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1.0 Abstract

This report investigates RLC circuit networks, their potential applications and details results
from the modelling and bread boarding of an example circuit.

Proteus circuit simulator was used to initially design the network, from which measurements
were taken and graphed. Followed by a practical bread boarding of the same circuit, using
components rated to identical values, the same voltage applied to the circuit as the simulation.
The results of the bread board are measured by hand using an oscilloscope and graphed in a
similar fashion, calculations to find the Q factor of each experiment were then done.

The resulting calculations show that the circuit simulator far exceeded th¢ SEle of Q factor
when compared to the bread board, with Proteus resulting in a value of 455"and the bread
board having a value of 4.39. This suggest some inherent problems of the circuit simulators
inability to account for factors such as internal resistance, tolerances of components and
phenomena such as parasitic capacitance.

These findings are significant and highlight that while Proteus is an extremely useful tool, that
actual circuit performance may differ. Therefore recommending that both tests are carried out
before moving ahead in the circuit design and production process.




2.0 Introduction

This report seeks to identify the composition and use of RLC circuits in real world applications,
whilst also investigating a simple RLC circuit in a simulation program and the same circuit built
on a breadboard. This will allow for comparison between the simulation results and results
obtained from practical experimentation with the circuit. Before detailing this experiment, some
background knowledge on RLC circuits will be discussed.

RLC circuits are given their name from the fact they contain a Resistor (R), Inductor (L) and
Capacitor (C) connected within the same circuit, these components can be connected in either
series or parallel. The actual placement of these common components can greatly change both
the behaviour and the practical applications of the circuit, however this report only looks directly
at circuits where the inductor and capacitor are placed in parallel with each other, since that is
the circuit that was simulated and built.

Whilst we only simulate and build one particular circuit topology, discussing the applications of
these components is useful to understand their purpose. By combining resistors with capacitors
it is possible to make frequency dependent voltage dividers. [1] This fact allows for the
characteristics of an RC circuit to filter either upper or lower frequencies (Also known as high-
pass and low-pass filters), however when capacitors are combined with inductors it allows for a
much better filter and the addition of using a “resonant circuit’ to create what is known as a
band-pass filter [2], passing through a selected or “tuned” part of the frequency domain whilst
filtering everything else either side of it. The application of this may be recognisable from the
tuning of a car radio, often this is achieved by making the capacitor and/or inductor variable,
allowing the person using the circuit to change the exact part of the frequency domain being
passed through the circuit.

The above only refers to one type of filter, the use of Inductors and Capacitors together can also
be used to deliver the opposite effect, known as a “Band-stop” filter, where a very low
impedance shorts out the signal, dropping it across a resistor and preventing its passage on to
the load [3]. The exact effect of the circuit differs greatly by its design, hence understanding the
orientation of these components is a critical stepping stone to designing and building tuned
circuits in the future. The exact frequency response of an RLC circuit can be visualised with
calculations that include bandwidth, upper and lower frequencies and -3dB points [4]. These
findings are then used to find the ratio of reactance or stored energy to resistance or consumed
energy [5], better known as Q or Quality Factor.

The reason why these circuits produce the results that they do is due to the reactance these
circuit networks have due to the inductance from the inductor and capacitance from the
capacitor, when these two reactances are combined they produce resonance, which is an
important concept underpinning the design and application of filtering circuits.




3.0 Simulation Setups

In the simulation a simple RLC circuit was designed consisting of a resistor with a value of 1K
ohms, an inductor with a value of 1uH and a capacitor with a value of 1mF, with the inductor
and capacitor being in parallel with each other, supplied with a voltage of +2Vin from the positive
and provided with a ground reference of 0V to create a closed circuit.

The simulation was then adjusted at intervals, so that multiple measurements could be taken of
the Veutacross a wide range of frequencies, these measurements were then used in the formula

Gain(dB 10(Vf—‘“) to find the gain of the circuit at the values. The circuit diagram from

Vin

the simulator is shown in Figure 1, alongside the simulated oscilloscope and signal generator in
Figure 2.
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After these circuits had been simulated in Proteus, the example circuit was then replicated on a
breadboard in order to compare the simulated results to those of an actual circuit with physical
components. The test setup for the breadboard used components with stated values that were
identical to those in the simulation, in identical orientation being supplied with an identical Vin
value. Whilst there are nuances to be discussed, they shall be saved for later sections.

The test setup for the breadboard circuit are show in Figure 3 and 4.
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Figure 4 - The Oscilloscope being used for recording the values




Shown in figure 3 is the breadboard setup used for testing with a red wire representing the
positive and black wire representing the negative. Oscilloscope probes were then connected
directly to the red wire to measure Vin and to the side of the resistor closest to the negative
terminal, effectively acting as a wire in order to capture measurements of Vout.

