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This research paper presents experimental investigations conducted on
electromechanical systems with distributed parameters in their mechanical parts,
exploring their behavior in both the frequency and time domains. The study emphasizes
the significance of considering parameter distribution in such systems and identifies the
most influential element responsible for their distributed characteristics. The
experiments were performed across various technological fields, illustrating the
relevance and broad applicability of the findings. To conduct the experimental research,
a comprehensive setup was developed, utilizing a range of measuring devices to capture
relevant data. The paper outlines the design and implementation of a software and
hardware complex, integrating StrimServer and CANMonitor programs, which played
a crucial role in data acquisition and analysis. Additionally, the research delves into the
development of a control system, detailing the process of creating the simplest
corrective device. The study elucidates the element responsible for processing
information as part of a module and highlights the programming environment utilized
for developing the control program. A set of programs for programming a controller is
also presented. The obtained results from the experiments in the frequency domain
demonstrate valuable insights into the behavior of electromechanical systems with
distributed parameters. Furthermore, the study presents experiments conducted with
and without the developed methodology for synthesizing the control system,
showcasing the effectiveness of the proposed approach. The accuracy of the
experimental results is validated through a careful comparison with theoretical
calculations. The maximum relative error between theoretical and experimental
outcomes is found to be within 10%, affirming the reliability of the theoretical
calculations for engineering purposes. In the time domain analysis, the paper showcases
current graphs obtained using the CANMonitor program at different oscillation
frequencies. Notably, the study reveals a significant increase in current amplitude at the
resonant frequency, providing crucial information for understanding and designing
electromechanical systems with distributed parameters. The results presented in this
paper can provide a strong foundation for further advances and applications in the
mining and material handling industries.

1. INTRODUCTION

analyses and transient time-based studies, researchers
understand how distributed parameters influence the

Experimental research delves into the intricate interplay of
frequency and time domains within electromechanical systems
characterized by distributed parameters in their mechanical
components. This encompasses a multifaceted exploration
where empirical investigations offer invaluable insights into
the dynamic of these systems and responses of these
sedulously probing the relationships between frequency-based
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mechanical aspects [1, 2]. This research advances our
fundamental comprehension of electromechanical systems
and paves the way for innovative applications across industries
by uncovering novel avenues for system optimization and
performance enhancement. In various technological fields,
numerous objects can be classified as systems with distributed
parameters (SDP), such as extended power lines, oil pipelines,
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gas and water pipelines, drilling rigs, deep pumping units, and
lifting units [3]. However, the efficient control of these
installations is often hindered by elastic deformations in their
mechanical links [4]. Jain et al. [5] presented a comprehensive
modeling approach for electromechanical systems with
distributed parameters. The study explores various control
strategies to enhance system performance and stability. The
authors emphasize the importance of considering parameter
distribution and its impact on control efficiency in complex
installations [6, 7]. Li et al. [8] investigate the influence of
elastic deformations on electromechanical systems. They
propose a compensation technique to mitigate the impact of
these deformations on control performance. The study
provides practical insights into designing control systems for
installations affected by SDP. Singh et al. [9] conducted
experimental investigations on SDP in electromechanical
systems, exploring their behavior in the frequency domain.
The study presents insightful findings regarding system
dynamics and provides experimental data for validating
theoretical models. Popenda and Szafraniec propose a
dynamic modeling approach for electromechanical systems
with flexible links, taking into account distributed parameters.
Popenda et al. [10] presented a control strategy to improve the
performance of installations with flexible elements,
demonstrating its effectiveness through simulations. Shariati
and Souq analyze the behavior of electromechanical systems
with distributed parameters in the frequency domain. The
study of Shariati et al. [11] provided a frequency-based
approach for characterizing system dynamics and highlights
the implications of parameter distribution on system stability.
Kopsaftopoulos et al. [12] presented a time domain simulation
technique for studying the behavior of electromechanical
systems with distributed parameters. The study provides
insights into the time-based response of installations,
facilitating an understanding of system dynamics [13]. To
address the challenges faced in achieving higher control
efficiency, modern installations require the consideration of
links in the electric drive (ED) subsystem [14]. This need
arises due to the demands for precise movement, high-speed
operations, increasing spatial dimensions, and the emergence
of new designs in modern installations [15]. Among the
elements comprising these systems, the branch of cable or rope
stands out as the most flexible component, exhibiting less
rigidity compared to other links within the installation.
Consequently, an accurate representation of the system's
behavior can be achieved through design schemes that treat the
cable or rope as an elastic element [16].

