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A Direct Measurement of Vibration on the
HDPE Structure of POLBENG Research Boat
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Abstract— The adoption of High Density Polyethylene (HDPE) as the primary material for boat structures has increased
significantly in recent years. In response to contemporary challenges and to facilitate research requirements, Polytechnic of
Bengkalis (POLBENG) constructed a research boat utilizing HDPE. Nevertheless, further research on the response of the
HDPE structure to vibrations generated by the main propulsion engine remains insufficiently intensive. Therefore, a direct
measurement of ship vibration is conducted utilizing vibration sensors, namely Witmotion WTVB02-485. Both inside and
outside of the accommodation rooms, measurements were taken. By comparing the vibrational velocity's Root Mean Square
(RMS) to standards established by the American Bureau of Shipping (ABS), a classification society, structural assessment
was evaluated. Furthermore, resonance events were discovered by comparing the Blade Passing Frequency (BPF) with the
recorded peak frequency output. The HDPE structure seems to be dependable, according to the measurement findings at
both locations. The RMS of 0.020 mm/s and a peak frequency of 33.31 Hz were recorded inside the accommodation area,

whereas 0.013 mm/s and 31.52 Hz were recorded outside.
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I. INTRODUCTION

The extensive application of HDPE (High Density

Polyethylene) in maritime structures commenced in the
2000s. At that time, it was utilized solely as a support
structure, rather than as the primary structural material.
HDPE is a linear thermoplastic polymer derived from
ethylene monomer [1]. The density of HDPE is between
946 and 972 kg/m? [2], which is less than that of water.
The material exhibits an average yield stress of 18.34
MPa, an ultimate stress of 24.73 MPa, and an elongation
of 228.36%, as determined from tensile tests conducted
on seven samples [3]. This material became popular over
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time due to its remarkable strength, elevated stiffness,
resilience to environmental conditions, and improved
thermal resistance compared to other polymers like Low
Density Polyethylene (LDPE) and Linear Low Density
Polyethylene (LLDPE) [4], [5], [6], [7], [8]. In addition
to its advantage, HDPE is recognized for its
recyclability, enhancing its economic value, lightweight
properties, environmental sustainability, the ability to
endure high impact loads, possesses significant tensile
strength, can tolerate continuous weather changes, and
exhibits resistance to scratches, dirt, and corrosion [9],
[10], [11], [12], [13]. Modern materials must exhibit
enhanced eco-friendly properties, as plastic has been
integral to human life for over 60 years, resulting in
numerous detrimental effects on the environment [1].
Approximately 140 million tons of plastic waste
contaminate the oceans [14], [15]. Consequently, HDPE
emerged as the primary material for ship structures,
particularly in small vessels, during the early 2010s. The
properties of this material are well-suited for ship
operational conditions, leading to its widespread use in
the construction of small vessels, including patrol boats,
fast boats, rescue boats, and lifeboats [16]. As a
relatively novel material for ship structures,
comprehensive studies are essential to examine the
impacts of various loads, including vibration, on these
boat structures.

The current discourse on this material encompasses
various themes, including the experimental comparison
of tensile tests between virgin HDPE and recycled HDPE
[17], the examination of bending durability in composite
materials made from HDPE waste and wood waste [18],
and the examination of how the composition of LDPE
and HDPE mixtures influences their mechanical
properties [19]. In the field of naval architecture, various
research themes have emerged, including finite element
analysis (FEA) of 38-foot ships constructed from HDPE
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under design loads established by ISO and different
classification societies [20], feasibility assessments of
welding outcomes on HDPE ship structures [21], and
investigations into the design and production of
structural components for HDPE ships [11]. At this
point, comprehensive research regarding the impact of
ship main engine vibration on HDPE ship structures
remains scarce. This research gap prompted the initiation
of this study.

