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ABSTRACT

The continuity of machine operation is very important to ensure that the manufacturing
sector remains intact. To maintain and preserve the manufacturing sector requires a well -
functioning machine condition. the main problem in the industrial sector today is the
unexpected failure of machine operation resulting in the machine not being able to be used
optimally and forcing the industry to incur the cost of ongoing maintenance and repair of the
machine. Significant changes in machine condition due to machine failures and malfunctions
can be overcome with efficient machine condition monitoring. Efficient surveillance for
condition monitoring and rapid detection of mechanical damage is an essential task.
Vibration monitoring is an important technique among the various condition monitoring
technique to predict the working condition of any machine. ldentifying damage to the
machine can be analyzed through early warning if the vibration analysis is done correctly.
The reliability maintenance should also be emphasized in monitoring the condition of the
machine depending on the accuracy of the measuring instrument. A malfunctioning machine
condition can shorten the lifespan of the machine and result in major failures occurring, but
the unique benefits of condition monitoring of the machine are able to overcome this
problem. Some types of machine condition monitoring systems that are available and are on
the market involve relatively high overall costs and are detrimental to the industry. Existing
machine condition monitoring systems identified for vibration using piezoelectric
acceleration. Therefore, research studies are needed to develop an inexpensive machine
condition monitoring system. Through this study, to ensure lower power consumption and
lower production costs can be achieved, micro electro mechanical system (MEMS) was
identified to be used as a potential alternative to conventional systems. In addition to the cost
can be reduced, this study was made to ensure that this monitoring system does not affect
the accuracy and reliability of measurements.This online machine condition monitoring
system for analyzing machine vibration has two parts. Where, the first part is the acquisition
of temporary data. Data acquisition can be developed based on micro-electro-mechanical
systems (MEMS). For the second part, the data obtained should be transmitted and
diagnostic. Software that can be integrated with data acquisition will be developed based on
the C ++ programming language. Functional prototypes are then tested at actual work
locations where performance and accuracy assessments can be made.



ABSTRAK

Kelangsungan operasi mesin sangat penting untuk memastikan sektor pembuatan kekal utuh.
Untuk mengekalkan dan memelihara sektor pembuatan memerlukan keadaan mesin yang
berfungsi dengan baik. Masalah utama dalam sektor perindustrian hari ini adalah kegagalan
operasi mesin yang tidak dijangka menyebabkan mesin tidak dapat digunakan secara
optimum dan memaksa pihak industri menanggung kos penyelenggaraan dan pembaikan
mesin secara berterusan. Perubahan ketara pada keadaan mesin disebabkan oleh getaran dan
kerosakan mesin dapat diatasi dengan pemantauan keadaan mesin yang cekap. Pengawasan
yang cekap untuk pemantauan keadaan mesin dan pengesanan kerosakan mekanikal yang
cepat adalah tugas penting. Pemantauan getaran adalah teknik penting di antara pelbagai
teknik pemantauan keadaan mesin untuk meramalkan keadaan pengeoperasian mesin.
Mengenal pasti kerosakan pada mesin dapat dianalisis melalui amaran awal jika analisis
getaran dilakukan dengan betul. Penyelenggaraan kebolehpercayaan juga harus
dititikberatkan dalam memantau keadaan mesin bergantung pada ketepatan alat pengukur.
Keadaan mesin yang tidak berfungsi dengan baik dapat memendekkan jangka hayat mesin
dan mengakibatkan kegagalan besar berlaku dimasa hadapan, tetapi kelebihan unik
pemantauan keadaan mesin dapat mengatasi masalah ini jika dilakukan. Beberapa jenis
sistem pemantauan keadaan mesin yang tersedia dan berada di pasaran melibatkan kos
keseluruhan yang agak tinggi dan merugikan pihak industri. Sistem pemantauan keadaan
mesin sedia ada yang mengenal pasti getaran pada mesin adalah menggunakan pecutan
piezoelektrik. Oleh itu, kajian penyelidikan diperlukan untuk mengembangkan sistem
pemantauan keadaan mesin yang murah. Melalui kajian ini, untuk memastikan penggunaan
tenaga yang lebih rendah dan kos pengeluaran yang lebih rendah dapat dicapai, sistem
mekanik mikro elektro (MEMS) dikenal pasti digunakan sebagai alternatif yang berpotensi
untuk menggantikan sistem konvensional sedia ada. Selain objektif utama untuk
mengurangkan kos penyelenggaraan dan membaik pulih mesin, kajian ini dibuat untuk
memastikan bahawa sistem pemantauan ini tidak mempengaruhi ketepatan dan
kebolehpercayaan pengukuran. Sistem pemantauan dan menganalisis getaran mesin dalam
talian ini mempunyai dua bahagian. Di mana, bahagian pertama adalah pemerolehan data
sementara. Pemerolehan data dapat dikembangkan berdasarkan sistem mikro-elektro-
mekanikal (MEMS). Untuk bahagian kedua, data yang diperoleh harus dihantar dan
diagnostik. Perisian yang dapat diintegrasikan dengan pemerolehan data akan dikembangkan
berdasarkan bahasa pengaturcaraan C ++. Prototaip yang dibangunkan kemudian diuji di
lokasi kerja sebenar untuk memastikan penilaian prestasi dan ketepatan dapat dibuat.
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CHAPTER 1

