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Electrical engineering coursework - Sean Upton (2410530)

Abstract

The task outlined is to improve the power factor of an AC inductor circuit by introducing
a power factor correction capacitor and achieving a minimum power factor of 0.95. The
report gives a brief overview of the principles of an AC RLC circuit function, it highlights
the effects of different capacitor values and different frequencies has on the power
factor. The goal was to minimize reactive power in the circuit and the report shows how
this was achieved. The report touches on how the power factor correction capacitor
affects the resonance of the circuit, max power transfer and energy efficacy. The power
factor went from 0.75 to 0.99 at resonance frequency thus reducing reactive power.

Introduction

Alternating current (AC) is a form of electrical current which fluctuates periodically
between — and + values. The rate of fluctuation is known as the frequency, the higher
the frequency means a faster fluctuation, the unit measuring this is hertz (Hz). There are
three types of power that can be measured in an electrical circuit. The first is apparent
power, this is the amount of power perceived to be being used by the circuit, although
not all of this will be useful. Useful power is known as active power, and useless power

is known as reactive power. [1] [2]

In an AC circuit you will ideally have current and voltage alternating in phase which
result in maximum efficiency. but this will never be the case. Due to factors which we
will discuss you will suffer losses. When designing circuits, you must consider the
components values, frequency, voltage and current to ensure that you have minimal
reactive power and maximum reactive power.

In an AC circuit components can be split into three sections; a resistive load, an
inductive load and a capacitive load. These loads will influence the phase of the current
the current. If you have a circuit with only a resistive load the current and the voltage will
remain in phase. A capacitive load will result in the current leading the voltage and an
inductive load will result the current lagging the voltage, this will result in an increase in
eRehe ot Leadng i agang cesesosee o iy

The avoid these losses power factor correction needs to be complete. Power factor
relates to the types of power that we mentioned earlier. Theoretically the maximum
power factor value is 1 but this will never be achieved in practice. The power factor of a
circuit needs to be as close to 1 as possible to ensure that there is minimal reactive
power. If you have an inductive load in an AC circuit, you will need to have a capacitor

to bring the current back in phase with the voltage. The power factor is equal to cos(0),
with 8 being the time difference in the two waveforms divided by the time period.
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Image 1.0

Image 1.0 above shows an RLC circuit without a value for the power factor correction
capacitor (PFC). The power factor will depend on the value of this capacitor, it is known
that a power factor of 20.95 is required. Image 1.1 shows the current indicated by the
red waveform, and voltage indicated by the green. The current is lagging the voltage
which is what you will expect from an AC inductor circuit. =27

Image 1.1




Before calculating the PFC, the phase difference should be calculated, to find this you
must find the time difference (t) and time period (T). Time difference can be found by
looking at the time where both waves start at 0 volts and taking the difference.

62.54 — 59.87 = 2.67ms

And the time period if the time taken for a full wave to be complete, we are using a 50
Hz supply so this will be 20ms. To ensure that this was correct values were taken from
the waveform.

79.87 — 59.88 = 20ms
Using the formular @ = t /T x 360 it was determined that the phase angle is 48.06°.
(2.67/20)x360 = 48.06

The power factor could then be calculated using PF=Cos(®) to give a power factor of
0.75.

Cos(48.06) = 0.75

active power (P), reactive power (Q) and apparent power (S) are also required, these
are given by the following formulars.

S=vi
Q = ViSin(®d
P = VICos(®

It's stated the VRMS is 300, and IRMS which can be found using ImA2 = IRMS. Itis
shown on the graph Im is 9.15 and can be subbed into the equation to give IRMS.

9.15/V2 = 6.47IRMS
We can now find S, Q, P
S5 =300x6.47 = 1941VAs = 300x6.47 = 1941VA
Q = 1941x5in(48.06) = 1443.8VAK
P =1941xCos(48.06) = 1297.3watts




Following this it is necessary to find an appropriate capacitor value which will give the
circuit a power factor of at least 0.95, we can use a phasor diagram to find this value.
from our graph we know that the ILRrms value is 6.47. The VRMS value is also needed
for the calculations, looking at the peak value it is 409 volts. The angle will also need to
be known for the power factor.

VLR 199 _ 26922
T’ms = —= .
vz

ILRrms = 4.47
@ = cos~1(0.95) = 18.2°
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Using this piagram calculations can be made which result in the capacitor value
being calculated to 37.7uf. This can then be added back into the equation. We can also
find the resonance frequency which is important to get the capacitance and inductance

= 66.33hz

it balances out. — x . S Uy
Tam T 4)37.7x1076x105x1073 | (105x10-3)2

Using the resonance frequency and capacitor value we can build a complete circuit




L EREE) RSRC4 ()7 o) e
FREQ=66.33 I_l2 .
PHASE=0
THETA=0 =

L ¢4

T arau
L4
105mh

To assess the new power factor simulations were undertaken.

at66.33hz
C(uf) PF angle
5 0.62 51.6
=113 15 0.74 41.6
25 0.9 26.05

37.3 0.998 0.84
45 0.87 4.78
55 0.92 21.75

PF at resonance with varying C values

5 15 25 35 45 55
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Phase angle with varying C@es
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As the power factor approaches 1 both the capacitor and inductor reach points where
they are having a minimal effect in the phase of the current. The reactance of both
components is being minimized. The capacitor stores its energy in an electric field
whereas the inductor stores a magnetic field. As the power factor approaches 1 it

means that the energy stored is being better used as real power rather than reactive
power.

