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Chapter 2

AC to DC Converters (Rectifiers)

21 Introduction

A rectifier 15 a power electronic device that converts alternating current (AC)
which periodically reverses direction, to direct current (DC) which flows m only

one direction, The rectifiers can be classified as shown in Figure 2.1.

Types of Rectifiers

Single Phase Three Phase

| |
' } | '

Uncontrolled Controlled Uncontrolled Controlled
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Figure 2.1: Classification of
rectifiers,
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22  Single-Phase Half-Wave Uncontrolled Rectifier

2.2.1 Case of Resistive Load

A hasic single-phase half-wave uncontrolled rectifier with aresistive load is
shown in Figure 2.2. For the positive half-cycle of the source m this circuit, the
diode is ON

(forward biased). For the negative half-cycle of the source, the diode is reverse-
biased, making the current zero. The voltage across the diode is the source
voltage.

Figure 2.2: A sigle-phase half-wave uncontrolled rectifier with a resistive load.

Assuming that the transformer provides ideal sinusoidal voltage on its
secondary winding, the voltage and current waveforms on resistive load and the
voltage waveform on the diode are shown in Figure 2.3.
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Figure 2.3: The waveforms of the single-phase half-wave uncontrolled rectifier

with a resistive load,
The average (mean) value of output

voltage,Vy¢,oad) = A'TM — % f: v Sinwtdwt

1 ("
VDC(Load)='2"; J; UmSinwtdot

To make the solution simpler, we assume wt = 0

1 n
Vocganty = 3= L v, sinddd = %{-cosﬂ]g - -%[cos(n) - cos(0)]

Um
VDC(Load) = T

Vbe(toad)
R

The averge value of output current, Ij¢(0q4) =



vm
Inc(road) = R

The RMS value of output voltage, Vews.oad) = fz_lnf f: [v,,5inB]%d8

L g () ? [ 1
Viws(road) = E[ (vm) * (sin6)?d6 = |=_ f 5 (1= cos26)d
0 \1 0

n

n n
Um Um R
T s [ 1dg - f cos20d0 = 2. f (017 - [sin20]"
2\ J ) 2\ )

vm
Veus(Load) = 2_\/1? n

y
VRMS(Load) = 7’“
v
The RMS value of output current, yys(004) = “"’;‘“‘“’)

The average output DC power, Py 00y = Voc(toaay locoan)

The power delivered to resistive load.Pycioaa) = Vacgtoan) licqoas)

P ac(toad)

The input power factor PF = R

The efficiency of a rectifier, ) = ﬁ‘-ﬁ%z 100%
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Example 1: For the shown half-wave rectifier, the voltage source isa 120 Vwith a
frequency of 60 Hz The load resistor is 5 €. Determine;

(a) The average load current.

(b) The dc and ac power absorbed by the load.
(c) The mput power factor of the circut,

(d) The efficiency of the rectifier.

(e) Solution:

Veaus® 120V, Fu 60 Hz, Ru 50

(a)

I DC(Load) = ;lk Um = \ﬁvs,kms
1202
IDC(Load) = ? = 10.814
(5) Ppeitoad) = Voe(ioad)!netoad) y Vnciaety =5 === M
PDC(load) = (54‘)(10. 8) =583.2Watt

Um 12042
P AC(load) = VAC(load)’AC(load) ’ Vms(u,ad) = % = Ty =84.9V

s lhusgoady = = ===174
Pac(ioad) = (84.9)(17) = 14433Watt

P A(load) 14433
PF = = =0.707
O = o — G207

i3 Poc(load) _ 582
Ky Vs.lms‘s.lms’t 100%= (120)(17)

+ 100% = 28.5%




2.2.2 Case of R-L Load

Industrial loads typically contam inductance as well as resistance. A basic
smgle- phase half-wave uncontrolled rectifier with resistive and mductance

load 15 shown m Figure 2.4,

Figure 2 4: A single-phase half-wave uncontrolled rectifier with R-L load.