INTRODUCTION

1.1  Background

Reliability maintenance is one of the strategies in maintenance to ensure that each
machine can operate properly on an ongoing basis and get rid of higher repair costs resulting
in delayed manufacturing operations. The principle for reliability maintenance is to maintain
the functioning of the machine system and to identify possible faults that may affect the
functioning of the machine system. Reliability maintenance requires a process to identify the
right maintenance with the right equipment at the right time before complete system failure.

One of the steps to ensure reliability maintenance can be achieved is to perform
condition monitoring of the machine in real- time conditions to determine the maintenance
that needs to be done. Maintenance can only be performed when these real-time indicators
show deviations or signs of performance decline. The effectiveness and performance of the
machine to the optimum level can be assisted by monitoring the condition of the machine.

For machine condition diagnostics using condition monitoring techniques. The
analysis of signals or condition data required often focuses on vibration, torque, rotational
speed, flow rate, voltage, current, temperature or humidity. It is important to maintain
competitiveness in the manufacturing industry by performing predictions and prognosis of
machine working conditions about its failure through online diagnosis. There have been
various efforts as well as studies done continuously throughout this decade to improve

monitoring techniques to detect machine failures early on.
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Signal spectrum analysis has often been used previously for machine health
diagnostics as one of the monitoring techniques. Machine condition monitoring can be used
with vibration analysis method. Effective vibration signal extraction techniques play an
important role in diagnosing machine function failures. Vibration analysis can be described
as a process to measure the level of vibration frequency that occurs in the machine and the
data obtained through the vibration is analyzed to determine the state of health of the machine
and its components in operation.

Vibration signals and spectra as well as waveforms can change significantly if there
is damage to the machine and some dynamic processes of the machine change such as
rotating speed or workload although the vibration signal generated when the machine is
operating properly is weak but consistent. In the past, Diagnosis of machine failure was
usually based on recruitment time and laboratory training through relatively complicated
data acquisition and analysis and inefficient computer techniques. Yet the vibration signal
spectrum of the machine is capable of indicating the deterioration state of the machine
immediately.

Vibration sample analysis on machines has been used for many years in traditional
condition monitoring techniques that have been used in laboratories or factories to detect
machine failures. However, this traditional machine condition monitoring technique cannot
be operated remotely nor can the online network and the machine will not be able to be
monitored continuously in the long run. Through traditional machine condition monitoring
procedures, computers as well as specialized devices are used at pre -planned times to collect
machine working condition data. The machine condition monitoring center will receive
sample data to make further process. Then, the condition of the machine will be diagnosed
to predict or determine the failure or damage that occurs to the machine. At the end of this

traditional technique, maintenance work will be scheduled or determined according to the
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condition of the machine that has been analyzed. Such traditional machine condition
monitoring techniques can also be known as schedule -based diagnosis.

This is because, the technique is not very orderly, and the experience of the
maintenance engineer is at stake in determining the diagnostic results of the machine fault
and making preventive maintenance. Good diagnostic results cannot be generated and are
unreliable due to traditionally outdated machine condition monitoring techniques through
data samples. Approaches have been taken to ensure more efficient real -time and remote
machine condition monitoring techniques to meet the relatively high demand from the
industry in the face of global competition and technological developments.

Remote and advanced machine condition monitoring systems can be developed
through the support of the latest advances in computer technology and internet. For example,
through previous studies, (Jamil et al., 2014; Wahid et al., 2006) suggested vibrations
generated using cables to analyze vibrations in machine condition monitoring systems.
However, the cable is not suitable for use in monitoring the condition of the machine
especially in remote and isolated conditions. Therefore, wireless data transmission media is
becoming more popular in line with the ever -increasing pace of the industry. Various
researcher using MEMS acceleration have successfully achieved results, among which two
out of three different experiments have been performed by (Albarbar et al., 2008) to be
applied in machine condition monitoring systems.

