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L5039 MICROPROCESSOR BASES ADAPTIVE POWER FACTOR
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+ MICROPROCESSOR BASES ADPTIVE POWER FACTOR

FOR NONLINEARLOAD

Mr. PANOOMAS CHANUTAN

Mr. VIROJ SANGSUWAN

Mr. VITTAYA TIPSUWANNAPORN
ADViISOR

1990

ABSTRACT
A microprocessor-based gdaptive power factor corrector for
poor power factor (linear or nonlinear) load is introduced. The

system power factor 1is measured by the microprocessor and
1 4
compared with a predetermined reference value. According, the

microprocessor adjusts conrolling~ the firing angle of +the
A

£
-~

thyristorlzed astatic VAR compenvsater through microcomputer

e

software. The system power factor is measured by

themicroprocessor at every supply cycle, and the above sequence

ie repeated. The proposed scheme achievee both accurste

measurement and adjustment of the system power factor.
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«

A Microprocessor-Based Adaptive Power Factor
Corrector for Nonlinear Loads

H. M. EL-BOLOK, M. E. MASOUD, axp M. M. MAHMOUD

Abstract—A microprocessor-based adaptive power factor corrector for
poor power factor (inear or nonlinear) loads is introduced. The system
power factor is measured by the microprocessor and compared with a
predetermined reference value. Accordingly, the microprocessor adjusts
the power factor to get the predetermined value. This is achieved by
controlling the firing angle of a thyristorized static VAR compensator
through microcomputer software. The system power factor is measured
by the microprocessor at every supply cycle, and the abbve sequence is
repeated. The proposed scheme achieves both accurate measurement and
adjustment of the system power factor.

I. INTRODUCTION

HE ENERGY crisis on the international scale increased

the worldwide interest in energy conservation. Most of
industrial electric loads have a low power factor not exceeding
0.8. This low power factor causes supply voltage dip and
increases transmission and distribution losses. There are
different power-factor correction methods used with large
lagging or leading nonlinear loads {1]. One of the newly
introduced methods is to use a variable inductor in parallel
with a fixed capacitor as a reactive power compensating
circuit. The inductor current is controlled by adjusting the
firing angle of two anti-parallel connected thyristors. The
adjustment of the thyristors’ firing angle is made according to
the result of a comparison of a measured value of certain
system parameters with its reference value [2]). A variety of
inaccurate power-factor correction schemes, based on the
measurement of the system voltage signal only, have been
suggested in the literature [3]-[4]. The inaccuracy is due to the
fact that the variation in the load voltage is not a fajthful
representation of the  change in the system power factor. In
spite of giving precalculated relations between the system
power factor and the static VAR compensator firing angle, the
suggested power-factor correction schemes do not give a
real-time solution to the problem of low power factor in
nonlinear loads.

This paper proposes a real-time microprocessor-based
power-factor correction scheme for low power-factor loads.
The software and hardware required to implement the sug-
gested adaptive power factor correction scheme are explained,
and its operation is described.

II. ScHEME DESCRIPTION AND OPERATION

The full block diagram of the proposed microprocessor-
based power-factor corrector is shown in Fig. 1. An 8088
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Fig. 1. Block diagram of the microprocessor-based power factor corrector.
microprocessor with a clock frequency of.5 HMz, an 8253
programmable interval timer (PIT), and an 8255 programma-
ble peripheral interface (PPI) were chosen from the inte}
microcomputer system components and used in the proposed
scheme. The static compensator employed in the system is a
parallel combination of a fixed capacitor C and a thyristor
controlled reactor (inductor L). A small inductance L; is
connected in series with C to prevent parallel resonance. Two
back-to-back thyristors are used to control the current flow
through the reactor. The supply voltage and current signals,
taken through a potential and a current transformer, respec-
tively, are applied to bandpass filters (BPF1 and BPF2). The
outputs of these two filters are the fundamental components of
the complex waveforms of the supply voltage and current,
respectively. These fundamental components are applied to the
least significant bit (LSB) of input ports 4 and B of the 8255
PPl, respectively, after being changed to square waves
through two zero-crossing detectors (ZCD1 and ZCD2). All
other bits of ports A and B are tied low by connecting them to
ground. The details of one filter are shown in Fig. 2. Fig. 3°
shows the system voltage and current waveforms. The
synchronizing circuit (Fig. 4) produces a pulse at each zero
crossing of the supply voltage sine wave. The rising edge of
the synchronizing circuit output pulse is synchronized with the
zero cros$ing of the input sine wave voltage. The output pulses
obtained from the synchronizing circuit are applied to the gate
input of one of the three independent counters (counter 1) of
the PIT. The clock input of counter 1 of the PIT is obtained
from the microprocessor 5-MHz clock after dividing it by 50
using two 7490 frequency dividers. This gives a counter-1
clock frequency of 100 kHz. The counter is loaded with a
number determined by the microprocessor according to the
result of fundamental supply current and voltage measure-

