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Single Phase Controlled Half Wave Rectifier

Resistive Load + Veep —
N~
» Away to control the output of a half- V“? i
wave rectifier is to use an SCR1 ’ = ’ *
instead of a diode V5= Vm Sin(¥) C@ o R g
. Control
» Two conditions must be met before

the SCR can conduct: (a)

1. The SCR must be forward-biased

(Vscr > 0). 1 | |
2. A current must be applied to the V\ A

gate of the SCR. \/ \/mx

» The SCR will not begin to conduct as -
soon as the source becomes positive. | = |/r\
Conduction is delayed until a gate g
current is applied, which is the basis

for using the SCR as a means of "ﬁ*'“/\

control. Once the SCR is conducting, .

the gate current can be removed and \/
the SCR remains on until the (b)
current goes to zero.
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Single Phase Controlled Half Wave Rectifier

Resistive Load

» If a gate signal is applied to the SCR at wt=a, where a is the delay (firing or
triggering) angle. The average (dc) voltage across the load resistor and the
average (dc) current are

1 Von
V.=V, = %[ V,, sin (wt) d(wt) = Py (1 + cos o)

Vdc Vi,
l;. = 1
de ® = R (1 + cosa)

» The rmsvoltage across the resistor and the rmscurrent are computed from

2T
Vrms=\/ - f vo(w)d(wt) = \/ / [V, sin(wf)? d(of) = V\/ _a, sinQa)
21 . -
0

v, [1 sin2a I Vims V|1 sin2o
V;ms:? E(R_OH- 5 ) rms = Tp T 5p —(T[—O(+ > )
14 2
» The power absorbed by the resistor is P, = 7‘7;5
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Single Phase Controlled Half Wave Rectifier

Resistive Load

Example: The single-phase half wave rectifier has a purely resistive load of R
and the delay angle is a=n/2, determine: V., Lic, Vims, Irms-

Vin T
Vi = E(l + cos E) = 0.1592V,,
Vi 1 Vin
Idc = F(l + COSE) = 01592F

V, |1 T sm(27
Vrms = 7 E(T[ —E+ 5 ) = 03536Vm

. Tt
. Vo, |1 n sin(Z>) 03536 Vi
= — |— — =+ = 0. -




Single Phase Controlled Half Wave Rectifier

Resistive Load

Example: Design a circuit to produce an average voltage of 40V across a 1002
load resistor from a 120V, 60-Hz ac source. Determine the power absorbed
by the resistance and the power factor.

v, 27T
V,.=—=(+ cos {0 — cos~! V(—)—l]
ac 211_( Ol) o COS [0 Kn
—cos_l{40[ 2 ]—1}—6120—1o7rad
V2(120) ‘ ‘
Ve Y [; _ @ SIN2)
) 2

\/5(120)\/1 _ 107 N sin [2(1.07)]
2 ("

rms - =756V
Py = Vims _ (15.6) _ 57.1W
R~ Rr = 100 "
V 756 S = Vi rmslrms = 120 X 0.756 = 90.72 VA
Lrms = rgzs = 100 = 0.7564 s,rmsirms
f=PR _ 27 629
P/ =% 9072~ "
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Single Phase Controlled Half Wave Rectifier

RL Load

+VS(‘R_
The current is the sum of the forced and natural responses. — "o * N
V * g"}g
i(wf) = ifwf) + i, (0f) = sin (ot — 0) + de” @77 |
(wr) = ifwt) + i)(wh) =~ sin(wf = 6) @ .-
The constant A is determined from the initial condition wt=«a - :
i(a)=0: . %_f‘
: Vi . _
z(a)=0=;sm(a — 0) + de /o (a)
[ v, )] / |
A=|——"sin(a — 0) | e*/*" (2
2 . o ! a/ R\E /27: 2+ ‘\ o
Substituting for A and simplifying, "N \1/
v,
i[sin (wf — 0) — sin(a — B)e(“*“”)/"”} fora =wr =p ’
iwn =14 % . %33 , g

0 otherwise \ B e \J

The extinction angle B is defined as the angle | ﬂ

at which the current returns to zero, as in the  o/—"— T BT ot
case of the uncontrolled rectifier. When wt=p " L /
i(B)=0= %[sin(ﬁ — ) — sin(a — §)e@P/o] —
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Single Phase Controlled Half Wave Rectifier

RL Load

The above equation must be solved numerically for 8. The angle (B-a) is called the
conduction angle Y.