Vibration refers to the oscillatory motion of an object
or its surface relative to its equilibrium position, which is
defined as the state of the object at rest and unaffected by
external forces [22]. The maximum displacement from
the equilibrium position is termed the amplitude.
Frequency refers to the number of deviations occurring
within a specified time frame. Frequency is categorized
into two types: excitation frequency and natural
frequency. Excitation frequency refers to the frequency
influenced by the excitation load. On ships, excitation
can ensue from the operation of the main engine,
propellers, auxiliary engines, and wave behaviors [23].
The natural frequency refers to the frequency at which a
system undergoes free vibration in the absence of
damping. It is a characteristic inherent to all objects
possessing mass and stiffness [24].

On average, each ship in the global fleet sustains hull
damage once every decade due to hull-side deformation,
which is responsible for 53% of maritime accidents [25].
A method for identifying damage is necessary to prevent
this, such as utilizing a vibration approach as the
observed response parameter. This method has been
applied in case studies involving composite materials
[26] and cantilever beams [27] for the purpose of
detecting structural damage. The analysis method
employed to mitigate such damage is modal analysis,
which identifies the vibration characteristics of the
object, allowing for a comparison of the structure's
performance in both damaged and undamaged states
[28]. Structural assessment due to vibration is often
preceded by damage from resonance phenomena, where
the excitation frequency matches the structure's natural
frequency [22]. The occurrence of these phenomena lead
to an increase in vibration amplitude, subsequently
raising dynamic stress levels. Prolonged exposure may
result in fatigue [29]. The subsequent domino effect
involves the emergence of cracks, which propagate until
the structure experiences fracture or failure [30]. This
overview emphasizes the need of evaluating the impact
of vibration frequency on ship constructions. The
American Bureau of Shipping (ABS), a classification
society, has set acceptable vibration norms for ship
structures. In the frequency range of up to 5 Hz, the
permissible displacement is less than 1 mm, while
displacements over 2 mm may cause structural damage.
In the frequency band above 5 Hz, the permissible
vibration velocity is under 30 mm/s, with a potential for
structural damage if the velocity exceeds 60 mm/s [23].

Preventing potential damage requires the initial
identification of vibrations within the structure.
Measurements are required to ascertain the excitation
frequency and natural frequency of the structure,
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followed by engineering resonance to reduce the
likelihood of its occurrence. One of the actions taken is
to decrease the amplitude of the excitation load from the
source, contingent upon the excitation frequency. As an
illustration, if a propeller's operation results in excessive
vibration, the design can be reexamined. The remedy
may involve altering the propeller's diameter, number of
leaves, or unsteady propeller hydrodynamics [23]. In the
case of the main engine, altering the engine's operating
RPM (Revolutions Per Minute) is the countermeasure.
The other action to enhance the ship's structural system
involves increasing the structure's stiffness, which is
commonly applied rather than addressing the excitation
load source [23].

This study identifies the ship's main engine as the
source of the observed vibration excitation using an
experimental method, which is a direct measurement.
Experimentation is a research method that entails the
direct observation of the dependent variable while
regulating the independent variable [31]. The
independent variables assessed are the Revolutions Per
Minute (RPM) number of the main engine and the
measurement location, whereas the dependent variable is
the amplitude and frequency of the measured vibration.
This method was chosen for its capacity to precisely
characterize field conditions.

The WitMotion WTVBO02-485 accelerometer sensor
is the brand that is utilized for the direct measurement.
The sensor provides outputs for displacement, velocity,
and linear acceleration across three axes, which can be
expressed as functions of time and frequency. The brand
has shown it can be worthy trusted, as its sensors have
been used in different studies, like measuring vibrations
on a pendulum-flywheel [32], a pump engine [33], and in
marine uses with a buoy [34], [35]. The direct
measurement approach has been employed in various
studies utilizing diverse types and brands of sensors,
including pressure sensors [36], [37], tactile sensors [38],
and different brands of accelerometer sensors [39].

A modal analysis method is employed in the
assessment stage, which identifies various modal
parameters, including resonant frequency, damping
factor, and mode shape [40]. The reason this method was
selected is due to its widespread application in structural
damage detection, characterized by its ease of
implementation and efficiency in terms of time required.
This method has been extensively utilized, including in
the assessment of damage to bridge structures [41]. It has
found extensive use in marine engineering, particularly
in model ship testing (direct measurement) [42] and
numerical analyses [43].