The Kirchhoff voltage law equation that describes the current m the circuit for
the forward-biased 1deal diode 1s:

v, sinwt) = Ri(t) + L% (1)

The solution of equation (1) can be obtained by expressing the current as the

sum of the forced response and the natural response:

i) = ip(t) + in(t)
The forced response for this circutt 15 the current that exists after the natural
response has decaved to zero. In this case, the forced response s the steady-
state smusoidal current that would exist m the circutt if the diode was not
present. This steady-state current can be found from phasor analysis, resulting



L Um
[;Et} = Hl sinfuwt =g}

The natural response 1 the transient that occurs when the load 15 energized. [tis
the solution to the homogeneous differential equation for the creutt without

the source or diode.

ia(t)

=Ae T

The final current equation can be written as:

i(wt)
Ve e

=[ Tlsin[mt — ) +sin(p)e m]! D<ut<p
! , B<uwt<in

WhereE:Jm ,{P=mn"(‘%)_ T=%
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Figure 2.5; The waveforms of the single-phase half-wave uncontrolled

rectifier with R-L load.

f: The conduction angle of the diode

A
Vo (toad) = 5- J; tmsinwtdat

vm
Voc(toad) = o [1 = cos(f)]
n
V
The averge value of output current, lDC(Load) = oc(;md)

vm
Ioc(toad) = ﬁ[l - cos(p)]




The RMS value of output voltage, Vs (toad) = lel Jy [omsin(@t)2dot

e
VeusiLoad) = P 8- ism(ZB)]

The RMS value of output current /sy oad) = J%ff[i(wt)]zdwt

Example 2: For the half-wave uncontrolled rectifier with R-L load, the voltage
source 1s a 70.7 V with a frequency of 60 Hz. The load comprise resistance of 100
Q and inductance of 0.1 H. Assume the conduction angle equal to 3.5 rad and then

determine;

(a) An expression for the current in thiscircuit,
(b) The average current and voltage,
(c) The rms voltage.

(d) The efficiency of the rectifier if the RMS current is equal to 0.47 A,
Solution:
Vs eus=T70.7V, V=100V,

F=60Hz, w=377rad/se,

R=1002, L =01H,f = 35rad = 201°



(a)

ilwt) = r lsm{mt @) + sin(p)e” “'] D<wt<f
0 . Bwt=1lm

7= R+ (L) = [(100)7 + (377 = 10690
g =t (%)= tan! () = 207
Lo0d

r=E=ﬁ=D.UDl

o) = [n. 936 lsin (0t —20.7) + sin(20. ?]e‘ﬁh], 0<wt<p

0 , BPrwt=ln
(b) Ipeioad) = ;:_n[l - cos(f)]

100
I 1- 201) =0.3084
BCiLoad) = ™ {1[![!] [ Cos ( ]]

vﬂ'[
Fﬂ[[hﬂd] = E[l - ['DE{ﬂ-J]
100
Vocioad = Ell —cos(201)] = 30.8V

(c)

Vm[, 1.
Vansitoad = jﬁlﬁ' -5 sin(2)|

Vmsions = jmz[a 5——sm(2{201]]]] 50. 2V

_{.%* 100% = E{“_”-'?L“{“_”l* 100%

Vipmslcpms Vs rusls pus

lejn =



2.2.3 Case of R-L Load with Freewheeling Diode

A freewheeling diode can be connected across an R-L load as shown i Figure
26 (a). The freewheeling diode 1s used to prevent the output voltage from
becoming negative. In addition, the energy stored in mductance is transferred to
resistance load through the freewheeling diode, which means the system

efficiency 1s improved,
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" R l ¢ R |
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(b) (©)

Figure 2.6: A single-phase half-wave uncontrolled rectifier with R-L load
using freewheeling diode.

For apositive half-cycle of the source:
» Dl son,
» Dpyisoff.

» The equivalent circuit is the same as that of Figure 2.6 (b).
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# The voltage across the R-L load 15 the same as the source.
For anesative half=cyvcle of the source:

¥ DI soff.
# Dpyson
# The equivalent circuit 1s the same as that of Figure 2.6 (c).

# The voltage across the R-L load 15 zero.

13  Single-Phase Full-Wave Bridge Uncontrolled Rectifier

A basic single-phase full-wave bridge uncontrolled rectifier with a resistive load 1s
shown in Figure 2.7, This type of smgle-phase rectifier uses four individual
rectifying diodes connected in a closed loop “bnidge™ configuration to produce the
desired output. The four diodes labelled Di to Dy are arranged in “series pairs™ with
only two diodes conducting current during each half cycle. The voltage and current

waveforms on resistive load and the voltage waveform on the diodes are shown m

Figure 2.8,
i
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ﬂqzr Da

v,=V sinwt

Figure 2.7: A single-phase full-wave bridge uncontrolled rectifier with a resistive
load.



