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1.	Abstract
An analysis of a series circuit containing resistance, inductance and capacitance (RLC) including current, voltage, power, resonance, power factor and power factor corrections.
2.	Introduction
This paper will analyse the performance of a series RLC circuit. It shall identify the current within the circuit and the voltage drops across components. Further it shall analyse the active, reactive and apparent power factor against frequency and discuss the effect on power factor across the frequency range.  The paper will then investigate the effect on component voltages and circuit current through the point of resonance before investigating maximum power transfer.
3. 	Method
A series RLC circuit is one where resistive, inductive and capacitive components are place in series with an AC supply voltage, as defined by Prommee et al [1] the series RLC circuit is a bandpass filter. The circuit to be used is this paper is shown in Figure 1.[image: https://www.electronics-tutorials.ws/accircuits/acp154.gif]





Figure 1 Series RLC Circuit
The circuit component values used in this paper were derived from the student’s number (P151664), this gives component values of:	L = 115 mH, C = 16μF, R = 64Ω.
From these figures a resonant frequency of 117.33Hz was calculated using the equation


3.1	This Series RLC was subjected to a range of frequencies from 1 to 10,000 Hz, and the resulting circuit current plotted in Figure 2.

Figure 2 Circuit current over frequency range.
3.2	The voltage drops across the circuit components were measured across the frequency range, the results were plotted and are shown in Figures 3, 4 & 5.

Figure 3 Resistor voltage over frequency range.

Figure 4 Inductor voltage over frequency range.

Figure 5 Capacitor voltage over frequency range.

3.3 	Power in reactive circuits differs from dc circuits in that reactance must also be considered, this reactance varies depending on frequency. This gives three power quantities that can be calculated for any given frequency. Tooley [2]explained that True Power (P) is that which dissipated as heat in the resistive components and is measured in Watts (W). Akagi et al [3] explained Reactive Power (Q) is that which is stored in capacitors and inductors at any given time and is measures I Volt-Amperes Reactive (VAR). Hickman [4] further explains that mathematically, Apparent Power (S) is the combination of the real True Power (P) and the imaginary Reactive Power and is measured in Volt-Amperes (VA).

Figure 6 True power over frequency range.

Figure 7 Reactive power over frequency range.

Figure 8 Apparent power over frequency range.

3.4	Horowitz et al [5]explains that Power Factor is a mathematical expression of the quantity of reactive power in a circuit. The power factor tends towards one at the point of resonance in a Series RLC circuit.

Figure 9 Power factor over frequency range.

3.5	Energy storage in a RLC circuit at resonance are stored in either the Capacitor, the Inductor or between them. The point of resonance at the point where stored energy is passed from the Inductor to the Capacitor and vice versa, algebraically the net energy would be zero, therefore at this point the circuit is purely resistive[6].
4.	Phasor diagrams are  a graphical representation of the magnitude and phase of voltages and current within a circuit for a given frequency[7]. In this case we shall look at the phase relationships in the circuit at, below and above resonance.
4.1	Phasor diagrams of RLC circuit at resonance +25Hz
Figure 11 Resultant phasor diagram at resonance +25Hz.
Figure 10 Phasor diagram at resonance +25Hz.



4.2	Phasor diagrams of RLC at resonanceFigure 13 Resultant phasor diagram at resonance.
Figure 12 Phasor diagram at resonance.




4.3	Phasor diagrams of RLC circuit at resonance -25HzFigure 15 Resultant phasor diagram at
resonance -25Hz.
Figure 14 Phasor diagram at resonance -25Hz.




5.	Maximum power transfer is achieved when the load impedance matches the source impedance. If however, a circuit is found to be either inductive or capacitive, this will affect the power that is apparent at the supply, correction of this requires the correction of the phase difference induced. This would be done by adding the opposite effect. Mathematically this is done using the complex conjugate of the cause of the initial phase error.
[image: ]
Figure 16 Series RL Circuit
A series RL circuit is shown in Figure 16. For given component values of 10Ω and 100μH the circuit will have a cut off frequency given by the equation

This would give a cut-off frequency of 15915Hz. At this frequency the circuit would have an impedance of 10+j9.99Ω. This gives a circuit impedance of 14.13Ω ∠ 45⁰.
To counteract the phase shift, the complex conjugate of 10+9.99Ω must be applied at the load. Therefore 10-j9.99Ω. At the cut-off frequency of 15915Hz this can be calculated by transposing 

This gives an approximate capacitor value of 1μF. When placed in series with the load this will correct the phase shift. And ensure maximum power transfer is completed.

Figure 17 RL Circuit Impedance
Figure 17 shows that Impedance of the circuit caused by the circuit inductance. Figure 18 shows the same phasor diagram with the Capacitive correction.

Figure 18 RL Circuit with Rc load
Since the resultant is parallel to the reference it can therefore be seen that the power correction used to correct the phases to max power transfer is the same used to bring a circuit to resonance and consequently bring the power factor to one.

