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Electronics Assignment — Thomas Seager - 2100805

Abstr
Els3
In this FEPOTT, a circuit analysis of an Raﬂt has been performed, with an addition of a

power correcting capacitor, the value ( ich has been calculated and implemented into
the circuit. Phasor diagrams have been drawn at resonance, and varying frequencies to
further show the impact of the power correcting capacitor and how this effects the power
factor, resonance, and maximum power transfer of the circuit as a whole. The capacitor was
calculated to be most effective at a value of 127uF, to achieve maximum power transfer and
a power factor of 1, this is further detailed throughout this report.

Introduction

The major theme throughout this report is performance of critical analysis upon an AC RLC
circuit, analysing the power factor, maximum power transfer, phase angles and optimum
capacitor value to achieve this. Firstly, a capacitor stores electrical charge upon its plates
and is able to charge and discharge depending on the circumstances. In this specific circuit,
the role of the capacitor is to correct the power factor to 1 (or 0>.95). Power factor is the
ratio of active power to apparent power. Active power is the power that is useful and that
can be used to power the circuit, it is also known as real power. Apparent power is the total
power, this is made up of active and reactive power. Reactive power is useless power that is
not wanted so this needs to be minimised to increase the power factor to as close to 1 as
possible. [
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The role oapac'tor is to increase the ratio of active power to apparent power,
therefore increasing the power factor of the circuit. The capacitor does this by balancing the
inductive load with the capacitive load which cancels out the extra power requirement from
the supply. This essentially provides a leading current that will decrease the phase
difference of the current as it pulls it closer to 0¢ and therefore a power factor of 1. [

Ele
This is best demonstrated using phasor diagrams as seen below; [3]
. ‘ Ic With correction
Without correction
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The phasor diagram the angle ® Bs mfn:antly larger than angle ®2 which is after the
power correcting ca @ has been agdetrto the circuit. The leading current of the




capacitor will draw the lagging inductor current closer to V, ideally so that it is in phase but
in a real life application this is incredibly difficult so above 0.95 is considered to be good.

In this report, the resonant frequency will be calculated. At resonance, XlapdXC cancel
each other out as they are equal, this leaves the circuit to act as if it has ort circuited
with only the resistor value having any impact. As a pure resistor circuit does not have
current lagging or leading voltage and is in phase, the phasor diagram will too be in phase
with V and | in phase with one another. A4

The maximum power transfer is also a key aspect of this report. The maximum power
transfer theorem states that “Maximum Power Transfer occurs when the resistive value of
the load is equal in value to that of the voltage sources internal resistance allowing
maximum power to be supplied” within the application of this specific circuit, this means
that XC and XL again cancel out as this will be obtained at resonance. Maximum power will

then be observed across the load, in this case the motor.

Method




Task 1

Task 1 was to plot the initial voltage and current graph for the circuit before the power
correcting capacitor is added.
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(2) Calculate apparent, active and reactive power.

Apparent Power;

S=VI

V =Vrms = Vm/\2 565.7/v2 =400V V=400V
I=V/RorV/Z

Z= \](R"Z +XLA2)

XL = 21FL

XL = 2r*50*(108*10°)
XL =33.93x 1073

7 =362 + 33.93"2
Z=4947Q

| = 400/49.47 = 8.08A
S=VI

S$=400x 8.08




5$=3232w

Active power = V| Coss
16
s =tan™ ([ = R)
= =tan™! ((33.98)/36)
=43.3y
°
P = 400x8.08x cos(43.43)

P =2352.16w

Reactive power
Q=Vlisina
Q=400x8.08xsin(43.3)

Q=2216.54

Check = Apparent power = 2
=3232w -
Apparent power = 3323w

Active power = 2352w

Reactive power =2216.52w

3)

Power Factor = coss

Power factor = 0.7278

(4) Calculate an appropriate capacitor value to obtain a power factor of >0.95
s=tan(XL-X ISP

from testing, XC = 25Q

tan(33.93-25)/15

Coss = 0.97

New power factor is 0.97

= 21




Capacitor value;
XC=25
25=1/2nFC

25=1/2xmx50xC
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Rearrange so C=1/2xmx
C=1/2xmx50x25
C=127uF

(6]

(5) plot a graph of power factor against capacitor value
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(6) plot a graph of phase angle agj
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Excel Spreadsheet Workings for Graphs included below.

Capacitor Value F

100

0.00010
0.00020
0.00030
0.00040
0.00050
0.00060
0.00070
0.00080
0.00090
0.00100

B

Capacitor value to pomtor

200

400

ZERpacitor value

Capacitor Value to Phase Angle

100 200

Capacitor Value uF

100

300
400
500
&00
700
800
00
1000

31.78740583
15,85370291
10.595801%4
7.846851457
6357481166
5.297900972
4541057976
3.973425729
3.531933981
3.178740583

600 700 800
600 700

13.53
6.6
3295
58
ar.a?
385
38.23

Power Factar
0.97
0.89
0.83
0.81
0.79
0.78
0.77

100

300
400
500
600
700
800
o
1000

13.93

0.000127
3.1458




(7)

At power factors close to 1, the current and voltage waveforms are in phase with each
other, which will cause the reactive power to be minimal and the active power to be
maximum. In this case, the energy stored in the capacitor is relatively low because the
capacitor's reactive power contribution is small. Most of the power is being used for useful
work or dissipated as real or ‘active’ power.

In an inductor, when the power factor is close to 1, it implies that the current and voltage
waveforms are again in phase. This indicates that the reactive power is minimal. However,
in contrast to the capacitor, the energy stored in the inductor is relatively high. This is
because the inductor's reactive power contribution is significant at power factors close to 1.
The inductor stores and releases energy as the magnetic field expands and collapses,
respectively, during each AC cycle.

