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Abstract

This paper is concerned with the study of improving the faults of phase control scheme

and suggesting a new approach to the control of load circuit with AC source. AC current

control can restrict the magnitude of current within the given upper and lower current

and make current continuous during every cycle.

Also the harmonic contents of current can be greatly reduced using this control scheme.

Analog computer and digital computer simulations reveal that the current control scheme

is superior to the phase control scheme in controiling the power supply to the load R-L.

Experimental results demonstrate the feasibility and verify the operation of current

controlled system.

1. Introduction'®%*®

Of the control scheme using thyristor switches,
phase control is commonly used for the voitage
control of load circuit and the output power can
be controlled easily as advancing or retarding
the firing angle. The phase control scheme has
the disadvantages as follows:

1) In R-L load, as the firing angle must be
given in the range greater than the phase angle
of load, the control range becomes reduced.

2) The load current is always discontinuous
under any load condition.

3) The ratio of the peak to the rms value of
current is increased in the system of low load
impedance, for the conduction angle becomes
decreased as the firing angle increases.

4) Also, as the harmonic contents of load
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current increase with the firing angle, the curr-
ent ratio (K., defined in Eq.(20)) decreases and
the output waveflorm worsens i.e., the the disto-
rtion factor (K4 defined in Eq.(21)) becomes
greater.

To improve the above faults, AC current control
scheme for R-L load system is suggested here. In
AC current control scheme, the lead current can
be operated in the continuous mode and the har-
monic contents of the load current can be con-
trolled using the limit currents of sine wave.
Digital computaticn, analog computer and the
experimenial set-up are made to demonstrate and

to analvze AC current controlled system.

1. AC Current Centrel Scheme

AC current control scheme 1s represented as
the multiple ON-OFF control during each cycle
of the source. The load current is sensed through
the current sensor and compared with the upper

and lower limit current of the comparator circuit
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and then the load system is coutrolled by the of
ON-OFF signals generated from the comparator. ——"{>F'~*ijj-—

Fig. 1-a, b shows power circuit and the block _E‘b_: ¢ T o
diagram of the control circuit of this control AT 1 R Dl» !
scheme for R-L load. And the output waveforms [ ’
are given in Fig. 1-c.

A. Operation
AC current control scheme is described by the

following two modes, one mode which the load

current rises to the upper limit 7y and the other

which the current falls to the lower limit 7p. (2) Power clroult

The basic operation of this scheme is the same

as that of Jones chopper circuit.® —
From 1
1) Mode I or v——EvJ—« OCHPARATOR
Interval a of Fig. 1-c is represented as one of L
these modes. As the ON signal turns on the th- { J
yristor T4/, the load is connected to the source iy ig

O signal

- OFP gignal.

and load current rises.
At the same time, the commutating capacitor C, (v} Contrsl clrcult

is charged by the autotransformer AT to turn

off T,f at the next mode. When the load current v

reaches the upper limit 7;, the OFF signal is

generated from the comparator.

By the OFF sgnal, the auxiliary T,* is turned o \ — wi

on.
From this time turned off the main thyristor,
the Mode II is started. o
2 Mode I ' B

Interval & of Fig. 1-c is shown as one of these

OFF

modes. l l ﬂ ﬁ 8 B ot
When the OFF signal turns on the auxiliary

thyristor 74, the energy charged in C, is dis-
charged and so load current begins to decay
through the free wheeling thyristor 7T,°. If the
diodes are used as the free wheeling path, then o

SN,
circuit is shorted through diodes because of the & RS R K\Ju U ’//z.r

polarity of the source. As the load current falls

Vo

rorde
VIO

below the lower 7;, the load is reconnected to 104

the source and the load current rises again. Also

the operation returns to the Mode I again. In o yan

negative cycle of source, these operations are the ‘V aba b W i
same. t

While repeating the above operations, AC cu-

Out W, by 8
rrent control scheme uses both the forced com- (c) Output waveform

mutation and the natural commutation to turn Fig. 1. AC current controlled system:
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-off the thyristors. In the Mode II, the forced
commutation is used to turn off the main thy-
ristors and at the beginning of the Mode I the
free wheeling thyristors are commutated by the
polarity of the source, when the main thyristor
is ON again. In AC current control scheme, the
upper and lower limit currents of the comparator
are given in the following forms:

fy==Iyy sin{zct—8g) (D

ip=Iy sin(wé—0z) (2)

AC current control has the characteristic of
forming the limit currents as the sine wave and
this becomes the key-point to improve the system
performance better than thatof the phase control.