The average (dc) output voltage is
1 . Vn
V.=V, = —/Vm sin (wf)d(wt) = — (cos a — cos B)
27T 27T

The average (dc) output voltage is

B |75
1 [ — ] =_m _
I =1, =EZz(u)t)d(wr) or lo =5 (cosa — cosf)
The rmscurrent is computed from \/ — 2(wf)d(u)r)

Or it can be written as

2

B
V—le'tZdt—Vm L 5in2B + = sin2
rms = |5 (Vpsinwt)* dwt = 471(’8 a Zsm,B > Sin a)
a

|4 |4 1 Vi 1 1
Lps = —= = L = (ﬁ —a—=sin2f += sta)
Z R2 + (wL)?2  /R? + (wL)? 2
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Single Phase Controlled Half Wave Rectifier

RL Load

Example: For the circuit of controlled half-wave rectifier with' RL Load, the
source is 120V, at 60 Hz, R=20Q, L=0.04H, and the -delay angle is 45°.
Determine (a) an expression for i(wt), (b) the rms current, (c) the power
absorbed by the load, and (d) the power factor.

(@)
v, =120V2 = 169.7V

Z = [R* + (wl)?]5 = [207 + (377*0.04)2]°5 = 25.0 Q
0 = tan '(wL/R) = tan"(377*0.04)/20) = 0.646 rad
©T = oL/R = 377*0.04/20 = 0.754

a = 45° = (.785 rad

i(wf) = 6.78 sin (ot — 0.646) — 2.67e~ /075 A fora=of =B

(b) o
2
N / 6.78 sin (o — 0.646) — 2.67¢ 775 d(wr) = 3.26 A

2T
0.785

P=12 R=(3.267%20)=213W

© p 213
pf: — = = (.
S (120)(3.26)

Dr. Firas Obeldat 2




Single Phase Controlled Full Wave Rectifier

» The first figure shows a fully controlled bridge n p _a
rectifier, which uses four thyristors to control fgﬁa}n a} r, A
the average load voltage. _

tirs
Vg I:J Load

» Thyristors T, and T, must be fired e
simultaneously during the positive half wave of A
the source voltage v, to allow conduction of ?n ‘f T,
current. To ensure simultaneous firing, -
thyristors T, and T, use the same firing signal.

» Alternatively, thyristors T, and T, must be

IT4

fired simultaneously during the negative half [EI
wave of the source voltage. o] [o VR
- vy T
» For the center-tapped transformer rectifier, 7, AV ‘
Is forward-biased when v, is positive, and 7 is
forward-biased when v, is negative, but each I

will not conduct until it receives a gate signal.

» The delay angle is the angle interval between the forward biasing of the SCR
and the gate signal application. If the delay angle is zero, the rectifiers behave
exactly as uncontrolled rectifiers with diodes.

TA
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Single Phase Controlled Full Wave Rectifier

Resistive Load

The average component of the output voltage
and current waveforms are determined from

(s

1 Vn
V.=V, = ;/Vm sin (w?) d(wt) = ?(l + cos o)

%4 /A
I, = % = ﬁ(l + cosa)
The rms component of the output voltage and

current waveforms are determined from

1 [ 5 _ 1 sin(2a)
Vims = gf(V sinwt)?dwt = m |55 _|_ o
a
The rms
I Vims Vm\/l a +sin(2a) f[?rllll’l’ent i_n
—Tp T p |5~ e source is
- \ Rz 2m 4 the same as

The power delivered to the load is | the rms
current 1

p — IrmszR the load.
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Single Phase Controlled Full Wave Rectifier

