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2.1Introduction

Since the easily available voltage is a sinusoid, which
alternates as a function of time, the first task is to convert it
into a useful and reliable constant (dc) voltage for the
successful operation of electronic circuits and direct current
machines. The conversion process is called the rectification.
Although there are other semiconductors devices suitable for
rectification, diodes are frequently employed. A rectifier is a
circuit that converts an ac signal into a dc signal or sometime
Is called ac to dc converter. Figure 2.1 illustrated the
classification of rectifier

[ Types of Rectifiers ]
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Figure 2.1 Classification of rectifier.

2.2 Single-Phase Half-Wave Uncontrolled Rectifier
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2.2.1 Resistive Load

A basic half-wave rectifier with a resistive load is
shown in figure2.2. The source is ac, and the objective
IS to create a load voltage that has a nonzero dc
component. The diode is a basic electronic switch that
allows current in one direction only.

¢ For the positive half-cycle of the source in this circuit,
the diode is on (forward-biased). Considering the diode
to be ideal, the voltage across a forward-biased diode is
zero and the current is positive.

¢ For the negative half-cycle of the source, the diode is
reverse-biased, making the current zero. The voltage
across the reverse-biased diode is the source voltage,
which has a negative value.

Vv, =V, sin wt R Y

Figure 2.2 Circuit diagram.
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Figure 2. 3 Waveforms.
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The rms values of V, and |, can be written as

= \/1 /[V,,, sin (w?) P d(wi)
2T
O

Vi

Vrms(Load) =5

_ Vm
Irms(Load) ~oR

The Average output dc power is:

2 Vdcz sz
Pdc(Load) = VdC(Load)IdC(Load) = Idc R = R = s

The power delivered to resistive load:

2
Vrms(load) _

Vin2

Pac(Load) = Vrms(Load)Irms(Load) = rms(Load)zR = R

The input power factor is determined by:

PF = Pac Pac(Load)

S Vs,rms Is,rms

The efficiency of the rectifier is determined by

__ Pgc(load)

= 0
Pgc (load) X 100%

4R

(3)

(4)

()

(6)

(7)

(8)
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Example: For the shown half-wave rectifier, the source is a
sinusoid of 120 Vs at a frequency of 60 Hz. The load
resistor is 5 Q. Determine (a) the average load current, (b)
the dc and ac power absorbed by the load and (c) the power
factor of the circuit (d)Efficiency.

Answer:

Vs”rms: 120V, F:6OHZ, R=5Q

Vin _ 120v2

8) Ipc(roaa) = p— = 10.84

51

Vin?  169.72
b) Pdc(Load) = 2R = =2 = 583.57Watt

Vip 12042
Vrms(Load) -5, T T, = 84.9V

Vrms(Load) 84.9
Irms(Load) = R = 5 =174

Pac(Load) = Vrms(Load) Irms(Load) =849 X 17 = 1443.3Watt

Pac(Load) 14433
Vs, rms Is,rms 120%x17

c) PF = = 0.707

d) = Pdc(Load) % 100% _ 583.57

0 = 0
= o load) TR 100% = 40.4%




Al-Maarif University College
Computer Engineering Techniques

Single phase half wave with RL load

Industrial loads typically contain inductance as well as
resistance. As the source voltage goes through zero,
becoming positive in the circuit of figure 1, the diode
becomes forward-biased. The Kirchhoff voltage law
equation that describes the current in the circuit for the
forward-biased ideal diode is

Vi sin(wt) = Ri(t) + L= (1)

v, = V,, sin(m?) <+> 7 :-
— L

Figurel Circuit single phase half wave with RL load.

The dc component of the output voltage is
Vie = Z—’;foﬁ sinwtdwt = ‘2/—’7’; (1 — cosp) (2)

The dc component of the output current is

lge = 72 (1 — cosp) 3)
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Figure2 Waveforms single phase half wave with RL load.
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The solution of equation (1) can be obtained by expressing

the current as the sum of the forced response and the natural
response:

i(6) = ir () + in(0) (4)

¢+ The forced response for this circuit is the current that
exists after the natural response has decayed to zero. In
this case, the forced response is the steady-state sinusoidal
current that would exist in the circuit if the diode were not
present.