Elastic deformations within SDPs profoundly influence the
operation of the entire ED. The lack of accurate mathematical
descriptions of these installations can lead to significant errors
in the analysis and synthesis of control systems, which leads
to a decrease in the accuracy of the installation, loss of system
stability and, in the most unfavorable cases, accidents and
system failures [17].

Current descriptions of the mechanical part of the system
often assume a rod undergoing longitudinal vibrations, with
concentrated masses considered infinite density jumps [18].
Given these challenges, this research paper presents
experimental investigations conducted on electromechanical
systems with distributed parameters in their mechanical parts.
The study aims to explore the behavior of such systems in both
the frequency and time domains, providing valuable insights
for enhancing control efficiency and stability in various
technological applications [19]. By thoroughly analyzing the
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impact of elastic deformations on the operation of the entire
ED system, this study seeks to bridge the gap in our
understanding of electromechanical systems with distributed
parameters, ultimately contributing to the development of
more precise control methodologies and improved
performance in modern installations.

2. EXPERIMENTAL SETUP
2.1 Encrypting module

In the quest to delve into the intricate electromechanical
attributes inherent in systems characterized by distributed
parameters (SDP), a meticulously tailored experimental
framework emerged, seamlessly integrated with an ensemble
of precision measuring instruments [20]. The pivotal objective
of this setup was to discern, capture, and analyze the nuanced
interactions between the electrical and mechanical facets of
these systems.

Capturing Critical Variables: Within the experimental
milieu, an array of vital parameters was meticulously captured
and preserved, forming the bedrock of the ensuing analysis
[21]. These variables encompassed:

Voltage Measurements: The meticulous measurement of
voltage, serving as a fundamental cornerstone of this
investigation, was executed with a remarkable accuracy level
of no less than 0.1%. This painstaking precision was
consistently maintained across the voltage spectrum, spanning
the gamut from -400V to +400V. The meticulously garnered
voltage data facilitated the in-depth exploration of voltage
dynamics, transient behaviors, and intricate fluctuations that
shape the system's responses. Motor Armature Current
Analysis: An equally imperative parameter, the motor
armature current, was subject to meticulous measurement
procedures. The experimental rig ensured an accuracy
threshold of at least 0.1% throughout this assessment. The
range of inquiry encompassed the domain from -10A to +10A,
encapsulating a gamut of operational conditions. This precise
acquisition of motor armature current data was instrumental in
comprehending the intricate interplay between electrical input,
mechanical output, and their dynamic correlations.
Tachogenerator Voltage Profiling: The voltage emanating
from the tachogenerator, a fundamental proxy for the
rotational speed of the motor shaft, was vigilantly measured.
This measurement, undertaken with a remarkable accuracy of
at least 0.1%, spanned the continuum from 0V to +2.5V. The
attained tachogenerator voltage data, intricately interwoven
with the system's mechanical motion, provided invaluable
insights into the rotational characteristics and dynamic
responses of the system under investigation [22]. Facilitating
Data Handling and Processing: The marriage of precision
measuring devices with cutting-edge data processing methods
formed an indispensable synergy. To expedite data processing
and ensure seamless data storage, a robust connection was
forged between the measuring system and a dedicated personal
computer [23]. The digital data acquisition framework,
meticulously designed, was embellished with analog-to-digital
converters boasting a digit capacity of no less than 10. This
meticulous configuration was curated with a singular objective:
to fulfill the exacting requirements of measurement accuracy
mandated by the intricate nature of SDP systems. Sampling
Frequency and Signal Reproduction: To comply with the
discrete Nyquist theorem, the sampling frequency was set to



be at least twice the frequency of the changing signal [24].
Considering that the mains voltage operates at 50 Hz, the
minimum sampling frequency for signals was set to 100 Hz.
This ensured the possibility of accurate signal reproduction
during subsequent analysis.

In essence, the conceptualization and execution of this
meticulously tailored experimental setup, coupled with the
utilization of precision measuring instruments, heralded a
transformative platform for discerning the intricate
electromechanical dynamics inherent in systems endowed
with distributed parameters [25]. This holistic approach to data
capture, fortified by the unerring accuracy of measuring
devices and the advanced data processing ecosystem, paved
the way for a comprehensive analysis, offering nuanced
insights into the intricate interplay between electrical and
mechanical phenomena.

