t,, these carriers
recombine. At ty, the recombination is complete and therefore, a
forward voltage can be re-applied at this instant. The SCR turn-OFF
time is the interval between t; and t,. In a SCR, this time varies in the
range 10 to 100 micro second. Thus, the total turn-off time t, required
for the device is the sum of the duration, which the reverse recovery
current flows after the application of reverse voltage, and the time
required for the recombination of all excess carriers in the inner two
layers of the device. This may be noted that in case of highly inductive
load circuit, the current cannot change abruptly at t;. In addition, the
fast change in current at t, may give rise to high voltage surges in the
inductance, which will then appears across the terminals of the
thyristor.

Dynamic
turn off
characterist
ic figure

(2)

Explanatio

n(3)

2+3=5

OR

4(a)

Explain the peripheral effects caused by power electronics converters.

K2
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CO1
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The power converter operations are based mainly on the switching of
power semiconductor devices and as a result the power converters
introduce current and voltage harmonics (unwanted AC signal
components) into the supply system and on the output of the converters.

These induced harmonics can cause problems of distortion of the output
voltage, harmonic generation into the supply system, and interference
with the communication and signaling circuits. It is normally necessary
to introduce filters on the input side and output side of a power
converter system so as to reduce the harmonic level to an acceptable
magnitude. The figure below shows the block diagram of a generalized
power converter with filters added.

The power converters can cause radio frequency interference due to
electromagnetic radiation and the gating circuits may generate
erroneous signals. This interference can be avoided by proper

grounding and shielding.

Block
Diagram

(2)
Explanatio

n(3)

2+3=5

(b)

Identify the components of total average power loss occurring in
practical semiconductors switches? Discuss the need to compute these
losses?

K2
Understand

CO1

Sol

Pon: This is on the ON-state power loss. It is a function of the forward
voltage drop and forward current. This is major component of total
power loss in the switch at low frequency operations. This loss is given
by the product of the voltage drop across the device with the current it
is carrying, averaged over the repetition period.

Porr: This is the OFF-state power loss. It is a function of blocking
voltage and leakage current of the switch. Since the leakage current in
most of the modern switches is typically of the order of few
microamperes, this loss is very small. So, it can be assumed to be zero.
P¢: This is the gate power loss. It is the power input to the control
terminals of the switch from the control circuit. In practice, with pulse
triggering, this loss is negligible when compared to continuous
triggering.

Psw: This is the switching loss. It is the energy dissipated in the device
during turn-ON and turn-OFF. This can be significant when switch
operates at a high frequency. The switching loss occurs as a result of
non-zero current through, and voltage across the switch during state
transition. :

Total power loss PD = PON+pOFF+PG+PSW

Component
s of
Average
power loss

(4)
Reason for
calculating

(1)