This study applies modal analysis within an
experimental framework. Thus, it is accurately referred
to as Experimental Modal Analysis (EMA). As a
consequence, there are several assumptions that are
applied in this research, such as:

1) The structures are linear, indicating that mass
and stiffness remain constant.

2) Damping is negligible due to its minimal effect.

3) Time variation does not influence the structure

concerning load, displacement, pressure, and
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temperature.

The other research has utilized the EMA approach,
such as the research on the ships with the lengths of 212
m and 223 m [44] and the research on the Scottish
trawler [45].

This study encompassed the direct measurement of
vibrations in HDPE ship constructions, considering the
vibrations of the main engine as an excitation load.
Measurements conducted within the accommodation
room of POLBENG’s research vessel using WitMotion
WTVB02-485 accelerometer sensor. The objective of the
measurement is to determine the excitation frequency
being assessed. The natural frequency of the HDPE ship
structure is computed to aid in the structural evaluation
phase. It employs a modal analysis method that assesses
both frequencies. Structural design optimization can be
attained by altering the stiffness of the structure. To
advance ongoing research, this theme could be
incorporated into numerical simulation studies in the
next research.

II. EXPERIMENTAL SETUP

A. Boat Description
The boat under examination in this study is the
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POLBENG 1 research boat, owned by Polytechnic of
Bengkalis (POLBENG), constructed from High Density
Polyethylene (HDPE), and classified as a small ship.
Table 1 presents the boat's main dimensions, while
Figure 1 depicts the ship's documentation. This 9-meter
boat is powered by a single 85-hp outboard engine. The
boat was constructed and finalized in the year 2024. In
the year, the Department of Naval Architecture, in
collaboration with the Ministry of Education and Science
and CV Fatih Bahari Engineering, received funding from
the Matching Fund Research to construct this ship
prototype. This prototype is explicitly engineered to
facilitate student research and practicum endeavors in
marine technology, along with investigations pertaining
to coastal waters. The POLBENG 1 research boat is
designed to be a teaching tool and a testing site for
improving ship technology wusing eco-friendly,
lightweight, and corrosion-resistant HDPE instead of
regular materials like steel or wood. The research boat is
anticipated to enhance the quality of vocational
education and fortify the collaboration between
universities and industry in advancing maritime
technology in Indonesia.

TABLE 1
RESEARCH BOAT MAIN DIMENSIONS

Parameter

Dimensions

Length Overall

Length Perpendicular

Breadth

Depth

Designed Draught
Service Speed

Block Coefficient

9m

8.94m

2.2m

0.45m

15 knot

0.479
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B. Experimental Equipment
The equipment utilized in the study was categorized
into two types: hardware and software. Both were
utilized to facilitate the testing stage until the data
processing stage. The hardware utilized are as follows: 3)
1) The vibration sensor employed in this study is
the WTVB02-485, produced by WitMotion
Shenzhen Co. Ltd. This sensor is compact, with
dimensions of 47 mm x 38 mm. The Figure 2
depicts the employed sensor. The detection
cycle, denoting the quantity of data points
produced per second, can be adjusted between 1
and 200 Hz. The sensor exhibits an accuracy 4)
level with a data error rate of approximately 4%
of the total data during measurement. If the
measurement produces 15,000 data points, the
data error would consist of 600 data. This
sensor quantifies vibrations across three axes.
The output data includes acceleration measured 5)
in gravity units, velocity in millimeters per
second units, and displacement in micrometers
units.
2) An ASUSTeK Computer Inc. laptop was
utilized for the testing and data processing
stages. The laptop model was ASUS ROG
GL502VM, featuring an i7 processor and an
NVIDIA GeForce GTX 1060 graphics card.
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During the testing stage, the laptop was utilized
to operate software for measuring vibrations.
Concurrently, in the data processing stage, the
laptop operates data processing software.