¢+ This steady-state current can be found from phasor
analysis, resulting in

rri

i(2) = sin (w7 — 0)
Where
L
Z=VR?+ (wL)* (6) and 0 = tan_l(%)

¢ The natural response is the transient that occurs when the
load is energized. It is the solution to the homogeneous
differential equation for the circuit without the source or

diode.
Ri(t +L—d‘i(0 =0
“2) dr

For this first-order circuit, the natural response has the form
8

()

(7)

(8)
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i (1) =Ae I

Where 7 = % A=constant (10)

Adding the forced and natural responses gets the complete
solution.

V,
i(t) = ift) +i,(0) = ?”"‘ sin(wt —0) + e~ /7 A1)

The constant A is evaluated by using the initial condition for
current:
t=0, i(wt)=0.

Using the initial condition and equation (11) to evaluate A
yields

V

i(0) = ? sin(0 — 0) + 4e” =0 (12)
v

A= —ﬂsm( ) = —sin 0 (13)
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Substituting for A in equation (11) gives

V |4
i(t) =~ sin (0t = 6) + —sin (0)e /" (14)
= i[sin (wt — 6) + sin () e /"] (15)
Z

The final current equation can be written as

(wf) = [sm (wf — 0) + sin(0)e” “”/"”] (16)
To find B, substltute wt= [ in equation (16)
i(B)= [sm(B — ) + sin(B)e POT|=0 @7
Which reduces to

sin(B — 0) + sin (0)e P/*7 =0 (18)

To summarize, the current in the half-wave rectifier circuit
with RL load is expressed as:

10
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v
%[sin (wf — 0) + sin (0)e /7| for 0=wi=p
I(wf) = 4

0 for p=wt=2m

\

where Z=VR>+ (wl)*> 6= tan_l(%) and T =%

The dc component of the output current is
B
|
[ =— / i(wf) d(wt) (19)
2T
0

Or it can be found as
Vie = V—mfﬁ sinwtdwt = 22 (1 — cosp) (20)

dc 2w Y0 2T
lae = Ip = 52 (1 - cos) (21)

=1, =—F (1 —cos

dc (] Z‘H:R

The rms value of |, can be written as
2m B
1 ; 1 .
A e / i2(wf) d(ot) = - / i2(wf) dot) (22)
0 0

11
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Or it can be written as

(23)
Vrms = ﬁfﬂﬁ [v,,sin(wt)]|?dwt
V 2 1 (24)
. 27 B —5sin2f)
(25)
VTmS _ Vrms _ 1 V ’ 1

el A AN e A R R

Example: For the RL half-wave rectifier, R=100Q2, L=0.1 H,
w=377 rad/s, and Vm=100 V. Determine (a) an expression
for the current in this circuit, (b) the average current, (c) the
rms current, (d) the power absorbed by the RL load, and (e)
the power factor.

Solution:

12
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Z=[R* + (wL)]"> = 106.9Q
§ = tan”" '(wL/R) = 20.7° = 0.361 rad
ot = wl/R = 0.377 rad

@ o) = 0936 sin(or - 0361) + 0331 A for0<wr<p
sin(B — 0.361) + sin(0.361)e~F/0377 =

S is found to be 3.50 rad, or 201°

(b)
Vn 100
=1, ==—=(1-cosp) = 1 - c0s201) = 0.308 4
Ii, =1, ZnR(l cosf) 27{100( cos201) = 0.308
(c)

B 1 ~ 1
Irms - \/RZ n ((UL)Z AT (:8 _ESanﬁ)

__ L |100% oo 17y = 04894
= 1069 .| ax B>~ 357 =0.

(d)
13
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P, = L.,c“R = 0.4892 x 100 = 23.9121W