4+1=5




Predetermination of total average power loss in a switch is necessary to
select an appropriate heat sink.
A thyristor with latching current of 100mA is connected in series with a K2
(¢c) | resistance of 10 ohms and inductance of 1 H. DC source voltage is 207 3 Understand | cQO2
volt. Compute the minimum gate pulse width to turn on thyristor.
The instantaneous current through the conducting thyristor is given by,
1% tR
= —|1—e T 1
"TR [ 1)
Therefore the minimum time after which i = 1, is given by, Formulae
(D
4 —tR/L
Ligten = R [1 —e ] Steps (3)
Sol 207
A A00% 1073 = 1—0[1 — e7tx10/1] Final
483 % 1073 = [1 — e~10¢] assvercl)
.~ e~ 10t = 0955 1+3+1=5
5 =10t = —4.84 x 1073
t = 484.26usec
Thus the minimum pulse width to turn on the thyristor is 484.26 usec
W g
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1(a) Dm\\‘. the a':ircuil diagram ol“ RC Triggering circuit and illustrate its 5 Applying co \
working with relevant waveforms. (K3) -
(L) Wilh a neat circuit diagram and waveform, explain the working of 2 Understanding | CO3
sinlge phase dual converter. (K2) e
©) Explain the working of single phasc half wave controller with R s | Applying | co3
load. Also derive the expression for RMS output voltage. ol (K3) | |
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working with relevant waveforins. (K3) ‘
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(b) along with relevant circuit diagrams and waveforms. ° (K2) £ ]
Explain the working of ON-OFF type AC voltage controller. Derive = Applying \
(©) the expression for RMS output voltage. 2 (K3) co3 'i
PART-B |
A UJT is used to trigger the thyristor whose minimum gate 1
triggering voltage is 6.2 V. The UJT ratings are 0= 0.66, [ = 0.5 . f
3(a) | mA. Iy = 3 mA, Rp + Rpz = 5 KQ, leakage current = 3.2 mA. 5 Ap(]l)gl)ng CcO2
Vp = 14 V. Vy = 1 V. Oscillator frequency is 2 KHz and the '!
capacitor C = 0.04 pF. Design the circuit. . L
Explain the operation of single phase bidirectional AC volage ‘ I" T"
(b) ! controller for resistive load with the help of neat circuit diagram and 5 ’\p([l’&')"u L CO3
derive expression for rms output voltage. ,
“An AC voltage controller has a resistive load of R = 10Q and rms
input voltage is 120 V, 50 Hz. The thyristor switch is ON for n =25 3 Applying .
(©) cveles and OFF for M = 75 cycles. Calculate: rms output voltage, o (K3) I co3
i|’1pul power factor, average and rms thyristor current. l
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| 4(a) ,’ Lxplain lhc. working of half wave converter with RL load. Also derive I“——S_ T —,\—I-,,—)]v.h,-,ghwsh —
the expression for average output voltage., (K3)
' A single phase half wave ac voltage controller has an input voltage of bl— D
(b) [ 120 V and a load resistance of 5Q. The firing angle of thyristor is 60" 5 ' Al}?{'g’;"& CO3
Calculate average output voltage, rms output voltage, power factor. N
With the help of circuit diagram, explain the operation of a single f .
(¢) | phase full converter with RL load. Derive expression for rms and 5 ( A[;;)(l;;ug CO3
average output voltages.

——

(foNxc In charge H *z/l-/)cw/

|

j<-@qu

Principal



K.S. SCHOOL OF ENGINEERING AND MANAGEMENT, BANGALORE - 560109
DEPARTMENT OF ELETRONICS AND COMMUNICATION ENGINEERING
II SESSIONAL TEST SCHEME & SOLUTION 2019 - 20 ODD SEMESTER

SET-A
Degree : BE Semester ¢ VII'A'&’B’
Branch : ECE Date ¢ 25-10-2019
Course Title . Power Electronics Course Code : 15EC73
Duration ;90 Minutes Max Marks 30

Note: Answer ONE full question from each part

Q ‘ K Level | co
N(;. Questions with Scheme & Solution Marks 1 I map
f | _pmg |
PART-A
i) Dra‘w. the gircuit diagram of RC Triggering circuit and Illustrate its 5 K3 ‘\6()2
working with relevant waveforms. i
RC Half Wave Circuit |
z ; ‘
i f
o, -
|
Capacitor “C” in the circuit is connected to shift the phase of the Circuit — }
gate voltage. D1 is used to prevent negative voltage from reaching 2M
Sol | the gate cathode of SCR. In the negative half cycle, the capacitor Explanatio |
charges to the peak negative voltage of the supply () =Vm through W‘{' T?M ’
the diode D2 . The capacitor maintains this voltage across it. till the d_‘ fl\(/)lrm |
supply voltage crosses zero. As the supply becomes positive, the
capacitor charges through resistor ‘R” from initial voltage of =Vm . }
to a positive value. When the capacitor voltage is equal to the gate J
trigger voltage of the SCR, the SCR is fired and the capacitor |
voltage is clamped to a small positive value.
Case 1. R — Large. When the resistor "R’ is large, the time taken |
for the capacitance to charge from —Vm to Vgt is large. resulting in } ‘ ‘
larger firing angle and lower load voltage. ‘
. {
Case 2: R — Small When "R’ is set to a smaller value, the capacitor [ ; ’




charges at a faster rate towards Vgt resulting in early triggering of
SCR and hence VL is more. When the SCR triggers, the voltage
drop across it falls to 1 — 1.5V. This in turn lowers, the voltage
across R & C. Low voltage across the SCR during conduction
period keeps the capacitor discharge during the positive half cycle.

PR A

High Value
of R

(b)

s . . i . v i
With a neat circuit diagram and waveform. explain the working of

sinlge phase dual converter.