In summary, at power factors close to 1, the energy stored in a capacitor is relatively low,
while the energy stored in an inductor is relatively high. Reaching a power factor of 1 is very
difficult and ear impossible to achieve in a real-life situation so power factors close to 1 are
reached using the power correcting capacitor like in this example. The capacitor will
decrease the phase difference between the voltage and current, decreasing the phase angle
by as much as possible and as close to 0 aassible.




Results

After calculating the capacitor value, the next step was to plot phasor diagram for the
current voltage at various frequencies so that they can be compared and analysed. The
frequencies that have been used are 50hz, the resonant frequency which has been
calculated as 36.85hz, and 25hz above and below resonant frequency.

Firstly 50hz;

B 29




Phasor Diagram




Resonant Frequency;




Phasor Diagram;




Resonant Frequency -25Hz




Phasor Diagram;




Resonant Frequency +25Hz;




Phasor Diagram;




Discussion

From the calculations, phasor diagrams and analysis of the circuit and its functions, it is clear
that the power correcting capacitor makes a significant difference to the power factor of the
circuit. The phase angle of the circuit with the power correcting capacitor is less than 1= and
gives a power factor above 0.95 as specified in the brief. This shows that the value of 127uF
is accurate as it successfully corrects the power factor and makes the whole circuit more
efficient as the ratio of active to reactive power is greatly increased.
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The phasor diagrams contribute further to suggest that the power corrca pacitor
significantly improves the circuits efficiency as the phase angle is less than one, similarly at
resonant frequency the angle is less than one, this is further proof that the calculated
capacitor value is a success. The phasor diagrams at -25hz and +25hz from the resonant
frequency show that the current now leads the voltage, by a significant phase difference
which is not a positive chance, leading to a higher percentage of reactive power from the
apparent power total. A power factor close to 1 is not directly related to resonance in an AC
circuits, the power factor is a measure of how effectively a circuit utilizes the real power and
is defined as the ratio of real power to apparent power. A power factor close to 1 indicates
efficient utilization of power, with minimal reactive power flow, which is again achieved
with the use of the power correcting capacitor in this instance, achieving a power factor of
0.97.

With a power factor of 0.97, the circuit operates similarly to when it is at resonance, this is
because the current and the voltage are almost in phase and have verry little phase
difference, represented by the phase angle. In this case less than 1 degree. Another factor
to consider is the maximum power transfer of the circuit, which is also affected by the
power factor as there is a higher ratio of active to reactive power the higher the power
factor is, meaning that more power is transferred to the load.

When the circuit is operating at resonant frequency, XL = XC therefore they essentially
cancel each other out. This means that the circuit is now operating like a pure resistor circuit
where the current and voltage are in phase with one another. When the current and voltage
are in phase, the circuit is operating at maximum power as the apparent power is equal to
the active power and therefore maximum power is transferred to the load.

Resonance, on the other hand, occurs in circuits containing inductors and capacitors when
the natural frequency of the circuit matches the applied frequency. At resonance, the
reactive components (inductor and capacitor) exchange energy back and forth, resulting in
high currents and voltages across these elements.

When a circuit is operating at resonance, the power factor may not necessarily be close to 1.
In fact, at resonance, the power factor tends to decrease significantly due to the high
reactive power exchanged between the inductor and capacitor.

The relationship between power factor and resonance can be explained as follows: At
resonance, the circuit draws a large amount of reactive power, leading to an increase in the




apparent power. Since power factor is the ratio of real power to apparent power, the power
factor decreases when the reactive power component becomes significant.

It's worth noting that resonance can occur at any power factor, including a power factor
close to 1. However, the focus of a power factor close to 1 is primarily on efficient utilization
of power, while resonance relates to the behaviour of the circuit at specific frequencies.

In an AC circuit, the power factor is defined as the ratio of real power (which is the power
that is actually used to do useful work) to apparent power (which is the product of voltage
and current). A power factor close to 1 indicates that the current and voltage waveforms are
in phase, meaning that the reactive power contribution is minimal.

Assuming the load is purely resistive, the power factor will be close to 1 when the resistance
of the load matches the resistance of the circuit (including the source and the connecting
wires). In this case, the circuit is said to be "matched," and the maximum power is
transferred from the source to the load.

If the load resistance is lower or higher than the circuit resistance, the power factor will be
less than 1, and the circuit will not be operating at its maximum power transfer capacity.
This is because some of the apparent power will be dissipated as reactive power, which
does not contribute to useful work.

In summary, a power factor close to 1indicates that the circuit is operating at its maximum
power transfer capacity, and the circuit is delivering maximum power to the load.

Conc

In conclusion to the calculations performed on the circuit, the analysis of results and graphs
produced, some key points have been identified. The calculation performed on the circuit
showed that the ideal power correcting capacitor value is 127uF, as this results in a power
factor of 0.97, which is above the 0.95 specification.

The next calculation was the apparent, active and reactive power, this was done to then
calculate the power factor before correction so that it could be improved to a rating of 0.95
or above. The findings were;

e Apparent power —3232w
e Active power — 2352.16w
e Reactive power —2216.56w

Following this, the power correcting capacitor value could be calculated, this resulted in a
127uF capacitor being used and connected in parallel with the RL branch of the circuit. This
then allowed for graphs to be plotted, from which it can be concluded that the phase angle
and capacitor had a positive correlation whereas the capacitor value to power factor had a
negative correlation.




Finally, it can be concluded from this report that the power transfer to the load is at its
maximum at resonance, when the voltage and current are in phase, as shown by the phasor
diagrams, additionally that the energy stored in the capacitor and inductor at a power factor
of one will be equal, therefore giving XL=XC and causing the circuit to operating like a pure
resistor circuit where V and | are in phase, and maximum power transfer is obtained.
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