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Electronics (Paper-XII)
Power Electronic Devices and Applications

Unit 3:- Uncontrolled and Controlled rectifiers (12 Marks)

Uncontrolled rectifiers
Introduction:-

The ac to dc converters using diodes are termed as rectifiers. As the instant at which a diode can be
turned on cannot be controlled, these rectifiers are uncontrolled rectifiers. The output voltage of an
uncontrolled rectifier is always fixed and positive. The load current is also always positive. The flow of
power will always be from the source to load. i.e. these converters are unidirectional in nature.

The three phase uncontrolled rectifiers are classified into two categories.

1. Half wave uncontrolled rectifier
2. Full wave uncontrolled rectifier
3. Bridge uncontrolled rectifier

Basic of Three phase supply:-

Certain basic concepts of three phase supply are as follows:

1. In a4 wire three phase ac system, there are 3 phases namely R, Y, B and 4™ wire being the neutral N.

2. Phase voltage: - the voltage measured between a phase (R, Y, and B) and neutral (N) point is called as
phase voltage. Then there are three phase voltages: Vrn, Vyn and Vi,

3. Line voltage: - The voltage measured between any two phases is called as line voltage. Then there are

six line voltages as follows: Vry, Vyg, Vir, Vyr, VBy, and Vgg.

The phase voltages Vrn, Vyn and Vpy are phase shifted from each other by 120 °.

The line voltages are phase shifted from each other by 60°.

If maximum peak voltage is V,, the maximum line voltage is V3V

The frequency of each phase voltage and each line voltage is SOHz.
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Phase and line voltage waveforms:-
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Three Phase Half Wave Rectifier:-
A three phase half wave rectifier, as the name implies, consists of a three phase transformer. Given

below is a star connected secondary three phase transformer with three diodes connected to the three phases.
As shown in the figure, the neutral point ‘N’ of the secondary is considered as the earth for the circuit and is

given as the negative terminal for the load.

Circuit Diagram:-
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Working: -
The operation of the rectifier is divided into three parts as follows:
TC 5T
I. = <ot< — -
6 6

During this period Vgy is greater than other two voltages. Therefore diode D1 is forward biased and
diode D2, D3 are reverse biased. So the load is connected to Vgn through diode D1 and output voltage

equals to Vgn.



During this period Vyy is greater than other two voltages. Therefore diode D2 is forward biased and
diode D1, D3 are reverse biased. So the load is connected to Vyn through diode D1 and output voltage
equals to Vyn.
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During this period Vpy is greater than other two voltages. Therefore diode D3 is forward biased and
diode D1, D2 are reverse biased. So the load is connected to Vpn through diode D3 and output voltage
equals to Vpy.

Analysis:-
1. Average DC voltage (V4c):-
2m 3V
Vie = o), V, dt Vae = ——_— [-1.732]
3V,
3 51/6 —_'m
Vie = — V,, sin ot dt Vae == [1732]
2T /6
v _ 5196Vn
3Vm 5 dc = Hra 14y
Vic = e [-cos oot]ﬁ%6 2(3.14)
2.598V,,
3V, =
Vic = — o [cos—— cos 6] ae 6.28

V4 = 0.8273V,,

3V,
Vae = =~ [0.866 — 0.866]

2. RMS load voltage (Vips):-

1 [2m 3V2 sin 2wt 1°™/°
Voo = V2dt Vo — m (¢ ]511/6 _ [ s
rms 21_[ rms 4T /6 2 /6

3 fS“/G 3VZ 5m m 1 10m 2m
— V2 sin? wt dt - m<___] __[ in—— — si _])
Vims \/21_[ /s Vims e - > sin 3 sin 3
3Va (e 3VZ /r4m] 1
Ve = sin? wt dt — m([_ﬁ] (= _ )
rms \] e Vems \] yp= z > [ (—0.866) — (0.866)]
S 3V2 4(3.14)
3V 6 1—cos 2wt \VA ( [ ]+0.866 )
Vims = j o fg > dt rms J 4 (3.14) 6
o Vems = \/0.2388 V2 ( 2.0933 +0.866 )
3V2 (6
Vims = fn (1 — cos2wt) dt
3 Vs =\/0.2388v§l ( 2.9593)
5T 51
3 v2 3 3 Vims = /0 7067 V2
Vims = f 1dt— f cos 2wt dt
n n
6

