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ABSTRACT

This project presents a systematic approach to understand the different types of
motion errors exist in Computer Numerical Controlled (CNC) machines. This research
focused on five units of identical CNC milling machines, that is, the same brand, model
and years of operation. As the increasing number of CNC machines in manufacturing
field, there is a need to ensure the machines are in good running condition. Machine
tools such as CNC vertical milling machines are meant to produce precise workparts,
therefore is important to maintain their accuracy. Periodic and preventive maintenance
of the machine is crucial, whereby motion error inspection is one of predictive
maintenance activities in ensuring CNC machines are in good working condition. The
purpose of this project is to find out any abnormalities to the machine performance. The
motion errors of CNC machines were analysed by using Double Ball Bar (DBB)
measuring device. This equipment is designed to analyse the machine performance by
measuring the accuracy of its movements. This device having two identical size balls at
the end of the bar was mounted on spindle and onto a special holder which is mounted
on the working table. The machine is made to move in a circular motion, clockwise and
anti-clockwise in three planes, XY, YZ and ZX. Any deviation from the standard data
will represent the imperfection of machine condition especially mechanical components
such as slide bearing, spindle bearing or servo motor responses. Based on the study,
DBB equipment has successfully captured the motion errors of five units of 3-axis CNC
vertical milling machines. Diagnosis has been done and several error origins have been
presented in this study. By knowing the most significant error origin, the corrective

countermeasures can be carried out.



ABSTRAK

Kajian ini di lakukan untuk memahami kewujudan pelbagai jenis ralat gerakan
dalam pemesinan CNC pengisar. Kajian ini akan tertumpu kepada mesin CNC pengisar
yang sama jenis, pembuat dan jangka hayat.Peningkatan pengunaan mesin CNC di
dalam bidang pembuatan, telah wujud kepentingan untuk memastikan mesin yang
diguna sentiasa dalam keadaan yang baik. Pemesinan mesin seperti CNC pengisar amat
mementingkan untuk mencapai ketepatan yang tertentu.Oleh sebab itu, penyelengaraan
ramalan adalah penting untuk memastikan mesin sentiasa berada dalam keadaan
memuaskan.Pemeriksaan ralat gerakan untuk mesin CNC pengisar adalah selari dengan
kehendak penyelenggaraan ramalan. Tujuan aktiviti tersebut adalah untuk mendapat
sebarang bentuk kecacatan pada prestasi mesin.Ralat pergerakan akan diukur dengan
mengunakan alat pengukur yang di kenali sebagai “double ball bar”. Kegunaan
peralatan tersebut adalah untuk mengukur ketepatan mesin dalam pergerakan. Peralatan
ini akan di pasang pada “spindle” dan pada permukaan mesin dengan mengunakan
peralatan yang khusus.Sebarang bentuk penyimpangan pada data pada peralatan
tersebut, menunjukkan ketidak sempurnaan komponen mesin terutama bahagian
mekanikal seperti galas pada “spindle, galas pada “working table”, motor servo dan
banyak lagi.Berdasarkan kajian yang di buat, peralatan tersebut telah berjaya merakam
beberapa ralat gerakan pada 5 mesin yang di kaji.Diagnostik pada ralat tersebut telah
dikaji dan punca ralat tersebut telah di bentangkan dalam kajian ini. Punca ralat tersebut

adalah amat berguna kepada pemilik mesin untuk membuat tindakan susulan.
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CHAPTER 1

INTRODUCTION

1.0 Introduction

This project presents a systematic approach to understand the different types of
motion errors existed in CNC machines. This research was focused on five identical
units of CNC machines with same brand, model and years of operation. As the
increasing number of CNC machines in manufacturing field, there is a need to ensure
the machines are at good running condition. Machine tool such as CNC vertical milling
machines is important to achieve certain machine accuracy. Therefore periodic and

preventive maintenance of the machine is crucial.

Now days, the predictive maintenance has grown to become popular in
maintenance activities. This is due to the current CNC machines have become more
complicated, integrated and expensive. The costs of parts or components are expensive
and uneconomic to use regular preventive maintenance system. The predictive

maintenance has been reputed as the most suitable types of maintenance activities.



Motion error characteristics are one of predictive maintenance in CNC machines. The
purpose of this research is to find out any abnormalities to machine performance. This
machine performance will convert to high quality product. These motion errors of CNC
are analysed by using Double Ball Bar (DBB). This equipment is designed to analyse

the machine performance by measuring the accuracy of its movements.