6. 	Conclusions
6.1	It can be seen that the circuit current peaks at the same point of resonance previously calculated. The circuit current peak matches perfectly with the resistor voltage drop, this can also be seen in the Capacitor and Inductor voltages, which show a characteristic steady state voltage equal to the supply voltage on either the capacitor or inductor before peaking at resonance and decaying as the equivalent to the supply voltage drops over the other reactive component.
The Active, Reactive and Apparent power graphs show the same resonance point, the only remarkable point being the inversion of the reactive power moves from the capacitive at the low frequencies to the inductive at the higher frequencies.
The power factor follows a similar trend. The nearest sample to the resonance point was plotted at 100Hz which produced a power factor of 0.92. 
The energy stored in the reactive components at resonance transfer between the capacitor and inductor and cancel each other out.
6.2	The phasor diagrams plotted at resonance and 25Hz either side show the reactive components will produce reactive power either above resonance (Inductor) or below resonance (Capacitor) and consequently force a value of apparent power that is greater than true power.
6.3	As previously stated the same component values used for maximum power transfer also bring the circuit to resonance and bring the power factor toward one.
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Resistor Voltage v  Frequency

VR	IS * R	0	1	2	5	10	20	50	100	200	500	1000	2000	5000	10000	0.35533102219632129	6.4343159589608179E-2	0.12870637361851373	0.32211711483633421	0.64674915256114418	1.31381662881663	3.6583470222642713	9.2025217940749826	5.5962478958447406	1.842596163225062	0.89449531213199918	0.44395720374195896	0.17721613794408661	8.8581905189693819E-2	Frequency (Hz)


Resistor Voltave (V)



Inductor Voltage v  Frequency

VL	IS * XL	0	1	2	5	10	20	50	100	200	500	1000	2000	5000	10000	0	7.2644061592746568E-4	2.9062152969038862E-3	1.8183669934377693E-2	7.3018617011304437E-2	0.29666238560266234	2.0651549295065097	10.389737841306507	12.636438105525722	10.401546180326067	10.098940270168928	10.024641207822537	10.003938353470353	10.000984436645911	Frequency (Hz)


Inductor Voltage (V)



Capacitor Voltage v Frequency

VC	IS * XC	0	1	2	5	10	20	50	100	200	500	1000	2000	5000	10000	9.9936849992715366	10.000519436364092	10.002077914462291	10.012994351699668	10.0520824775977	10.209980995727371	11.371953362087401	14.302996410526665	4.348977125934125	0.57277009277232316	0.13902670947103077	3.4500968504291241E-2	5.508754755753238E-3	1.3767820390075574E-3	Frequency (Hz)


Capacitor Voltage (V)



True Power (P) v Frequency

True Power (P)	I2R	0	1	2	5	10	20	50	100	200	500	1000	2000	5000	10000	1.9728146146106651E-3	6.4688159155840418E-5	2.5883329078169449E-4	1.6212411823513144E-3	6.5356947865399711E-3	2.6970533346173352E-2	0.20911723336421659	1.3232251151628911	0.48934360174604197	5.3049384698933118E-2	1.2501904116033167E-2	3.0796562305371758E-3	4.9071186793464897E-4	1.2260553010993601E-4	Frequency (Hz)


True Power (W)



Reactive Power (Q) v Frequency

Reactive Power (Q)	I2XT	0	1	2	5	10	20	50	100	200	500	1000	2000	5000	10000	-5.5485411035924956E-2	-1.0053410571694846E-2	-2.0108705134194518E-2	-5.0304680939775151E-2	-0.10084298586230923	-0.20350441932405008	-0.5319921614475952	-0.56268511357967477	0.72466696982710721	0.28297601731444944	0.1392046248325656	6.9299917588089885E-2	2.7685673109219454E-2	1.3840379643664457E-2	Frequency (Hz)


Reactive Power (VAR)



Apparent Power (S) v Frequency

Apparent Power (S)	I2Z	0	1	2	5	10	20	50	100	200	500	1000	2000	5000	10000	5.5520472218175201E-2	1.0053618685876278E-2	2.0110370877892775E-2	5.0330799193177227E-2	0.10105455508767879	0.20528384825259843	0.57161672222879245	1.437894030324216	0.87441373372574061	0.28790565050391598	0.13976489252062488	6.9368313084681082E-2	2.7690021553763534E-2	1.384092268588966E-2	Frequency (Hz)


Apparent Power (VA)



Power Factor v Frequency

Power Factor	P / S	0	1	2	5	10	20	50	100	200	500	1000	2000	5000	10000	3.5533102219632129E-2	6.4343159589608174E-3	1.2870637361851371E-2	3.2211711483633415E-2	6.4674915256114407E-2	0.131381662881663	0.36583470222642711	0.92025217940749815	0.55962478958447415	0.18425961632250618	8.9449531213199915E-2	4.4395720374195896E-2	1.7721613794408661E-2	8.8581905189693815E-3	Frequency (Hz)