Voms = 0.8406 V,



3. Average DC current (Iy.):-
Ve 0.8273 Vy,

I = — =
dc R R
4. RMS load current (Iys):-
Vi  0.8406 V,
bns =~ =R

5. Rectifier efficiency (1):-

0.8273 Vm

DC load power Py, = Vg, x I = 0.8273 Vm x =0.6844 V2

0.8406 Vm

AC load power Pac = V ;s X I,y = 0.8406 Vmm x =0.7066 V2

_ Py 0.6844 V2
" P, 0.7066 V3

M % = 0.9685x 100 % = 96.85 %

= 0.9685

6. Form factor :-
FF— Vrms _ 0.8406 Vip

= =1.016
Vgec  0.8273Vp,

7. Ripple factor (Ry) :-

R = yF.F2—1=11.0162 — 1 = V1.0322 — 1 = v0.0322 = 0.1794
Rf % = 0.1794x 100 % = 17.94 %

Three Phase Full Wave Rectifier:-

A basic full wave rectifier circuit is shown in Figure below. The six-phase voltages on the secondary
are obtained by means of a center-tapped arrangement on a star-connected three-phase winding. Therefore, it
is sometimes referred to as a six phase star rectifier.
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Working:-

The diode in a particular phase conducts during the period when the voltage on that phase is higher
than that on the other phases. The voltage waveforms of each phase and the load are shown in Figure above.
The conduction angle of each diode is n/3. Currents flow in only one diode at a time.

Analysis:-

1. Average DC voltage (Vq):-

2m
Viec = E Vs dt .
Vge = ——= [-0.5 - 0.5]
6 21/3
Vie = =— Vi sin wt dt
dc 21t /3 m 3 Vm
de === [-1]
6V 21/3
Vdc=?[ cosoot]n/3 v 3V .
dc — 3.14 [ ]
v 3V,
de =~ [COS__ cos 3] Vg = 0.9554 V,,

2. RMS load voltage (Vips):-

1 %" 3 V2 sin 2wt 123
Vrms = 2__[ VsZdt Vrms = - [ t ]1211;43 - [—]
T 0 2T 2 /3

6 (23 3V2 2 w1 4n 2
—_ VZ T2 t dt _ m o 7 -z T e
rms \]21_[ /3 Sin“ w Vrms _\] om ( 3 3] > [ Sin 3 sin 3 ])
V. 3 Zn/s 2 t dt 3 VI%I T 1
= sin“ — _ _ _ _
e = 2| Vims = |5 ([ > ] -5 [(-0366) (0.866)])
O 3V& T 1 - cos 2wt d Vims = 3 Vim ( [3 14 + 0.866 )
Vims = |— fg > t 2 (3.14)
Vs = Jo.4777 V2 ( 1.0466 + 0.866 )
3 v2
Vims = n (1 — cos 2wt) dt
Vo = J0.4777 V2 (1.9126)
3 Vg 5 T v, /0 9136 V2
3 3
Vrms = ZT[m .[E 1dt— .[E cos 2wtdt rms

’ Voo = 0.9558 V,,

3. Average DC current (Iy):-
Vg 09554V,

4. RMS load current (Iy):-

Voms  0.9558V,,
s == TR




8. Rectifier efficiency (1)):-

0.9554 Vm

DC load power Py, = V. X Iye = 0.9554 Vm x =0.9128 V2

AC 10ad power Pac = Vi, X s = 0.9558 Vm x ==

=0.9135 V2

_ Py 0.9128V3
T P  0.9135V2

n% = 0.9992x100 % = 99.92 %

= 0.9992

9. Form factor :-
FF— Vrms _ 09558 Vi
T Vge 0.9554 Vi,

10. Ripple factor (Ry) :-

= 1.0004

Rf = YF.F.2— 1 = /1.00042 — 1 = ¥1.0008 — 1 = v/0.0008 = 0.0282

R % = 0.0282x 100 % = 2.82 %

Three Phase Bridge Rectifier:-

Three-phase bridge rectifiers are commonly used for high power applications because they have the
highest possible transformer utilization factor for a three-phase system. The circuit of a three-phase bridge

