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Abstract

In this report | will detaiThiow T have carried out experiments to determine AC response within an
RLC circuit. | have done this by using a mathematical approach in Microsoft Excel to simulate the RLC
network. Using various formulae and equations, | have created excel tables to accurately calculate
the various factors within the circuit as well produce graphs and phasor diagrams to graphically
show my results. By carrying out these experiments | have produced results that will show how
components in an RLC circuit behave at resonant frequency, as well as at frequencies above and
below resonance. | produced graphs that compared the various frequencies against current, voltage
through the resistor and the parallel LC circuit, active, reactive, and apparent powers, as well as
power factor. From the graphs shown, it can be seen that at resonant frequency, the circuit it
neither inductive nor capacitive, and that at resonance, the power factor becomes as close to 1 as
possible and the phase angle becomes minute. | also created phasor diagrams to illustrate the
component voltages and currents at resonance, as well as 25Hz above and below. | used excel to
produce a table and graph that would allow me tofind the component values to allow maximum
power transfer, the graph shows the exact point of maximum power transfer and the values of load
reactance and resistance in order to achieve this.

Introduction

RLC circuits have many applications in industrial settings, such as low and high pass filters, voltage
multipliers and oscillator circuits, they are also used for tuning analogue radios. RLC circuits are also
used in power factor correction. Power factor correction is the process of improving the phase angle
between the supply voltage and current, but all while the power consumption stays the same. Using
a capacitor in parallel with an inductive coil adds an impedance to the circuit which decreases the
phase angle, this increases the power factor and therefor reduces the circuits rms drawn from the
supply. Adding a capacitor and inductive coil in parallel reduces reactive power as well as also
reducing the current taken from the supply. Power factor correction in industry is done by
automated PFC panels, this works by adding and removing capacitors from the circuit in order to
keep the power factor as close to unity as possible. A magnetic field is required for an inductive load
to operate, but this causes the current to be out of phase and lagging behind the voltage, power
factor correction works by creating a leading current to compensate for the lagging current by
adding capacitors. I*!

Resonance is where the reactance of a capacitor is equal to the resonance of the inductor while the
imaginary part of the function is equal to zero. When at resonance, the impedance of the circuit is
equal to the resistance value (Z=R). Resonant RLC circuits have many uses, such as in oscillator
circuits and in radio receivers (where they are used to fine tune radio signals), they are also used in
signal processing and communication systems, and can also be used in induction heating.

Maximum power transfer is where the most power is obtained from a power source. In an AC circuit
occurs when the impedance of the load is equal to the conjugate of the impedance of the power
source. Maximum Power Transfer is used in order to calculate the optimal ratio of load impedance
to source impedance, this does not mean that it will be the most efficient use of power, just that the




maximum magnitude of power will be transferred. Where power is limited, it is essential that
impedance matching is essent]a} as it is critical to transfer as much power as possible. *!

| am going to be essentially simulating an RLC circuit using determined values for my components, |
have worked these out using my student ID number (2013713), this gives me the values of 201mH,
13uF and 37Q. These will be used alongside a 10V AC power supply and using various frequencies
ranging from 1 to 1800066f1Z. | will use formulae to calculate the resonant frequency, reactance of
the inductor and capacitor, impedance of the parallel LC circuit and the total impedance of the
circuit. | will then use these values to calculate the current, voltage drops, and then reactive, active
and apparent powers in the circuit at various frequencies. | will create graphs to show my findings
and this will allow me to compare what happens at the different frequencies, including resonant
frequency. | will also be creating phasor diagrams to show current and voltage at resonant
frequency, as well as 25Hz above and below resonance. | will also be calculating maximum power
transfer in order to find the conditions at which it will occur within the circuit and creating a graph to

show this.
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Method

In the spreadsheet | used various formulae to calculate everything | needed, these are as follows:
1
Resonant Frequency: Fges = P~

Inductive Reactance: X; = 2rnfL

1

Capacitive Reactance: X = —

P C 7 anfc
XLxXC
XL+XC

Parallel Impedance: Zic =

Total Impedance: Zrotal = R + Zic

Current: | =
ZTotal

Voltage drop across resistor: Va =1 x R
Voltage drop across LC parallel: Ve =1 x Zic
Active Power: P = 12Z o)

Reactive Power: Q = Imaginary(1*Zrotal)
Apparent Power: S = V(P*x Q7

Phase Angle: ¢ = Cos(P/S) in Degrees
Power Factor: PF = Cos ¢ in Radians
Source Reactance: Xsgc = 2*PI*f*0.00015

Source Impedance: Zsgc = Rsre+Xsqc

Load Power: P = R [(;)zzmad]

ZLoad+Zsre

The spreadsheet works by firstly entering the known values for the resistor, inductor, capacitor and
the voltage source. | firstly calculated the resonant frequency, using the resonant frequency
calculation and then created my frequency column which goes from 1 to 1006000 Hz with my
resonant frequency placed in the right place. | then created a column where my resistance is copied

all the way down. | then used the equations for inductive reactance and capacitive reactance to

create columns for them, parallel impedance is then calculated using the formula and the values are

produced in in accordance with the reactance and frequency variations in the same row. Total

impedance is calculated using the value of the parallel impedance and the resistor value. Current can
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then be found using | = V/Zrota. When using the spreadsheet, for various calculations, different forms
of the values need to be used, in some cases, the complex form of the number needs to be used and
in other cases the absolute form needs to be used. | then calculate the voltage drops across the

resistor and the parallel LC circuit.

