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Abstract

This is a report on how an AC R-L-C circuit acts and responds to changes in its frequency. It
also shows how the circuit behaves when the resonant frequency is achieved.

Graphs have been created to show how current, component voltages drops, active, reactive,
apparent power and power factor behaves when plotted against frequency.

Phasor diagrams have also been created to show the component voltages 25Hz below,
during and above resonance. This is to show the impedance at a moment in time and the
angle of this impedance.

From this impedance, we can determine the real, apparent and reactive power that will give
us our angle theta. From this we can determine the power factor, which is a measure of how
productive the circuit is running. Optimum for this is usually around 1.

Due to a load of industrial strength being mainly inductive, a capacitor will be added to the
circuit to balance the shift in phase between the current and the voltage.

Thisis known as the Power Factor Correction.

During the study, it has shown that when the circuit is at resonance, the current will drop to
zero. It also shows that when the circuit is at resonant frequency the circuit is purely
resistive. We can see this from the voltages across the resistor dropping and the impedance
components voltage is increasing.

The report will also show that to obtain max power for an AC circuit, the impedance load
will have to equal the impedance source.




Introduction

An RLC circuit comprises of three electrical components, a resistor (R), inductor (L), and a
capacitor (C). These components can be connected in a circuit either in series or parallel. [1]

The sum of the voltage across the circuit is measured in a vector sum, rather than a sum of

the voltage across the three components. The resistor will be in phase with the current. For
the inductor, the voltage will lead the current by 90 degrees. For the capacitor, the voltage

will lag behind the current by 90 degrees. [1]

So, due to the voltages in each component being out of phase with one another they cannot
be calculated in an arithmetical way. [1]

Resistance, inductive and capacitive reactance is called the impedance, which is the
hindrance of the flow of the current it is located in. [1]

With the circuit containing components that will store energy, the frequency can be
adjusted so that maximum response in the circuit is achieved. This is called resonance. [2]

This is the occurrence of the frequency that happens at the same time as the power that is
Wm. It can be referred to as a tuned circuit. A radio would be a good example of
this action. [3]

Power factor is used in AC circuits and is used to measure the consumption of energy used
from a small piece of equipment to a large energy station. It is the ratio of true power over
apparent power. The reactive power is seen as useless. It is the true power that does all the
work. [16]

A building that uses a lot of energy will be measured by its power factor. An energy
company will charge the building if the power factor falls below a set limit, usually around
0.95.

In an inductive circuit, the current will be out of phase with the voltage. This means current
will be lagging the voltage, and electricity will be wasted.

In a capacitive circuit, the current and voltage will also be out of phase with one another.
But this time the current will be leading, again electricity used will be wasted to do the same
job.

In order to improve the power factor of the circuit, we must introduce either a capacitor in
the inductive circuit, or an inductor into the capacitive circuit. This will bring the circuit back
into phase and make the circuit more efficient. [4]

Maximum power transfer happens when in an AC circuit that contains internal impedance is
connected to a load. The maximum power will take place when impedance of the load
source matches the conjugate of the impedance of the source. [5]




In an application, for example, a TV system, the strength at the receiving end of the antenna
would be minimal. To increase the signal form)the antenna, the impedance of both the
antenna and the receiver must be equal. [5]
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In this assignment | will showhow | created a model of the RL&eircuitGelow. The
component values have come from my student number 2012802.

The circuit is connected to a 10V sinusoidal source.
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Method
TASK1

The model created was to analyse and evaluate an AC electrical circuit. This\Q/as done by
producing graphs for the following: -

1.Circuit current against frequency.

2.Component voltage drops against frequency.

3.Active, reactive and apparent power against frequency
4.Power factor against frequency

The graphs will be logarithmic. So, the frequencies will be spaced out to match this. They
will range from 1 to 2 million)Nn 20 steps.

1.Circuit current against frequency

A circuit at resonance must be found to ascertain the potential of the circuit, and to find its
‘sweet spot’. Therefore, we must first find out the resonant frequency of the circuit.

a. To find my resonant frequency,\use the formula. [6]
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fres - 2}'[ r'—“'LC

Where L equals the inductor and C equals the capacitor value.

My resonant frequency calculates at 79,\9(\Iw'||| add that in the range of frequencies.

We next need to find the total impedance of the parallel section of the circuit which

contains the inductor and the capacitor.

b. Find the reactance of the inductor and the capacitor.

To find the inductive reactance XL: use the formula. [7]

X, = 2nfL
Wheref equals the frequency and L equals the inductor

At resonance, XL =99.7H

¢. To find the capacitive reactance, use the formula. [8]

1

X, = —pmm
¢ 2nfe

Where C equals the capacitor

At resonance, XC == 1007F

Now we have found the impedance components respectfully, we have found what the total

impedanceis i our circuit.

d. Calculate the Total reactance XT , using the formula. [9]

X=X, — X




When the circuit is at resonance, the circuit will be purely resistive. Therefore, we need to
add the resistor in the next calculation. This will be to find the total impedance in the circuit.
[10]

e. Calculate the Total Impedance |Z| using the formula. [11]

1Z] = JR? + (X, =%¢)?