rectifier is shown in Figure

Circuit diagram:-
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The circuit arrangement is such that only two diodes conduct at a time and load is connected across
phase line R & Y or Y & B or B & R. thus load voltage is equal to corresponding line voltage. The diodes
are numbered in order of conduction sequence. The conduction sequence for diode is DD, D;D3, D3Dy,
D4Ds, DsDg and DgD;. The pair of diodes which are connected between these lines having highest amount of

instantaneous line to line voltage will conduct.
The maximum line voltage is V3V,



Analysis:-
1. Average DC voltage (V4c):-

1 2m
\Y/ — V; dt
dc = 2_‘_[ s
6 21/3
Vie = =— V3V, sin wt dt
2T /3
6V3V, /3
Vie = o = [~ cos wt]n%
3v3V,, 2T T
de = — [COS? — COoS §]

2. RMS load voltage (Vims):-

33V,
e = — V3V [-0.5 — 0.5]
343V,
de =~ = [-1]
3 (1.732) Vy,
d.C - 3.14 [1]

Ve = 1.6547 V,

1 (2" 9V2 sin 2wt 123
Vrms = Vzdt Vrms = - [ t ]1211;43 - [—]
21'[ 2T 2 /3
6 an/3 9VZ2m m 1| . 4m 2m
N 2 ¢in2 . .
Vi Jm (V3Vm)? sin? ot de Vems =j o (15 -3~z [ sm - 7))
E 2“/3 2wt d IVE qmy 1
Vims = | sin? wt dt Vims = | ([3] ~ 5 [(~0.866) - (0.866)])
9V§1 23]-[ 1 —cos 2wt Vv 9V2 ( [3 14 + 0.866 )
Vims = - fT[ dt rms 2(3.14)
3
Vos = J1.4331 V2 ( 1.0466 + 0.866 )
9V2
Vims = f (1 = cos2wt) dt
Vors = J1.4331 V2 ( 1.9126)
9 V2 ZTT[ ZTT[ V, /2 7409 V2
_ m _ rms
Vims = o .[E 1dt fE cos 2wtdt
’ ’ Vs = 1.6556 Vi,
3. Average DC current (Iy.):-
Vi 1.6547V,
=R TR
4. RMS load current (Iy):-
Ve 16556V,
bms =~ =" R
5. Rectifier efficiency (1):-
DC load power Py = Vg x Iy = 1.6547 Vm x =227 — | 6547 2
AC load power Pac = Vi X Ims = 1.6556 Vm x =221 _ | 6556 V2,




 Pie 16547VE
M= BT 16556V

N % = 0.9994x 100 % = 99.94 %

= 0.9994

6. Form factor :-
F | = Vims _ 16556V
T Vg 1.6547 Vi

= 1.0005

7. Ripple factor (Ry) :-

R; = y/F.F.2— 1 = /1.00052 — 1 = v1.001 — 1 = v0.001 = 0.0316
R¢ % = 0.0316 x 100 % = 3.61 %
Comparison of HWR, FWR, and FWBR:-

Sr. No. Points HWR FWR FWDR
1 No. of Diodes 3 6 6
2 Average DC voltage 0.8273 V, 0.9554 1.6547 Vi,
3 RMS load voltage 0.8406 V,, 0.9558 V, 1.6556 V,
4 Rectifier efficiency 96.85 % 99.92 % 99.94 %
5 Form factor 1.016 1.0004 1.0005
6 Ripple factor 17.92 % 2.82% 3.61 %

Controlled rectifiers

The rectifier circuit which converts AC into controlled DC is called as controlled rectifier. These
rectifiers use SCR instead of diodes. The output voltage of thyristor rectifiers is varied by controlling the
delay or firing angle of thyristors. A thyristor is turned on by applying a short pulse to its gate and turned
off due to natural commutation.