(©) P P 239121
P — ac — ac — - — 07
! S Vs, rms Is,rms 70.71 x 0.489

14



Single-Phase Full-Wave Rectifiers

We could use four diodes, as shown in Figurel (a). During
the positive half-cycle of the input voltage, the power is
supplied to the load through diodes D1 and D2. During the
negative cycle, diodes D3 and D4 conduct. The waveform
for the output voltage is shown in Figurel (b). The peak-
inverse voltage of a diode is only V. This circuit is known
as a bridge rectifier, and it is commonly used in

industrial applications.

i b i

_E_-f.r, Fa¥ )
¥s : H"l-l":' -": 1
LD, [D,

i, |
-

(a)Circuit diagram



(b) Waveforms
Figure (1) Full-wave bridge rectifier

The dc component of the output voltage is the average value,
and load current is the resistor voltage divided by resistance

2V

e = (1)

T

2V

I dc — (2)

TR

The rms value of the output voltage determined by:
Vm
Vo,rms = Vz (3)



The rms value of the output current determined by:

V
Io,rms — O';ms (4)

Power absorbed by the load resistor can be determined by:
Bpe = Io,rmszR (5)

Output DC power can be determined by:
Pyc = lac’R (6)

The efficiency can be determined by:

n =—%x100% (7)
The power factor can be determined by:

PF = —Tfac (8)

Vs,rmsls,rms

The ripple factor can be determined by:

Vo,rms2 _Vdc2
RF = Zec = | 9)

Vidc Vdc

Example:

For the circuit in Figure (1), the supply voltage has a peak
value of 250 V, and frequency of 50 Hz. If the load is R=100
Q,

a) determine the average load current, b) output DC power,
c) efficiency of rectification, d) ripple factor of output
voltage. e) calculate the power factor



Answer:
2V 2X250

Q) Ige = 22 = 222 = 1.5914

b)P;, = 1;.°R = 1.5192% x 100 = 253.302W

c)n=%x 100

Py = Io,rmszR
|4 250

I —_m _
o,rms R\/i 100\/5
P,. = 1.762 x 100 = 309.76W

= 1.76A

_ 253.302 X 100% = 81%
T="309.76 0= O

d) Ripple factor

2 2
\/ Vo,rms _Vdc

RF = = 0.483
Vac

e) Power factor

PF=—227° ___ (996

176.777%1.767



Three phase uncontrolled half wave rectifier with R load

Figure 1(a) and (b) illustrated the circuit and waveforms of three phase
uncontrolled half wave rectifier

The principle of operation of this convertor can be explained

as follows:

e The diode in a particular phase conducts during the period
when the voltage on that phase is higher than that on the
other two phases. For example: from 7/6 to 57/6, D1 has
a more positive voltage at its anode, in this period D2 and
D3 are off. The neutral wire provides a return path to the
load current.

e The conduction sequence is: D1, D2, D3

e |t is clear that, unlike the single-phase rectifier circuit,
the conduction angle of each diode is 27/3, instead of .

D1
& S
D2
D3

(@) Circuit of three phase uncontrolled half wave rectifier
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(b) Waveforms of three phase uncontrolled half wave rectifier
Figure (1) three phase uncontrolled half wave rectifier

Va=Vmsinwt, Vy = Vmsin(wt-47/6), V. = Vmsin(wt-8n/6)
1 5/6 3V 511'/6 V., start from 0
Vie =5— V., sinot dot = coswt Vb start from 120
b8 Z_H .L /6 it 271' [ ] ﬂ,'/ 6 V. start from 240
3V, ( 5T V3 V3 4—6” =120
:——cos——cos —_——(———-—

2 6 ZJI 2 2 8_6” — 240
33, S
= =0.827Vnm 6

m £ =30




Example: Three phase uncontrolled half wave rectifier. If the supply
phase voltage is 220 V and the resistance of the load is 100 €,
determine the DC load voltage and current.

ANS:

Vsrms=220V, R=100 {2

Vye = 0.827V,,
V,, = 2202 = 311.127V
Vye = 0.827 x 311.127 = 257.302V

L Vae 257.302 —
@~ r =~ 100 ~ °




