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1 With a neat circuit diagram and wave forms explain the working of a single phase fully controlled converter

Answer any FIVE FULL Questions
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with inductive load and continuous load current, also derive the expressions for average output voltage and

rms output voltage.

Soln.

The circuit arrangement of a single-phase full converter is shown in Figurel0.1a with a highly
inductive load.

This enables load current to be continuous and ripple free.

During the positive half cycle, thyristors T, & T are forward biased.

When these 2 thyristors are turned on simultaneously at ot = a, the load is connected to the input
supply through T1 & To.

Due to the inductive load, thyristors T; & T, continue to conduct beyond ot = &, even though the
input voltage is already negative.

FIGURE 10.1
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Single-phase full converter. (a) Circuit, (b) Quadrant, (c) Input supply voltage, (d) Output voltage,
(e) Constant load current. and (f) Input supply current.
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»  During the negative half-cycle of the input voltage, thyristors T3 & T, are forward biased.

*  The turning on of thyristors Ts & T4 applies the supply voltage across thyristors T & T, as reverse
blocking voltage.

e T1 & T, are turned off due to line or natural commutation & the load current is transferred from
T1&Trt0T3 & Ta

*  Figure 10.1b shows the regions of converter operation.
*  Figures 10.1c-f show the waveforms for input voltage, output voltage, & input and output currents.

*  During the period from o to =, the input voltage vs & input current is are positive, & power flows
from the supply to the load.

»  The converter is said to be operated in rectification mode.

*  During the period from 7 to 7 + a, the input voltage vs is negative & the input current i is positive.
*  Hence, reverse power flows from the load to the supply.

*  The converter is said to be operated in inversion mode.

»  This converter is extensively used in industrial applications up to 15 kW.

*  Depending on the value of a, the average output voltage could be either positive or negative, & it
provides 2-quadrant operation.

The average output voltage can be found from
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and Vy. can be varied from 2V,,/w to —2V,,/m by varying o« from 0 to . The maxi-
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The rms value of the output voltage is given by
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With a purely resistive load, thyristors 7,

and T; can conduct from « to i
T3 and T; can conduct from « + 1 to 2. M

Circuit Figure & Waveforms = 5 Marks, Explanation & Equations = 5 marks.

With a neat diagram and waveforms, explain the principle of operation of dual converter, with and without
circulating current.

Soln.

Circuit Figure & Waveforms = 5 Marks, Explanation & Equations = 5 marks.
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«  Single-phase full converters with inductive loads allow only a two-quadrant operation.
« 2 of these full converters are connected back to back, as shown in Figure 10.2a.

«  This enables both the output voltage and the load current flow to be reversed.

*  Thus, the system provides a 4-quadrant operation & is called a dual converter.

«  Dual converters are normally used in high-power variable-speed drives.

* If o1 and oy are the delay angles of converters 1 and 2, respectively, the corresponding average
output voltages are Vgc1 and Vico.

*  The delay angles are controlled.

» This is done such that one converter operates as a rectifier & the other converter operates as an
inverter.

»  But, both converters produce the same average output voltage.

»  Figures 10.2b-f show the output waveforms for 2 converters, where the 2 average output voltages
are the same.

*  Figure 10.2b shows the V-I characteristics of a dual converter.

From Eq. (10.1) the average output voltages are

2V
Vdcl = _w',ﬁCOS 3] (1011)

and

2V
Via = ?mcos (t (10.12)

Because one converter is rectifying and the other one is inverting,
Vi = Vi O coSay = —cosay = cos(m — )

Therefore,
W =T-0q (10.13)



Because the instantaneous output voltages of the two converters are out of phase,
there can be an instantaneous voltage difference and this can result in circulating cur-
rent between the two converters. This circulating current cannot flow through the load
and is normally limited by a circulating current reactor L,, as shown in Figure 10.2a.

If v,; and v, are the instantaneous output yoltagesﬁ of convgrters 1 and 2, respec-
tively, the circulating current can be found by integrating the instantaneous voltage
difference starting from of = 7 — ;. Because the two average output voltages during
the interval of = 7 + @ to 2 — o are equal and oppositive, their contributions to

the instantaneous circulating current i, is zero.
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FIGURE 10.2
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Single-phase dual converter. (a) Circuit, (b) Quadrant.
(d) Output voltage for converter 1, (e)

Output voltage
(f) Circulating inductor voltage.

*  For 03=0, only the converter 1 operates ; for a;==, only the converter 2 operates.

