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Power Electronics Lecture No. 7

7. Single-phase Half — Controlled ( Semiconverter)

Rectifier

Fig. 7.1 (a) shows a single-phase half-controlled (semiconverter) rectifier. This
configuration 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 Dy is always activated (forward biased) whenever the load voltage
tends to be negative. For one total period of operation of this circuit, the
corresponding waveforms are shown in Fig. 7.1(b).
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The average value of the load voltage V¢ can be calculated as follows,

=_71;,]' a)t)dax——-IV sin (@ 1) doot
[+

Vg = -’%"-(1 + cos(a))

Therefore, the average output voltage can vary from 0 to V,,/r when varying a
from x to O respectively.

The average value of the load current Iy as follows,

V,m=‘/l”{ (@) dox = J [t sin @) a
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7.2 Three-phase controlled rectifier

1. Three- phase half — wave controlled rectifier (p = 3)

The Three- phase half — wave controlled rectifier is shown in Fig. 7.2 .As for
the half — wave 3-phase uncontrolled diode rectifier, the load is connected
between the converter positive terminal (cathodes of all thyristors) and the
supply neutral. The diode with the highest voltage w.r.t. the neutral conducts.
As the voltage of another diode becomes the highest, the load current is
transferred to that device, and the previously conducting device is reverse-
biased and naturally commutated. The waveforms for the supply voltage, output
voltage, and load current are shown in Fig.7.3 .

'}

T T T
R P
Supply Voltage
Von

=2

| n om

Vo s I-I? Load Voltage

Fig.7.2 Circuit. I\
|
0 1

3

n y !
I3 \J N ]\ 2n w
Note: | 30°+e  30°+a +1200l | ]
a is usually measured from ial | | || I
point P in Fig.7.3. | | | Load Current |
a
I I I
I |
0 | + : + i wt
. n 2n
o | !
at Thyristor current 1
|
u } ] wi
n Sn
—_— a Wit 2“
6 5 +a

Fig.7.3 Waveforms.


dell
Rectangle


Power Electronics Lecture No. 7

The average value of the output voltage V. can be found as:
Let vi,.= Vysin ot

Von = Vpsin(wt -2/ 3)

Ven = Visin( wt -4 7l 3)

The average value of the load voltage wave is

v 1 30°+a+120°V .  doot 3Vm [ t] 150° +a
== sinwt dwt = —— [—cosw
ae 2_7'[ 30°+a m 21 30°+ a

3V, 3V, V3 V3
— _ 1 o _ o — R

o [—(cos(150° + a) — cos(30° + a)] > [ < 2 o | cosa

3V3V,
= cosa
21

The load current 14 is:

| = 3V3.vm
d = 2nr

cosa

The operation of the 3 — phase half — wave rectifier with different values of o
is illustrated in Fig.7.4.1t can be seen that this converter can operate either as a
rectifier or as an inverter as

For 0°< a <90° . Rectifier
90°< g <180° ——— Inversion

Notes:

1. The mean output voltage is zero for o = % The converter is idle (no
output)

2. Negative average output voltage occurs when o > % :

3. Power inversion is possible, if a load with an e.m.f. to assist the current
flow.
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Fig.7.4 Output voltage waveform of the 3-phase half-wave rectifier for different
values of firing angle a. Case of R-L load.
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General Selutvan o,( P-pPulse
Half - wave Contvull ed Rectifrer

For p-pulse (or p-phase ,v'e 3-phase , €-phare , 12- phase
. ete ) ﬁal{dﬂave vectifrer Civcwmy, aaenera‘ fornmlo«

Cap be obtained as Fcllaws:
It Ra¢ been found usefull for lealatron to express
't\ae Q.c. Jeltages on thhe 4 ristor Sfc‘e by cosine f’uncﬁons

‘o QVO(‘JQ —t-(,\e Mmystake. n —r‘\e Po(an’j) 580 . H(ﬂ(‘e;

TVan = Vm Cos(we +l§é')
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Von = Vm Cos(wt-120)
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Or
e sin =
v, F P
Vie =— J.cos ot dot =V, P cosa
2P -

-—+a
P

3
P

For a 3-phase, half-wave circuit, p= 3, hence

Vie =V, 3COSa=—ZCOSa=mCOSa
w13 w3 2r

The diode conduction angle is %”—a.