Using these values calculated so far, the active power, reactive power, apparent power, phase angle
and power factor can all be determined using the calculations above in order of how | have listed
them in this paragraph. Using these results, | created graphs by highlighting the various aspects of
my spreadsheet and compared them to the frequency column to show how Current, Vg, Vi, Power

and Power Factor are related to frequency as it increases.

The resonant frequency is used as well the frequencies that are 25Hz above and below resonance, to
calculate, in a separate part of the spreadsheet, the same values as above, such as reactance, power,
impedance etc. As well as calculating the angle of VLC and the angle of VR. These values are used to

produce phasor diagrams to show the voltage and current at the frequency values stated above.

A maximum power transfer graph was also created on a separate spreadsheet, using arandom
frequency; avoltage supply of 10V with an internal resistance value of 5Q, and an inductance of
0.00015pH. | calculated the reactance of the inductor and the total internal impedance of the
voltage source. | then set up two axis, my Y axis being load resonanceand my X axis being load
resistance. Using these two axis and the calculation for Load Power shown above, | created a table
that shows load power against load reactance and load resistance when using the specified voltage

source. This gave me a graph to show the precise point where maximum power transfer occurs.




Results
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Graph 4
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Phasor 1

Phasor at 25 Hz Below Resonance
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Phasor 2

Phasor at Resonance

1.5E-07
0.0000001
5E-08

12
-5E-08

-1E-07

-1.5E-07

Phasor 3

Phasor at 25 Hz Above Resonance

12

—8—\VLC

—8—VR

—8—VLC

——\/R

—8—\LC

—8—VR




Maximum Power in AC

(swyp) 2auelsisay peo

N o9

n = ™

(s1epn) Jamod peoq

Load Reactance (Ohms)

3-4 mA4-5

m0-1 m1-2 m23




Discussion

The graphs 1-3 show that before resonance (98.45787Hz), the circuit is capacitive and after
resonance it is inductive. This is due to the reactance’s are not equal and one is larger that the other.
As can be seen from the graphs, at resonance, current, and voltage across the resistor (VR) are zero
while voltage across the parallel LC circuit becomes a maximum of 10V. Graphs 4 and 5 show that
the active power, reactive power and apparent power all become very close to zero too which
although minimal proves that maximum power factor occurs at this point, as also seen in graph 5.

The phasor diagrams show the difference at resonance as well as 25Hz above and below this
frequency. They show that at resonance, the voltage drop across the resistor and the parallel circuit
are minimal and that the phase angle of the voltage across the resistor is almost 0. At 25Hz below
resonance you can see how the voltage across the resistor and parallel LC circuit are opposite of the
phasor showing VR and VLC at 25Hz above resonance, this shows how the circuit is capacitive before
the resonant frequency and inductive after the resonant frequency.

As can be seen, the graphs 1-5 have certain features at roughly 100Hz, this is because the resonant
frequency of the circuit is 98.45787Hz. At this frequency, the reactance’s of the capacitor and the
inductor are equal and opposite, this happens because the inductor has a collapsing magnetic field
that generates a current in its windings and charges the capacitor that is in parallel with it, but the
capacitor is discharging which provides an electrical current that supplies the inductors magnetic
field. Since the current in both the capacitor and the inductor are equal and opposite, the
discharging of the capacitor and the inductors magnetic field breaking down happens continually
and repeatedly at this frequency. This means that there is the minimum amount of current in this
loop of the circuit. [*!

As seen in the graph for maximum power transfer, the point of maximum power transfer occurs
when the load resistance is 5Q and the load reactanteis 0. If the reactance’is O then this means
that XL=XC, at resonance this is also the case as seen in the above graphs and for power factor
correction, power factor correction is done so that the maximum power transfer is maintained at a
value as close to 1 as possible. For maximum power transfer the total impedance of the load should
be equal to the conjugate of the internal impedance of the power source.

10




Conclusion

Throughout this work 'have found t\@( maximum power transfer occurs when the impedance of the
load is equal to the conjugate of the internal impedance of the power source. That when reactance’s
are equal and opposite you get a power factor of 1 and that this is where resonance occurs. | have
also found that maximum power transfer and resonance occur when XL=XC and this allows for the
greatest power factor possible in a circuit, | have also found that max power transfer does not
necessarily mean most efficient. | have found that before resonance a parallel RLC circuit is
capacitive and after resonance it is inductive.

11
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