(c) Input supply voltage,
for converter 2. and

(10.14)



For 0 < ay < @/2, the converter 1 supplies a positive load current +i,.

Thus, the circulating current can only be positive.

For m/2 < oy < =, the converter 2 supplies a negative load current —i,.

Thus, only a negative circulating current can flow.

At a; = n/2, the converter 1 supplies positive circulating during the 1% half-cycle.

Converter 2 supplies negative circulating during the second half-cycle.

The instantaneous circulating current depends on the delay angle. For o, = 0,

its magnitude becomes minimum when ot = nmn =0,2,4,..., and maximum
when wt = nmw,n = 1,3,5,.... If the peak load current is 1,, one of the converters
that controls the power flow may carry a peak current of ([, + 4V,/wL,).

The dual converters can be operated with or without a circulating current. In case

of operation without circulating current, only one converter operates at a time gnd car-
ries the load current, and the other converter is completely blocked by inhibiting gate
pulses. However, the operation with circulating current has the following advantages:

1.

2

The circulating current maintains continuous conduction of both converters over
the whole control range, independent of the load.

Because one converter always operates as a rectifier and the other converter oper-
ates as an inverter, the power flow in either direction at any time is possible.

Because both converters are in continuous conduction, the time response for
changing from one quadrant operation to another is faster.

Gating sequence. The gating sequence is as follows:

Gate the positive converter with a delay angle of a; = a.
Gate the negative converter with a delay angle of a; = m — « through gate-
isolating circuits.

10 CO5

Draw the circuit diagram of a single phase AC voltage controller and explain the principle of ON-OFF

control,

with the help of relevant waveforms. Derive the expression for rms output voltage in terms of rms

supply voltage and duty cycle of the operation of the controller.

Soln.

Circuit Figure & Waveforms = 5 Marks, Explanation & Equations = 5 marks.

If a thyristor switch is connected between ac supply & load, the power flow can be controlled.
This is done by varying the rms value of ac voltage applied to the load.

This type of power circuit is known as an ac voltage controller.

The most common applications of ac voltage controllers are :

Industrial heating

On-load transformer connection changing

Light controls

L2



1

2)

Speed control of polyphase induction motors, and,

AC magnet controls.

For power transfer, 2 types of control are normally used :

On-off control

Phase-angle control

A single phase full-wave controller with a resistive load is shown in Figure 11.2a.

During the positive half-cycle of input voltage, the power flow is controlled by varying the delay
angle of thyristor T.

Thyristor T, controls the power flow during the negative half-cycle of input voltage.
The firing pulses of T1 & T, are kept 180° apart.

The waveforms for the input voltage, output voltage, & gating signals for T1 & T2 are shown in

Figure 11.2b-e.
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FIGURE 11.2

Single-phase full-wave controller. (a) Circuit, (b) Input supply voltage. (¢) Output voltage. (d) Gate
pulse for 7, and (e) Gate pulse for 7>.



[f v, = V2V,sin ot is the input voltage, and the delay angles of thyristors T, and
T, are equal (@ = 7 + o), the rms output voltage can be found from

g I® 112
V, = {5—1; / 2stin2mtd(mt)}
4vE " 1
= (1= cos 2wt)d(wr)}
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By varying a from 0 to m, V, can be varied from Vito0.

Y nea 11 8. el aaal

4 Draw a neat sketch of 1- ¢ AC voltage full controller with R and RL load and explain its working. 10 CO5 L3
Soln.

3 circuits & explanation with R load = 3*2=6 marks, 1 circuit & explanation with RL Load= 4 marks.



0 ' T | > wt (¢
O‘—>~{' =
+ i T ' !
s Aé_— vg" y : :

Gate pulse of T,
o1 : A
Vg2 Gate pulse of T
mt+a
° 0 > wr (€)
(a)
FIGURE 11.2

Single-phase full-wave controller. (a) Circuit, (b) Input supply voltage. (c) Output voltage. (d) Gate
pulse for 7|, and (e) Gate pulse for T>.

FIGURE 113

Single-phase ull-wave controlle
with common cathode.




Gating sequence.

The gating sequence is as follows:

1. Generate a pulse signal at the positive zero crossing of the supply voltage v,.
2. Delay the pulse by the desired angle o for gating 7; through a gate-isolating circuit.
3. Generate another pulse of delay angle « + 1 for gating 75.