The Yamaha 85AETX serves as the propulsion
engine for the research boat. The engine
operates within a maximum range of 4,500 to
5,500 Revolutions Per Minute (RPM),
producing 85 horsepower and possessing a
cylinder volume of 1140 cc. The engine has a
mass of 124 kg and a fuel consumption rate of
35 liter per hours at 5,000 RPM.

The main engine's rotation is measured with a
digital tachometer featuring a photosensor,
namely the DT-6236B model. The Figure 3
displays the sensor. It can measure RPM
ranging from 2.5 to 99,999. The sample time is
0.5 seconds.

An anemometer measures wind speed during
measurement. The recorded wind speed is
expected to be low. The instrument is branded
as Benetech GMS816. It measures wind speed
from 0 to 30 m/s with an accuracy of 5%. This
instrument not only measures wind speed but
also measures room temperature. It is to
facilitate the monitoring of the temperature
affecting the HDPE construction. The Figure 4

Figure 3. Tachometer.

Figure 4. Anemometer.
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6)

depicts the wind speed instrument.

A thermogun is employed to measure the water
temperature surrounding the hull during the
measurement process. It is to facilitate the
monitoring of the temperature exposure of the
HDPE construction. The instrument's brand is
GM320. This instrument may measure
temperatures from -50°C to 380°C. This
instrument measures temperature using an
infrared sensor with the accuracy of 1.5%.
Figure 5 depicts the temperature instrument
documentation.

The software utilized are as follows:

1)

2)

WitMotion.exe is a program that controls the
WTVB02-485 sensor. WitMotion Shenzhen Co.
Ltd. is the manufacturer of this software. The
software offers data visualization through
various graphical representations, including
time domain plots and scatter plots. The output
data can be extracted into the file types “.csv”.

MATLAB.exe is a software program that
significantly contributes to data processing.
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This software emphasizes numerical and
mathematical computation with an intuitive
interface. It is extensively utilized in signal
processing. It can subsequently display data in
multiple graphical formats, including both 2D
and 3D representations.

C. Observed Measurement Points

The measurement points identified are located inside
the accommodation room (point A) and outside the
accommodation room (point B). Point A locates
precisely 3.8 meters from the After Perpendicular (AP),
whereas point B is located exactly 2.6 meters from AP.
Both points are located transversely and vertically at the
center (0.3 meters from the centerline) and on the main
deck (0.5 meters from the baseline). Figure 6 illustrates
the locations of the measurement points. Those
measurement points are the vibration sensor locations.
Both points were measured concurrently in a single test
utilizing two sensors of identical type (WTVB02-485).
Points A and B are considered equivalent, with the
engine RPM measured at full service RPM (4,000 RPM)
and a load of 6 individuals. Figure 6 illustrates the

Figure 5. Thermogun.
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location of the loaded individuals. Their weights are P1
at 69 kg, P2 at 85 kg, P3 at 42 kg, P4 at 122 kg, P5 at 83
kg, and P6 at 77 kg. There are two measurement cases,
both exhibiting identical variations, characterized by
fluctuations in RPM of about 4,000 and a total of six
individuals. The distinction between the two cases lies in
the placement of the vibration sensor; Measurement 1
places the sensor within the accommodation room (Point
A), whereas Measurement 2 places it outdoors (Point B).

D. Testing Procedures
The following are the stages in testing procedures:

1)

Beginning the process of preparing the
experimental equipment. Prepare the boat and
the propulsion system in accordance with the
requirements. At the appointed measurement
points, as shown in Figure 7, location the two
vibration sensors in the appropriate positions. A
laptop should be used to connect the two
sensors, and the WitMotion.exe program should

2)

3)
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be stand by in order to begin the process of
measurement. Examine the positions of the
individuals to ensure that they are consistent
with those shown in Figure 6. The tachometer,
anemometer, and thermogun are prepared.
Initiating the = WitMotion.exe  program
preparation. Select the appropriate sensor model
number: WTVB02-485. Verify that the serial
port number corresponds to the chosen port. The
program is now operational and will present the
collected data. Make sure the connection
between the laptop and the vibration sensor is
not experiencing problems.

