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Effect of Voltage Amplitude on Behavior of RLD System
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The aim of the present paper was to study the chaotic behavior in a resistor-inductor—diode circuit
induced by modulation of voltage amplitude. Time evolutions of the voltage or current signal revealed
an extremely chaotic response of the simulated system. These dependences were taken into account
in the construction of the phase space. Moreover, based on a bifurcation diagram, the Feigenbaum

(2025)

constant was calculated and verified with reliable and noticeable accuracy.
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1. Introduction

Some nonlinear equations or systems of nonlinear
equations are extremely sensitive to initial condi-
tions. This could result in the generation of chaotic
behavior called as deterministic chaos [1]. The itera-
tion of a parabolic function for specific initial condi-
tions is one of the simplest example of a chaotic sys-
tem. Chaos is observed in all systems where period
doubling has been detected [2, 3]. Period doubling
induces bifurcations that change one or more pa-
rameters of a system. In the example for a parabolic
function, the period is initially equal to 1 and af-
ter several iteration takes the following values: 2, 4,
8, and so on and so forth. The changes of period
are observed after a specific, constant step called
Feigenbaum’s constant § [4-6]. An analysis of the
system behavior allows one to produce plot known
as Feigenbaum’s diagram, which has a fractal struc-
ture and shows its self-similarity of each part. Sim-
ilar fractal forms built by copper aggregation and
tuning of RLD circuit were studied in our previous
work [6-8]. The RLD series circuit is a relatively
simple system showing chaotic behavior. A scheme
of this circuit (where R is a resistor, L — an induc-
tor; and D is a diode) is presented in Fig. 1. The
element generating period doubling is a diode that
is a nonlinear part of the electrical circuit. Such a
system is very sensitive to changes in frequency, as
it was shown in our previous paper [7].
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Fig. 1. Scheme of the RLD circuit.

The objective of the present paper was to study
the behavior of the RLD circuit, to construct
Feigenbaum’s diagram, and to calculate Feigen-
baum’s constant, taking into account the simulation
of voltage variations.

2. Procedure of simulation

The modeling of the RLD circuit was carried out
in simulations using a PC computer (Processor In-
tel i7 10Gen, 32GB RAM) equipped with Wolfram
Mathematica software. In order to simulate chaotic
behavior of the system, the following equations were
used

(1)
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Fig. 2.
values of the generator voltage (a)—(f).

and
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la(t)] + q(t)

+U, = Uysin(27 ft), (2)

where I denotes current, g denotes electric charge,
t denotes time, L denotes induction of solenoid,
R denotes resistance of resistor, Cy and C5 denote
capacities of diode, U, denotes voltage, Uy denotes
maximum supply voltage, and f is a frequency of
generator.

Equation (2) was implemented in Mathematica
software and solved numerically using the Runge-
Kutta algorithm.

The values of each parameters are: L = 0.3 mH,
R=1009Q,C; =02 uF,Co=90pF, U, =14V
and f = 150 kHz. The diode parameters were taken
for the real diode IN1233.

The simulation was done in a specific range of
voltage.

3. Results and discussion

A time evolution of the current and voltage for
different values of the generator voltage amplitude
were shown in Fig. 2. Low values of the generator
voltage result in stability of the analyzed system
(Fig. 2a and d). However, with the increase in the
voltage amplitude, unstable behavior of the volt-
age/current waveforms is induced (Fig. 2b and e).
The multiplication of states is clearly visible for
voltage higher than 0.5 V (Fig. 2c and f) and the
chaotic response of these parameters is clearly seen.

In order to prove these observations, the phase
space construction was done (Fig. 3). For sta-
ble states, the phase space has an ovoid shape
(Fig. 3a). An increase in voltage amplitude in-
duces the appearance of a characteristics deforma-
tion of an oval (Fig. 3b), and a further growth
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Time dependences of voltage/current for the analyzed RLD circuit. Simulations were made for different

of the generator voltage results in characteristic
loops or another deformation of the oval (Fig. 3c).
Such behavior is characteristic for a chaotic
state [7].

The best tool for analysis chaotic behavior and
observations of doubling of period is the Feigen-
baum diagram (Fig. 4). The analysis of the Feigen-
baum plot revealed that for voltages lower than
0.125 V, the circuit responds with a stable sig-
nal. The double period was detected for the range
0.235-0.25 V, and another doubling of period was
observed up to the value of 0.255 V, for which com-
pletely chaotic behavior was seen.

In order to calculate § (Feigenbaum’s constant),
the construction of Feigenbaum diagram was used,
taking into account following relation [4]

6:

Tn+1 — Tn

3)

where z,, denotes the parameter changing with one
state, and x,, 41 or x, o are the parameters corre-
sponding to the next doubling of the period.

)
Tn+2 — Tp+1

For the investigated case, (3) should be given in
the following correct form
5= Un+17Un ’ (4)

Un+2 - Un+1
where U, is the changing voltage until the first bi-
furcation, and U, ;1 and U, o are the voltages to
the next two bifurcations.

Calculations of the Feigenbaum constant ¢ re-
vealed its value of 4.54+0.11. Compared to the the-
oretical predictions, for which this constant equals
4.6692, the result of our calculations corresponds
very well to the theoretical predictions. Similar val-
ues were delivered by another groups [9, 10]. Taking
the above into account, our value is reliable and rea-
sonable.

The dynamic properties of the RLD circuit and
its specific characteristics could be applied as one-
time pads in secret communication. Changing the
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Fig. 3. Phase spaces for the analyzed RLD circuit.
Simulations were made for different values of the
generator voltage (a)—(c).
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Fig. 4.

The Feigenbaum’s diagram constructed for
the analyzed RLD circuit.

parameters will give many possibilities of results in
different responses as output. Such property is ex-
tremely important during encoding and decoding.
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4. Conclusions

In the present paper, the simulation of chaotic be-
havior of the RLD circuit was conducted. As it was
presented, even such a simple system is very sensi-
tive to the changes in voltage amplitudes. The time
dependences of voltage or current showed chaotic
behavior with the increase in the voltage of the
generator. The chaos in the RLD circuit was con-
firmed by the construction of the phase space for
different values of voltage. Multiplying of period
was shown in the Feigenbaum diagram with the in-
crease in voltage. The Feigenbaum diagram allowed
to reveal the parameter § (Feigenbaum’s constant),
which was 4.54 +0.11 and corresponded well to the
theoretical predictions.
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