During the positive half cycle of the supply, diodes D;and D2 conduct in series while
diodes D; and D are reverse biased and the current flows through the load.

» During the negative half cycle of the supply, diodes D3and Dy conduct in
series, but diodes D1 and D2 switch “OFF” as they are now reverse biased,

The current flowing through the load is the same direction as before,
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Figure 2.8: The waveforms of the single-phase full-wave bridge uncontrolled rectifier with a
resistive load.
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1 .
Vocitoady = ;j: Uy Strtdt

22U,
Vut(mm = T

_ Vocqoady
fﬂc(mud} = T

20,
rﬂ[[i.ﬂud} = TR

Veusioady = Ji[g[vmsinmt]zdm[

Ui

Vs (Load) = VTE

_ Vemsroaa
Viems(Load) = —

Irms(Load)
RMS(Load) =
VIR

Peak repetitive diode cument, i, = “?“'

n
1 ) I
Ipcidiode) = o = ffmsmmtdmr = -
o
T

Im

1 )
loms(diode) = Iy I[fmﬂ'm:ut]zdm[ =3
0

+

Q)

i — -

V,= 120V
F = 60 Hz

$5ﬂ

Example 3: The single-phase full-wave bridge uncontrolled rectifier is supported by

a 120V source. If the load resistance 5 10.8 £1, find:
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a) The DC voltage across the load
by The DC load current.
¢) The average current in each diode.
d) The DC output power.
e) The rectifier efficiency.

f) The npple factor.

Solution:

Ve mus =120V,  R=1081

(a)

2t
Vocttoad) ==~ +¥m = V2V, s

vy 2(12042)
Voc(road) =— = ——— =108V
(b)
Vpojroad)
InciLoad = m

fﬂc{]’_m} =%= 1|:|'r!



(c)

1
Ipc(diodey = 7 o Im

= |§

15.7
lDC(Load) = T =54

(d)

Poc(ioaa) = Vicuoaaylpcgioad)
Pocoady = (108)(10) = 1080Watt

(a)

= %‘ 100% | lopms = 2 = B0Z _ 4
1080
=301, ¢ 100% =81 %
O
RF = J(M)z -1= (E)z —1 =048
Voc(road) 108

2.3.1 Single-phase full-wave bridge uncontrolled rectifier loaded with

highly inductive load

Adding an inductance in series with the load resistance changes the current

waveform, A basic single-phase full-wave bridge uncontrolled rectifier with

resistive and inductance load 1s shown in Figure 2.9.
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Figure 2.9: A single-phase full-wave bridge uncontrolled rectifier with R-L load.

If L 1s approximately equal to R, the load current no longer consists of half sine

waves, but the average current 1s still the same as given by equation:

20,
Ipc(Looad) = R

For the bridge circuit, current is transferred from one pair of diodes to the other
pair when the source changes polarity. The voltage across the R-L load 15 a full-
wave rectified sinusoid, as 1t was for the resistive load.

Voc(ooat) = 5=+ Vaustiooad) = 7

In some applications, the load inductance may be relatively large or made large by adding external
inductance. If Lis much higher thanR (L>>>R), the load time constant L/R is very high and can be
considered infinity. Consequently, the load current is assumed constant and the circuit behavior is as
shown bythe waveformsin Figure 2.10.
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Figure 2. 10: The waveforms of the sngle-phase full-wave bridge uncontrolled
rectifier loaded with highly mductive load.
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Same as the case of resistive load, the average value of the load voltage and current
can be calculated as follows:

21m
Vogjroady = o

v
ociroad) = MTHH}'

2
Inciread) = R

However the rms value of the load voltage can be calculated as follows:

U

Vins| Loady = ﬁ

Since the load current 1s essentially constant, its RMS and average values are same;

{pus(Load) = {no{Load)

Example 4: The single-phase full-wave bridge uncontrolled rectifier with R-L load
15 connected to a 120 V source. If the load resistance 15 10 QO and L == R, find:

a) The average load voltage and current.
b} The RMS value of load current.
¢) The average current in each diode.

d) The nipple factor.
Solution:

Vi s =120V, R=100, L » R
(a)

'hr:n —
Voclioad) == * 'm “EF:,RH:



2(12047)

Puc{:..um} = - = 108V

v, 108
Ipcitoan) = —M[;M] =10 = 10.84
(b)

JRHS'[IJI!I!] =JDC[MM:| = ln.ﬂ.‘l

fe)
JD«I![MM] _ 108

(d)
2
RF = (M) -1= (E)zq:u.qm
Vﬂfl:i.ﬂﬂd} IHE
Assignment 2

L. An eal single-phase source of 240 V, 60 Hz, supplies power to a load
resistor of R = 100 Q2 via a single 1deal dinde. Determme:

(a) The average and RMS values of load current.
{b) The power dissipation.
(€) The circuit power factor.