Observe the initial conditions of the surrounding
environment. The environmental conditions that
are observed include measurements of the speed
of the wind, measurements of the temperature of
the water, and observations of wave ripples. The
results of the observations are recorded for each
individual measurement. Figure 8 and Figure 9

Figure 9. Measurements of the water temperature.



International Journal of Marine Engineering Innovation and Research, Vol. 10(3), Sept. 2025. 1041-1054

(pISSN: 2541-5972, eISSN: 2548-1479)

document the wind speed and water temperature
measurements, respectively.

4) Start the engine. Around 4,000 revolutions per
minute (RPM) is the required RPM for the main
engine to be run at. The RPM number is the
operation number at the service speed. This is
accomplished by operating the engine in the
neutral transmission mode, which prevents the
ship from moving in any way. It is important to
make sure that the engine is operating
consistently at the required RPM while the
measurement is conducted. The number is
recorded by the tachometer. Its measurement
documentation is shown in Figure 10.

5) Begin the measurement process. In order to
begin the measurement process, select the record
button located within the WitMotion.exe
program. During the measurement process,
check to verify that the WitMotion.exe program
is operating correctly. After that, check to ensure
that there are no external forces affecting the
ship (like wind and waves), and that there are no
people moving around.

6) Bring an end to the measurement. As soon as the
duration of the data measurement reaches five
minutes, the measurement is considered to be
finished. The recommendations of the ABS class
have been taken into consideration when
determining this duration. The program that is
currently running should be terminated once this
time period has been reached, and then the raw
data should be extracted using the Comma
Separated Values (.csv) file type.

7) Take note of the final conditions of the
environment. It is the same actions that were
taken in step 3 that are being taken at this stage.
Then, a summary of all the data from the
observations is gathered, including both the
initial and the final observations.

E. Data Processing
The raw data is presented in the time domain after
extraction and depicts the vibration produced by the
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excitation load. The vibration velocity along the Z-axis
(vertical movements) is the raw data recorded by the
accelerometer sensor. It requires processing to yield
usable data. Data processing comprises two stages: the
filtering stage and the transforming stage. All stages are
executed using the Matlab.exe software. The first is the
filtering stage. A signal dataset invariably contains noise
captured during the measurement process. This can be
mitigated by employing filtering methods in data
processing, specifically through the application of the
Moving Average Filter (MAF) method in this study.
MAF is a technique for reducing noise in a signal while
maintaining its unique characteristics, achieved by
averaging successive points of the input signal to
produce each point of the output signal [46]. This
method has been extensively utilized in engineering,
including energy consumption management in cars [47]
and ships [48], data processing of monocular cameras on
Unmanned Surface Vessels for ship tracking [49], and
facilitating direct measurements with magnetometer
sensors [50]. Equation (1) presents the MAF equation.

M-1

1
y(i)=— D x(i + ) (1)

j=0

Where y(i) is the output signal, x(i+ j) is the input
signal, and M is the number of samples.

The process of averaging a signal is fundamentally
analogous to the smoothing of that signal or the
application of low-pass filtering techniques. The primary
benefit of employing MAF lies in the algorithm's
straightforwardness, while a significant drawback is the
potential loss of information when M is substantially
increased [46]. At the optimal value of M, this
algorithm preserves the spikes, which represent
significant events within the signal. However, if we
increase M excessively, the algorithm smooths the
signal to such an extent that it may lose crucial data.
Figure 11 illustrates the filtering stages outcomes.