At resonance, |Z| = 10465.7

We now have the total impedance in the circuit. We can now find out the current in the
circuit.

f. Calculate currentl] |, using the formula. [12]

1l =~
7t

Where V' equals the voltage. And Zt equals the impedance total, which includes the resistor.

This is the same method we would use ohms’ law and its triangle to find our values.

At resonance, |I| = 95mA

2. Component voltage drops against frequency.

Now we have the current across the circuit, we can now work out the voltage drops across
the respective components.

a. Calculate voltage across the resistor, using the formula. [13]
Vr = IR
At resonance, Vr =0.026V

b. Calculate voltage across the impedance, using the formula. [14]

Vic = 1Zt
At resonance, VlC = 9.99v




3. Active, reactive and apparent power against frequency

Due to the fact that our impedance components actually lose nothing in the way of power,
the voltage will drop when active so will take current in the circuit. This is called reactive
power. We can now see how much of this power is being taken out of our circuit. We can do
this by calculating the active, reactive and apparent power. [15]

We can first find out how much of the real or active power is being used in the circuit.

a. Calculate Real Power P, using the formula. [ 16]

P =|I|?R
At resonance,P == 356W

Then we can find out how much of the wasted power (reactive), is being used.

b. Calculate Reactive Power Q, using the formula. [16]
Q = |II*X
At resonance, Q = —0.0095VAR

Where X equals the total impedance of the circuit, which includes the resistor.

H‘_\_‘_'_‘—‘—-—
We can now calculate the apparent power of the circuit. This is the combination of the
current and voltage in the circuit and does not refer to the angle of it phase. [17]

c. Calculate Apparent Power, using the formula. [16]

S| = VP2 Q2

At resonance, |S| =-0.0095VA




4. Power factor against frequency

Now We have the three calculations to make up our “power triangle”. Apparent power for
our hypotenuse, and reactive and true power for our opposite and adjacent sides, we can
now work out our power factor, which is the difference between our apparent and true
power. It is the angle the separates the power that is dissipated to that which is taken back.
(18]

We can first work out the angle of the power triangle.

a. Calculate the angle ¢, using the formula. [ 19]

Atresonance, 0 = 89.78

b. Calculate the Power Factor, using the formula. [18]

pf =cosg
Atresonance,pf = 0.0037

TASK 3
X, = 2nfL
Assuming f = 50Hz!

X, =2Xmx50x150x 10 ~°

X; =0.04712 H

XL:XC

Capacitor value =
2nfXL

Capacitor value=1/2x m X 50 X 0.04712
=0.0675F




Results
Task 1

1.Circuit current against frequency

As you can see from the graph;/ when the frequency is at resonance (79Hz), the current is at
its lowest. This is due to the capacitor and inductor being parallel and are both sharing the
energy being created. This will contribute to no current being drawn from the supply. [20]
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Graph showing current againist frequency, resonance at 79Hz shows drop in current

2.Component Voltage drops against frequency.

In this graph we can see that when the frequency is at resonance the voltage is at its lowest.
This is due to the impedance at resonance to be of resistance alone. The current and voltage
will be in phase. [21]

The graph also shows that at resonance, when the voltage across the resistor is at its lowest,

the voltage across the inductor and capacitor is at its highest.
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3. Active, reactive and apparent power against frequency

From this graph, we can see that at resonancefrequency, real and apparent follow the same
path, and is at its minimum. On the other hand, we can see that reactive power lowers into
minus numbers, before rising through resonance.
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At resonance, real and apparent power both drop, reactive rises through resonance

4.Power Factor against frequency

From this graph, we can see that during resonance, the power factor drops to its minimum.
This is due to the frequency being proportional to the inductive load. It also shows that the
voltage and current are out of phase by 90 degrees.
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Task 2

25Hz Before resonance

From the graph below, we can see that the voltage across the resistor is in phase with the
current of the circuit. While the voltage across the capacitor and inductor are out of phase
and is leading by 90 degrees.

25 Hz BEFORE RESONANCE
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Phasor diagram 25Hz before resonance, showing current lagging inductor and capacitor
voltage

At Resonance

In this graph, we can see that at resonance the voltage across the resistor and current are in
phase with one another. But is leading the voltage across the inductor and capacitor and is
out of phase by 90 degrees.
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Phasor diagram at resonance, showing current and resistor voltage in phase, inductor and
capacitor voltage lagging




25Hz After resonance

In this graph, we can see that the current and the voltage across the resistor are in phase
with one another. And the voltage across the inductor and capacitor is out of phase and
lagging by 90 degrees.
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Phasor diagram 25 Hz after resonance, showing current and resistor voltage in phase,
inductor and capacitor voltage lagging

Discussion

From the maodel built, and the resultant graphs created from it, we can see that when the
circuit is at resonance the current will drop to zero. This is due to the capacitor and inductor
working like an independent circuit sharing the energy created. No voltage will be given, so
no current will flow when his happens.[22]

With the circuit current and voltage in phase with one another, when the capacitor and
inductor “share” their own energy, no voltage will be drawn across it. The circuit will be
purely resistive. So the voltage will only be drawn across the resistor.