(d) What must be the rating of the diode?

2. For the circutt shown in Figure below. Neglecting the diode voltage drop,
calculate the average load voltage and current, then sketch the output
current waveform if (a) the load is a pure resistor of 10 ohms, (b) the load 1s
an inductance of 0.1 H in series with a 10 ohms resistor. Assume the

extimction angle f= 265"



1.

240V, 50 Hz []ma

A single-phase full-wave uncontrolled bridge rectifier is supplying a highly
inductive load (L/K ratio 15 very large). If the supply voltage 15 220V, 50Hz,
amnd the load resistance B=22 (), Calculate:

{a) The average output voltage and current.
{b) The rms value of the output voltage and current.
{£) The rms value of the dinde current and the PRV of each dinde.

In a smgle-phase full-wave bnidge uncontrolled rectifier, the diodes have a
reverse recovery time of 40 us. If the ac input voltage 15 230 V, determine

the effect of reverse recovery time on the average output voltage for a

supply frequency of (a) 50 Hz and (b) 2.5 kH=z

A single-phase full-wave bridge diode rectifier s supplied from 230 V, 50
Hz source. If the load 5 highly inductive with a resistance of R = 10.
Sketch

Vi Vo Upz, Vp, Ly and i waveforms, and then determine:

{a) The average values of output voltage and output current.
{b) The average and RMS values of diode current.
{€) The nipple factor.



2.4 Three-Phase Half-Wave Uncontrolled Rectifier

A basic three-phase half-wave uncontrolled rectifier circuit with resistive load 15
shown in Figure 2,11, The rectifier 15 fed from an 1deal 3-phase supply through

delta-star transformer.

The diode m a particular phase conducts during the period when the voltage on that
phase 15 higher than that on the other two phases, For example: from a/6 to 5a/6, D
has a more positive voltage at its anode, in this period D2 and D are off. The

neutral wire provides a return path to the load current,

Unlike the single-phase rectifier crcuit, the conduction angle of each dinde 15 2a/3,
instead of 1. The voltage and current waveforms on resistive load and the voltage

and current waveforms on D) are shown m Figure 2,12,
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Assignment 3

1. A heavily nductive load of R =3 Qs to be supplied witha DC voltage of
200V, using three-phase bridge rectifier. Calculate:

(a) The DC load current,

(b) The RMS current of any diode.

(¢) The transformer secondary phase current.
(d) The transformer secondary line voltage.
(¢) PRV of any diode.

2. Repeat Q1 above if the rectifier is three-phase half-wave type.

26 Single-Phase Half-Wave Controlled Rectifier

A way to control the output of a single-phase half-wave rectifier is to use a thyristor
instead of a diode. A basic single-phase half-wave controlled rectifier with a
resistive load is shown m Figure 2. 16,

During the positive half cycle of the input voltage, thynstor T1 15 forward biased
and current flows through the load when the thyristor is fired (at wt = a). The
thyristor conducts only when the anode is positive with respect to cathode (forward
biased), and a positive pulse signal 1s applied to the gate, otherwise, it remains in
the forward blocking state and blocks the flow of the load current.

In the negative half cycle (1e., at wt = m — 2m), the thyristor is in the reverse
biased condition and no current flows through the load. Thus, varying the firing
angle at which the thyristor starts conducting in positive half cycle controls the



average DC output voltage. The voltage and current waveforms on resistive load
and the voltage waveform on the thyristor are shown i Figure 2.17,
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Figure 2.16: A basic single-phase half-wave controlled rectifier with a resistive
load.
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Figure 2.17; The waveforms of the single-phase half-wave controlled rectifier
with a resistive load.



b 4
1 o
Vocioad) = EJ ¥, sin{wt) dot = H(l + cos(a))
i

V
Vocgoaa) =ﬁ(1 + cos(a))

VooiLoad)

The average value of output current, Ipcjroaqy = P

T
1 : W @ sin(2a)
VemsiLoad) = HJ[F,,,SIH[mt]]Hmt: ijl _1?4_ -
i

Vems(Load)
IpmsiLoad) = —R

Example 7: The single-phase half wave rectifier has a purely resistive load of 10
£} and the delay angle 15 @ = w2, If the supply voltage 15 220 V, determme the
DC load voltage and current,