Results (200 Words)

25 below

1c = 2.784 A7
ILR = 7.1A
&1 v = 300V
01 = 4227°
9 =21°
I =564
IP=79
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vz




4 7.1A

With the frequency at 41.33hz the current is lagging the voltage showing that it is an
inductive circuit. The power factor in this case would be 0.96, this is above the required

value and a good power factor.

Resonance

IC = 4.54 &) 21
ILR =55
v = 3007
¢ =055

=314
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At the resonance frequency the current marginally lags the voltage but as previously
mentioned a power factor of 1 cannot be achieved.

25 above

Ic=63 22

ILR = 4.4
vV =300V
@1 =635
9 =507
=31




IC=6.3

-

'
When the frequency is 91.33 the current is now leading the voltage by 50.7 which is
larger than acceptable and results in a power factor of 0.63. this is now a capacitive
circuit

50hz

IC =3.39 )26
ILR = 6.47
V = 300V
@1 = 48.06

9 =182




=432

48.06 T~
+ ILR=6

27
At 50hz the curre EJ. gs the voltage by 18.2 degrees which gives a 0.95 power factor
which is an acceptable value.

Discussion

In task 1 it was calculated that to achieve a power factor of 0.95, the power factor
correction capacitor needed to be 37.3uF.

The resonance of an electronic circuit relates to the frequency where the impedance of
the capacitor and inductor have the same value. This results in the current and voltage
being in phase. At lower frequencies the inductor has a low impedance, and the
capacitor will have a high impedance resulting in the voltage lagging the current. As you
increase the frequency the impedance in the inductor increases and, in the capacitor, it
decreases. This would cause the voltage to lead the current. So, if the correct frequency
is applied the impedance will be equal in both components and thus having voltage and
current in phase. [5]

It was calculated for the circuit that the resonance frequency is 66.33hz to find this the
formular

%,Q:fr
3 \/i_\/f_
4 le 2

the values from the circuit can then be subbed into the formular to give




=66.33
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Simulating the circuit, the current and voltage look to be in phase at resonance

When looking closely at the waveform there arginal difference in the phases due
to the power factor being 0.95. as shown in the image below the voltage is slightly
leading the current.

As a result of the power factor being 0.95 there will not be maximum power transferred
and there will be some reactive power which is wasted. It is impossible to avoid having
any reactive power as a power factor of 1 can never be achieved. Max power transfer
theorem states that for max power to be transferred to the load, the load resistance




must be the same as the internal resistance of the circuit. As you approach a power
factor of 1 the current and voltage are approaching being in phase. This results in an
increase in usable power and a decrease in reactive power. [6]

As previously mentioned, there are three types of power that should be assessed when
analyzing energy efficiency, apparent, reactive and active power. Before any power
factor correction is applied the power factor was 0.75, this is a low power factor and will
result in poor efficiency. With the power factor being 0.75 the power was calculated to
be as follows.

S = 300z6. 47 = 1941V As = 300z6. 47 = 1941V A
Q = 194128in(48.06)= 1443. 8VAK

P = 19412Cos(48. 06)= 1297. 3watts

With the power factor correction capacitor, the power factor was brought up to 0.95
when at 50hz, this then improves the efficiency

IRM5—645—456
=7z -

§=300x4.56=1386VA
@ = 1368 x sin(18.2) = 427.27 VAK
P = 1368 X cos(18.2) = 1299.56 Watts

30
Com U'the reactive power from before power factor correction and after, it can be
seen that after power factor correction is applied the reactive power decreases. This
shows that the circuit has now become more energy efficient.

sl sie
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The brief outlined that an appropriate capacitor value for the power factor correction
capacitor must be calculated to achieve a minimum power factor of 0.95. The circuit
was an RLC circuit with a known indictor and resistor value, using this alongside the
voltage and an assumed frequency of 50hz it was calculated that the PFC would be
66.33hz. And this met the criteria of needed the PF to be 0.95. By changing the
frequency the efficiency could be increased, this is the resonance frequency where the
reactive power of both components is at its minimum. Finding this allowed the power
factor to be 0.99. having a high power factor results in minimal losses in the form of




reactive power. The use of simulations gave a digital representation of how different
capacitor values and different frequencies affect the PF furthering the readers
understanding of the factors that play a role in how they affect the power factor.
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