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Abstract: Fractional-order circuit elements are becoming an essential part of modelling electronics and mechanic systems in the last
few decades. Recently, conformable fractional derivate (CFD) has been introduced in literature. It is easier to understand and use
than the other Fractional-order derivatives and it is already being used to model circuit components. CFD has already been used to
model supercapacitors in literature. It is important to know how circuits behave for different types of current and voltage waveforms.
In this paper, a parallel circuit which consists of a resistor, an inductor and a CFD capacitor fed by a current source has been
examined for DC and sinusoidal signals using Simulink™ toolbox of Matlab™ since it was not possible to find analytical solutions
of the circuit. Simulink provides an easier way to examine such circuits.
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Simulink Kullanarak Uyumlu Kesirli Dereceli Tiirev ile Modellenen Bir Kondansatorden Olusan Paralel
Rezonans Devresinin Analizi

Ozet: Kesirli derceli devre elemanlar, son birkag on yilda, elektronik ve mekanik sistemlerin modellenmesinin 6nemli bir pargasi
haline gelmeye baslamistir. Son zamanlarda, uyumlu kesirli tiirev (CFD) literatiirde ortaya ¢ikmistir. Anlasilmasi ve kullanilmasi
diger kesirli dereceli tiirevlerden daha kolaydir ve devre bilesenlerini modellemek i¢in ¢oktan kullanilmaktadir. CFD literatiirde siiper
kondansatorleri modellemek igin héalihazirda kullanilmistir. Devrelerin farkli akim ve gerilim dalga bigimleri i¢in nasil davrandigini
bilmek onemlidir. Bu makalede, bir akim kaynag: tarafindan beslenen bir direng, bir indiiktér ve bir CFD kapasitoriin paralel
baglanmasindan olusan devre, devrenin analitik ¢oziimiinii bulmak miimkiin olmadigindan dolay1, Matlab™"in Simulink™ alt
programi ile DC ve siniizoidal sinyaller kullanilarak incelenmistir. Simulink bu devreleri incelemek i¢in kolay bir yol saglamaktadir.

Anahtar kelimeler: Kesirli dereceli Tiirev, Uyumlu Kesirli Tiirev, Devre Analizi, Devre Teorisi, Devre Modellemesi.
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1. Introduction

Fractional derivative is a derivative of any arbitrary order
which is harder to use than ordinary derivative [1-5]. In
recent years, the Fractional Calculus has found application
areas in many engineering fields [4-5]. The fractional order
circuit elements are especially useful to model biological
systems [6-7]. Realization of fractional order elements have
become also an important research area [8-11]. Such circuits
may present interesting oscillation phenomenon [12].
Oscillation of impulsive conformable fractional differential
equations has also been inspected in [13]. They are also
useful for batter modeling [14]. A new simple fractional
derivative called “the conformable fractional derivative”
depending on the familiar limit definition of the derivative of
a function and that break with other definitions has been
suggested in [15]. The CFD is developed more in [16]. A
conformal fractional derivative is actually not a fractional
derivative that it is simply a first derivative multiplied by an
additional simple factor depending on the independent
variable. This new definition is a natural extension of the
classical derivative and it has also the advantage of being
different from other fractional differentials. Due to these
properties, the conformal fractional derivative has become a
hot research area. The conformal derivative has also the
advantage of being physically interpretable compared to the
other types of fractional derivatives [17]. A review on usage
of Fractional derivatives in electrical circuit theory can be
found in [18]. Supercapacitors have been modeled using
fractional order models in [19-22]. The CFD has been used
for modeling and analyzing an electric circuit containing a
supercapacitor in [23]. Some fractional electrical circuit with
sinusoidal inputs has been analyzed using Caputo and
conformable derivative definitions have been done in [24-
25]. A Liouville-Caputo sense approach has been used to
obtain analytical solutions of electrical circuits described by
fractional conformable derivatives in [26]. Other electrical
circuits described by fractional conformable derivative have
been examined in [27]. A CFD capacitor has been analyzed
for common waveforms in [28]. It is important to analyze
new circuit elements for different current and voltage
waveforms so that they can find usage at full potential. An R-
L-C parallel circuit is commonly thought in electric circuit
theory due to its many applications. Such a circuit can be
modified with a CFD capacitor. To the best of our
knowledge, such a circuit has not been analyzed in the
literature yet. We have tried to solve such a circuit
analytically by hand and by a symbolic math program to no
avail. In this paper, such a circuit fed by a current source has
been analyzed for DC and sinusoidal waveforms using
SimulinkTM toolbox of MatlabTM. The discussions are
provided in the conclusion section.