Resistive Load

Example: The full-wave controlled bridge rectifier has an ac input of 120V, at
60 Hz and a 20Q load resistor. The delay angle is 40°. Determine the average
current in the load, the power absorbed by the load, and the source voltamperes.

v,
V=" (1 + cos a)= \[2(120) (l + cos40°) =954V
(o 1T
Ve 95.6
™ R T 20 77

- V2(120) \/ % B 0.2698 . sin[200698)] _ ¢ o0 o
v

I =
rms 20 A

P=12,R=(580)(20)=673W
The rms current in the source is also 5.80 A, and the apparent power of the source is

S = Vi Lne = (120)(5.80) = 696 VA

12



Single Phase Controlled Full Wave Rectifier

RL Load, Discontinuous Current

Load current for a controlled full-wave v
rectifier with an AL load (fig. a) can be Bp % §R

either continuous or discontinuous. el
m* \__/

(a)

» For discontinuous current

1- at wt=0 with zero load current, SCRs T, and T, in the bridge rectifier will be
forward-biased and T, and T, will be reverse-biased as the source voltage becomes
positive.

2- Gate signals are applied to T, and T, at wt=a, turning T, and T, on. With T, and
T, on, the load voltage is equal to the source voltage.

The output current can be given as

;
iofwr) =~ [sin (wr — 8) —sin (@ — 8) e @7 for @ =wr =B

L L
Z=VR*+(ol} 0= tan_l(%) and 7=

Dr. Firas Obeida N\




Single Phase Controlled Full Wave Rectifier

RL Load, Discontinuous Current

The above current function becomes zero i
at wt=p. If , the current remains at zero o /\ /\

until wt=m+a when gate signals are A npmra o
applied to T, and T, which are then
forward-biased and begin to conduct.
This mode of operation is called 0
discontinuous currentas shown in fig. b.

= >
et
g

B<n+a  — Discontinuous current

(b)

Analysis of the controlled full-wave rectifier operating in the discontinuous
current mode is identical to that of the controlled half-wave rectifier except that
the period for the output current is m rather than 2 rad.




Single Phase Controlled Full Wave Rectifier

RL Load, Discontinuous Current

The average (dc) output voltage is

B
1 _ Vin
Vic = ;j V. sinwt dtwt = — (cosa — cosf)
a

The average (dc) output current is

L f AL I Y 8)
I =1, =E1i(wt)d(u)t) or dc — R R cosa — cos

The rmsvoltage is computed from

B 2
Vs = lf(V sinwt)? dwt = Vl(ﬁ —a —lsinZ,B + lsinZoc)
s g ) T ~ 2 2 2
o

B
The rmscurrent is computed from , _ \/2:1 / i(of)d(wt)

«

Or it can be written as

A v, 1 V> 1 1
Lps = —= = L = (B —a—=sin2p + = sin2a)
Z R+ (wL)? /R%+ (wL)? 2 2

15
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Single Phase Controlled Full Wave Rectifier

RL Load, Discontinuous Current

Example: A controlled full-wave bridge rectifier has a source of 120V, at 60Hz,
R=10Q, L=20mH, and a=60°. Determine (a) an expression for load current, (b)
the average load current, and (c) the power absorbed by the load.

L 377)(0.02
o= 120 ~ 1697V o = tan_l(m—) = tan_{w} = 0.646 rad
m \/5 R 10
Z=VR + (Ll = V102 + [GT0.02)P =125 Q . = 2L _G7N002) _ ., .

R 10
a = 60° = 1.047 rad

i(wf) = 13.6sin (of — 0.646) — 21.2¢ /04 A fora = ot =B
Solving i (B) = 0 numerically for B, B = 3.78 rad (216°). Since m + a = 4.19 > 3,

the current is dlscnntmunus and the above expression for current is valid.