Concept of firing angle:-
The angle at which the rectifier device i.e. SCR is start to conduct is called as firing angle. OR
The angle at which the rectifier device i.e. SCR switches from OFF stat to ON state is called as firing angle.

Half convertor with resistive load (R) (Single phase half wave controlled rectifier):-
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The circuit diagram of half converter is as shown in figure above. It consists of thyristor connected in
series with load R.

Working:-
The operation of half converter is divided into three parts.
1. 0 < ot < a :- During this period the anode of the thyristor is positive with respect to cathode. The
thyristor is forward biased but it is not conducting any current. Therefore no current flows through the
load and output becomes zero.

2. a < ot <m:- At instant ot = q, the firing pulse is applied to gate of thyristor. As thyristor is already
forward biased, it will be turned ON. As the thyristor is turned on, current start to flows through it and
also through load R. Thyristor act as closed switch, therefore load is directly connects to input. The
output becomes equals to input voltage.

3. @< ot <27 :- After ot= 7, the input voltage becomes negative. So the thyristor anode becomes negative
with respect to cathode. Therefore thyristor turns OFF. The current flowing through the thyristor
becomes zero and also load current becomes zero. The output across load is zero.

Analysis:-
1. Average DC voltage (V4c):-

1 2T 1 s
VdC ﬁ Vs dt Vdc = E [.L Vm sin wt dt]
1 [ ra T 21 _ Vm o
Vdc=£_f0 Vs dt+favs dt+f1T Vs dt] Vdc_ﬁ[_cosmt]a
- V
1 m =__m —
Vac = E 0+ f Vs dt+ 0] Vac 21 (cos T — cos )
| o Vm
1[(m Vdc=—2—(—1—cosa)
dc = 5 f Vs dt] T
2T | Ja Vm
Viec = E(l + cos )
2. RMS load voltage (Vims):-
\V/ — ifznvzdt v _ %J‘n 1—cos 2wt gt
rms 21 o s rms ), 2_
1[re T 2m y2 [m
Vims = [5=| [ Vet [ vzaes | vsdt] Vs = [ [ (1= cos20) at
2m /0 [04 TC T a
1 [ T VZ T T
Vims = _0+fvszdt+0] Vims = _m< 1dt— fCOSZ(Dtdt )
2m | o e a a
1™, vz - sin2wt 1"
Vs = [ | V2t Vs = [ (L0022,
1[rm ) V2 1
Vims = \/E . Va smzdt] Vems = \/—2([1‘[ —a —3 [ sin2m — sin 20(])
Val ™ . V2 _
Vims = o . smzdt] Vems = \/—2([1‘[ —a] —= [0 — sin Za])

Vi (1 sin 2a
Vs =5+ [ (m =+ =)



Half convertor with inductive load (R, L):-
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Working:-

The operation of half converter is divided into three parts.

1. 0 < ot < @ :- During this period the anode of the thyristor is positive with respect to cathode. The

thyristor is forward biased but it is not conducting any current. Therefore no current flows through the
load and output becomes zero.

o < ot < P :- At instant ot = «a, the firing pulse is applied to gate of thyristor. As thyristor is already
forward biased, it will be turned ON. As the thyristor is turned on, current start to flows through it and
also through load R & L. Thyristor act as closed switch, therefore load is directly connects to input. The
output becomes equals to input voltage. After ot= =, the input voltage changes its polarity. As input
current flowing through the thyristor start to decrease, the inductor start to discharge and maintain the
current. Thyristor is not turned OFF because its anode current is not less than holding current even its
anode is negative with respect to cathode. After some time at angle [, due to discharging of inductor
current is reduced to zero and thyristor is turned OFF.

B< ot < 27 :- After wt= [, the input voltage becomes negative. So the thyristor anode becomes negative
with respect to cathode. Therefore thyristor turns OFF. The current flowing through the thyristor
becomes zero and also load current becomes zero. The output across load is zero.

