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DESIGN AND DEVELOPMENT OF AN AUTOMATIC POWER FACTOR CORRECTOR
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Abstract

This thesis is divided intc three parts;

The first part consists of the philosophy and basic ideas
of circuit design. Chapter I reviews types of electrical energy
users, tariff rates and-methods of ealculation. Chapter II reviews
the characteristicé of capacitors and inductors. Chapter III considers
the design of electrical components and apparent power. Chapter IV
deals with the philosophy of power factor corrector design.

The second part deals with the theory and design of electronics
circuits and switching circuits for the prototype. Chapter V mainly
contains the design of the model used with problem solving and circuit
alterations. .

The third part gives test results and conclusions of the

development which are contains in Chapter VI.
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Manual of Active Filter Design

with their graphs are presented first, followed by the fourth-order
filters and their graphs.

SUMMARY OF LOW-PASS SECOND-ORDER
FILTER DESIGN PROCEDURE

LRy c
Y2 L/ N
1A Thy

General circuit.

Procedure
Given f. (Hz), gain, and filter type (Butterworth or Chebyshev),
perform the following steps:

1. Select a value of capacitance C, determining a K parameter
from Fig. 2.10a if f. is between 1 and 10°* =100, from Fig.
2.10b if f, is between 100 and 10* = 10,000, and from Fig. 2.10¢
if f, is between 10,000 and 10°¢ = 1,000,000 Hz.

2. Using this value of K, find the remaining element values of the
circuit from the appropriate one of Figs. 2.11 through 2.15 for
the Butterworth. filter, and Figs. 2.16 through 2.27 for the
Chebysheyv filter, depending on the gain and, in the Chebyshev
case, the dB ripple desired.

3. Select standard element values which are as close as possible to
those indicated on the graph and construct the circuit.

Comments and Suggestions

The curves are designed for 35 standard values. of capaci-
tance. Any intermediate values of capacitance may be used by
observing that dividing the capacitance values by a constant k
muitiplies the cutoff frequency f, by k. The resistances remain
unchanged. This procedure of changing the capacitances may be
accomplished by interpolation on the frequency versus K param-
eter graphs.

If the op-amp to be used has a low-input resistance (less than
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250 k{2), values of K from 1 to .10 give best results. For higher
input resistances (like 1 MQ), K values up to 25 are acceptable, and
for vepy high input resistances, such as those associated with FET
op-amups, values of X up to 100 may be used in most cases.

The vaiues on the graphs for R; and R, were determined to
minimize the dc-offset of the op-amp. Other values of Rs and R,
may be used as long as the ratio R,/R; is the same as that of the
graph values, Standard element values of 5% tolerance normaily
yield acceptable resuits, but for best performance higher precision
elements with values close to the graph _values should be used.
This is especiaily true for the higher gains where the element val-
ues are much more critical.

Finaily there must be a dc return to ground at the filter input,
the open-loop gain of the op-amp should be at least 50 times the
gain of the filter at f;, and the desired peak-to-peak voltage at fo
shouid not exceed 10%=f, times the slew rate of the op-amp.

A specific example of a second-order design is given in Sec.
23
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SUMMARY OF LOW-PASS FOURTH-ORDER
FILTER DESIGN PROCEDURE

(9]

General circuit.

Procedure
Given f. (Hz), gain, and filter type (Butterworth or Chebyshev),
perform the following steps:

1. Select a. value of capacitance C, determining a K parameter’
from Fig. 2.10a, b, or ¢, as described in the second-order low-
pass case. ¥

2. Using this value of K find fRe-remaining element values of the
circuit from the apprapriate one of Figs. 2.28 through 2.30 for
the Butterworth filter, and Figs. 2.31 through 2.42 for the
Chebysheyv filter, depending on the gain and, in the Chebyshey
case, the dB ripple desired._

3. Select standard element values which are as close as possible to

~ those indicated on the graph and construct the circuit.