Once these measurements were acquired, Microsoft Excel was used to build a graph of Gain
over Frequency and estimate the positon of the 3dB points in the circuits frequency response.
From the 3dB points, Q-Factor can be found.
Bandwidth (Hz) = Upper — Lower; Citation Needed
Caption required
where upper and lower represent frequency value in Hz of the 3dB points

After calculating the bandwidth, f. can be estimated by finding the value with the highest gain
value.

Finally the Quality factor can be found with the following calculation,

fe
Bandwidth

Caption required tation Needed

It is worth acknowledging that the values recorded are t match, as more values were
able to be exported directly from the circuit simulation compared to the manual changing of the
signal generator when testing the breadboard circuit.

The results from these simulations shall be discussed in the next section.




4.0 Results and Discussion

The results from these experiments differ significantly, with the Q factor for the simulated graph
being a value of 458 (3 s.f) Jmanlying something has gone horribly wrong either with the
simulation or the calculatioazsim the frequency response graph, because a Q-factor this high
would imply an impossibly low resistance. However for the breadboard circuit, the Q factor was
a value of 4.39 (3 s.f). The appearance of this becomes quite clear when looking at the graphs
in Figures 5, 6 and 7.

With Figure 5 representing the data collected manually from the breadboard, there is a
significant difference in the linearity of the gain before reaching the resonant frequency. Whilst
there is a difference in the maximum and minimum of X axes, this is due to the simulated result
in Figure 6 not matching up with reality and the results outside those bounds can be neglected
as a product of simulation. However one comparison is that the graphs appear to decline with a
similar curve after the resonant frequency, but this is noticeably more gradual in the breadboard
results.

Q-factor itself is represented by the peaks and orange lines, in crude terminology, the greater
the gradient of the peak the greater the Q-factor, hence there must be also be a link between Q-
factor and a derivative of the function, but that’s outside the scope of this report.
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Figure 5 - Graph of Gain over Frequency from Breadboard, orange represents 3dB points

The results from the breadboard behave as expected, but very different from the simulation. A
potential area of difference here is that physical manufactured components will have tolerances,
these tolerances result in uniquely different cfespinents, whether by the batch they are
produced or by individual differences in the sttt they are manufactured from. For example,
the measurements for the components used in the breadboard were measured and found to be:

Component Simulation Measurement Actual Value
Inductor 1mH 1.05mH
Capacitor 1uF 0.991uF
Resistor 1000Q 981Q

Table 1 - Table of simulation measurements vs physical components

Table 1 shows the discrepancies between simulation components and the actual value of the
components used in the breadboard, within their tolerance limits. It is also worth noting that the
simulation assumed no internal resistance, whereas all real components will have some degree
of internal resistance, even if it's negligible. ™




Figures 6 and 7 (below) show graphs of the results from Proteus, demonstrating that the
simulation had a much smaller bandwidth on the 3dB points. By using this bandwidth in the
calculations, it results in a Q factor that implies a theoretical resistance that is impossibly low.
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Figure 6 — Graph showing the frequency response from Proteus, red lines represent the
3dB points
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Figure 7 — Wider span of the graph from Proteus Frequency Response

Considering the bandwidth over which these circuits allow, they would be considered a very
small band pass filter, with the breadboard circuit measurements showing a bandwidth of
roughly 1.1 kHz, which while small for some circuits such as radio transmitters, might have
applications elsewhere.

It is worth noting, whilst not discussed here, calculations may also take place in the complex
domain. With phasor diagrams also being a tool to the visualisation of the practical results of

such a circuit.




5.0 Conclusion
This report sought to investigate the potential applications and design of RLC circuits, whilst
also looking at circuit simulation software versus practical bread boarding.

It was discovered that there is a large discrepancy between simulated results and actual results,
with the simulation results having a significantly larger Q factor than the physical bread board.
Some potential reasons for this are stated as:

« Simulator components are perfect, simulated as exact values. When measuring the
actual components with a meter, it was discovered that there were small differences
between the values that could impact the results.

+ The components in the simulator do not account for internal resistances. All components
have some value of internal resistance, along with other characteristics such as parasitic
capacitance, which are not modelled in the circuit simulalor

The Q factor in this case, represents how large the gradient is leading to and from the resonant
frequency, with different Q factors being required for different results. The individual Q factor of
a circuit may even be tuned to perform across a certain range for particular applications.

The report highlighted the key issues that need to be considered when using a circuit simulator,
whilst also explaining part of the theory and maths behind resonant circuits.
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