(a)

FIGURE 11.4
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Single-phase full-wave controller with one thyristor. (a) Circuit, (b) Input supply voltage, (¢) Qutput
current, and (d) Gate pulse for 7.
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Single-phase full-wave controller with RL load. (a) Circuit, (b
Ty and T3, (d) Current through thyristor T}, (¢) Continuous g

pulses for 7 and 7).

) Input supply voltage. (c) Gatc pulses for
ate pulses for Ty and 7, and (f) Train of gate



5 Using the two transistor model, explain how a small gate current can turn on an SCR. 10 COZ2| L1
Soln.
Circuit Diagram= 4 marks, Explanation & Eqns.= 6 marks.

*  The operation of an SCR can be also explained in a very simple way by considering it in terms
of 2 transistors.

* This is known as the 2 transistor analogy of the SCR.

*  The SCR can be considered as an npn & a pnp transistor, where the collector of one transistor
is attached to the base of the other & vice-versa, as shown in Fig.1.4.

*  The model is obtained by splitting the 2 middle layers of the SCR into 2 separate parts.
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: P I By il Transistor 75
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k | N ] _ - ] 1, — Anode current
o ——— P o — P . I, — Cathode current
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i ' " transistor T,

‘ ‘L Ic, ‘ lp = 1es & — Current-gain of
] ] transistor 77

£ e o, — Current-gain of

é’ I Ty —_-[_‘if transistor T5.
Iy, .
|
)
- (b) K

Fig. 1.4 Two transistor analogy of SCR



It is observed from the figure that the collector current of transistor T; becomes

the base current of transistor T, and vice versa.

4 I, =1, and L =1,
AlisG. I =4, (1.1)
Now. we have the relation from transistor analysis,
[bl :[t"_["l (12)
! 1.3)
Also. by =0 I"l i 1"”' |

where [ is the reverse leakage current of the reverse biased junction J, when
co)
the two outer layers are not present.
Substituting Eq. (1.3) in Eq. (1.2) we get
lbl = Il'l ™t (Zl l"l ! I”’l.
/I)l = (l = al) Ir'| = l('tll

r T e ; . ice bee s the emit-
From | 12 Ldlitis evident that the anode current of the device becomes the em

er current of transistor T that is

{1, = f,-1
4
!’J’I :("‘al)ia—"rr’l LS5
Also. I, =a,f + 1
4 2 € €03

From the Fig. 1.4, itis also observed that the cathode current of the SCR becomes

the emitter-current of transistor 5.

I = Lo,
£ e :o:; Iho+1.,. G
But L, =1, (1.6)
Subsiituling Eqs (1.4 and (1.5) in Eq. (1.6), we get
A ~ed L=ty =00, +1,, (1.7)
Subslituting Eq. (1.1) in Eq. (1.7), we get
M —api, -1, =0 dU,+ )+,
(1 — o — o) I, = o I+ Iw,: + le.
M- (o, + ) 1, = a, g ‘rm; + lw2
o I, + !ml + 1(.02
(1.8)

[ =
_ ® [1 - (o) + @,)]
Assuming the leakage current of transistor T\ and T, to be negligible small, we
= f=] - k]

have
x, 1,

a L= (a, +a,) (1.9)




6 With a neat circuit diagram and wave forms explain the working of class A commutation.

Soln.

Diagram & Waveforms= 5 marks, Explanation=5 marks.

r &in Fig.1.12(b), load Ry is in series with the

SCR

-0

i

L

C
Ry

» This s also known as resonant commutation.
» This type of commutation circuit using L-C components-in-series-with the load are shown in
Fig.1.12.
» InFig.1.12(a), load Ry is in parallel with the capacito
L-C circuit.
» In this process of commutation, the forward current passing through the device is reduced.
» Itisreduced to less than the level of holding current of the device.
» Hence, this method is also known as the current commutation method.
» The waveforms of the thyristor voltage, current & capacitor voltages are shown in Fig.1.13.
‘. s - - ] o
i ; SCR
“o
| Ig
\
| [
1+ = i L
;_ Eda ﬁ —'_—r Eqc
s 1 l
+ S
_I— C R S

-

[ — E—

(a) Load in parallel with capacitor
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(b) Load in series

with capacitor
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Fig. 1.12 Class A commutation circuit

10 COZ2| L1



(a) Waveforms of the current produced in Fig. 1.12(b) (series capacitor)

waveforms of the current produced in Fig. 1.12(a) (parallel capacitor)
(b) “y¥4

Fig. 1.14



7  With a neat circuit diagram and wave forms explain the working of UJT triggering.

Soln.