Analysis:-
1. Average DC voltage (V4c):-
1 [2m q 1 B .
Vac = Efo Vs dt Vie = %[L Vi sin ootdt]
1] B 2m Vin g
=—|| Vedt+ | Vgdt+ | Vsdt Vic = 5[~ cos wt]g
21| Jy o 8 2m
] Vin
1 B Vygc = ——(cos B — cosa
Vdc=—0+fvsdt+0] de o (COsB )
2| «
1B V
Viec = o fa Vg dt] Vic = % (cosa — cos )




2. RMS load voltage (Vims):-

V2 V2 (B 1—cos 2wt
Vims = dt Vims = _T[f fdt
o
2 P 2 o 2 V2 (P
Vims = E_fonH_faVSdH_fB Vsdt] Vs = EL(l—cosZwt) dt
1 B V2 B
Vims = |5 0+f Vzdt+0] Vims = = < 1dt— cosZootdt )
) V2 51n2wt B
Vims = V dt Vims = E ]
o
B VZ
Vims =\/% LV smzdt] Vims =\]ﬁ< — [ sin2pB — 51n2(x])
V[ (® Vm |1 1
Vims = |=— f smzdt] V., . =2 —([B—a] —= [ sin2B — sin2a])
rms o ) rms 2 | 2

Use of freewheeling diode:-
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The diode D is connected across load. This type of diode is called as freewheeling diode. The circuit
operation divided into two parts.

1. a < ot < m: - During this period the thyristor is in ON state, so it acts as closed switch. Diode D is
reverse biased so all the current flows through load R and L. The inductor stores the charge and its
polarity as shown in figure below.
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2. m < ot<p: - After ot = m, polarity of input voltage changes. This will forward bias freewheeling diode.
Then inductor discharges through diode instead of thyristor. Therefore the current flowing through the
thyristor decreases and it becomes turned OFF and it acts as closed switch as shown in figure below.

+

Semi-converter with resistive load (R):-
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Semi converter or half controlled converter is a next step of half wave controlled rectifier. In semi
converter circuit two thyristors and two diodes are connected in bridge configuration. The circuit is as

shown in figure below.
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1. O<ot<a: -

During this period point A is positive and
point B is negative. Therefore thyristor T, and
diode D, are forward biased. But thyristor T is in
OFF state therefore it is not conducting any
current. Therefore no current flows through the
load and output becomes zero.

co<ot<m: -

At instant ot = a, the firing pulse is applied to
gate of thyristor T;. As thyristor T, is already
forward biased, it will be turned ON. As the
thyristor is turned on, current start to flows and its
path is A— T — Ry— D, — B. Thyristor T; and
diode D;act as closed switch, therefore load is
directly connects to input. The output becomes
equals to input voltage.

. <Ot o+ m -

During this time period, point A is negative
and point B is positive. Therefore thyristor T; and
diode D, are reverse biased. So the current
flowing through it becomes zero. The thyristor T»
and diode D; are forward biased during this time
period. But thyristor T is in OFF state therefore it
is not conducting any current. Therefore no
current flows through the load and output
becomes zero.

. o+t T< ot -

At instant ot = o+ m, the firing pulse is
applied to gate of thyristor T,. As thyristor T, is
already forward biased, it will be turned ON. As
the thyristor is turned on, current start to flows
and its path is B—» T, — R — D; — A.
Thyristor T, and diode D, act as closed switch,
therefore load is directly connects to input. The
output becomes equals to input voltage but
polarity is reversed.