Sol

PR
230 V-50 Hz

mang SUDHly

Dual converter, the name itself says two converters. It is really an
electronic converter or circuit which comprises of two converters. One
will perform as rectifier and the other will perform as inverter.
Therefore, we can say that double processes will occur at a moment.

Here, two full converters are arranged in anti-parallel pattern and linked
to the same dc load. These converters can provide four quadrant

operations.

Modes of Operation of Dual Converter

There are two functional modes: Non-circulating current mode and
circulating mode.
Non Circulating Current Mode
¢ One converter will perform at a time. So there is no circulating
current between the converters.
¢ During the converter 1 operation, firing angle (al) will be
0<al<90° Vdc and Idc are positive.

Circuit —
2M

Explanatio |

n-2M
Waveform
- 1M




During the converter 2 operation, firing angle (¢2) will be
0<u2< 90" Vdc and Idc are negative.

Circulating Current Mode

Two converters will be in the ON condition at the same time.
So circulating current is present.

The firing angles are adjusted such that firing angle of

converter | (al) + firing angle of converter 2 (02) = 180"
Converter | performs as a controlled rectifier when firing angle
be 0<ul< 90" and Converter 2 performs as an inverter when the
firing angle be 90°<a2< 180°. In this condition, Vdc and Idc are
positive.

Converter 1 performs as an inverter when firing angle be
90°<a1< 180" and Converter 2 performs as a controlled rectifier
when the firing angle be 0<a2< 90°In this condition, Vdc and
Idc are negative. ‘
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Also derive the expression for RMS output voltage.

Explain the working of single phase half wave controller with R load.

S S [




Sol

i)

\'\ l)l \‘U ?R

The thyristor is forward biased during the positive half cycle of
input ac supply. It can be triggered and made to conduct by
applying a suitable gate trigger pulse only during the positive half

cycle of input supply. When is triggered it conducts and the load |
current flows through the thyristor, the load and through the |
transformer secondary winding.

By assuming as an ideal thyristor switch it can be considered as a
closed switch when it is ON during the period to radians. The
output voltage across the load follows the input supply voltage
when the thyristor is turned-on and when it conducts from to
radians. When the input supply voltage decreases to zero at . for a
resistive load the load current also falls to zero at and hence the
thyristor turns off at . Between the time period to ., when the
supply voltage reverses and becomes negative the diode becomes
forward biased and hence turns ON and conducts. The load
current flows in the opposite direction during to radians when is
ON and the output voltage follows the negative half cycle of

input supply.
Ve / |
i i 1

\‘l\l Foo [H
— i
(5] ! % - wl
—»‘
@
g4 Gate pulse of Ty

n n.

wl

The expression for rms output voltage is given by

14 =

O(rms) )

Circuit -
1M
Explanatio
n—1M
Waveform
- 1M
Derivation
-2M




OR

Draw the circuit diagram of UJT Triggering circuit and Hlustrate its | < | 3
i § K

4(a) working with relevant waveforms.
If a small positive input voltage which is less than the voltage
developed across resistance, RB1 ( nVpp ) is now applied to the
Emitter input terminal, the diode p-n junction is reverse biased,
thus offering a very high impedance and the device does not
conduct. The UJT is switched “OFF” and zero current flows.
—However, when the Emitter input voltage is increased and
becomes greater than VRB1 (or nVgg + 0.7V, where 0.7V equals
the p-n junction diode volt drop) the p-n junction becomes |
forward biased and the unijunction transistor begins to conduct. | j
o . . ¢ ‘",»y |
‘ | ?
Circuit —
2M
, | Explanatio
o o n _2M |
> e Waveform |
Sol - Dhff or ent _oads - 1M |
H . \
|
¢ 8- |
‘ 3 ‘
E o — ’ | |
‘ |

i

e
cquivalent Lircutt

The result is that Emitter current, nlg now flows from the Lmitter |
| into the Base region. The effect of the additional Emitter current |

' flowing into the Base reduces the resistive portion of the channel |

1



between the Emitter junction and the B1 terminal. This reduction
in the value of Ry, resistance to a very low value means that the
Emitter junction becomes even more forward biased resulting in a
larger current flow. The effect of this results in a negative
resistance at the Emitter terminal.