(a)

(b) _ 169.7
— z(u)z‘)d(u)t) =— (cosa — cosf) = (cos60 — cos216) = 7.07A
(c)
1 V” 1 1
Fhs = m\/ (f—a-— Est,B + —sin2a)

rms 135 2

@ p=1,R=882x10=7744W

1 \/1697 (3.78 — 1.047 — —sm(z X 216) + = sm(Z X 60)) =8.8A

16
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Single Phase Controlled Full Wave Rectifier

RL Load, Continuous Current

> If the load current is still positive at 1 1
wt=n+a when gate signals are - e o
applied to T; and T, in the above
analysis, T, and T, are turned ON
and T, and T, are forced OFF. o ‘
21 ot

» The initial condition for current in T
the second half-cycle is not zero. / \ \/ \

In continuous current wt=n+a . The

current at wt=r+o. must be greater
than zero for continuous-current

operation.
i(m+a)=0

sin(m + o — ) —sin(w + o — 0) e ("TeT W/t =

Using
sin(m+ o — 0) =sin(6 — a)
sin(8 — «) (1 — e @o7) =0

17

D, Obela \




Single Phase Controlled Full Wave Rectifier

RL Load, Continuous Current

Solving for a a =0

Using 0 = tan“(

a < tan1 (—) —  Continuous current

The average (dc) output voltage and current are

T+a

1 2Vm V 2V
Vic =— j UV sinwt dtwt = — cosa [, = dc _ 2'm cosal
) m 7 R " mR

The rms voltage and current are computed
from

1 T+
Vs = ;j- (V,sinwt)? dwt =
o

Vin
V2

Vrms I/7"‘I”I’LS

Vin
Z T R+l V2R + (@l

18
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Single Phase Controlled Full Wave Rectifier

Highly Inductive Load, L>>R

» The behavior of the fully controlled
rectifier with resistive-inductive
load (with highly inductive load) is
shown in the figure. The high-load

inductance generates a perfectly |

filtered current and the rectifier T,

behaves like a current source. With | ;. ,-g;’“ o | | | >0
- . gl’ ' i \ :

continuous load current, thyristors | o} 3 A | ¢

T, and T, remain in the ON-state igj.ig‘T | | | |

beyond the positive half-wave of the o—| \ L o

the load voltage can have a negative

Instantaneous value. 0 } : : » (0t

> The firing of thyristors T, and T, | kb4 | | |
has two effects:

1) They turn off thyristors T, and T,.

i) After the commutation they i 4

conduct the load current.

source voltage v. For this reason, in,in]

P~ Dr Firas Obeicat >



Single Phase Controlled Full Wave Rectifier

Highly Inductive Load, L>>R

The average (dc) output voltage and current are

m+a

1 2V,
Vie =— f Vpsinwt dtwt = —cosa Iy, = Vac = 2V cosa
) T 2 R TR

The rms voltage and current are computed
from

m+a
V., .= 1 j V. sinwt)2 dot = Vm

(04

lrms = lgc = I

Example: A controlled full-wave bridge rectifier has a source of 120V, at 60Hz,
R=10Q, L=100mH, and a=60°. Determine (a) Verify that the load current is
continuous. (b) the average load current, and (c) the power absorbed by the load.

tan_](%) = tan_IIW] = 75°

a = 60° < 75° .". continuous current
20
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Single-Phase Bridge Half-Controlled Rectifier

» The rectifier shown in the figure consists of a
combination of thyristors and diodes and used to
eliminate any negative voltage occurrence at the load
terminals. This is because the diode D.y is always
activated (forward biased) whenever the load voltage
tends to be negative. For one total period of operation
of this circuit.

The average (dc) voltage across the load and the average (dc)
current are
Vs
1 . Vm
Vac = —J Vi sinwt dwt = — (1 + cosa)
T i
a

Vdc Vm
I = — = — 1
de R R (1 + cosa)

The rms component of the output voltage and current waveforms
are determined from

.0

1 1 in(2a)

, a sinQa :
Vims = ;j(Vmsmwt)zdwt = Vm\/z o + y= { i E -
g 0} | 1l =%y | L 7%
. 725 1,
R Vims _Vm (1 a  sin(2a) Of I =Ta 1] i o
rms — — 5 |5 h | iy ) T
R R |2 2m 4t ) T m [

The power delivered to the load is p = IrmszR

Obela \
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