This study proposes the evaluation of structural
assessments through frequency domain data to facilitate
visual observation. The filtered data must be transformed
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from the time domain to the frequency domain. The
frequency domain was chosen for its capacity to
facilitate visual analysis of a graphic, emphasizing the
peak excitation frequency. Subsequently, its peak value
is compared to the natural frequency. This study employs
the Fast Fourier Transform (FFT) to convert time domain
data into frequency domain data, specifically the Power
Spectral Density (PSD) estimate. This computation
functions as an efficient algorithm for calculating the
Discrete Fourier Transform (DFT) of a sequence or its
inverse, facilitating the transformation of signals
between the time domain and the frequency domain, and
vice versa [51]. The Welch method, devised by Peter D.
Welch, is one approach for executing this FFT
computation. This method is frequently employed in
engineering to address signaling issues, including the
detection of damage in concrete-filled steel tube columns
[52] and the assessment of sea condition parameters by
spectral estimation [53]. Equation (2) is solved in order
to implement this method [54], [55].

S2h=r fW ZIY Nf @)
Where

V=T vl [ )
and

j=2 2 3 L )

TN TN TN TN 2L

In this context, n, represents the count of overlapping
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segments, while N denotes the total number of samples,

T, indicates the sampling period, and y, denotes a

particular record at position k. The variable w(¢]
represents the window function, while ; signifies the
imaginary unit.

In FFT computations involving real-valued
sequences, the results in the frequency domain
demonstrate symmetry, which requires the preservation
of only half of the outcomes [56]. The results in the
frequency domain for FFT computations of complex-
valued sequences include both positive and negative
frequency components. Figure 12 illustrates the
outcomes of the transforming stages.

F. Natural Frequency Calculation

It is undoubtedly possible for any object with mass
and stiffness to have its natural frequency values. The
vibration frequency is solely determined by the inherent
properties of the system, independent of the initial
conditions [57]. Consequently, the subsequent step is to
ascertain the natural frequency of the system's observed
property, specifically the HDPE ship structure.
Numerous methods exist to determine this, including the
BPF (Blade Passing Frequency) approach.

Blade Passing Frequency (BPF) refers to the
vibration generated by the propeller blades on the ship.
This study only examines external excitation forces in
the form of propulsion rotation, so the BPF approach is
taken into account. Increased frequency generated by the
propulsion system can adversely affect its operation,
leading to a release of disruptive noise [58], [59], [60].
The resulting frequency may also be considered for the
determination of a system's natural frequency. This
method has been extensively applied across multiple
industrial sectors, including the assessment of comfort
levels in centrifugal fans through quantitative study [61],
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the analysis of fault diagnosis models for rotating
machinery [62], investigations into BPF pressure
pulsation reduction in centrifugal bladed machines
utilizing splitters [63], examinations of the impact of
blade trajectory frequency vibrations on MCSA-based
induction motor rotor fault detection [64], as well as both
experimental and numerical studies on flow-induced
vibrations and acoustic radiation from a jet-pump
propulsor model [65]. While in the domain of naval
architecture, topics include the investigation of vibration
features in marine propulsion systems [66] and the
analysis of fluid-structure interaction concerning rudder
vibration in wake propellers [67]. Equation (5) shown
the BPF formula.

BPF =B, Ng% (5)

Where B, is blade number of propeller and N, is

number of the motor rotating in RPM. The greater the
motor's RPM, the higher the BPF. The RPM number
( Nppy ) 1s measured by the tachometer.

G. Assessment Procedures

This paper presents a method for evaluating ship
structure assessment by comparing the Root Mean
Square (RMS) of vibration data from excitation loads
with established class standards, such as those set by the
American Bureau of Shipping (ABS). Equation (6)
represents the RMS equation. The comparative
excitation data pertains to vibration velocity. In the
frequency range up to 5 Hz, the allowable displacement
is under 1 mm, as displacements exceeding 2 mm may
result in structural damage. For frequencies above 5 Hz,
the allowable vibration velocity is below 30 mm/s, with a
risk of structural damage if it surpasses 60 mm/s [23].

RMS - i[i(xi—f)j ©

i-1

Additionally, a particular resonance phenomenon is
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the basis for the other method that is being utilized in
this investigation to mitigate the structural failure that is
caused by vibration. Failure occurs when the peak
frequency of the excitation load coincides with the
natural frequency (using the BPF method). An increase
in the difference value between the peak excitation
frequency and the natural frequency results in a decrease
in the chance of resonance and structural failure.

