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Abstract

In task 1 an AC RL-C circuit was designed using proteus using the given figures for the
circuit components. From this a graph was plotted of the circuit current and load voltage
over time. Once the circuit was designed, calculations could be made such as active,
reactive and apparent power. Not only this but the power factor was calculated as well
as power factor correction capacitor value. Two graphs were then plotted of power
factor against capacitor value and phase angle against capacitor value. This then led
nicely onto task 2 where four different phasor diagrams had to be displayed to show
component voltages and current at resonant frequency, 25 Hz above and 25Hz below
resonant frequency and at 50Hz frequency. Task 3 was a research task to explain how
the power factor correcting capacitor affects resonance in the circuit, achieving
maximum power transfer and energy efficiency in the circuit. Finally, for task 4 an
engineering report was to be written explaining how all the previous tasks mentioned
were achieved.

After completing all the above tasks, it is clear to see the benefits of adding the power
factor correcting capacitor to the circuit and how the two circuits differ from each other
and the graphs that were produced. By having a power factor rating as close to 1 it
improves many things but the most important being circuit resonance, maximum power
transfer and energy efficiency. All of this is explained in the report below with all relevant
circuit drawings, graphs, tables and calculations.

Introduction

The assignment is based on an AC RL-C circuit and also the resonance, maximum
power transfer and the power factor of the RL-C circuit. An RLC circuit is created when
an alternating source of voltage is connected in series with the inductance L, resistance
R, and capacitor C. They will all have the same amount of current flowing through them
but because they are connected in series, however the voltage will differ. AC circuits are
powered by alternating sources, such as sinusoidal alternating currents or voltages that
fluctuate in amplitude and direction on a regular basis. Put otherwise, the oscillation of
voltage or current is a sine wave pattern that changes over time. [1]

True power dissipation divided by apparent power dissipation is the power factor of an
alternating current circuit. An RLC circuit's power factor shows how close it is to using
up all of its energy. Power factor can be rated between 0-1 with a power factor of 1
being the best. [2]




When the reactive effects of the capacitor and inductor cancel each other out, a series
RLC circuit reaches resonance and becomes entirely resistive. The circuit displays
some intriguing characteristics during resonance, including a maximum current and a
minimum impedance. Resonant frequency can be calculated by equating XL and XC.

This will give the final equation of fr = m 3]

When the internal impedance of the circuitry driving the load is equal to the complex
conjugate of the load impedance, the maximum load power is reached. Typically, this
calls for the use of a Norton or Thévenin analog. Last but not least, while maximum
power transfer is a desirable result in some circumstances, it is not in others. The
efficiency factor is the cause. Efficiency is just 50% when the load power is at its
highest. On the other hand, the efficiency will rise but the load power will drop when the
load impedance exceeds the source impedance. A higher level of efficiency is
especially crucial when trying to reduce heat and prolong battery life. [4
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Figure 1.0 - RL Circuit™\

To start off task 1, a circuit was built using proteus without the power factor correction
capacitor as shown above in figure 1.0, from building this circuit it allowed the ability to
build an important graph of circuit current and load voltage over time as show below in
graph 1.0. From this graph figures were taken to allow the following calculations to be
carried out.




- RL Circuit, circuit current and load voltage

After this, calculations were carried out to find the power factor of the circuit, what the
power factor correction capacitor value needs to be to achieve a power factor of 2 0.95
and the active, reactive and apparent power of the circuit. To calculate the power factor
the equation P.F (power factor) = cos @ however to use this equation @ had to be
calculated by using the equation

@ = - x360
From using the graph figures could be used for this sum so it looks like

@ = 22 x360 = 45.72

20

Finally, P.F = cos(45.72) this gave a power factor of 0.698.

To calculate the power factor correction capacitor value there are a series of multiple
different calculations to allow the equation

1
a 2mx fxXc

As a power factor of 0.95 is wanted then cos @ = 0.95 which means
@ = cos™1(0.95)

So finally, @ = 18.2 degrees. From here on Ir, |, Ac, Ic, and Xc were able to be
calculated. They all needed to be calculated to allow the ability to calculate the next so




that means without Ir then a figure for | would not have been calculated and so on. The
most important being Xc so it can be used in the equation calculate C. After all this the
equation finally looked like

1

C= ———
2mx 50 x94.038

-

This gave the answer of C = 33.85
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Figure 2.0 - RL-C Circuit

Now that the power factor correction capacitor value has been calculated this could be
added into the RL circuit to create a RL-C circuit as shown in figure 2.0 this circuit has a
power factor of 0.95 which was the desired goal in task 1. Another graph of circuit
current and load voltage against time was created as shown below in Graph 2.0.