Is = R:C . = (R a+ R.)C
\F
\ \ —— - y

i LS i > i
! / I o Py | / -

i /

\

/
ud
>
R
b B . £ -
- T . Sawtcothed Wavef
T J

x ,

|
{ i ‘ s :
i | i .
[ 1 | ] i =
i i A 4 e
\ \ i
I\ \ \ i\
: i S

J +

Explain the working of semi converter (Half Bridge) with RL Load

(b) along with relevant circuit diagram. . - O3
-~
o) [3 |
- R |
— J{
Since diodes can block only negative voltage, it can be concluded Civeiit -
that diodes D2 and D3 conducts for positive and negative half | 2m ;
Sol | cycle of the input voltage respectively. For the positive half cycle, | Explanatio ‘
when thyristor T1 is fired at its firing angle o, load current flows W" - %M » |
5 v . v avelorm |
through T1 and D2. When diode D3 starts conduction in the M |
negative half cycle, T1 is reverse biased and is turned off. Then '
r

load current is transferred to diodes D2 and D3 as observed in the

waveforms. Thyristor T4 will come in once it is fired. which turns |
off diode D2. Thus load current is continuous through out and
this mode of operation is known as continuous mode of operation. |
It load current becomes zero for some time. then it is known as |

|
discontinuous mode of operation. ‘
|




Explain the working of ON-OFF type AC voltage controller. Derive the ‘ ‘
(c) S 5 K3 | CO3 |
expression for RMS output voltage. | ‘
"rl 2 ] "
D " i
. o
S S — S | i |
% Ts + \ !
X Vi 5 ,
l *<} <‘;’ ‘
\ % j; l\l i
|
The basic principle of on-off control technique is explained with | ]
reference to a single phase full wave ac voltage controller circuit |
shown below. The thyristor switches and are turned on by j
applying appropriate gate trigger pulses to connect the input ac ‘
supply to the load for ‘n” number of input cycles during the time '
interval . The thyristor switches T, & T, are turns OFF by f
blocking the gate triggering pulse for m number of input cycles | Cireuit — g
during time interval topg. IM | '
Explanatio ;
n-1M |
y i Waveform |
3 ‘//' 4 ,'vi i - 1M
| ' ' Derivation
! | =2V
Sol f 1 :
f (3 /. ] |
20 N ¢ / |
hA b
" A _—
J l W ’[ |
Gpz prflse of T, J‘ [‘
= s
‘ ] W ’ i
| !

I ool L
[’ o= ill"“f—' i I “SNintown.d(on )
' \4 ayi T et
"v— ) -
R >
I = 11——'— Sin~ot.d ()
) ()]s
[ [
- - J[ ON ¥ } [C),\»-
I = =, |2

VOgK‘L[.S'l 5|RM’,S}/ == = i
VI, VT




Where ¥ =X

V2

=T = RMS value of input supply voltage

- foss nl " 4’
Ct= O = =k = duty cvele (d) |
Io  ton+loge nT+ml  (n+m) |
J

| |

IU RS / =VNk |

ey e Tm—

A UJT is used to trigger the thyristor whose minimum gatg
triggering voltage is 6.2 V. The UJT ratings are n = 0.66. [, = 0.5

3(a) | mA, Iv =3 mA, Rg) + Rpg, = 5 KQ, leakage current = 3.2 mA. Vp 5 K3 CcO2
= 14 V, Vy = 1 V. Oscillator frequency is 2 KHz and the
capacitor C = 0.04 uF. Design the circuit. 1
|
; s 1 |
I'=R,.ClIn| — |
l-n i ?
t Calculatio | }
R-=11.6KQ " nofR¢= ;
S o 2m
Vo=Vt V), Caleulatio
V., =20V nof l{z = ;
Sol " M |
R _0T(Ry+ Ry) Caleulatio | ,'
. Vs - nofRy= 1
. M
R,=265Q "
Vies = Dot (R + By + Ry + Ry,) 1 |
R=985Q : J
Explain - the operation of single phase bidirectional AC voltage ! ]
(b) | controller for resistive load with the help of neat circuit diagram and 5 K3 L CO3
derive expression for rms output voltage. ‘ o
i | ‘/;',: !
C i o
E A L4 ' Cireuit -
Tk i ¥y . M |
i T ‘ - Explanatio |
Sol : . > ) | n-—-1M 3 ‘
\ & 5 R | Waveform | 1,
| 1M ~
,,,,,,,,, l | Derivation ‘
| -2M

During the positive half of the input signal, Thyristor T, is ON with the
application of gate pulse. Hence output voltage is controlled by
thyristor T;.During the negative half of the input signal, Thyristor T is

|
|




controlled by thyristor T,.

| The expression for rms output voltage is given by

Sin2e )2

(7 —a)+
V - V &
0(rams)
r.n.s mn 277'

!

