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Abstract - The vibrate occurred in machine is caused by the influence of external vibration or inner of machine. Vibration
signal measurements are generally used to monitor the condition of rotating machines such as motors and generators.
Machine condition could be known by using vibration signal which can achieve diagnose of machine. This maintenance
technique can detect damage to a machine by means of vibration analysis through identification of the vibration signal
generated. This research was conducted by analyzing the type of damage to the 3 KW generator based on the vibration
signal. This study analyzes 2 types of damage, namely mechanical looseness, and bearing faults based on vibration signals
with a frequency domain after knowing the normal condition of the generator. In case of mechanical looseness can be
seen from the vibration signal data with the characteristic peak amplitude at 2x rpm. To determine the damage to the
bearing fault case, it can be seen from the characteristics of the peak amplitude of BSF: 49 HZ, BPFI: 116 Hz, BPFO:
80 dan FTF: 10
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INTRODUCTION

Competitiveness in the manufacturing industry market in Indonesia is currently quite strong in facing global
market competition. Treatment in the industrial sector is one important factor in supporting a production. The products
created by an industry must be of good quality, reasonably priced, and produced quickly. Therefore, the production
process must be supported with equipment that is available at all times.

In today's machine maintenance world, a fast way is urgently needed to find out damage to a machine, one of
the methods used is by monitoring vibrations on rotating machine parts. Vibration monitoring is one technique that is
considered accurate and cost-effective when compared to other techniques (Plante et al, 2015). Excessive vibration that
appears can cause engine fatigue which then affects the performance of the engine. By measuring and analyzing the
vibration, it can clearly detect engine damage such as misalignment, unbalanced, mechanical looseness, bearing defects
(Contretas, 2002). With the large use of electric motors and electric generators in the industrial world, of course there are
not a few that arise or occur in electric motors and electric generators that experience engine damage which is commonly
called a shutdown, the production process will stop. One of the causes of rotational machine damage is misalignment,
which can cause excessive force on the bearing so that it can cause premature bearing damage. There are several media
that can be used to monitor the condition of the machine, including measuring vibration signals.

Vibration signal measurements are a widely adopted and indispensable tool for monitoring and maintaining the
health of rotating machinery, including motors and generators. This maintenance technique harnesses the power of
advanced sensor technology to continuously monitor the condition of these machines in real-time.The primary advantage
of utilizing vibration signal measurements is their non-intrusive nature. Unlike some other diagnostic methods that require
the machine to be shut down for inspection or testing, vibration monitoring can be carried out while the machine is in
operation. This means that critical processes and operations need not be interrupted, leading to increased productivity and
reduced downtime. The process involves the installation of sensors or accelerometers strategically on the machine, which
capture vibrations generated during its normal operation. These sensors collect valuable data on the machine's
performance and integrity, which is then analyzed by specialized software and experts in predictive maintenance. By
scrutinizing the resulting vibration signals, analysts can discern a wealth of information about the machine's condition.
This includes identifying imbalances, misalignments, loose components, bearing wear, and other anomalies that could
potentially lead to catastrophic failures if left unaddressed. By catching these issues early on, maintenance teams can plan
and execute necessary repairs or replacements during scheduled downtime, preventing unexpected and costly
breakdowns. Furthermore, vibration analysis provides insights into the severity of the detected problems. This information
helps prioritize maintenance tasks, enabling organizations to allocate resources effectively and focus on the most critical
issues first. It also aids in extending the operational lifespan of equipment, reducing maintenance costs, and improving
overall safety. In addition to its role in preventing unplanned downtime and reducing maintenance costs, vibration
monitoring plays a pivotal role in enhancing overall asset management and reliability. By establishing a comprehensive
database of historical vibration data, organizations can track the long-term health and performance trends of their
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machinery. This historical perspective enables predictive maintenance strategies that optimize asset utilization and
minimize the risk of sudden and costly failures. Vibration signal measurements are a vital tool for monitoring rotating
machinery, allowing organizations to assess the condition of their equipment without the need for costly and disruptive
shutdowns. This proactive approach to maintenance ensures that machines operate efficiently, reduce operational risks,
and ultimately contribute to the longevity and reliability of industrial assets.

The research will condition some damage to the rotating generator such as in the case of mechanical looseness
and bearing faults. Observations and analyzes were carried out on the resulting vibration signal.