Graph 2.0 - RL-C Circuit, circuit current and load voltage




Finally, the reactive, active and apparent power of the circuit were calculated using the
following formulas. For active power,

P = Vxlixcos@

=P = 300x4.703 xcos(18.2)

This gives the active power to be P=1340.32W. For reactive power,

Q = VxIxsind

=(Q = 300 x 4.703 x sin(18.2)

This gives the reactive power to be Q=440.67VAR. Finally for apparent power,
S=Vxl

=S5 = 300x4.703

This gives the apparent power to be S=1410.9VA.

For the final part of task 1, two graphs were to be plotted, one graph being capacitor
value against power factor and the other graph being capacitor value against phase
angle. All the figures for the graphs are displayed in table 1.0 below.

3 Capacitor Value (uf) Power Factor @

4 22.96 0.875 28.96
5 26.33 0.9 25.85
6 29.82 0.925 22.33
7 33.85 0.95 18.2
8 38.73 0.975 12.84
9 42.86 0.99 8.11
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Table 1.0 - Figurr capacitor value against power factor and phase angle

These figures were calculated and are the figures that have been used in graph 3.0 and
graph 4.0 below. The two graphs were both created using excel and show the
correlation between capacitor value and power factor as well as the correlation between
capacitor value and phase angle.




Capacitor Value against P.F
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Graph 3.0 - Capacitor value against power factor

The x axis for this graph is the capacitor value in microfarads and the y axis is the

power factor.
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Graph 4.0 - Capacitor value against the phase angle

The x axis for this graph is capacitor value in microfarads and the y axis is phase angle

in degrees.

The final part of task one was to describe what happens to the capacitor and inductor when the

power factor increases, in order to eliminate the additional power needed from the supply, it is

possible to balance the inductive and capacitive loads. The leading current from a PFC capacitor




will assist the measurement approach unity (power factor of 1). This represents the point of
equilibrium between the voltage and current waveforms. Power drawn from the supply
decreases as the metric gets closer to unity. As a result, less electricity must be generated to
meet demand. A circular route that permits the flow of electricity is called an electrical circuit.
Since this network is closed, the current has a way to return. Power factor correction (PFC) is
the process of increasing an electrical circuit's power factor. Adding a capacitor to a circuit in
addition to your switchgear is one method of achieving PFC. By storing energy in an electric

field, the capacitor can help your electrical systems operate more efficiently, which will lower

your electricity bills.

The inductive load causes a distorted current waveform which causes a phase difference
between the voltage and current. This is then cancelled out by the addition of the power factor

correcting capacitor
B 11

Results

For task two, four different phasor diagrams had to be drawn and each phasor diagram
representing a different frequency showing how the circuit reacts to the change in frequency.
To create these phasor diagrams a numerous number of calculations were carried out prior to
giving us the values for:

I, 1lr, V, @lr, @, 1

All these component values are key to drawing all the phasor diagrams.
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Diagram 1.0 - Phasor diagram at 25Hz below resonant frequency

To create this phasor diagram the following calculations were used:




Xl =2nxFxlL

With the values added into the equation:

Xl = 2mx 46.85 x 144x10x~3

X1=42.39Q
Xc = - :
2Zrxfxe

With the values added into the equation:

1

Xc = - . =
2w x 46.85 x 33.85x10
Xc =100.36Q
Ir = 2=
Zir

With the values added into the equation:

[l = 29204
44.64
lIr = 6.54A
Ic =%
Xc

With the values added into the equation:

292.04
Ic = -
100.36

lc =2.91A

. 1 (42.39
@lr = tan ( ” )
Olr=71.72°
lir sin @Ir = 6.21

—
Il

@ = tan™! (L)

6.54cos(71.72)

@=58.13°

924 _ 6.534
7 )
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Diagram 2.0 - Phasor diagram at resonant frequency

To create this phasor diagram the following calculations were used:
Xl =2mxfxl

With the values added into the equation:

Xl = 2mrx71.85x 144x1073

XI=65.01Q

1

Xc =

2rxfxc

With the values added into the equation:

1

Xc =

2mx 71.85x33.85x1076
Xc=65.44Q

Vir
lr = —

Zir

With the values added into the equation:

Iy = 29628

66.5
llr=4.46A
Ic = Ve
Xc

With the values added into the equation:




296.28
65.44

Ic =
lc=4.53A

. _j (6501
@lr = tan ( — )

@Ir=77.85°

lIr sin @lr = 4.36

@ = tan™! (L)

4.46c0s(77.85)

©=10.27°

lc=6.1247
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Diagram 3.sor diagram at 25Hz above resonant frequency
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The create this phasor diagram the following calculations were used:

Xl =2mxfxl

With the values added into the equation:

Xl = 2mx 96.85x 144x1073

XI=87.63Q

1

Xc =

2rxfxc




With the values added into the equation:

1

Xc = —
2w x96.85 x33.85x10
Xc=48.55Q
Vir
llr = —
Zlr

With the values added into the equation:

296.98

Iir = 88.42

lIr=3.36A
— Ye

Ic = Yo

With the values added into the equation:

296.98
48.55

lc=6.12A

@lr = tan™! (87‘63)

14

Ic =

@Ir=80.92°
lIr sin @lr = 3.32

4.74

—
V2

I =
1=3.35A
@ = tan™! (L)

3.36C05(80.92)

@=79.27°
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Diagram 4.00r diagram at 50Hz frequency
14

To create this phasor diagram the following calculations were used:
Xl =2mxfxl

With the values added into the equation:

Xl = 2w x50 x 144x1073

XI=45.24Q

1

2rxfxc

Xc =

With the values added into the equation:

1

Xe= ——
2rx 50 x33.85x10
Xc=94.04Q
=2
Zlr

With the values added into the equation:

Ir = 294.86
47.36
lIr=6.23A
Ic = %
Xc

With the values added into the equation:




294.86
94.04

lc=3.14A

@lr = tan™! (45‘24)

14

Ic =

QIr=72.80°
lIr sin @lr = 5.95

874
| =22
VZ

1=6.18A
@ = tan™? (—2'31 )

6.23 cos(72.8)

©0=56.75°

Discussion

After calculating a suitable capacitor value for the circuit to achieve a power factor of
0.95, this relates to three key things in the circuit. These three things being circuit
resonance, achieving maximum power transfer and energy efficiency. With regards to
energy efficiency, achieving a power factor of 0.95 or higher is impartant for the circuit
because the reactive power is essentially just wasted energy and this needs to be
reduced. The reason it needs to be reduced is because energy companies will fine large
industrial customers if their power factor is under a certain amount, usually in the region
of below 0.9-0.8. Having a high, power factor will reduce the current flow in a supply
system which consequently reduces the losses and results in cheaper running costs.

When the resistive value of the load equals the internal resistance of the voltage source,
maximum power transfer takes place, enabling the supply of maximum power. When
inductors or capacitors are used, the source resistance, or even the impedance, is often
fixed at a value in Ohm’s. The load's impedance will change from an open-circuit to a




short-circuit condition when a load resistance, RL, is connected across the power
source's output terminals. As a result, the power that the load absorbs will become
reliant on the impedance of the real power source. Maximum Power Transfer is based
on the requirement that the load resistance be "matched" to the power source's
impedance in order for it to absorb the maximum amount of power. Another helpful
circuit analysis technique is the Maximum Power Transfer Theorem, which guarantees
that when the load resistance is precisely equal to the resistance of the power source,
the maximum amount of power will be wasted in the load resistance. The power in the
load is determined by the relationship between the load impedance and the energy
source's internal impedance. Having a higher power factor means that when this power
transfer takes place it is more likely to achieve a higher power transfer and closer to the

maximum amount possible.

The frequency of the alternating potential difference has an impact on the circuit's
impedance. The inductive reactance rises and the capacitive reactance falls (but not
equally) as the frequency of the alternating potential difference increases. The absolute
difference between a circuit's capacitive and inductive reactance determines its
impedance. The applied alternating potential difference frequency that produces the
most current in a circuit is known as its resonant frequency. While frequencies farther
from the resonant frequency produce currents of reduced amplitude, alternating
potential difference frequencies close to the resonant frequency produce currents of
currents that are almost equal to the resonance frequency current. The effects of the
capacitor and inductor cancel each other out at resonance, and the RL-C circuit
operates as a simply resistive circuit. The circuit that operates the most efficiently is this
one. Because of this, a lot of electric companies even offer incentives to businesses that
have a power factor that is extremely near to 1. [8]

Conclusion

From carrying out this assignment it is clear to see the many differences between the
circuits in figure 1.0 and figure 2.0, as well as graph 1.0 and graph 2.0 after applying a
power factor correction capacitor to the circuit to achieve a power factor of 0.95. In
graph 2.0 the current and voltage waveforms are much closer together than in graph 1.0
which shows that the circuit is more in phase after adding the capacitor. By adding this
into the circuit it makes the circuit more energy efficient, allows maximum power transfer
and circuit resonance. This just shows how important the power factor of a circuit is and
why companies aim to have a power factor rating of over 0.9. If the circuit shown in
figure 1.0 was to be used in industry, then energy companies would fine the company
using that circuit due to the power factor being so low. The circuit in figure 1.0 is




consuming a high amount of energy and most of it is being wasted. However, the circuit
in figure 2.0 wastes less energy due to the power factor correction capacitor. This circuit
still may consume a large amount of energy however the energy it consumes is being
used. By correcting the power factor, it can save companies money and allow them to
get the most out of what they are paying for at the same time. Not only this but having a
power factor rating closer to one also allows resonance. The effects of the capacitor and
inductor cancel each other out at resonance, and the RL-C circuit operates as a simply
resistive circuit. This is the most efficient circuit and again by achieving this you can
save more money as energy companies will offer incentives if you are able to prevent
energy waste.
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