B. Derivation of the EQS. for Each Mode

1) Mode I (o;=<wt=3;)

For each cycle, the operation of Mode I repeats
succeedingly until the polarity of the source
changes.

At wi=a,, the load is connected to the source
and the load current begins to rise from the value
of the lower limit 7. The Eq. of this Mode is
as follows:

V. sin wt:‘L%f—-i—Ria (3
Laplace transform on both sides of Eq. (1) gives
(Ve wV,/L I0) )
W)= R T T SERD @

where I(0) 1s the initial value of current.
Taking the inverse Laplace transform of Eq.(2),

'L J 3 _R_we
ity Ve T ()
V. . o, wlL
+ \/,R‘zmr Sm(wt— tan™? R )

(5)
At wt=a;, as the load current arrives at the
lower limit Zy,
io(“f)ziL(ai) (6)
From Eq. (5) and (6), the initial value 7(0)
can be obtained as:

R_q, I
1Oy =irla) e — L Ve

REwiL?
R«
— Vm Twp !
/R*+w?L?
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. sin(a;-—tan“ %) (D]

Substituting the Eq. of initial value from Eq.
(7) in Eq. (5), the instantaneous load current of
Mode I is derived as:

; Vi . wlL
Zo(wt)=—\/——1‘{2——‘;;z—LTsm(wt— tan™ — 5 )
R wt-g.

Tigla)e 8 T Vo

~v R wil?

R t-q,
sin(a.—tan‘l__wL.. e A
:
R

&

Also the load voltage is given by:

vo(wt)=V,, sin wt €]

2) Mode II (fis=wi=a;4)

When the load current reaches the upper limit
7y, the load is disconnected from the source and
the load current decays through the free wheel-
ing path. The Eq. of the Mode Il is derived as
follows:

0=L %0 L Rs, o)
241

At wi=3;, as the load current expressed by Eq.
(8) arrives at the the upper limit, the initial
value I(0) of Mode II is given by:

I(0)=io{3:)=2.(8.) (11)

From Eq. (10) and (11), Egs. of the load curr-

ent and voltage can be obtained as:

R (wi.j,
io(wt):i,‘(&-) g‘T)T( -3 (19)

volwt)=0 (13)
The Eqgs. of the load current and voltage

derived in each Mode are used to analyze the AC
current control scheme by digital computations.

II. Digital Computations

Based on the above Egs., digital computer is
used to obtain a theoretical description of the
system performance and the flow chart is given
in Fig. 2. The output current and voltage wa-
veforms obtained from the digital computer are in
Fig. 3-a. Also the rms value, the harmonic con-
tents and the distortion factor of load current
are computed digitally in each case of 7pr=0.1~
0.6 pu (per unit; here, 1 pu=2.93A).
A. RMS Value of Load Current
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TFig. 4 shows the changes of rms values to
various lower limit 7, for each case of ipp=0.1~
0.6 pu. It can be found that the load current is
increased as 7; is increased and 7pr i1s increased in
a fixed 7. Also as the upper limit ¢, is increased,
the rms value is increased and the control range
becomes wider.

B. Current Ratio

To investigate the harmonic contents of load
current, the load current can be described by the

Fourier series.

fc(w:)Z?.;;(dn sin awt+b, cos nwi) (34)

where a,= ijﬂz'o(wt)sin nwt dwt (13)
T Je
3
=72—[J\0[o(wt) sin nwt dwf
i1 al

~[ Vit sin wwt duts] (16)
and

o -
bnzif Zo(zct) cos nwt duwt 17
.2

0
2 fo. .
=_,~[J‘ iolwt) cos nwt duwit
7 LJao
+f:1io(z;'!) cos nwt diwt+--| (18)
4 -
The rms value of the n-th harmonic is then
given by:
_ 1 —e
In——j';z— I (19)
From the above Egs., the current ratic K.. is
defined as:
I, I

: _ . R
NP LR T NDLE (20)

K:1=

Here the rms value of the 7-th harmonic is
considered in computing digitally. From Fig. 5,
as the lower limit 7; 1is increased in a constant
ipr and as 7pr is decreased, the harmonic content
of load current is reduced and the current ratio
approaches to about unity. Therefore it can be
known that there are included little harmonic
contents in the load current.

C. Distortion Factor

When AC current control scheme wused, the
various values of the distortion factor are shown
in Fig. 6 and the distortion factor K; can be
defined as follows:

Ke=EEoL @)
Ay

From Fig. 6, it
decreased and 7y is increased in a constant value

can be found that as 7pr is

of #or, K4 is decreased and the output current

waveform becomes close to the sine warre.