ON with the application of gate pulse. Hence output voliage is |

!

= { R
An AC voltage controller has a resistive load of R = 10€ and rms input i .;
voltage is 120 V, 50 Hz. The thyristor switch is ON for n = 25 cycles < < } 003 ‘
(©) and OFF for M =75 cycles. Calculate: rms output voltage, input power ) | 1
factor, average and rms thyristor current. 1‘ }
, 1 [
I/U(/'/u\) . I/A\ \/; ! ;
[/’U( BN ) = 6() l/, :
AL ] |
MERY " @ Caleulatio
[() - = 6 /] | n ()r \/H(rlnxl
(rms) . | &= 2;\1 |
Activeload power = ]MUU./“\) R Calculatio
Sol | jctiveload power =360W n Ufllg/,l-ms)
]s(/’mw :/Ol/'m\) =64 Calculatio
Total rms power =V, 1 ... n of PF = 1
2M

Total rms power=T20W

' Active Load Power
Power Factor =

Total rms Power
Power Factor=0.5

OR




Explain the working of half wave converter with RL load. Also derive

4(a) . i 5 | K3 - CO2
the expression for average output voltage. '? L .
T
™~
i { + {//’l & i 1 §
| o S / Lo
! 4 7’, o/ d v ‘_r.‘) (
L2 ® & ;
| e 3 |
Single phase i o o < ,w
ac.supply ! E(u ¢ = By sin t C Ea E
g ; 1,3 |
) ’
o |
L 0| |
o |
When the SCR is triggered, the supply voltage appears across the load. L
Output voltage is same as supply voltage after a. Because of RL load, ! \
output current starts increasing slowly from zero. The shape of iy | J
depends on the values of R & L. Due to the negative supply voltage | i f
after f1. SCR tries to turn OFF. Due to energy stored in the inductor, | | '
. SCR is maintained in ON state. At [, output current is maximum. As | |
SCR tries to turn OFF due to negative supply voltage. output current |
tries to go 1o zero. - Circuit -
Y ‘
— /\ © Explanatio |
Sol N . n—-1M 5
' : Sl Waveform !
-1M |
Fitag | Derivation }
pubses | = 2M [
T ?
|
|
o o 1 o h N o |
X | !
; b 1 ‘
Lo 4 )
current / \ : ///\\‘
‘ ,~~‘-~P‘/ : . . .........«_._,_m./// S \\\ -
| a x (s h o i |
. ! : ‘ i I}
Vuoitape i | |
ACTOSY { ! | | ‘
S(.fp, iA /] : i i
by p
| v
| |
The output voltage expression for half wave converter is given by :
Voo = Vs Cos L I
0““,)—7—( ~osa=Cos ) }
2 }
A single phase half wave ac voltage controller has an input voltage of | ] |
(b) | 120 V and a load resistance of 5. The firing angle of thyristor is 60", 5 5 K3 CO3

Calculate average output voltage, rms output voltage. power factor.




|
( sin2a )2

7 2r-a)+ ﬁ
['(lu ina) :v,:;,i ' o *—";;_“_7 e
\ f
v, =V, \2 | |
' |
Votrms, =114V Calculatio ‘ !
/; n Of V()(rms) !l
- J(rnis) — !
]U(/'m\) o R_ ZM . }
Calculatio ;
Sol [(J( sy 2279 A nof ll)(x‘m\)
o ; | =1M |
Activeload power=1", R | Caleulatio |
Activeload power =2598.47TW | nofPF=
! /\(/'m\):/()t/'m\) :2279 ‘/1 2\]
]'()/a/ rms /)()“,c,/, . V\( rms ) s(rms) , \
Total rms power=2735.64 W "
. . Active Load Power
Power Factor =—
Total rms Power J
Power Factor=0.9498 |
: e ; ¢ s s
With the help of circuit diagram, explain the operation of a single phase | 1
(¢) | full converter with RL load. Derive expression for rms and average 5 K3 | CO3 |
output voltages. f |
1
o
S ,‘VJ:’;\’
H ‘::)“
L | —
(\) reun
o M
’ 8 " Explanatio | _
. on—-1M | -
Sol | X ; ‘
3 - S S, | Waveform !
Derivation |
-2M