Working: - The operation of this rectifier is divided into four parts.
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Analysis:-

1. Average DC voltage (V4c):-
1 2T
dc = % .L Vs dt Vac =
1 a TC a+T 2T
Vdc=—U Vsdt+jVSdt+j VSdt+f Vsdt] Vac
2m 0 a T a+T
1 ™ 2T Vi =
Vie==—[0+ | Vg dt+ Vs dt|+0 de ™=
21
o o+TT
1 F1s 2T Vie =
Vq4 =—U th+f th]
¢ 21-[ o * o+TT s
Vac =
4. RMS load voltage (Vims):-
1 2T
Vims = Ef VsZdt Vims
0
1 a T a+T 2T
Vims = |5= J V3dt+j V3dt+j Vszdt+f Vadt Vems
2m 0 o T a+T
1 T a+T )
Vims = £[0+f Vszdt+f Vsdt+0] Vims
[04 T[
2 T
il 2
Vrms 21_[ [ o VS dt] Vrms
1 T
Z 2
Vims = - Ua V2 sin dt] Vims
VZ TC .
Vims = ?mUa smzdt] Vims
\]V,% ™ 1 —cos 2wt
Vo = |18 [ Lo 200
T o

Semi-converter with resistive and inductive load (R, L):-
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Working:-

The operation of the circuit is divided into four parts.

1. a<ot<m: -

At instant ot = a, the firing pulse is applied to
gate of thyristor T;. As diode D, and thyristor T, are
already forward biased, it will be turned ON. As the
thyristor is turned on, current start to flows and its
path is A - Ty - R — L— D, — B. Thyristor T}
and diode D, act as closed switch, therefore load is
directly connects to input. The output becomes
equals to input voltage. During this time period
inductor stores the charge and its polarity as shown
in figure.

2. n<ot<a+m: -

After ot=m, point A becomes negative and point
B is positive. Diode D, is now reverse biased
because its cathode is positive with respect to anode.
So it acts as open switch. Diode D; is forward biased
because its cathode is negative with respect to anode.
So it acts as closed switch.

As input current flowing through the thyristor T,
start to decrease, the inductor start to discharge
through diode D; and thyristor T| and maintain the
current. Thyristor is not turned OFF because its
anode current is not less than holding current even
its anode is negative with respect to cathode. The

J.o+m<ot<2m: -

At instant ot = o+ 7, the firing pulse is applied to
gate of thyristor T,. As diode D; and thyristor T, are
already forward biased, it will be turned ON. As the
thyristor is turned on, current start to flows and its
path is B - T, - R — L— D; — A. Thyristor T,
and diode D; act as closed switch, therefore load is
directly connects to input. The output becomes
equals to input voltage. During this time period
inductor stores the charge and its polarity as shown
in figure.
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4. 2n<ot<a+2x: -

After ot= 2m, point A becomes positive and
point B is negative. Diode D; is now reverse biased
because its cathode is positive with respect to anode.
So it acts as open switch. Diode D is forward biased
because its cathode is negative with respect to anode.
So it acts as closed switch.

As input current flowing through the
thyristor T, start to decrease, the inductor start to
discharge through diode D, and thyristor T, and
maintain the current. Thyristor is not turned OFF
because its anode current is not less than holding
current even its anode is negative with respect to

Full converter with resistive load (R):-

cathode. The thyristor T is remains in ON state until
next gate pulse is applied.
.
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The circuit diagram of full converter with mid-point configuration is as shown in figure below. It
consists of center tapped transformer, thyristors T1 and T2 and load is connected between common cathode
point of thyristors T1 and T2 and center tap of transformer.
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Working: - The operation of this rectifier is divided into four parts.

l.0<ot< a: -

During this period point A is positive and point B
is negative. Therefore thyristor T; and is forward
biased. But thyristor T, is in OFF state therefore it is
not conducting any current. Therefore no current
flows through the load and output becomes zero.

2.o<ot<m: -

At instant ot = q, the firing pulse is applied to
gate of thyristor T;. As thyristor T is already forward
biased, it will be turned ON. As the thyristor is turned
on, current start to flows and its path is A— T} —
R— 0. Thyristor T; act as closed switch, therefore
load is directly connects to input. The output becomes
equals to input voltage.

. n<ot< o+ -

During this time period, point A is negative and
point B is positive. Therefore thyristor T is reverse
biased. So the current flowing through it becomes
zero. The thyristor T, is forward biased during this
time period. But thyristor T is in OFF state therefore
it is not conducting any current. Therefore no current
flows through the load and output becomes zero.