RESEARCH METHODS

The research method used is to design activities in the form of flow diagrams, with the aim of making the actions
carried out in these activities more structured and directed so that the expected targets can be achieved:
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Figure 1 : Flowchart Besearch Method
Sumber : personal documentation

In this design stage, the activities of designing generator engines and electric motors are carried out as well as
designing stands for electric generators and electric motors, installing pulleys and V belts, and setting up components on
the machine such as setting the distance between the generator and electric motor, and setting the distance between the
generator and the coupling. To prove whether the research machine that has been designed operates properly, data
collection will be carried out by carrying out several machine conditions such as during normal conditions (alignment)
and carrying out several conditions that can detect some damage such as Mechanical Looseness and Bearing Fault. The
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data collection method applied includes the literature study method. In the vibration analysis stage, this is in the form of
an explanation of the explanation of the parameters used in the testing phase as follows: The position of the vibration
sensor is mounted on machine parts that are rigid enough to prevent damage to those parts. Vibration data collection is
carried out in two directions, namely the axial direction (CH2) and the radial direction (CH1).

RESULTS AND DISCUSSIONS

In this section we will analyze the type of damage based on vibration signals that occur in a 3 KW generator
driven by an electric motor using experimental studies. The experimental design is shown in the figure below:

Figure 2 : Experiment Design

Vibroport 80 (vibration test equipment)
Sensor Rpm

Sensor in radial position (CH1)
Generator 3 KW

Sensor in axial position (CH2)
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Before carrying out an analysis of the type of damage based on the vibration signal, condition the generator in
normal conditions first and carry out measurements and analysis of vibrations that occur in the generator in these normal
conditions. Several steps to obtain normal conditions for generator rotation include the process of aligning the pulleys
and belts used to transmit rotation from the electric motor to the generator. In addition to the alignment of the pulley and
belt, alignment is also carried out between the clutch shafts on the generator. This alignment process is carried out to align
the couplings on the generator so that minimal vibration is obtained on the generator. After the pulley, belt and coupling
alignment process, the radial and axial vibration data measurement and plotting process is carried out as a reference for
the generator's normal conditions. Plotting radial (CH1) and axial (CH2) vibration FFT data on a generator under normal
conditions. After obtaining the normal conditions of generator rotation, several damage conditions are carried out such as
mechanical looseness cases and bearing fault cases on the generator and vibration signal analysis is carried out for each
damage case.

Mechanical looseness is looseness of the bolts on the machine caused by excessive vibration. After the process
of conditioning the Mechanical looseness on the clutch, the process of measuring and plotting vibration data radially as a
condition of mechanical looseness on the generator is carried out. Plotting radial vibration FFT data (CH1) on a
mechanical looseness condition generator is shown in the following figure:
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Figure 3 : Plotting FFT CH1 in radial direction under mechanical looseness conditions
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The image above shows several peaks that appear in the frequency spectrum. The most dominant peak from the plot
above appears at 1x, 2x, 3x and 4x rpm with an amplitude value of 7.62 mm/s rms. These frequencies are often unstable
and can vary widely from one measurement to the next. In addition, some of these peaks have various amplitudes, each
of which is large enough to be considered dangerous for the overall condition of the engine. This is usually caused by an
improper match between the component parts, which will result in a lot of frequency in the FFT due to the non-linear
response of the loose part to the excitation force from the rotor. If left to operate for a longer period of time, it is likely
that the engine's lifespan will be reduced. However, mechanical looseness damage is often easy to overcome.

Damage to a bearing (bearing) can be indicated and analyzed visually with the sense of sight after the bearing is
removed from a shaft or bearing housing. There are several cases of bearing damage that can be analyzed visually,
namely due to overload, excessive heat, incorrect installation, contamination, lubricant errors and others. There is some
damage to the bearing, namely the ball bearing, inner ring bearing, outer bearing. Bearing damage is considered the
most common in rotating machines. According to the journal "Rolling Element Bearing Analysis" by Brian Graney and
Ken Starry (2012), the frequency of bearing failure can be calculated according to the formulas (1) to (4). The following
will show in table 1 (one) the results of calculating damage to the bearing. By using the formula in equations (1) to (4),
the frequency of single row ball bearing type 6307 is calculated as follows:

BPFI =Nb/2 xf rx(1+ Bd/Pdx cosx)