During the positive half of the input signal, thyristor S; & S, are ON,
with the application of gate pulse to both the thyristor. Current flows
through the load and inductor charges. During the negative half of the
input signal, thyristor S; & S should turn ON. Because of the inductive
effect. it forces the thyristors S| & S, to be OFF condition till the
inductor discharges completely.
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Expression for average output voltage is given by
=—2cosa
[1

Expression for average output voltage is given by
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PART-A "
Explain the operation of step-down chopper with R load. Also derive Applyin
1(a) P PP 5 pplying CO4
the expression for average and rms output voltage. ' (K3)
With a neat sketch and waveforms, explain the working of buck Understanding
(b) 5 CO4
regulator. (K2)
(c) | INustrate the working of half bridge inverter with R load. 5 Ap(ll)(lg;ng COs
OR
For the step down chopper with source voltage of 230 V, load
2(a) resistance of 10 Q with a voltage drop-across chopper of 2 V. Duty 5 Applying CO4-
a cycle is 0.4. Calculate i) average and rms output voltage ii) Chopper (K3)
efficiency.
(b) | Explain the performance parameters of Inverters. 5 Undez‘:{t;)ndmg CO4
(¢) | Tlustrate the working of full bridge inverter with RL load. 5 Ap(ll’g;“g | cos
PART-B
3(a) | Illustrate the working principle of step up chopper. 5 A})([I)g;ng CO4
- | A step up DC chopper has an input voltage of 200 V and an output Aokt
(b) | voltage of 250 V. The blocking period in each cycle of operation is 0.6 S p([;(g) 8 CO4
psec. Calculate the period of conduction in each cycle.
The single phase half bridge inverter has the DC input of 48 V. The
© load resistance is 4.8 Q. Determine the i) rms value of output voltage 5 Applying CcOs
ii) RMS value of fundamental component iii) Total harmonic (K3)
distortion
OR
4(a) | Illustrate the working of class E chopper. 5 Ap([I)(l%';ng CO4
(b) | Illustrate the working of boost regulator. 5 Ap([I)g;ng CO4
© With a neat sketch, illustrate the working of single phase thyristorized 5 Applying CcOs
current source inverter. (K3)
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Note: Answer ONE full question from each part
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' ping
PART-A
1(a) Explain thf:? operation of step-down chopper with R load. Also derive 5 K3 co2
the expression for average and rms output voltage.
Chopper
= s——— g
W U K
Nl & TR
A — I
A R § V,
Circuit +
e Explanatio
The switch is turned for the duration 0 to 8T (Ton).Hence 2 _1?\1/\14
supply gets connected to load. Therefore Vo = Vg. From 8T to Weveori
- T switch is turned OFF. Hence load voltage is zero. Since — 1M
| load is resistive, Output current is same at output voltage. Expression
for
1‘; £
- Average &
g rms current
__________________ -y -2M
>t
et T T
L
V/R
__________________ -
-t
T ]
i 1




The expression for average current is given by
— oV

The expression for rms current is given by

VO(rms) = \/g I/S

With a neat sketch and waveforms, explain the working of buck

2
{8} regulator. S 5 G
i o
8 A iy L
< N N
& T}
c
L
+ 4) lo
Vs: - ZS Drw 61'-“ Vo A
D
Control A
B
The switch is turned ON from 0 to 3T. Hence current through inductor B o
; : i : Circuit —
increases. The current reaches to . at 8T. The transistor switch is M
turns OFF at 8T. The inductance tries to maintain inductor current in B lammite
Sol | the same direction. Voltage across inductor forward biases FWD. The np_ M
inductance current reduces and becomes minimum at T. The inductance Wavaloim

tries to remove ripple in the output current. The capacitance tries to
remove ripple in the output voltage. Hence the capacitance value is
increased to remove the ripple in V.
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Emmiimil

i—
of
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:
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(c)

K3

CO3

Sol

Fundamental
V=V, current.i,
vz T T.”
i ""{ e
i
1. i
. Lt

v )

Circuit —
2M
Explanatio
n-2M
Waveform
- 1M




1. When Q1 is ON, Q2 is OFF and the voltage at the terminal a
of the load is +V¢/2 with irrespective of the direction of
current through the load. Similarly, when Q2 is ON, the Q1 is
OFF and the potential at point a is =V /2.