Solution:

2032
2

¥
Voc(oad) = ﬁ[l + cos(a)) = (1 + cos(90)) = 49.5V

Fﬂc (Load) 49.5
1 = = = 4954
DEfLoad) R 10

27 Single-Phase Full-Wave Bridge Controlled Rectifier

A basic single-phase full-wave bndge controlled rectifier with a resistive load 15
shown i Figure 2.18. This type of rectifier uses four thynstors to control the

average load voltage.



Thynistors T1 and T2 must be fired at the same time during the positive half cycle of
the source voltage to allow conduction of current, Alternatively, thyristors T3 and
T4 must be fired at the same time during the negative half cycle of the source
voltage.

The voltage and current waveforms on resistive load, and the voltage waveform on
the thyristor T1 and T2 are shown in Figure 2.19.

bk |

+
v, =V, sinwt R Yo

=N

Figure 2.18; A single-phase full-wave bridge controlled rectifier with a resistive
load.
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Figure 2.19; The waveforms of the single-phase full-wave bridge uncontrolled
rectifier with a resistive load.



n
1 V,
Vocoad) = EJ Vi sin(wt) dot = ;m(l + cos(a))
a

Vocoad) = %(1 +cos(a))

The average value of output current, Ipcoad) =

n
1 : 1 a sin(2a)
Vems(roaa) = ;j[men(wt)]zdmt=iji-ﬁ+ =
a

Vemsioaa)
Irus(road) = R

Example 8: The single-phase full-wave controlled bridge rectifier has an ac input
of 120 V at 60 Hz and a 5 Q) load resistor. The delay angle 1 40°. Determine the

average current in the load.
Solution:
Vin
VDC(LOdd) = ;(1 + COS(a))

12042
Vocoaay = T\/_(l - cos(40°)) =954V

Voc(m) m 95.4V

The behavior of the full-wave controlled rectifier with R-L load (highly inductive



load) is shown in Figure 2,20, The high inductance generates a perfectly filtered
current and the rectifier behaves like a current source. With contmuous load
current, thyristors T1 and T2 remain in the ON-state beyond the positive half-wave
of the source voltage. For this reason, the load voltage can have a negative

instantaneous value.
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Figure 2.20; The waveforms of the single-phase full-wave bridge controlled
rectifier loaded with highly mductive load.



+
W 2,
Vocoad) = = j Vi sin(wt) dwt =Tcos(a)
a

W,
Vx(u,“) = TCOS((Z)

The average value of output current, Ipcoaa) = Vﬁﬁﬂ

-

m

=1

n
1
Vemsioad) = = j [Vix sin(wt)]? dot =
a

IRMS(Load) = ’oqzma)

Assignment 4
1. For the rectifier circuit shown in Figure below, @ = 90, L is very high.

(a) Trace i, waveform.

(b) Calculate V) (mean
(¢) If L =0, repeat (a) and (b) above.

EE

v,~300 lin(wt)

2. Aresistive load of R= 100 15 to be supplied with a DC voltage of 40V
using single-phase half-wave rectifier. If the supply voltage 15 120 V,



(a) Calculate the required delay angle.

(b) Trace the thyristor current and voltage waveforms.

3. For the circuit shown in Figure below, TH is triggered reference to each zero

cross over point, Ifa = 60°,

(a) Trace k and ﬂ‘ H waveforms.

(b)Calculate Vu(.,,,.).

(¢) How much @ must be varied to compensate for 5% increase of the supply

voltage.

is

raifl

v,=300sin(wt) q é

io

5Q
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REAL

Figure 2.12: The w'aveforms of the three-phase half-wave uncontrolled rectifier
with a resistive load.



Vitne = \'Epphue
The average value of the load voltage:
56

3
FM[MM] =H J’ llmﬂlﬂ{dtd{dt
b 1]

33 Vnphase)
Voc(road) = B —

The average value of the load current:

¥
Tocoas = 2220
i _ a{avm[phuse}
Dctioad) = 7R

The rms value of the output voltage and current:

S/

3
VemsiLoad) = = f [vnsinwtPdwt = 084 vy gphase)
nfh

_ Veus(uoad)
Ipms(Load) = —r

Adding an mductance in series with the load resistance changes the current

waveform, If L s much higher than R (1>>>R}, the load time constant L/R 15 very

high and can be considered mfinity. Consequently, the load current i assumed

constant as shown by the waveforms m Figure 2.13,
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Figure 2.13: The current waveforms of the three-phase half-wave uncontrolled
rectifier loaded with highly mductive load.