Circuit diagram & waveforms= 5 marks, Explanation= 5 marks.

The unijunction transistor, abbreviated UJT, is a three-terminal, single-junction device.
The basic UJT & its variations are essentially latching switches.
Their operation is similar to the 4-layer diode.

The most significant difference being that the UJT’s switching voltage can be easily varied by the
circuit designer.

Like the 4-layer diode, the UJT is always operated as a switch.

It has applications in oscillators, timing circuits & SCR/TRIAC trigger circuits.

type bar

B, &

Fig. 2.14 Basic UJT structure

10
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é B

Fig. 215 UJT symbol and equivalent circuit

The basic circuit is shown in Fig.2.22.

The B; pulse output is used to trigger the SCR, a predetermined time after the switch is closed.
Thus, the 1% B; pulse occurs T seconds after the 28 V is supplied to the UJT circuit.

After the SCR has been triggered “on”, subsequent pulses at its gate have no effect.

An important design consideration in this type of circuit concerns the premature triggering of the
SCR.

The voltage at B; when the UJT is “off”, must be smaller than the voltage needed to trigger the
SCR.

Otherwise, the SCR will be triggered immediately upon switch closure.

Thus, we have the requirement as follows:
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& ,
scillator as gate lrigger source

8 Explain different turn ON methods & turn off mechanism of SCR.

Soln.

5 turn on methods & explanation= 1.5 * 5= 7.5 marks, turn off mechanism = 2.5 marks.

Turn on methods —

Forward Voltage Triggering
Thermal Triggering
Radiation Triggering

dv/dt Triggering

Gate Triggering

Turn off mechanism —

Once the SCR starts conducting an appreciable forward current, the gate has no control on it.

The device can be brought back to the blocking state only by reducing the forward current to a level

below that of the holding current.

The process of turn-off is also called as commutation.

If a forward voltage is applied immediately after reducing the anode current to zero, it will not

block the forward voltage.

It will instead start conducting again, although it is not triggered by a gate pulse.

Hence, it is necessary to keep the device reverse biased for a finite period before applying a forward

anode voltage again.

10 CO2 L2



*  The turn-off time of the thyristor is defined as the minimum time interval between the 2 instants.
* The 1% instant is that at which the anode current becomes zero.

«  The 2" instant is that at which the device is capable of blocking the forward voltage.

e The turn-off time is illustrated by the waveforms shown in Fig.1.11.

*  The total turn-off time tof is divided into 2 time intervals — the reverse recovery time t,; & the gate
recovery time ty .

Anode
current A

[ T ‘

|
N
Forward Forward voltage
current ’ | - applied here
g « (———
= L.
Reverse?; X% 2 S
current Y Time

voltage V g

Anode 4
/|
Forward TI /“(“ tar
voltage .i - /
OI‘ == vapT = Ti .
Reverse | < ime
voltage | ] Vr

Fig. 1.11  Waveforms during SCR turn-off

* Attheinstant t;, the anode forward current becomes zero.
»  During the reverse recovery time, t to ts, the anode current flows in the reverse direction.

« At the instant t;, a reverse anode voltage is developed & the reverse recovery current continues to
decrease.

» Atts, junctions J; & Js are able to block a reverse voltage.

*  But, the thyristor is not yet able to block a forward voltage.

* This is because carriers, called trapped charges, are still present at the junction Js.

»  During the interval, t3 to ts, these carriers recombine.

* At the recombination is complete & hence, a forward voltage can be reapplied at this instant.
*  The SCR turn-off time is the interval between ts & t;.

* Inan SCR, this time varies in the range 10 to 100 ps.

»  Thus, the total turn-off time (tor) required for the device is the sum of the 2 durations.

«  The 1% duration is that for which the reverse recovery current flows after the application of reverse



voltage.

The 2™ duration is the time required for the recombination of all excess carriers in the inner 2 layers
of the device.

In practical applications, the turn-off time required to the SCR by the circuit, called the circuit turn-
off time tq, must be greater than the device turn-off time tor by a suitably safe margin.

Otherwise, the device will turn-on at an undesired instant, a process known as commutation
failure.

Thyristors having large turn-off time (50-100 ps) are called as slow switching or phase control type
thyristors (or converter grade thyristors).

Those having low turn-off time (10-50 ps) are called fast switching or inverter type thyristors.

In high frequency applications, the required circuit turn-off time consumes an appreciable portion
of the total cycle time.

Hence, for these applications, inverter grade thyristors must be used.
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