2. The load voltage is a square-wave of amplitude V /2. For a

resistive load the current waveform follows the voltage
waveform (as shown). For an inductive load the current
waveform lags the voltage waveform by an angle which is,
approximately, the load power factor angle.

OR

For the step down chopper with source voltage of 230 V, load
resistance of 10 Q with a voltage drop across chopper of 2 V. Duty

2(2) cycle is 0.4. Calculate i) average and rms output voltage ii) Chopper 2 - e
efficiency.
VO(av) = 6 (VS‘—VCh )
Vot =21 2F
V()(rms) == \/g I/\
Voims) =144.2V
2
18
Ty R Calculation
(V )2 of
- Py - 2M
Sol | p_gh s gty Ps—2M
R n-1M
P, =2079.36W
p=ov, L
’ E. R
P.=2079.6W
5
B
1n1=99.13%
(b) | Explain the performance parameters of Inverters. 5 K2 CO3
1. Harmonic factor of the nth harmonic (HF,)
Sol HF, = l/ﬂ for n>1

ol

V,on = rms value of the nth harmonic component
V,; = rms value of the fundamental component




2. Total Harmonic Distortion (THD)
Measures the “closeness” in shape between a waveform and its

fundamental component

1
2

THD=1( 3 72)

ol n=273,..

3. Distortion Factor (DF)

Indicates the amount of HD that remains in a particular waveform Explanatio
. ; n-5M
after the harmonics have been subjected to second-order
attenuation.
1
1 =, f YR
DF = 2
Vo {;( n” J ]
‘ror T
¥V
4. Lowest order harmonic (LOH)

The harmonic component whose frequency is closest to the

fundamental, and its amplitude is greater than or equal to 3% of

the amplitude of the fundamental component.

(¢) | Hlustrate the working of full bridge inverter with RL load. 5 K3 CcOo3
Circuit —
2M
Explanatio
Sol n—2M

Waveform
- 1M

» Consists of 4 choppers and a 3-wire DC source

*  Q-Q; and Q3-Q4 switched on and off alternately

* Need to isolate the gate signal for Q; and Qs (upper)

* Each pair provide opposite polarity of Vsacross the load
¢ Q1-Q2 on, Q3-Qq off, vy = Vi

* Q3-Qq on, Q1-Q; off, vy = -V

Load current for a highly inductive load




1¢i

PART-B
3(a) | Illustrate the working principle of step up chopper. 5 K3 CO2
_I_) L D
[OUB00L ° 'I>II . &
+ =
. i o] L
v— v =< |l Yo
T e .3 D
Chopper
+  Step-up chopper is used to obtain a load voltage higher Circuit —
than the input voltage V. M
+ The values of L and C are chosen depending upon the ExPla;i/t['O
ol requirement of output voltage and current. W‘;v_ i
«  When the chopper is ON, the inductor L is connected -, 1Me

across the supply.

+ The inductor current ‘I’ rises and the inductor stores
energy during the ON time of the chopper, fon.

« When the chopper is off, the inductor current / is forced to
flow through the diode D and load for a period, foFr.

« The current tends to decrease resulting in reversing the
polarity of induced EMF in L.

» Therefore voltage across load is given by:-

¥, =V+Lﬂ ie, V,>V
dt
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A step up DC chopper has an input voltage of 200 V and an output

(b) | voltage of 250 V. The blocking period in each cycle of operation is 0.6 5 K3 Cco3
msec. Calculate the period of conduction in each cycle.
= ,
Vi =—2
) 0(av) 1_5
V.,
1-6=-—"2
I/;)(av)
S—1 Vs Calculation
Sol T of - 3M
O(av) TON -2M
& =0.2
__ Tow
Tow +Top

T,y =0.15msec

The single phase half bridge inverter has the DC input of 48 V. The

(c) | load resistance is 4.8 Q. Determine the i) rms value of output voltage 5 K3 CcO3
i) RMS value of fundamental component iii) Total harmonic distortion
V.
O(rms):?
VO(rms)z 24 V
_ 2%
RERENCY Calculation
I/l(rn1v):21'6 V OfV()(rms)-
' 1M
Sol ’Vz _V2 V|(rm5)—]M
THD =—0(rm—.&‘)—_l_ V(harmonics) =
Vi 2M
7 5 12 THD - 2M
V;harmomc.v) =( VO(rms) - Vl )
I/(harmrmic.v) = l 046

THD=48.4%




OR

4(a)

Illustrate the working of class E chopper.