=(8/(2)) (1+(13/80) cosx)

=4(1,16) x fr

=4,64x 25 Hz

S 11O HZuoooooeercccce e (1.1
BPFO = Nb/2xfrx(1 - Bd/Pdxcosx)

=(8/2) (1-o(13/80) coscx)

=4(0,8) x fr

=3,2x25Hz

=80 HZe oo (1.2)
BSF = Pd/2Bd x frx (1 — (Bd/Pd x cos «) 2)

= 80/(2(13)) (1-(13/80) cosex) 2 )
=3.07(0,8) > x fr

=1,96 x 25 Hz

S A9 HZu oottt (1.3)
FTF =1/2 (1 - Bd/Pd % cosx) x fr

=1/2 (1- 13/80 x coscx)

=0,5(0,8) x fr

=0,4x25Hz

S 10 HZu oo (1.4)

Figure 4 : Plotting CH1 in the radial direction in the Outer ring Bearing condition
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Table 1. Broken frequency of single row ball bearing type 6307 rs

Equation Bearing Frequency Type Frequency (Hz)
l. Inner race defect frequency (BPFI) 116
2. Outer race defect frequency (BPFO) 80
3. Ball Spin Frequency (BSF) 49
4 Fundamental Train Frequency (FTF) 10

From the comprehensive analysis of the collected data, it becomes evident that the discrepancies in frequency
observations can be attributed to a multitude of factors. These variations arise from diverse sources of influence during
data collection, as well as from the distinct types of damage that manifest in the course of the bearing test.

One of the key insights gleaned from the vibration signal processing is the correlation between the presence of
damaged bearings and the generation of high-amplitude waves within a specific frequency range. This heightened
amplitude within the designated frequency range serves as an initial and crucial indicator for detecting potential damage
to the bearings. Furthermore, the frequency-based analysis not only provides early indications of bearing damage but also
allows for a more nuanced understanding of the nature and extent of the damage. Different types of bearing damage, such
as mechanical looseness or specific faults, often manifest as distinctive frequency patterns and amplitude characteristics.
By delving deeper into the frequency domain, it becomes possible to discern subtle nuances in the vibration signal that
can pinpoint the precise nature and severity of the bearing's deterioration.

In essence, the frequency analysis of vibration signals not only serves as an initial warning system for identifying
bearing damage but also enables a more fine-grained diagnosis of the specific issues at play. This multidimensional
approach to data analysis enhances the ability to preemptively address and rectify bearing problems, ultimately
contributing to the overall reliability and longevity of machinery.

CONCLUSIONS

Based on the comprehensive research and in-depth analysis of vibration signals, it is evident that the utilization
of vibration signal analysis serves as a highly effective diagnostic tool for identifying various types of damage within
machinery. The findings of this study reveal that through a meticulous examination of vibration signals, several distinct
categories of damage can be reliably identified, each offering unique insights into the machine's condition and potential
issues. One of the prominent forms of damage, namely mechanical looseness, is discernible through a careful scrutiny of
the vibration signal data. Specifically, this type of damage is characterized by a distinctive peak amplitude occurring at
2x rpm, a phenomenon that not only affects the bearings but can also be attributed to various external factors. The ability
to pinpoint mechanical looseness through vibration analysis provides valuable early warning signs, facilitating timely
maintenance and preventing further damage to the machinery. In addition to mechanical looseness, another critical
category of damage is related to bearing faults. Bearing fault damage manifests in a manner distinct from mechanical
looseness, as indicated by specific peak amplitude characteristics within the frequency domain. Notably, these
characteristics include BSF at 49 Hz, BPFI at 116 Hz, BPFO at 80 Hz, and FTF at 10 Hz. The presence of damaged
bearings is strongly associated with the generation of high-amplitude waves within this defined frequency range, serving
as an initial and pivotal indicator for detecting potential bearing issues. By harnessing the power of vibration signal
analysis, not only can these different types of damage be identified with precision, but it also enables a deeper
understanding of the nature and extent of the damage. This multifaceted approach empowers maintenance teams to take
proactive measures in addressing machinery issues, ultimately enhancing operational efficiency, reducing downtime, and
extending the lifespan of equipment. The study underscores the significance of vibration analysis as an invaluable tool in
predictive maintenance, ensuring the continued reliability and performance of critical machinery across various industries.
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