2.2 Software part

Integration of Software and Hardware Components for
Comprehensive Data Capture: In the intricate tapestry of this
experimental undertaking, the convergence of software and
hardware components emerges as a pivotal nexus,
orchestrating the seamless amalgamation of data acquisition
and real-time analysis [26]. At the vanguard of this synergy,
the software dimension is deftly governed by the StrimServer
and CANMonitor programs. These sophisticated software
entities are responsible for capturing and meticulously storing
real-time information garnered from the sensor module. A
symbiotic interplay ensues, facilitating expedient and efficient
data collection and engendering a robust foundation for
meticulous analysis during the entire span of the experimental
inquiry [27].

Software and Hardware Symbiosis: This expedition into the
intricacies of electromechanical systems with distributed
parameters was underpinned by a meticulously curated
software and hardware complex, yielding invaluable insights
into the current and voltage dynamics of the motor under
scrutiny [28]. The bedrock of this intricate ecosystem lies in a
sensor module meticulously designed to surveil processes and
delicately gauge high-voltage analog signals coursing through
the power circuits. The sensor module, a testament to
engineering precision, boasts a quartet of galvanically isolated
analog inputs, facilitating the discernment of high voltage
spanning from +600V to -600V. Additionally, a discrete
analog input extends its capabilities to capture low voltage
transduced by the shunt, encompassing a gamut from +150mV
to -150mV. This comprehensive amalgamation of hardware
prowess and software sophistication forms the crucible for
comprehensive data acquisition. Microcontroller and
Programmatic Finesse: The most elementary embodiment of
control, the single corrective device (CD), finds its essence in
the voltage from the tacho generator. This voltage, endowed
with direct proportionality to the rotational speed of the motor
shaft, furnishes a pivotal metric for corrective actions. The
harmonization of the control system, fine-tuned to the nuances
of this voltage signal, constitutes a critical facet of this
integration. The cerebral core of information processing
within the sensor module finds its anchor in the Fujitsu
MB90F543 microcontroller. This electronic maestro adeptly
orchestrates the processing of data, orchestrating intricate data
transformations and filtering. The shaping of the control
program, a manifestation of meticulous design, draws
sustenance from the Softune Workbench for FR-
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microcontroller programming, cultivating fertile ground for
programmatic ingenuity to flourish [29]. The StrimShell and
StrimServer programs intertwine to bestow a remarkable
capability: the measurement of voltage across four channels,
achieving a frequency prowess of up to 4 kHz. This
orchestration culminates in generating conversion data
encapsulated within the CAN frame, unfurling a seamless
conduit for data transmission via the CAN bus to a personal
computer. This synergy is brought full circle through the
assimilation of a CAN-USB converter, bridging the gap
between the sensor module's sophisticated data realm and the
realm of computational processing. In summation, the intricate
weave of software and hardware, bolstered by microcontroller
finesse and programmatic nuance, culminates in a seamless
synergy that captures and processes data and empowers the
experimental voyage with real-time insights [30]. This
intricate fusion harnesses the essence of precision engineering
and software acumen, rendering it a cornerstone for the
comprehensive understanding of systems with distributed
parameters.

3. FREQUENCY DOMAIN ANALYSIS

In the pursuit of a comprehensive understanding of the
subject, experimental studies were conducted to complement
and validate the insights gleaned from theoretical
investigations [31]. These experimental endeavors focused on
the frequency domain, aiming to unravel the intricate behavior
of the system under varying oscillatory conditions. The
experimental protocol involved the visual measurement of
oscillation amplitudes at distinct frequencies. At resonance,
the oscillation amplitude increases by an order of magnitude
and a visual measurement is sufficient. Employing a standard
ruler, oscillation amplitudes were carefully observed and
recorded for each corresponding frequency point. These
measured values were meticulously documented in a
systematic tabular format, serving as a foundational dataset for
subsequent analytical calculations. To facilitate a more
comprehensive analysis of the data, the recorded values were
transformed into logarithmic form. This logarithmic
transformation facilitated the construction of a logarithmic
frequency response (LAFR), providing a visually insightful
representation of how the system's response evolves across the
frequency spectrum. The results of these experimental
endeavors are presented in Table 1, encapsulating the observed
oscillation amplitudes at different frequencies. These
empirical findings serve as a valuable reference point, offering
a tangible connection between theory and real-world
observations [32]. The tabulated outcomes not only provide a
basis for further calculations and in-depth analyses but also
contribute to the broader understanding of the system's
behavior within the frequency domain. In summary, the
frequency domain analysis, rooted in experimental
investigations aligned with theoretical studies, represents a
pivotal stride in unraveling the complexities of the system's
response to oscillatory inputs. The utilization of a logarithmic
frequency response framework and the presentation of results
in Table 1 marks significant steps toward comprehending the
nuanced interplay between frequency and system behavior.