The paper is organized as follows. The CFD capacitor model
is given in the second section. Its examination of the parallel
circuit for DC and AC signals are made using Simulink in the
third section. The paper is finalized with the conclusion and
discussion section.

2. Conformal Fractional Derivative and CFD
Capacitor Constitutional Law
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More information about CFD can be found in  conformable
fractional calculus [7]. Conformal Fractional Derivative
(CFD) is described as

def (1)
dt”

If a capacitor can be modeled using CFD, its constitutional
law can be expressed as
dve (1) 1

d“v, (t) NI c
—cCc_Ccy (e =C —c e o
dt” Ve (®) “dt @)

where , and are CFD capacitor current, CFD capacitor
voltage and CFD capacitor coefficient..
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3. Examination of the parallel resistor-CFD
Capacitor circuit for different waveforms Using
Simulink

The parallel R-L-C circuit is shown in Figure 1.
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Figure 1: The parallel circuit with a CFD capacitor.
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4. Simulation Results of the Circuit
In this section, the system is simulated using Simulink.
4.1. Solution for a Constant Current Source

For a constant source , Eq. (10) turns into
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2. -
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dt R dt

The equation () has been tried to be solved by us and a
symbolic differential equation solver to not avail. That’s why
the system is chosen to be simulated numerically. The
Simulink block diagram of the circuit described by equation
(11) for a constant current source is shown in Figure 2. The
circuit parameters given in Table 1 is used in simulations.
The simulation results for a constant current is given in
Figure 3. After quite a long time, after the whole source
current will pass only from the short-circuited inductor while
the current of the capacitor and voltage of the circuit nearly
will equal zero.

+i, (1) (11)

Table 1. Parameters of the parallel circuit

Resistance of the Resistor R 1Q
Inductance of the inductor L 1H
The capacitance coefficient C, 1F/s%®

The power of the CFD (04 0.5
capacitor

Constant current source lac 1A
Magnitude

4l "POVER

“ fn L]

Figure 2. Simulink block diagram of the parallel circuit
excited with a constant current source.
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Figure 3. a) The inductor current, b) the CFD Capacitor
current and c) the CFD Capacitor voltage vs time when the
parallel circuit is fed by a constant current source simulated

for three different alpha values.

4.2 Solution for a Sinusoidal Current Source
For a sinusoidal current source, :

Eq. (10) turns into

2 .
CaLd ILZ(t)tl—a +£M
dt R dt
The equation (12) has been tried to be solved by us and a
symbolic differential equation solver to not avail. That’s why
the system is chosen to be simulated numerically. The
Simulink block diagram of the circuit described by equation
(12) for a constant current source is shown in Figure 4. The
circuit parameters given in Table 2 is used in simulations.
The simulation results for a sinusoidal current in Figure 5.

I,,cos(at+p)= +i () @2
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For different  values, the system has different transient
phenomenon and different damping behavior as shown in

Figure 5.

LTI R-L-

When increases the sytem starts behaing almost a
C circuit. At low values, the circuit waveforms

have envelopes which resembles one in AM modulation

circuits.
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Table 2. Parameters of the parallel circuit

Re5|stan.ce of the R 10
Resistor
InduF:tance of the L 1H
inductor
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Figure 4. Simulink block diagram of the parallel circuit

excited with a sinusoidal current source.
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Figure 5. a) The inductor current, b) the CFD Capacitor
current and c) the CFD Capacitor voltage vs time when the
parallel circuit is fed by the sinusoidal current source
simulated for three different alpha values.

5. Conclusions

Some capacitors can be modelled using fractional order
derivatives. Every circuit element should be examined for the
basic waveforms such as DC and sinusoidal signals. In this
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study, conformal fractional derivative is used to model a
capacitor and then connected in parallel with a resistor and an
inductor, the circuit is simulated with a DC and sinusoidal
current source. The analytical solutions of the circuit for DC
and sinusoidal sources could not have been done. That’s why
Simulink is used to simulate the circuit. The numerical
solutions of the circuit waveforms for different sources are
given. It is found that the Simulink lets the circuit examined
parametrically easily. Only one of them is found exactly
solvable and a useful tool for analyzing circuits with (a) CFD
capacitor(s).
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