2. Three- phase full — wave fully - controlled rectifier (p = 6)

The circuit configuration of the three- phase full — wave controlled rectifier is
shown in Fig.7.5. In this circuit, the thyristor which has the most positive
voltage at its anode conducts when triggered, and the thyristor with the most
negative voltage at its cathode returns the load current, if triggered. The
waveforms are shown in Fig. 7.6.

o Commutation of the load current from one thyristor to the next occurs at
the firing instant, when the incoming thyristor reverse biases the
previously conducting thyristor.

e The output dc voltage waveform is determined by the difference of
potentials of the positive and negative rails.
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Fig.7.5 Three-phase, fully- controlled bridge converter circuit.
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Fig. 7.6 Waveforms

Assuming continuous conduction, the average dc output voltage can be
evaluated from the general p-phase formula:

LI . T
V p SIn —
=—" [cosat dat =V, — P cosa
2P Vs
—+a P
Here p=6, Vnu =\3V,, where V,, ;= maximum line — to —line voltage,
Vi = maximum line —to-neutral voltage. Hence
. T
V ke sin —
Vg =v3="— [cos ot dat =3V, 6 cosa
2716 - i
—Eﬂx 6

343

Ve =—V,, COsa
T

This converter operates in quadrants 1 and 4, developing both positive and
negative polarity dc output voltage. For firing angles, 0” <a < 90° the converter
operates in quadrant 1 (giving positive output power, i.e., rectifier operation)
and for 9p° < & < 180 , the operation is in quadrant 4 (giving negative output
power, i.e., inverter operation). Operation in quadrant 4 is of course possible
only when the load includes an active dc source, able to source power into the
ac supply circuit. See Fig.7.7.

Vi
Fig. 7.7 Operating quadrants of the
3-phase Fully-C controlled converter
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3. Three- phase full — wave , Half -controlled rectifier

This converter is shown in Fig.7.8. It consists of three thyristors and three
diodes with freewheeling diode across the load. It gives positive voltage and
positive current only (not regenerative converter) i.e, it operates in the first

quadrant only (Fig.7.9).

3-phase T

system &

D1$ D2$ D3¥

Vde

Idc

| oad

Fig.7.8
The output voltage is given by:
343
V,, = —IVm (1+cosa)
2w

Vy

Fig.7.9
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2

EXGW\P‘ﬁ 1: A 3 -phase Full-wave I:,LH& Contwulled recefrer
Svpplyg a 'Ewakb nductive load tirth R=loS2. The
SUPP\? s a 3‘l°(°”“ce - Ccmnec.feJ with 208 mm.S.

Calevlate

(0*) The [ca-c/ Cuvrert+ chen 7%6 Fa‘hhj anﬂfe « = 4o,
(b) The Power dlifdﬂ}f) ffom -/—ZUL SUFP/J‘ .
(¢) TF the Current vedue Kept at (@) and X CA“H&H

to /,’350, Calewl ate the power returned +o
‘f.’tlf S’UPP{O\( R
Salution
@ For = 20
Vo, :M: [€9.83 V (per quorse)
V3
Vie = BVT Yt o o = BOEKIAE o 45 = 21548V
K
Tgo= Ve | 2518 5 518 -
T Rr_ o

Cb) ThHe power drawnr fmm the source = the powier
c‘fl"ssa'Pa\-cJ at HﬂL resisiance of ﬂw_ load

Po=B = Ve Tole = 21518X 21518 = 4650.25 W

() For o =135° | lozTdde= 21-518A

\ T p
Vi = 3V Vi cpepzs o 3V KIETE5 opg (135)
ClC. — —T'___—‘ = —

— — 198.625
® Fower veturn to -Hrua Seurce !

oSO

\ -
Po Vg Tde = —198:-625X21.51%
— _2q45 183 W.
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3
E)(ample 2« Lf the covgerter in CXamlsle i Feffmcea)
lo& ol - wave \f\mlfl~con’rroﬂec/f Convertec, Calculate .

@) Vee  ¢ohen o= s (&) The valae of X
(‘0) ,VOIC chen o< :7'50 to cbian Ldc= §A.

(C) \/dc edhen o = 135°
(C“ M escimum value 0(7(' Vid e

SC)’UL'H‘(S n .

(a)
Vde = igzj;g_ (1+ Cosx)

For o = 450
\( . = 3VEXI61-83(pcosas’) = 239.76\ -
de = 2 T
(b) For o = 75" o \/
Vo, = 2EXEAES (s 75y = 1768
2_7¢
s}
(0) For ot =135

[¢]
3vz X169-95 Cos!?b”) — 4136V
VC&Q = s (l-f
2.77¢C

-1

(J) Mo . Vo{%frug& Qufput s cohern o< =0

Vde = w((+ Cosc:) = Z2g80.8\ .
- e

, Lo\
(e) I'JC: V}OQ(C. sl £ A Gr VO,C’: éR—éXlO-éO

60:1@_@&‘1& (J»f'Coso()
27T

From COL\\(:LL o = 529 .

T
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