0278-0046/90/0200-0077$01.00 © 1990 IEEE
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ment. After the terminal count is reached, a negative pulse is
obtained from the timer output. The negative output pulses of
the PIT are inverted using a NAND gate (Fig. 1) and then fed
to a driver stage (pulse amplifier) that drives the-gates of the
two back-to-back thyristors controlling the reactor current.
“The driver amplifies the power level of the timer pulses to
ensure reliable triggering of almost any thyristor or triac.
Details of the driver are shown in Fig. 5.

The phase angle %, between the fundamental components of
the supply voltage and current (Vs and i), respectively) is
measured by microcomputer software using input ports 4 and
B. The details of the algorithm developed to achieve the above
task are explained later in this paper. The measured phase
angle ¢, is compared with a reference. value ¢, “that gives the
required power factor (displacement factor). The resultant
error signal is used to adjust the number to be loaded into the
programmable interval timer to change the firing angle o of
the thyristors of the static compensator. This change should be
in a direction that reduces the difference between ¢, and ¢, to
a certain acceptable tolerance value.

Fig. 6 shows the phasor diagram of the system currents
shown in Fig. 1. This phasor diagram may help to explain the
principle of operation of the proposed adaptive power factor
corrector and to distinguish between the following three cases,
assuming that ¢, is always lagging:

1) ¢, and ¢,, have different signs.
2). ¢, and ¢,, have the same sign and |¢,| > [¢nm].
3) ¢, and @,, have the same sign and |¢,| < |®m].

In cases 1) and 2), the reactor (inductor L) current must be
increased, and consequently, o must be decreased to get the
required power factor (¢, = @,). In case 3), the reactor
current must be decreased, and consequently, o must be
increased to have ¢,, = ¢,. The above cases are taken into
consideration in the main control program to be discussed
later. In the proposed scheme, ‘the system power factor is
improved by- adjusting the displacement factor only. The
distortion factor may be improved by using filters adjusted to
remove the dominating harmonics.

1II. SOFTWARE DESCRIPTION

The 8255 PPI has three I/O ports, namely A, B, and C.
Two of these ports (4 and B) are programmed to operate as
input ports. The 8253 PIT has three independent counters (0,
1, and 2). One of these counters (counter 1) is used in our

- scheme. This counter is programmed to'operatc in mode 5

(hardware triggered strobe). The desired counf is written to the

-
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counter. When the gate (trigger) input goes high, the count
will be transferred to the counter on the next clock pulse.
7Succeeding clock pulses will decrement the counter. When the
counter reaches zero, the out pin will go low for one clock
pulse time. If a new count is written to the counter, the new
count-will not be loaded into the counter until a new trigger
pulse occurs. The counter clock frequency is 100 kHz, which
means that the counter LSB represents a time delay of 1/100
kHz = 10 ps. The number representing a half supply period
(f = 50 Hz) therefore =10 ms/10 us = 1000. This represents

the largest number to be loaded into the timer. The counter
LSB corresponds to a delay angle of (180 X 10us)/10 ms =
0.18°

The flowchart of the program developed to control the
power factor is shown in Fig. 7. At the beginning, the system
is initialized, and the thyristors™ triggering angle « is set to the
chosen initial value oyiier. The value of « is loaded into the
timer. Then, register BX is cleared before it is used later as a
counter. An input low test followed by an input high one are
first performed on input 4, which represents the fundamental
of the complex supply voltage waveform. This assures that ¢,