[II. RESULTS AND DISCUSSION

A direct measurement method has been utilized to
measure vibrations in HDPE vessel structures, with the
primary source of vibration being the main engine.
Vibration is measured via an accelerometer sensor,
namely the Witmotion WTVB02-485. The preceding
chapter addressed equipment and data processing.
Chapter III encompasses a discourse on environmental
information obtained through direct measurement, output
data articulated in the time domain, processed data
delineated in the frequency domain, and evaluation.

A. Recorded Environmental Information

Direct measurements were conducted on August 12,
2025, in the ship launching area of the shipyard at the
Shipping Engineering Department, Polytechnic of
Bengkalis, as seen in Figure 1. The measurement period
commences at 10:20 WIB and concludes at 10:26 WIB.
During the measurement, it may be assured that no other
vessels are transiting, as it is located in enclosed seas.
Table 2 presents the environmental data obtained during
the direct measurement.

The air and water temperature measurements
presented in Table 2 indicate consistent values of 29°C
and 28°C, respectively. The temperature measurement
was conducted to provide information on the temperature
at the time of measurement, as it is likely to influence the
material properties of the HDPE utilized. This paper will
not address details; however, the data presented may be
beneficial for future research endeavors.

There were calm waves with very slight ripples
during the direct measurement, but no significant wave
ripples. The boat's location in enclosed waters may have
had an impact on this situation. Alongside visual

TABLE 2
SUMMARY OF RECORDED ENVIRONMENTAL INFORMATION

Time  Air Temperature

Water Temperature

Wind Velocity

(WIB) C) C) (m/s) Wave Ripples

10.20 31 30 1,1 Very slight ripples
10.21 31 30 1,1 Very slight ripples
10.22 31 30 1,2 Very slight ripples
10.23 31 30 0,8 Very slight ripples
10.24 31 30 0,4 Very slight ripples
10.25 31 30 0 Very slight ripples
10.26 31 30 0 Very slight ripples
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observations, measurements of wind speed corroborated
this finding. Table 2 presents the maximum recorded
wind speed of 1.2 m/s. This speed remains categorized as
Beaufort 1, which the description is that ripples
resembling scales are generated, lacking foam crests
[68]. The results of these observations and measurements
indicate minimal environmental influence on fishing boat
vibration measurements. This study advocates for the
execution of direct measurements in enclosed waters.

B. Recorded RPM Number

During the direct measurement, the main engine of
the ship is capable of operating at optimal levels,
adhering to the specified RPM, which is approximately
4,000. Figure 13 presents the results obtained from
measurements conducted with a tachometer. The
recorded RPM values ranged from a minimum of 3,702
to a maximum of 4,348. The recorded RPM amounts
yield an average of 4,007.3 and a root mean square
(RMS) value of 4,011.5.

C. Time Domain Data
The Witmotion WTVB02-485 sensor generates
output in the form of raw data representing vibration
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velocity. The output appears in the time domain. Figure
14 presents the raw data collected at Point A
(Measurement 1), whereas Figure 15 presents the data
from Point B (Measurement 2). The raw data requires
processing, specifically during the filtering stage, before
it can be assessed directly. The outputs of the filtering
stage for Measurement 1 and Measurement 2 are
presented in Figure 16, respectively. The maximum
recorded amplitudes are -0.034 mm/s for Measurement 1
and 0.016 mm/s for Measurement 2. The measurement
results within the accommodation room indicate greater
amplitude maximum values compared to outside the
room.

D. Frequency Domain Data

The filtered data gets transformed from its original
representation in the time domain into the frequency
domain. The transformation process is referred to as a
Power Spectral Density (PSD) estimate. Its computation
process is referred to as Fast Fourier Transform (FFT),
which is solved using Welch's method. The transforming
stage is essential for determining the peak excitation
frequency value. Subsequently, a comparison of the peak
frequency value is conducted with the natural frequency.
Hopefully, the two values will not overlap. Figure 17
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illustrates the outcomes of the transforming stage process
for Measurements 1 and 2, respectively. The peak

subsequent experimental development. The resultsl Gy
serve as a reference for structural design development
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frequencies of vibration velocity identified in both
figures are 33.31 Hz for Measurement 1 and 31.52 Hz
for Measurement 2.