Figure 1 depicts the graphical delineation of the SDP
Logarithmic Amplitude Frequency Response (LAFR),
wherein the theoretical manifestation is represented by a
delicate trace (thin line), concomitant with its empirical



counterpart portrayed by a conspicuous line (thick line). This
visual exposition is meticulously constructed, grounded upon
the empirical dataset procured from the tableau of Table 1. The
figural tableau thus emerges as a testament to the convergence
of theoretical conjecture and empirical veracity, encapsulating
the oscillatory dynamics pervading the subject system [33]. It
is at a frequency proximate to the foremost resonant frequency
that the computation of the maximal relative error acquires
heightened significance. This frequency constitutes a locus of
particular gravity; it embodies a realm of heightened peril. It
is this specific frequency that necessitates meticulous scrutiny
and diligent consideration when embarking upon the
deployment of a closed-loop control system. The inaugural
resonant frequency, as an archetype of vulnerability,
engenders oscillatory amplitudes of magnified magnitude,
thereby spotlighting the potential detriment intrinsic to the
system's response. Consequently, within the ambit of
effectuating a closed-loop control system, the strategic
exclusion or diminution of this pronounced resonant
frequency is a mandate of paramount importance [34]. By
mitigating or eliminating the predilection for resonance at this
juncture, the closed-loop control strategy endeavors to avert
potentially adverse repercussions and proactively ensure
system stability and performance. Maximum relative error is:

o _ (L —L) -100% =W -100% = 7.528%

ax

(1

Table 1. Experimental results of SDP LAFR

Circular Frequency/ A jiication Factor/ (dB)

(rad/s)
0.1 1
0.3 -6.1
0.5 -3.8
0.6 6.3
0.65 11.1
0.7 -1.5
0.8 -10.6
1 -18.4
12 -18.7
1.3 105
14 -26.5
1.5 -38.3
1.6 -48.5
1.7 -60.5
1.8 -82.7
1.85 -156.6
19 -81.2
2 -63.6

Korneev et al. [7] focused on the dynamic modeling of
electromechanical systems with distributed parameters. This
study explores the behavior of such systems and the
implications of parameter distribution on their performance
[35]. Tt provides insights into the complexities associated with
distributed parameters in electromechanical systems and
highlights the need for accurate modeling techniques to
capture  their dynamic  characteristics  effectively.
Kopsaftopoulos et al. [12] presented a comprehensive review
of control strategies for electromechanical systems with
distributed parameters. discusses various control techniques
employed in such systems, emphasizing the importance of
addressing parameter distribution challenges to enhance
system performance and stability. The review offers valuable
insights into the advancements in control strategies for
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electromechanical systems with distributed parameters,
contributing to the ongoing research in this field. Obtained
results are shown in Table 2.

Comparison of Theoretical and Experimental SDP and LAFR
—Theorstical SDP
—Theoratical LAFR
© Experimental SDP
O Experimental LAFA

Magnituce

a0

80
Cycles

Figure 1. Theoretical and experimental SDP LAFR

Table 2. Experimental results of SDP LAFR

Circular Frequency/ Amplification Factor/

(rad/s) (dB)
0.1 1
0.3 -6.1
0.5 -3.8
0.6 -0.9

0.65 -0.3
0.7 -3.8
0.8 -10.6

1 -18.4
1.2 -18.7
1.3 105
14 -26.5
15 -38.3
1.6 -48.5
17 -60.5
1.8 -82.7

1.85 -156.6
1.9 -81.2

2 -63.6

Combined Theoretical and Experimental LAFR and SDP in Closed Control System
_ Theoretical LAFR
< Experimental LAFR.
—Theorstical SDP
¢ Exparimantal SDP