.is measured correctly irrespective of the instant of switching

the system on. When input A goes low at the end of the input
high test, the microprocessor starts reading and testing input
port B. If this input is high, this indicates that the fundamental
supply current lags the fundamental supply voltage and that we
are either in case 2) or in case 3) of the three cases discussed
above. As long as input B is high, the microprocessor keeps
looping and testing that input. The counter (BX register) is
incremented after each test. The loop time may be adjusted to
any suitable value D(us) by adding the required delay time.
When input B goes low, the contents of BX are tested. If the
contents of BX # 0, the fundamental supply current is lagging
the fundamental supply voltage by an angle ¢,, = contents of
BX % D(p s). The microprocessor then distinguishes between
cases 2) and 3) and compares the measured phase angle Dm
with the required or reference value ¢, and accordingly
chooses the change Aa in the thyristor firing angle «, as
shown in the flowchart of Fig. 7. Afterwards, the micropro-
cessor jumps back to reload the PIT with the new value of «
and then tests port A after clearing BX, and the above
sequence is repeated. If the contents of BX were found to be
zero, this means that input B was low throughout the test,
which in turn means that we are in case 1) in which the
fundamental supply current is leading the fundamental voltage
(see Fig. 3). In such a case, the microprocessor branches (Fig.
7) 10 read and test input port B. As long as port B is low, the
microprocessor continues Jooping and testing that port. When
B goes high, port A is read and tested. As Jong as A is low, the
microprocessor continues looping and testing 4. Register BX
is incremented after each test. If the contents of BX were

" found to be zero, this means that ¢,, = 0, which in turn means

that the fundamental supply voltage and current are in phase.
In this case, the program checks the value of ¢,. If ¢, is also
found to be zero, the system power factor is adjusted to the
required value. In such a case, the value of « is kept constant,
and the microprocessor jumps back to reload the PIT with o,
and a new cycle of the testing procedure is started. If the
contents of BX are not zero, the program starts calculating
é... In this case, ¢, and ¢,, have different signs (since ¢, is
always lagging), and hence, the value ¢, + ¢ is tested to find
the actual deviation of ¢, from ¢,. A large deviation needs a
large step change A in the thyristor firing angle o, whereas
a small deviation needs a smaller Aa. After the PIT is reloaded
with the new value of «, the microprocessor jumps back to
read and test port A after clearing BX, and the above sequence
is repeated. .

In our calculations, all actual measurements and compari-

o
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sons of ¢,, and ¢, are made in microseconds rather than in
degrees. The loop time D is adjusted to be 50 ps, which
corresponds to an angle of 0.9° at a supply frequency of 50
Hz. Since the LSB in counter 1 of the PIT represents a delay
angle of 0.18°, a change Aa of 0.9° corresponds to a change
of a decimal number of 5, whereas a change of Ao = 2.7°
corresponds to a decimal number of 15. When the difference
between ¢,, and ¢, is decreased to a value less than or equal to
0.9°, ¢,, is considered to be equal to ¢,, and « is no longer
changed. However, one may change this difference to any
other value that achieves the required accuracy.

IV. EXPERIMENTAL WORK

The proposed power-factor correction scheme was imple-
mented and tested at the laboratories of the Faculty of
Engineering and Technology, at the University of Helwan in
Cairo, Egypt. The load used consisted of .an inductance
ranging from 1.37 mH to 6.68 H in series with a resistance R,
ranging from 10 to 30 Q. The following values (Fig. 1) were
also used: 4

e [ ranging from 23.2 mH to 1.18 H;
e [, = 10mH; .
e (C ranging from 10.6to 61.21 uF.

The supply voltage used was a 220-V, 50-Hz, single-phase
one. The initial value o,y of thyristors firing angle was
chosen to be 60°, and the loop D was adjusted at 50 pus. The
required reference phase angle ¢, was chosen to be zero,
which means a required supply power factor of unity.

The results obtained gave a measured improved power
factor ranging from 0.96-0.98. Fig. 8 shows the square wayes
representing the fundamental voltage and current signals
before and after compensation. Fig: 9 shows the current /3 in
the controlled inductor L and the supply current i; at a firing

‘angle of 19°. The distorted current waveform of i can be
greatly improved to nearly sine wave by using paraliel
capacitors as a filtering system.

V. CONCLUSIONS

A microprocessor-based adaptive power factor corrector for
low power factor loads has been presented in terms of
hardware and software development. The system can adjust
the supply power factor to almost any required reference
value. It is designed to operate satisfactorily with most
possible lagging or leading values of load power factor. The
system design allows for better accuracy in measuring and
compensating power factors than previous designs. This is due
" to the fact that its principle of operation is based on the
measurement of the displacement angle between the funda-
mental components of the supply voltage and current, rather
than measuring system voltage signal.

The principle of operation adopted in this paper- may be
applied in designing power factor correction schemes for loads
driven by 3-phase voltage supplies.

current

voltege

®)
Fig. 8. Fundamental supply voltage and current signals before and after
compensation at ¢,, = 70° and ¢, = 0°: (a) Before compensation; (b) after
-compensation. :

Fig. 9. Supply current i, and controlled inductor current /.
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