Comments and Suggestions

The suggestions given in the second-order low-pass case apply
except that the open-leop gain of the op-amps should be at least 50
times the square root of the filter gain. The remarks in the second-
order case for R; and R, apply also to R, and R;.

A specific example is given in Sec. 2.6.
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1
Purpose.

2
Principles.

We shall see that some of the effects of a poor power factor
are the following :

- a penalty charge in the electricity bill

- extra losses in the feeder cables

- a significant voltage drop in the cables

- a reduction of the effective capacity of the cables

- a reduction in the-power available at the transformer

- a-significant voltage drop at the secondary of the

transformer

- significant losses in the transformer
We have seen that electrical motors, transformers, welding
equipments, induction furnaces, discharge lamps (fluorescent,mercury
vapour, etc.) consume inductive reactive power.
This reactive power must be generated somewhere. This is the reason
for installing capacitors. GCapacitors consume practically no active
power and can produce reactive energy locally, thus compensating at
site, individually or in groups, the inductive reactive power
consumed by the machines mentioned above.For a constant active power,
the reactive power transmitted to this group of loads (the inductive
load .and the capacitor) can thus be reduced; the power factor on the
network has been improved or "corrected'.

'

Let us consider an inductive load drawing a current 1] which lags
the voltage by an angle ¢, . This current Ij is used to calculate
the apparent power.  We have also seen that this current can be

split into one compoment in phase with the woltage, T%,and one
component 90° out of phase with the voltage, Ip.




We can write this as a vector addition :

L =gty
If a capacitor is connected in parallel it will draw a current
I.. I_ and T are in OppOSlte phase with each other and the resulting
cirrent will®be I_ - T, i.e. the reactive current has been
significantly feduced.  The main (network) current has also been
reduced, as well as the phase angle P .
The consumptlon of reactive power has thus been greatly reduced
(and if Ic =—R the reactive power will be zero)

3

Determination of the capacitor rating.
This determination can be made with fairly simple calculations
and it is also possible to use tables or nomograms.

We have : PR = PW (tan-@y.. = tan ¢, )
with : PR is the rating of the capacitor in kvar
PW is ‘the load im kW

cos ¢, corresponds to the initial power factor

cos @, corresponds to the required power factor

The following double-entry table can be used to calculate the capa-—-
citance needed, when the initial power factor and the required power
factor are known

In this table the initial value cos ¢, is listed in the vertical
column at the left and the required value, cos¢, , in the top row.
This table gives also the(tan p, = tanp, ) value also called K factor.

By multiplying the load in kW by the factor K we gbtain the necessary
rating of the capdcitor in kvar.

