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This paper presents smple and accurate formula for cdculating a conduction angle of singlephase hdf-wave or
full-wave rectifirs with RL load. The formula can aso be used in case of ac. voltage regulators under
discontinuous current conduction mode. This study aso compares the results with that obtained by the exact
solution method. This method reduces the computationa time in both the computer-aided design and manud

classroom andlysis.

I ntroduction

In  power electronics applications it is often
necessry to condder a load condging of a resgive
load in series with an inductive load. The inductor in
this cae will serve as a filter representing high
sries impedance to the dternaing harmonic
component in the rectifier output. The inductor may
adso be used as dorage magnetic energy when the
current is above the average value and rdeasing that
energy to the load when the current tends to fal
below the average, thus reducing theripple.

Figure 1 shows a common power dectronic circuit, a
dngle phese hdf-wave controlled rectifier with RL
load. The waveforms of the output voltage and
current (v,) and (i) are represented in Figure 2. The
circuit  differentidd  eguation for the conducting
interval by neglecting the voltage drop aross the
thyristor can be written as;
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Figure 1, A dngle phase hdf-wave controlled
rectifier with RL load
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Figure 2. Wavefrms of output Voltage (v,) and
Current (i) of Figure 1.

Solving equation (1) using the differential equation;
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Where |Z| is a magnitude of the load impedance

and is equd to (\/R*+(wl)?), f be a load

agle (taq'lWIA),ais a firing angle, and V,, is a
supply pesk voltage.

It is will known that equation (2) is dso valid for the
caxe of a sngle phase fullwave rectifir and a ac.
sngle phase voltage regulator with RL load under
discontinuous  current mode of operation

@>f)[1-9.

From equation (2) it can be seen that the current is
exiging between the fiing angle (a) and the

Thyristor



exctation angle (b). This dso can be seen in Figure
2. Nevethdess, in order to cdculae the
performance parameters of the circuits, i.e, output
rms value, average output power, €tc, it is necessary
to know the vaue of the extinction angle (b).
Accordingly, (b)can be found from the solution of

equation () when i, (t) =0 at wt=b;

Rib-a)

sn(b-f)-sna-f)e" =0 @

Hence, the conduction angle (d) is defined as the
period a which the power eectronic device is
conducting,

d=b-a (@)

Therefore, subgtituting (4 ) into (3) give,

R

dn(d+a-f)-sn(a-f)e" =00

It can be seen from (5) that it is non-liner and the
iteration needed for solving for (d) it is time
consuming. A family of curves for cdculaing the
conduction angle (d) can be used to overcome this
difficulty [45]. However, these curves ae not
providing all possible vaues of §) and are not being
eadly usdble in direct computations. Therefor, the
objective of this paper is to devdop a formula
which can be accurate in cdculating the above
conduction ange (d) under discontinuous
conduction mode.

Formula Development

In generd, for a purely inductive load, f = 900, the
conduction angle(d) can befound from [1-5].

d f=90° 2(p-a) ©

Nevertheless, with resigive load, f = 0O, the
conduction angle(d) can be found from [1-5].

d,_.=p-a @)
Consequently, it can be seen from (6) and (7) that dl
the conduction characterigtics lie in the (d) versus
(@) plane, (between the two linear boundaries). It is
proposed that an approximate vaue of the

conduction angle (d) can be found from the smple
relationship [5]:

d=p +f - D-a ®

Where, range of change of A for different load
resganceisgivenin Table 1.

Tablel
A in degree .
From To Load resstance (R)
5 10 > Ul
10 15 @il
15 20 <ul

Using equation (8) with the possible values of Dand
by using tools provided by Matlab (curve fitting)
[6,7], the following formula has been obtained:

d=3.342+f (0.8- 0.08f)- a(0.9- 0.09a) (9)

To veify the vdidity of the obtained formula, the
exact vaues of the conduction angle are computed
from the nortlineer equation (5), by using a Newton
Rapason iteration method and compared with that
obtained from equation (9). The vaues of the
conduction angle are computed from both equation
(8) and (9), for different vaues of load angles (f =
30, 45, 60 and 75 degree) & shown in Figures 36. It
can be seen from figures that, the obtained formula
smulates the conduction angle with a reasonable
accurecy. Furthermore, detected that the percentage
error is minimum (<3%) in most cases of load angle
(f). However, the maximum percentage of error
can be obtaned a highly inductive load, which is
less than 8%. In other words, finetuning of the
obtained formula can reduce thiserror.

Figure 3: Comparison Between Methods for f=30
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Figure 4: Comparison Between Methods for f =45
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Figure 5: Comparison Between Methods for f =60
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Figure 6: Comparison Between Methods for f =75

Conclusions

A smple and accurate formula has been obtained for
cdculaing a conduction angle for a snglephase
hadf-wave and full-wave rectifie's and ac. voltage
regulators under discontinuous current  conduction
mode with RL load. The accuracy of the developed
formula has been verified by compaing the result
obtained from the exact iteration solution with that
obtaned by the developed formula This formula
reduces the computationd time and aso reduces
time for manua classroom calculation.
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