Power Factor



Resultant at Resonance + 25Hz
Is	0	13.891491228935882	0	0	Vr	0	8.8905543865189642	0	0	Is	0	13.891491228935882	0	0	Vr	0	8.8905543865189642	0	0	Vc	0	0	0	-9.7084700852625652	Is	0	13.891491228935882	0	0	Vr	0	8.8905543865189642	0	0	Vc	0	0	0	-9.7084700852625652	Is	0	13.891491228935882	0	0	Vr	0	8.8905543865189642	0	0	Vc	0	0	0	-9.7084700852625652	Is	0	13.891491228935882	0	0	Vr	0	8.8905543865189642	0	0	Is	0	13.891491228935882	0	0	Vr	0	8.8905543865189642	0	0	Is	0	13.891491228935882	0	0	Vr	0	8.8905543865189642	0	0	Is	Is
0	13.891491228935882	0	0	Vr	Vr
0	8.8905543865189642	0	0	Vreactive	Vl-Vc
0	0	0	4.5779954893324639	Resultant	Vs (Resultant)
0	8.8905543865189642	0	4.5779954893324639	Vc	0	0	0	-9.7084700852625652	Current Reference and Resistor Voltage

Reactive Voltage


Phasors at Resonance + 25Hz
Is	0	13.891491228935882	0	0	Vr	0	8.8905543865189642	0	0	Vl	0	0	0	14.286465574595029	Vc	0	0	0	-9.7084700852625652	Is	0	13.891491228935882	0	0	Vr	0	8.8905543865189642	0	0	Vl	0	0	0	14.286465574595029	Vc	0	0	0	-9.7084700852625652	Is	0	13.891491228935882	0	0	Vr	0	8.8905543865189642	0	0	Vl	0	0	0	14.286465574595029	Vc	0	0	0	-9.7084700852625652	Is	0	13.891491228935882	0	0	Vr	0	8.8905543865189642	0	0	Vl	0	0	0	14.286465574595029	Vc	0	0	0	-9.7084700852625652	Is	0	13.891491228935882	0	0	Vr	0	8.8905543865189642	0	0	Vl	0	0	0	14.286465574595029	Vc	0	0	0	-9.7084700852625652	Is	0	13.891491228935882	0	0	Vr	0	8.8905543865189642	0	0	Vl	0	0	0	14.286465574595029	Vc	0	0	0	-9.7084700852625652	Is	0	13.891491228935882	0	0	Vr	0	8.8905543865189642	0	0	Vl	0	0	0	14.286465574595029	Vc	0	0	0	-9.7084700852625652	Is	Is
0	13.891491228935882	0	0	Vr	Vr
0	8.8905543865189642	0	0	Vl	Vc
Vl

0	0	0	14.286465574595029	Vc	0	0	0	-9.7084700852625652	Current Reference and Resistor Voltage

Reactive Voltage


Phasor Diagram at Resonance

Is	Is

0	15.625	0	0	Vr	Vr

0	10	0	0	Vl	Vl

0	0	0	13.246738248291541	Vc	Vc

0	0	0	-13.246738248291539	Current Reference and Resistor Voltage


Reactive Voltage



Resultant at Resonance
Is	0	15.625	0	0	Vr	0	10	0	0	Is	Is

0	15.625	0	0	Vr	Vs Vr

0	10	0	0	Current Reference and Resistor Voltage

Reactive Voltage


Resultant at Resonance -25Hz

Is	Is

0	13.154936986214965	0	0	Vr	Vr

0	8.419159671177578	0	0	Vl - Vc	Vl -Vc

0	0	0	-5.3960865848517514	Vs Resultant	Vs Resultant

0	8.419159671177578	0	-5.3960865848517514	Current Reference and Resistor Voltage


Reactive Voltage



Phasor Diagram at Resonance -25Hz

Is	Is

0	13.154936986214965	0	0	Vr	Vr

0	8.419159671177578	0	0	Vl	Vl

0	0	0	8.7763118732922152	Vc	Vc

0	0	0	-14.172398458143967	Current Reference and Resistor Voltage


Reactive Voltage



RL Circuit Impedance Phasor Diagram

Z

0	10	0	9.9	Is	Is

0	12	0	0	Vr	R

0	10	0	0	Vl	Xl

0	0	0	9.9	Circuit Current and Resistance Reference


Reactance



Rl Circuit with Rc Load Phasors

R

0	20	0.2	0.2	Is	Is

0	24	0	0	Xl	Xl

0	0	0	9.9	Xc	Xc

0	0	0	-9.9	Circuit Current and Resistance Reference


Reactance



Series RLC Current v Frequency

Current (Is)	Vs / ZT	0	1	2	5	10	20	50	100	200	500	1000	2000	5000	10000	5.5520472218175201E-3	1.0053618685876278E-3	2.011037087789277E-3	5.033079919317722E-3	1.0105455508767878E-2	2.0528384825259843E-2	5.716167222287924E-2	0.1437894030324216	8.7441373372574072E-2	2.8790565050391594E-2	1.3976489252062487E-2	6.9368313084681088E-3	2.7690021553763533E-3	1.3840922685889659E-3	Frequency (Hz)


Circuit Current (A)
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