AT807 shift in phase will take place due to the two components being opposite. This will
cause them to cancel themselves out.

With regards to the Power Factor and the Power Triangle, we know that real power is the
impedance multiplied by current. So, when the current drops at resonance, the real power
will drop with it.[23]

When the circuit is at resonance the voltage across the impedance is as its maximum and
the voltage across the resistor is at its minimum. This is due to the capacitor discharging and
building the inductors magnetic field by the current. [24]




The capacitor will be charged by the inductors magnetic space diminishing. The resonance
will take place when these two impedances equal out. It creates a steady oscillation in the
circuit. This will cause the impedance in the circuit to reach its maximum. [25]

Maximum power transfer takes place in an AC circuit when the load of the impedance
matches the impedance of the source.[26]

A power factor correction will occur to decrease the input current and apparent power. This
will increase the power factor. In order to get the most out of the real power in an AC
supply, the input current is governed by the power factor correction. [27]

In an ideal scenario, an electrical circuit with impedances should be purely resistive. This
would show that the reactive power is showing as zero.

Conclusions

From carrying out this report, the below conclusions can be made:

Maximum power transfer occurs when the impedance from the source is equal to
the impedance of the load.

Resonance occurs when the frequency is adjusted to allow maximum performance in
the capacitor and inductor.

In a phase diagram at resonance, the voltage across the resistor will be in phase with
the current. The voltage across the inductor and capacitor will be lagging 90 degrees.
Capacitor stores the voltage as an electric charge. Resistance will be added when this
happens. It impedes the flow of current.

Inductor will store the electrical energy as a field of magnetism around a coil. This
will induce a voltage which is in opposition to the main voltage.

The higher the frequency, the greater the opposition to the flow of current will
occur. This opposition will account for the voltage drop across the inductors.
Inductance is in relationship with frequency. When inductance is at zero, frequency
is at zero.

In the power triangle, the real, reactive and apparent power are all related to one
another via trigonometry. The phase angle of the impedance of the circuit will equal
the angle that is opposite.
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Use of first person voice.



QM

PAGE 5
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e.g. An illustration of this can be seen in figure 2. The relationship of the variables is shown
in equation 2. Table 1 shows the results of the first experiment where the control variable,
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in equation 2. Table 1 shows the results of the first experiment where the control variable,
temperature in degrees celsius is shown in the first column....

Comment 12

Wrong units.

XC, capacitive reactance is measured in Ohms not Farads.

Comment 13

Should be using third person passive voice. Avoid I, We, You etc..

Caption required

You should always include a caption on figures, equations and tables to allow you to refer to
them in your text.
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in equation 2. Table 1 shows the results of the first experiment where the control variable,
temperature in degrees celsius is shown in the first column....
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I'm not sure what is going on in this image. The current is in phase with the voltage across
the resistor, but why is the current phasor pointing upwards?

PAGE 13

Comment 26

Good. After resonance, circuit is mainly inductive and hence the voltage across the reactive
elements will be lagging the circuit current and the voltage across the resistor.

Comment 27

degrees symbol wrong.

Comment 28

Good discussion, all valid points.

PAGE 14
QM Ref Qual
You should try to use more high quality reference sources, such as textbooks from reputable
academic publishers and articles from peer reviewed journals.
PAGE 15
PAGE 16
PAGE 17

GRADING FORM: SMU GENERIC_SMOSEY

MATT HAYCOCK 65

ENGAGEMENT WITH LITERATURE

f



including reading, referencing, academic conventions and academic
honesty

y‘ Inclusion of a wide range of research-informed 6 8
literature, including sources retrieved .
independently. Selection of relevant and credible
sources. Very good use of referencing conventions,
consistently applied.

KNOWLEDGE & UNDERSTANDING

Knowledge of the basic underlying concepts and principles of a subject.

y"’ Knowledge is extensive. Exhibits understanding of 1 8 3
the breadth and depth of established views. .

COGNITIVE & INTELLECTUAL

Evaluate underlying concepts and principles of a subject and interpret
qualitative and quantitative data in order to develop lines of argument
and make sound judgements.

y‘ Thoroughly logical work, supported by evaluated 21 6
evidence. High quality analysis, developed .
independently. Strong, persuasive, conclusions.

PRACTICAL APPLICATION SKILLS

Different approaches to solving problems in particular contexts.

y"’ A very good application of a range of methods, 1 2 4
materials, tools and techniques. Very good .
consideration of the context of the application,



with perceptive use of examples, where relevant.
Evidence of some innovation and creativity.

TRANSFERABLE SKILLS

Communicate the results of their study/work accurately and reliably,
and with structured and coherent arguments,; the qualities needed for
employment requiring the exercise of some personal responsibility
within a structured and managed environment.

y" Can communicate effectively in a suitable format, 5 9
but may have minor errors. You need to be more .
concise in your writing. Use captions for figures,
equations and tables to allow you to refer to them
in your text. Mostly coherent work and is in a
suitable structure.