4. 0+ < ot < 27 -

At instant ot = o+ =, the firing pulse is applied to
gate of thyristor T,. As thyristor T, is already forward
biased, it will be turned ON. As the thyristor is turned
on, current start to flows and its path is B— T, — R
— 0. Thyristor T, act as closed switch, therefore load
is directly connects to input. The output becomes
equals to input voltage but polarity is reversed.
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Analysis:-
1. Average DC voltage (Vqc):-

1 (2" 1 T
dc:%.’; Vs dt Vdc=£[2xfavm smootdt]
1 o4 s o+ 2m va[ ]
Vg =—Uth+det+j th+f th] Vi = —— [~ cos wt]g
¢ 2m 0 ° o ° T ) o+ ) ¢ 2m “
1 T am Vic = —V—m(cosn — cos o)
Vie =—|0+ | Vi dt+ Vs dt[+0 e ™
2T
(04 o+T V
1™ 2m Ve = ——= (=1 — cos )
Vdc=—U Vg dt+f LA dt] m
21-[ o o+T

Vin
Vye = ?(1 + cos )

2. RMS load voltage (Vims):-

1 2T VI% T
Vims = E‘L Vszdt Vims = _T[_[x (1 — COS 2(1)t) dt
1 [od T a+T 2m V2 ‘IT ‘IT
Vims = E[J Vszdt‘l'j Vszdt+j Vszdt‘l'f Vszdt] Vims = — < 1dt— f cos 2wtdt )
0 o T a+T m [04 [04
1 K ot V2 sin 2wt 1"
V = —0+fV2dt+f Vzdt+0] V. = | t ﬂ_[—]
rms \]21-[[ o S - s rms = [ t]& 2 N
2" V2 1
— 2
Vims = 21 Ua Vs dt] Vims = \]—T{([ —o] —= [ sin 2 — sin 20(])
1 T 2 V2
Vems = |~ LV sin?dt Vg = —T{([n—a] - [0- sin2a])
Vin f” ] v, 1 sin 2a
= |— sinZdt _'m [~f
Vims p [ . Vims NG T[(T[ o+ > )

=||3<N

T 1 —cos 2wt
[Flzeoszon,

o

rmsz\]

Full converter with resistive and inductive load (R, L):-
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Circuit diagram
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Working:-

The operation of the circuit is divided into four parts.

1. a<ot<m: -

At instant ot = q, the firing pulse is applied to
gate of thyristor T;. As thyristor T is already forward
biased, it will be turned ON. As the thyristor is turned
on, current start to flows and its pathis A — T} — L
— R—0. Thyristor T, act as closed switch, therefore
load is directly connects to input. The output becomes
equals to input voltage. During this time period
inductor stores the charge and its polarity as shown in
figure.

2. t<ot<a+m -

After ot= m, point A becomes negative and point
B is positive. As input current flowing through the
thyristor T; start to decrease, the inductor start to
discharge through diode thyristor T and maintain the
current. Thyristor is not turned OFF because its anode
current is not less than holding current even its anode
is negative with respect to cathode. The thyristor T} is
remains in ON state until next gate pulse is applied.

3.0+ <ot <2m: -

At instant ot = a+ =, the firing pulse is applied to
gate of thyristor T,. As thyristor T is already forward
biased, it will be turned ON. As the thyristor is turned
on, current start to flows and its path is B — T, — R
— L— 0. Thyristor T, act as closed switch, therefore
load is directly connects to input. The output becomes
equals to input voltage. During this time period
inductor stores the charge and its polarity as shown in
figure.
4.2n<ot<a+2mx: -

After ot= 2w, point A becomes positive and point
B is negative. As input current flowing through the
thyristor T, start to decrease, the inductor start to
discharge through thyristor T, and maintain the
current. Thyristor is not turned OFF because its anode
current is not less than holding current even its anode
is negative with respect to cathode. The thyristor T is
remains in ON state until next gate pulse is applied.