The proposed approach as well as research to improve the machine condition
monitoring system shows great potential to increase production without any overall machine
failure and even maintenance costs can be saved if compared to the machine condition

monitoring system based on conventional schedule in maintenance strategy.
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1.2 Significance of the study

This study was conducted mainly for those who are directly involved with the
monitoring of the condition of machines in the manufacturing industry who are able to
perform their duties effectively with a directed maintenance strategy. Meanwhile, for those
who are indirectly involved with the program will be able to understand more about the
importance of maintenance systems based on condition monitoring. For those who are
interested in implementing maintenance programs, especially in condition monitoring, it is
hoped that this study will be able to provide benefits. Condition monitoring studies are very
important to ensure that you are able to handle the maintenance situation by monitoring the
condition of the machine before more severe damage will occur and choosing an effective

way to monitor the condition of the machine.

The life cycle of the machine, reducing the financing of damage costs and reducing
the risk of harm to personnel and assets can be overcome with practice, applying
maintenance procedures and good knowledge in the machine maintenance program.
Through the expected results of the study and the conclusions that will be made, it is hoped
that the maintenance program can be improved as well as obtain accurate data to make

decisions in the selection of maintenance systems that can be applied in the factory.
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1.3 Problem Statement

There are various measurement systems mainly for detecting and analyzing
vibration. Vibration is often measured using piezoelectric sensor. Yet some have questioned
the effectiveness and reliability of the development of an online monitoring system for
machine vibration using MEMS sensors compared to piezoelectric sensor in providing
results.To obtain high accuracy in low frequency and relatively large vibration amplitude,
measurement of the vibration method using a piezoelectric sensor makes it possible but due
to the high inertia, the waveform of the signal is distorted which makes high frequency
measurement unworkable, small amplitude vibrations. The study focused to introduce a
model of monitoring system for machine vibration using Micro - Electro - Mechanical
(MEMS) sensor to justify the success. In developing online monitoring systems for machine
vibration, problems in software capabilities used, programming languages, external circuits,

outputs and types of experimental signals confirmation should be taken into consideration.

Conventional methods for analyzing machine vibrations that use piezoelectric
acceleration usually involve high costs. However, due to use Micro - Electro - Mechanical (
MEMS) sensor in online monitoring system, the development of this monitoring systems is
seen as a potential alternative to conventional systems as it has lower power consumption,
light weight and lower production costs. It is hoped that costs can be significantly reduced

without affecting the accuracy and reliability of measurements.

1.4 Research Objective

There are several objectives to be achieved in this project and these objectives are

defined as shown below:
15



i. To develop an online monitoring system for machine vibration that is based on
Micro-Electro-Mechanical System (MEMS) sensor vibration measurement . The
system should be able to easily acquire the signal, process the signal and display
the signal from the output of the MEMS sensor for analysis using the same
programming platform and highly accurate measurement through the online

monitoring system.

ii. To fabricate and validate the working prototype a low cost online monitoring
system for machine vibration analysis. The system must approach for

minimizing cost & down time of the system breakdown.

iii. To evaluate working prototypes of online monitoring systems developed in
actual workplaces and ensure assessments of performance and accuracy can

be made without affecting the accuracy and reliability of measurements.

1.5 Scope of Research

The scope of this research are as follows:

i. Analyze vibration based on condition monitoring system

ii. Vibration based condition monitoring in real time condition

ili. The machine vibration state monitoring system was developed only by using

Micro - Electro - Mechanical (MEMS) as the sensor.

1.6 Hypothesis / Research Question

Conventional real -time monitoring systems for vibration that use piezoelectric

acceleration are expensive and bulky. Therefore, micro - electro - mechanical systems

16



(MEMYS) are seen as a potential alternative to conventional systems as they have lower power
consumption, light weight and lower production costs. It should that by using MEMS in
online monitoring systems, costs can be significantly reduced without affecting the accuracy

and reliability of measurements.

Research Questions :

i. How reliable is the MEMS sensor as compared to piezoelectric

accelerometer in giving results for online monitoring system?

ii. Can the cost of the system be reduced significantly?

iii. Why measurement results should be relayed in real time dimension?

17



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

In this modern industrial era, current industrial demands require the evolution of
mechanical systems, data acquisition and analysis techniques, and sensors, which need to be
more accurate than previous eras. Exerted forces and motions are characteristics found in a
mechanical system. To ensure the performance of these mechanical systems is increased,
sensors are often used to compute measurements through data acquisition, motion analysis
and mechanical forces (Koene et al., 2020). Understand the behavior of the machine
especially the rotating machine, a condition monitoring system is essential. ( Juan Carlos A
et al.,2020 ). Making maintenance decisions requires accurate and relevant data to be
properly collected and analyzed. Therefore, determination of the condition monitoring
system, vibration analysis is still seen as the best and reliable technique among other
measurement systems. The designed monitoring system must be robust and reliable. Besides,
online condition monitoring is creating a new dimension in modern technology. Real -time
measurements can be obtained at all times by monitoring sensors and software connected to
the wireless internet. Then, the integrated software will analyze the obtained measurement
data and for the storage of historical data sets. In this chapter, review the study of

technological developments in machine condition monitoring.
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