E. Discussion

The average RPM value presented in Figure 13 is
4,007.3. The integration of this value with Equation (5)
allows for the calculation of the natural frequency,
resulting in a value of 200.4 Hz. Upon comparison of
this value with the peak frequency of excitation at both
measurement locations, resonance is not discovered. The
peak frequency values at the two locations are
significantly lower than the natural frequency. The peak
frequency recorded in Measurement 1 is 83.34% less
than the natural frequency, whereas Measurement 2 is
84.27% less than the natural frequency. Based on this
observation, it can be concluded that the HDPE structure
is capable of withstanding the vibrations produced by the
main engine of the POLBENG research vessel.

According to Figure 17, the peak frequency values
for Measurement 1 and Measurement 2 are greater than 5
Hz. The RMS values are confirmed to remain below the
limit value of 30 mm/s as established by ABS guidelines.
The root mean square (RMS) values for Measurement 1
and Measurement 2 are 0.020 mm/s and 0.013 mm/s,
respectively. The RMS values for Measurement 1 and
Measurement 2 are 99.93% and 99.96% lower than the
standard values, respectively. The structural design of
the research vessel constructed from HDPE is capable of
withstanding vibrations generated by the main engine
during operation at RPM of full service speed. It is
important to note that the load is exclusively derived
from the main engine of the ship. Additional loads, such
as those resulting from vibrations caused by the ship's
motion due to the interaction between the ship's hull and
ocean waves, require further investigation. The research
results presented in this paper may be utilized for

and numerical analysis.

In the process of comparing the output from each
observation location. Measurement 1, located within the
accommodation room (Point A), exhibits a higher
vibration velocity response compared to Measurement 2,
which is located outside the room (Point B). The RMS
value in Measurement 1 exceeds that of Measurement 2
by 53.85%. The peak frequency value in Measurement 1
exceeds that of Measurement 2 by 5.37%. The
occurrence of both phenomena can be attributed to the
greater stiffness of the structure surrounding Point B
compared to that of Point A. At the Point B location,
multiple bulkheads are designated for fuel storage, and
the distance from Point B to the bottom is shorter
compared to that of Point A to the bottom. The reduction
in structural stiffness results in an increase in the
observed vibration amplitude and excitation frequency.
A less rigid plate area enhances the probability of
experiencing larger deflections.

IV. CONCLUSION

The procedure for directly measuring vibration in the
POLBENG research  vessel's structure, which
experiences loads from the main engine, has been
demonstrated through this research. The entire process
was carried out in a deliberate and planned manner. The
instances were given their names based on the
measurements that were taken in two distinct locations,
which were designated as Measurement 1 and
Measurement 2. In both instances, the same treatment
was administered, which consisted of the ship's main
engine operating at an RPM of approximately 4,000. The
peak frequency values in Measurement 2 are 5.37%
lower than those in Measurement 1, recorded at 31.52 Hz
and 33.31 Hz, respectively. This indicates that the
oscillatory motion that occurs at the measurement point
of Measurement 1 oscillates more than that which occurs
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at Measurement 2. Measurement 1 has RMS values of
vibration velocity that are 0.020 mm/s, while
Measurement 2 has RMS values of 0.013 mm/s. This
indicates that the magnitude of the response is also
greater in Measurement 1 compared to Measurement 2.
The explanation for the occurrence of both phenomena is
due to the fact that the structure surrounding the location
of Measurement 2 is more rigid than the structure
surrounding Measurement 1. After everything has been
assessed, the HDPE structure that was constructed is able
to endure the vibrations that are generated by the ship's
main engine operations. When compared to the value
that is standardized by the class, the RMS values at both
measurement locations do not exceed the value. On the
other hand, the values of the peak frequencies of both do
not coincide with the values of the natural frequencies.
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