Example 5: Power is supplied to heavily inductive load from a three-phase

supply, using a three-phase half-wave rectifier. If the supply phase voltage is

220V and the resistance of the load is 100 0, determine the DC load voltage

and current. Then,

(a) Sketch the output load voltage waveform,

(b) Sketch D1 current waveform,

3 Solution:

ﬂ.ujfh‘“] =1V =100 L[>k



3V30m(pha

Vic(ioat) = =50+ Vmiphase) = 220V2
3 ’3)(2205)

VDC(wad) = = 257.4V

Ipctroaa) = —O(M

2574V
lgc(w“) =—=26A

N '\
AN / -

34 Three-Phase Full-Wave (Bridge) Uncontrolled Rectifier

A basic three-phase Full-wave uncontrolled rectifier circutt is shown m Figure 2,14,
The rectifier is fed from an ideal 3-phase supply through delta-star transformer. The

principle of operation of this rectifier can be explamed as follows:



» Each three-phase line connects between pair of diodes. One to route power
to positive (+) side of load, and other to route power to negative (-) side of
load.

* Only one dinde in the top half of the bridge may conduct at one tme (DI,
D3, or D3). The diode that 5 conducting will have 1fs anode connected to the
phase voltage that 15 highest at that mstant.

* Only one diode m the bottom half of the bridge may conduct at one time
(D2, D4, or D6). The dwde that 5 conducting will have its cathode
connected to the phase voltage that 1s lowest at that mstant.

¢ There are six combmations of lme-to-line voltages (three phases taken two at
a time). Considermg one period of the source to be 2m, a transition of the
highest | me-to-line voltage must take place every 2a/6 = #/3. Because of the
six transitions that occur for each perwod of the source voltage, the circutt s

called a six-pulse rectifier,

Figure 2. 14: A three-phase full-wave uncontrolled rectifier.

Similar to the three-phase rectifier circuit, the conduction angle of each diode 15
2a/3. If L 5 much higher than R (L=>>R), the load time constant L/R 15 very high



and can be considered infinity. Consequently, the load current is assumed constant.
The current and voltage waveforms of the three-phase full-wave uncontrolled
rectifier loaded with highly inductive load are shown in Figure 2.15.
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Figure 2.15: The current and voltage waveforms of the three-phase full-wave uncontrolled rectifier
loaded with highly inductive load.



The average value of the load voltage:
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The average value of the load current:
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The rms value of the output voltage and current:
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ERHI‘I‘IEIE B: Power is supplied to heavily inductive load from a three-phase supply, using a three-
phase bridge rectifier. If the supply phase voltage is 220 V and the resistance of the load is 10 0,
determine the DC load voltage and current. Then, sketch the output load voltage, the load current, and
D4 curmrent waveforms.
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Assignment 3

1. A heavily nductive load of R =5 Qs to be supplied witha DC voltage of
200V, using three-phase bridge rectifier, Calculate:

(a) The DC load current.



(b) The RMS current of any diode.
(¢) The transformer secondary phase current,
(d) The transformer secondary line voltage.

(e) PRV of any diode.
2. Repeat Q1 above if the rectifier 15 three-phase half-wave type.

3 5 Single-Phase Half-Wave Controlled Rectifier
A way to control the output of a single-phase half-wave rectifier 1s to use a

thynstor instead of a diode. A basic smgle-phase half-wave controlled
rectifier with a resistive load is shown in Figure 2,16,

5 During the positive half cycle of the input voltage, thynstor T1 15 forward
biased and current flows through the load when the thyristor is fired (at
wt = «). The thyristor conducts only when the anode 1s positive with respect
to cathode (forward biased), and a positive pulse signal 1s applied to the gate,
otherwise, 1t remains in the forward blocking state and blocks the flow of the

load current,

6 In the negative half cycle (1e., at wt = m = 2n), the thynistor 1§ in the
reverse biased condition and no current flows through the load. Thus, varying
the firing angle at which the thynstor starts conducting in positive half cycle
controls the average DC output voltage. The voltage and current waveforms
on resstive load and the voltage waveform on the thynstor are shown in
Figure 2.17.