K3

CO2

Sol

Class E Chopper

L]

Four Quadrant Operation

Class E is a four quadrant chopper

When CH,; and CH, are triggered, output current io flows in
positive direction through CH,; and CHy, and with output
voltage vo = V.

This gives the first quadrant operation.

When both CH; and CH, are OFF, the energy stored in

the inductor L drives ip through D2 and D; in the same
direction, but output voltage vo =-V.

Therefore the chopper operates in the fourth quadrant.

When CH, and CHj3 are triggered, the load current ip flows
in opposite direction & output voltage vo = -V.

Since both ip and vo are negative, the chopper operates in
third quadrant

When both CH, and CH; are OFF, the load current io
continues to flow in the same direction D; and D, and the
output voltage vo=7V.

Therefore the chopper operates in second quadrant as vo 1s
positive but ip is negative.

Vo

CH, - D, Conducts | CH, - CH, ON
D, - D, Conducts | CH, - D, Conducts

CH; - CH, ON |D,- D;Conducts
CH, - D, Conducts | CH, - D, Conducts

Circuit —

2M

Explanatio
n-3M

(b)

Illustrate the working of boost regulator.

K3

CcO3




Sol

L
ls

< |

i
D
v (*t S
s | . 3 C =< |loan|y

The switch is turned ON. It conducts for the time interval 0 to ST.
Hence current flows in the inductance. Inductance stores energy during
this period. The output voltage and current is maintained by the filter
capacitor. The output voltage drops slightly due to discharge of
capacitor from 0 to 8T. The switch is turned OFF at 8T. Hence
inductance generates a large voltage . This voltage forward biases diode
D to maintain current. The current flows through load. The output
current is ripple free and continuous due to capacitor.

TR V
o

§
H

(=]
- e .

- L CONTINUOUS MOOE

Circuit —
2M
Explanatio
n-2M
Waveform
- 1M

(c)

With a neat sketch, illustrate the working of single phase thyristorised
current source inverter.

K3

COo3

Sol

The two capacitors store the energy necessary for commutation.
The four series diodes effectively prevent the capacitors from
discharging through the load in the interval between inverter
commutations. Thyristor pair T}, T, and T3, T4 are alternatively
switched to obtain a nearly square-wave load current. As usual,
the triggering frequency of the thyristors determines the output
frequency. The circuit behavior during the commutation interval
is highly load dependent. The circuit operation proceeds as
follows:
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1
VAT AV
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L g e
- S{ Dy S D, SZ
V.
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s Cirzc]tj/lit—
% 2 X%_ Explanatio
2 © n-3M

Mode 1: In this mode between commutations, the constant source
current I is flowing in the load, and hence the load voltage is RI.
Thyristors T, and T, are conducting, and the current I is
established in the circuit consisting of T, Dy, the load, D, and Tb.
The capacitors C; and C; are charged to a voltage V ( = +E from
the previous half-cycle. Note that E; is greater than the load
voltage RI, as shown in Fig. 9.3.

Mode 2: When thyristors T3 and T4 are gated-on, the capacitors
C; and C, apply a reverse-bias to thyristors T; and T,
respectively, causing them to turn-off. However, the load current
[ continue to flow in the same direction as before, through T3, C,
D, the load, D,, C; and T4. The capacitors are in series with the
load and are discharged by the constant current . When the
capacitor voltages have fallen from Ep to R, diodes D4 and Dj
conduct and Mode 2 is terminated.

Mode 3: Thyristors T3 and T4, and all four-diodes are now
conducting so that the load is effectively connected in parallel
with both commutating capacitors. This RLC circuit undergoes a
transient response during which the load current falls to zero and
reverse. When a load current attains a value — I, diodes D; and D,
become reverse biased. This terminates Mode 3 and completes
the commutation process.

Mode 4: For the next half-cycle, the source current I is flowing
through T3, Ds, the load, D4, and R4. Note that the capacitor
voltage is now —E, as shown in Fig and the capacitor hold this
voltage until the next commutation.

& g -
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