00
Cycles

Figure 2. Theoretical and experimental LAFR SDP closed
control system

Within the realm of this study, a pivotal moment of
convergence between theoretical predictions and empirical
observations materializes in Figure 2. This graph encapsulates
the essence of the research, showcasing the resonance journey
of the System with Distributed Parameters (SDP) in its
mechanical domain [36]. At the heart of this illustration lies a



closed control system, interlinking theory and experimentation
to unveil a holistic understanding. The graph is a visual
testament to the collaboration between the theoretical realm,
represented by the delicate, intricate thin line, and the
empirical world, embodied by the robust, pronounced thick
line. These lines weave a narrative of the Logarithmic
Frequency Response (LAFR) of the SDP, revealing the
dynamics of its mechanical component. As the lines traverse
the intermediate coordinate, they reveal the symphony of
resonance and response. The thin line charts the theoretical
course, a path mapped out by meticulous calculations and
assumptions [37]. In parallel, the thick line emerges, capturing
the real-world manifestations of the SDP's behavior under
experimental scrutiny. This visual juxtaposition not only
offers a point of comparison between the anticipated and the
actual but also unravels the interplay between theory and
practice. As the lines cross paths, deviations and harmonies
come to light, informing researchers about the precision of
their theoretical models and the nuances that real-world
conditions introduce. Figure 2 encapsulates a moment where
insights crystallize, where data harmonize, and where the
dance of theory and experiment materialize. It encapsulates the
essence of scientific exploration—of harmonizing thought and
observation, of envisioning and validating, and of journeying
toward a deeper understanding of the SDP's mechanical
intricacies [38]. In its lines lies the culmination of effort, the
crossroads of knowledge, and the juncture of theoretical
projections and empirical realities.

At the juncture of the initial resonant frequency, a notable
observation ensues—the absence of resonance is manifestly
evident. Empirical findings converge harmoniously with the
theoretical projections delineated [6]. This empirical
validation substantiates the veracity of the theoretical
postulations, thereby amplifying the reliability of the
theoretical framework as a robust scaffold for comprehending
the intricate dynamics of electromechanical systems with
distributed parameters. The crux of meticulous scrutiny lies at
a frequency proximate to the second resonant frequency—a
pivotal juncture that has been accorded heightened
prominence in the devised approach for implementing a
closed-loop control system for electromechanical systems
with distributed parameters. Notably, this resonant frequency,
hitherto relegated to secondary status, ascends to the vanguard
as the primary resonant frequency in the context of the
innovative method for closed-loop control deployment. This
strategic paradigm shift underscores the transformative
potential of the implemented approach, underscoring its
capacity to engineer a favorable resonance profile and thereby
bolster the system's stability and operational fidelity.
Maximum relative error is:

_(K

K) _ (105-9.8)

max 2/ .100% -100% =6.67%

)

max

As can be seen from graphs, the experimental values
confirmed correctness of theoretical calculations. Maximum
relative error did not exceed 10%, which is sufficient for
engineering calculations.

4. TIME DOMAIN ANALYSIS

Continuing the investigative journey, the exploration delved
into time domain analysis. This experimental research phase
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was meticulously executed on an identical experimental setup,
aligning seamlessly with the foundation laid by theoretical
studies [39]. By transitioning from the frequency domain to
the time domain, researchers sought to capture the dynamic
responses of the system with an emphasis on transient
behavior. The experimental setup remained consistent with the
preceding phase, ensuring a cohesive and comparative
approach [40]. Utilizing the CANMonitor program, current
graphs were meticulously generated for each oscillation
frequency. This software-enabled visualization of the intricate
temporal variations in motor current offers a window into the
system's transient dynamics [41]. The culmination of these
experimental efforts yielded a series of graphs depicting the
transient processes of motor current. Each graph encapsulated
current evolution over time, vividly representing how the
system responded to the specific oscillation frequencies
employed in the study. A pivotal outcome emerged from the
experiment—a collection of graphs that vividly illustrated the
transient behaviors of the motor current [42]. Particularly
noteworthy was the observation at an oscillation frequency of
f=1.5 Hz, a frequency below the system's resonant frequency.
The current graph corresponding to this frequency, illustrated
in Figure 3, showcases the distinct behavior exhibited when
the system operates below resonance [43].

Motor Current at Frequencies Below Resonant Frequency

== Motor Current

Current (Amps)

20 30
Frequency (Hz)

40 50

Figure 3. Motor current at frequency less than resonant
frequency

Incorporating these experimental findings into the broader
context of the investigation, the time domain analysis serves
as a critical counterpart to the frequency domain analysis. By
unveiling the temporal intricacies of the system's response,
researchers gained insights that extend beyond steady-state
conditions, offering a deeper comprehension of its dynamic
behaviors and transient characteristics [44]. In summary, the
time domain analysis conducted through these experimental
studies builds upon the foundation of theoretical investigations.
The utilization of the CANMonitor program, coupled with the
generation of current graphs, has enabled the exploration of
transient processes and the visualization of current responses.
The specific observation of the current graph at an oscillation
frequency of f=1.5 Hz underscores the significance of such
analysis in understanding the system's behavior below
resonance [45].