Required power factor cos @ 2

cos (1 2

i 0.70 0.75 0.80 0.82 0.85 0.87 0.90 0.92 0.94 0.95 0.96 0.98 1.00
0.20 3.88 4,02 4.15 419 4.28 4,33 4.41 4.46 4,51 4.57 4,59 4,69 4.90
0.25 2.85 2.99 3.17 3.12 3.25 3.32 3.38 3.45 3.50 3.54 3.58 3.66 3.87
0.30 2.16 2.30 2.43 2.48 2.56 2.62 2.69 275 2.81 2.85 2.88 2.97 3.18
0.35 1.66 1.79 1.93 1.98 2.06 2] 2 2.19 2.25 2831 2,35 2.38 2.47 2.68
0.40" 1.27 1.41 1.54 1.59 1,67 1. 1.80 1.86 1.93 1.96 2.00 2.08 2.29
0.42 1.14 1.28 1.41 1.46 1.54 g5 1.68 1.74 0 1.80 1.83 1.87 1.95 2.16
0.44 1.02 1.16 1.29 1.34 1.42 1.47 1.56 1.62 1.67 1.71 1.75 1.83 2.04
0.46 0.91 1.05 1.18 1.23 1.9 1.36 1.45 1.50 1.56 1.60 1.64 1472 1.93
0.48 . 0.80 0.95 1.08 1.13 1.20 1.26 1.33 1.40 1.47 1.49 1.54 1.61 1.82
0.50 0.71 0.85 0.98 1.03 1.11 1.18 1.25 1.31 1.37 1.40 1.44 1.52 1.73
0.52 0.62 0.76 0.89 0.94 1.02 1.08 1.16 122 1.28 1.31 1.35 1.43 1.64
0.54 0.54 068 0.81 0.86 0.94 0.99 1.07 ] 1.19 1.23 1.20 1,35 1.56
0.56 0.46 0.60 0.73 0.78 0.86 0.91 1.00 1.058 1.12 1.15 1.18 1:27 1.48
0.58 0.38 0.52 0.65 0.70 0.78 0.85 0.92 0.98 1.04 1.07 1.1 1.19 1.40
0.60 0.31 0.45 0.58 0.64 0.71 0.78 0.85 0.91 0.98 1.01 1.058 113 1.34
0.62 0.24 0.38 0.52 0.57 0.65 0.70 0.78 0.84 0.90 £ 0.93 0.97 1.06 126
0.64 0.18 0.32 0.45 0.50 0.58 0.63 0.72 0.77 0.83 0.87 0.90 0.99 1.20
0.66 0.12 0.26 0.39 0.44 0.52 0.57 065 ° 071 0.77 0.81 0.85 0.93 1.14
0.68 0.06 0.20 0.33 0.38 0.46 0.51 0.59 0.65 0.71 0.75 0.77 0.87 1.08
0.70 ) ‘0.14 0.27 0.32 0.40 0.45 0.53 0.59 0.66 0.69 0.73 0.81 1.02
0.72 0.08 0.21 0.27 0.34 0.40 0.48 0.54 0.60 0.63 0.67 0.76 0.96
0.74 0.03 - 0.16 0.21 0.29 0.35 0.42 0.48 0.55 0.58 0.62 0.70 0.90
0.76 0.10 0.16 0.24 0.29 0.37 0.43 0.49 0.52 0.56 0.65 0.85
0.78 0.05 0.10 0.18 0.24 0.31 0.38 0.44 0.47 0.51 0,59 0.80
0.80 0.05 0.13 0.18 0.26 0.32 0.39 0.42 0.46 0.54 0.75
0.82 0.08 0.13 0.21 0.27 0.33 0.37 0.40 0.49 0.69
0.84 . 0.03 0.09 0.16 0.22 0.28 0.32 0.35 0.44 0.64
0.86 0.03 0.11 0.17 0.23 0.26 0.30 0.39 0.59
0.88 0.06 0.11 0.18 0.21 0.25 0.33 0.54
0.90 0.06 0.12 0.15 0.19 0.27 0.48
0.92 0.06 0.09 0.13 0.22 0.42
0.94 0.03 0.07 0.16 0.36

. Ta ble VI_2 : 0.09 0.28

0.21




The following nomogram can also.be used to calculate the capacitance needed
to obtain a certain power factor improvement.

A straight line is drawn from the initial value, cos¢, , to the aimed
value, cos¢, . On the middle scale the factor K is obtained.

COSs ¢, K COS¢s
Lo 1,00~
| (initial value) 51
_ | 17 (final|value)
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. 15—
. 14—
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FigVl.3

Example : In an installation the load is 200 kW with a power factor
of 0.74. An improvement of the power factor to 0.9 is
desired. In the table we find K = 0.42. The rating of the
capacitor necessary to obtain this improvement is therefore
200 x 0.42 = 84 kvar.
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ampere
capacitance
capacitive load
capacitor

clock

collector

current

current transformer
dielectric
electric field
eletromotive force
exclusive or gate
farad

flux

gain

henry

inductance
inductive load
inductor

input resistance
input voltage
inverting amplifier
impedance

magnetic field

noninverting amplifier
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output resistance
output voltage
parallel resonance
passive

phase shifter
positive edge
saturate

simulate

sine wave

square wave
transistor

truth table

vector

voltage

voltage diyider
voltage transformer .
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