]

yves
Calculate RIS valae,
2
i

current ratio an
distortion facteor off

the load current

Fig. 2. Flow chart of AC current controlied system

———— ;‘; wt

Fig. 3. Output waveforms obtained from digital
computer

(y=0.65 pu, 7.=0.35 pu, 7,==0.52 pu)
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RMS 4
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c.h

0,21
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i) Zpp=0. 1pu ii) ipp=0.2Zpu
iii} 7pp=0. 3pu iv) ipp=0.4dpu
v) 7pr=0.5pu vi) ipp=0.6pu

Fig. 4. RMS value of load current
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Fig. 5. Current ratio of load current
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v} ipp=0. 5pu vi) ipr=0.6pu

Fig. 6. Distortion factor of load current
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IV. Experimental Results

A. Analog Computer Set-Up

AC current controlled system is simulated on
analog computer by the following Eq. from Eq.
3.

dl’n — Vm . _ R -
—d—t———-Tsm wit I tq 22)

A 60Hz sine wave oscillator is used as an an-
alog for the AC source. The multiplicator is used

_asan analog for thyristor switch and the control
" logic signal from OR gate as the analog of the

gating signals. Also the phase shifter is used to
control the upper and lower limit currents close
to the phase angle. With AND operation of the
Z.C. output and F/F output, ON, is supplied
only at the positive cycle and ON, is only at the
negative cycle of source to the multiplicator. The
complete analog computer simulation of AC
current controlled system is given in Fig. 7. Fig.
8 shows the results from analog computer set-up.
that the load
current can be made continuous and the harmonic

The analog simulation reveals
contents can be controlled by changing the upper
and lower limit current.

B. Experimental Set-Up

The circuits of Fig. 1-a, b are used as the
experimental set-up to demonstrate the feasibility
of the AC current controlled system. The load
current is sensed through the current sensor CT
and it is amplified by the AMP and the two

[_——_‘ v o= & ;;i:x
f*cv
osgillatoer

1 V)“te(‘;,o" '
[ e
(T2 negative

H-«f o

Fig. 7. Analog computer set-up of the AC current
controlled system
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= 0.8 pu
= 0.35 pu

—
®
-~
R,
[al=]
" I

(v) iy = 0.8 pu ig
i} = 0.5 pu

= 0.57 pu

Vo

io

(e) iy = 0.7 pu
C.5

Vo

(d) iU = 0-7 Tu
iy, = 0.65 pu

i, = 0.7 pu

Fig. 8. Output waveforms obtained from analog
computer set-up
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Fig. 9. Output waveforms obtained from the
practical power circuit (£,=0.2pu)
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Fig. 10. Curves which compare AC current control
with phase control under the same load
condition

schmitt triggers used as the comparator compare
the load current with the limit currents 7y and 7,
and generate the ON or OFF signals. To turn
off thyristor, Jones chopper circuit is modified
to be suitable for AC current controlled system
(Fig. 1-a) and the free wheeling thyristors are
used as the free wheel path to prevent from
being the short-circuit.

The outputs from the practical circuit are
shown in Fig. 9.

V. Conclusions

Discontinuous load current and large harmonic
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contents are disadvantages of load control by the
phase control scheme. AC current control scheme
is the multiple ON-OFF control method using the
limit currents composed of sine wave. Fig. 10
shows the curves which compare the AC current
controlled system with the phase controlled
system under the same conditon, i.e., the con-
stant R-L load (in case of the phage angle ¢=30°).

This control scheme can be found as follows:

1) The load current can be made continuous.

2) AC current controlled system can be operated
irrespective of the phase angle ¢ while phase
control is restricted to the range greater than the
phase angle.

3) Decreasing the upper limit current, the ratio
of the peak to rms current can be reduced.

4) A lower value of 7pr increases more switching
losses per each half cycle but it reduces the
harmonic contents and the waveform of load

current improves greatly.

Nomenclature

V.. : Peak value of AC source

v, . Load voltage

7y » Load current

iy : Upper limit current

it : Lower limit current

Ly : Peak value of upper limit current
Iy : Peak value of lower limit current

— 45—

ipr . Peak difference of limit currents
R : Load resistance
L : Load inductance

¢ : Phase angle of load (arctan—l%‘-)

K., : Current ratio
K, : Distortion factor
w . Angular frequency of source (60Hz)
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