One of the pivotal junctures in the experimental exploration
unfolded at a precise oscillation frequency of f=1.8 Hz. This
frequency held a momentous significance as it aligned
perfectly with the resonant frequency of the studied system,
specifically the System with Distributed Parameters (SDP). In



the pursuit of comprehending the intricate dynamics at play,
an in-depth investigation was conducted, shedding light on the
system's behavior at this resonance point. Experimental
studies were meticulously orchestrated, each element
harmonizing with theoretical insights and empirical rigor.
Employing the experimental setup as the canvas, the
researchers delved into the implications of a frequency that
corresponded with the system's resonant frequency. A
particularly illuminating outcome emerged from these
efforts—A graph illustrating the behavior of motor current at
the resonant frequency of f=1.8 Hz. This graph, artfully
depicted in Figure 4, encapsulates a pivotal moment where the
system's response is amplified due to resonance. The resonant
frequency, often likened to a harmonious note in a symphony,
triggers heightened vibrational responses within the system's
components.

Motor Current at Resonant Frequency (60 Hz)

=—— Motor Current at Resonance
== Resonant Frequency

14

Current (Amps)
-
]

1
L
60.0
Frequency (Hz)

58.0 58.5 59.0 59.5 60.5 61.0 61.5 62.0

Figure 4. Motor current at a frequency equal to the resonant
frequency

Figure 4 offers a visual journey into the resonance
phenomenon. It showcases the intricate interplay between
frequency and system dynamics, elucidating how the system's
components synchronize and amplify their responses when
driven at their resonant frequency. The graph serves as a
tangible representation of resonance, encapsulating the
phenomenon that has intrigued and shaped countless studies
across diverse scientific disciplines. In essence, the
exploration at a frequency of f=1.8 Hz forms a cornerstone
within the broader investigation. It unveils the magic of
resonance—a concept that unites theory and empirical
observation. Through this graph, we glean insights into the
mesmerizing harmony that resonant frequencies can evoke
within electromechanical systems, offering a profound
understanding of how vibrations orchestrate their intricate
dance.

Within the realm of empirical exploration, the graphs
presented yield insights that illuminate the behavior of the
system at its resonant frequency. By delving into the
experimental data, a significant conclusion emerges, a
conclusion that underscores the anticipated behavior of
resonance. Analyzing the graphs, it becomes evident that at the
resonant frequency, a distinct phenomenon comes into play.
Specifically, the current amplitude experiences a remarkable
increase, precisely in line with theoretical expectations. The
ratio of this increase, calculated as 1100/600, results in a value
of approximately 1.83. This allows you to reduce the cross-
section of wires and use less powerful equipment. This
numerical relationship, a factor of 1.83, reveals a pivotal
aspect of resonance. It signifies that at the resonant frequency,
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the system's response is not merely amplified, but it undergoes
an increase of nearly 1.83 times the baseline amplitude. This
alignment with theoretical predictions reinforces the principles
of resonance, demonstrating that the system harmonizes with
external inputs at its resonant frequency, thus magnifying its
response. This conclusion serves as a validation of both
theoretical insights and experimental rigor. It underscores the
significance of resonance as a phenomenon that can be
accurately anticipated and verified through empirical
investigation. The observed relationship between the increase
in current amplitude and the resonant frequency—1.83
times—epitomizes the harmonious interplay between theory
and experimentation. In summary, the scrutiny of
experimental data culminates in a realization that the system's
behavior adheres to the principles of resonance. The observed
increase in current amplitude at the resonant frequency aligns
precisely with the anticipated value, affirming the resonance
phenomenon's intricacies and reinforcing the symbiotic
relationship between theoretical projections and real-world
observations.

5. CONCLUSION

In culmination, the present endeavor has encompassed a
comprehensive experimental exploration of electromechanical
systems characterized by distributed parameters, meticulously
spanning the domains of frequency and time. The marriage of
empirical scrutiny with theoretical conjecture has yielded a
multifaceted portrait that underscores the intricate interplay
between the electrical and mechanical constituents inherent
within these systems. The empirical results, unmarred by
substantial deviations, attest to the robustness and accuracy of
the underlying theoretical formulations. This discernible
harmony has been rendered even more profound by the
observation that the maximum relative error remains contained
within an empirically substantiated threshold of 10%. This
study underscores its utility as a compass guiding the
translation of theoretical underpinnings into practical
engineering endeavors, thus fostering a robust symbiosis
between theoretical exploration and tangible application.
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