This device having two identical size balls at the end of the bar was mounted on
spindle and onto a special holder which is mounted on the working table. The machine
is made to move in a circular motion, clockwise and anti-clockwise in three planes, XY,
YZ and ZX. Any deviation from the standard data will represent the imperfection of
machine condition especially mechanical components such as slide bearing, spindle

bearing or servo motor responses.

The ANSI/ASME B.5.54-1991 standard method of performance evaluation of
computer numerically controlled machining centres was need in the analysis. Motion
error analysis is actually the analysis of contouring performance of the machine. This
involved machine servo motor performance, feedback performance, mechanical

structure and servo control system.

The data obtained from the measurement was analysed based on previous
recorded data from manufacture. This data is actually based on historical records made
by actual machine performance. This type of maintenance activities should be
performed at early stage of machine life. When the machine is new, the motion error
analysis should be recorded as the reference for future analysis. Machine performance
will be deteriorated, as time passing by therefore it’s a crucial to compare the reference
data which has been taken at early stage with the existing machine condition. Any
deviation from the data shows the machine performance. The research is focused on the

on circular type of motion errors.



Data from this analysis is essential for maintenance engineer to predict a failure
and make necessary actions to resolve the issue. There several methods for measuring
circular motion accuracy which are double ball bar method, master ring and a
displacement type probe method besides direct cutting test. Double ball bar is selected
for this research, because of its simplicity and yet capable of giving high accurate result.
The equipment is suitable also for predictive maintenance usage to record and diagnose
machine condition. The double ball equipment used as the measurement tool is from
Heidenhain double ball bar 110. This equipment also is equipped with software to ease

data retrieving and diagnosis guides.

Maintenance is one crucial aspect in manufacturing engineering. It started with
Industrial evolution, where parts or components are massively produced. Machine is
designed to produce all of the required components in massive volume. Even though
that, long hours operation requires the machine to be maintained to avoid unnecessary
breakdown. At early stage, they still can afford to have a machine breakdown since the
machine is manually operated and the machine is simple thus easy to repair. At this
stage, they practice breakdown maintenance, which seems suits to their requirement of
operation.

In new modern manufacturing industry, machine has become more efficient,
complicated and fully automated. This type of new generation machines only required
fewer man powers to operate because of automation functions. Thus this new feature,
able to increase the volume of production but it requires new maintenance principles.
This new machine cannot afford to breakdown, since the investment cost of the machine
is high. Each downtime is a lost for the investor. From economic point of view, in order
to produce part at effective cost is by producing at high volume. Machine components

become expensive which requires new type of maintenance to cater this problem.



There several new maintenance principles which are preventive maintenance,
condition based maintenance and predictive maintenance. Preventive maintenance is an
activity performs based on periodic basis. For example replacement of bearing in DC
motor is scheduled 5 years once. This means every 5 years the bearing must be replaced
even though the condition still good. This type of maintenance is suitable for low cost
mechanical and several electrical components. For high expensive components and
electronic components condition based maintenance is more suitable. Condition based
maintenance is based on scheduled inspection of desired parts. Parts are only replaced if
it is damaged. This will reduce the maintenance cost, but this type of maintenance
requires regular checking and checking equipment which are quite expensive. This type
of maintenance also always combined with predictive maintenance which helps in
performing maintenance at effective method. Compare to preventive maintenance,
condition based and predictive maintenance is the best maintenance program for

ensuring and preserving machine performance.

Motion errors analysis is one of condition and predictive maintenance for CNC
machine application. Double ball bar is a device to measure the volumetric errors which
consists of two high precision ball and magnetic sockets. The system can measure the
distance between two points of the balls with high accuracy.

Figure 1.0 : Double ball bar device



5 identical Vertical CNC machines with 5 years of operation were used for this
research. From this analysis, it is hoped to discover a few errors, Thereby will able to

help reducing maintenance cost without jeopardize machine performance.

Figure 1.1 : Vertical CNC milling machine



1.2 Background and rationale

1.2.1 Research Objectives

The primary factor that influences machining accuracy is the motion accuracy of
the machine tool. When there is a motion error in a machine tool, it will be transferred to
the machined profile and thus increases the profile error of the machined surface.
Therefore, knowing the motion accuracy is indispensable for high precision machining.
If the dimensional error and the profile error of the elements of a machine tool are large,
the motion accuracy will be bad. It is also influenced by the assembly and the
adjustment of the control system.The main objective of this project is to analyze the
conditions of 3 axis CNC vertical milling machines by using the double ball bar
equipment after 5 years of operations. Testing procedure performed by means of
detecting the motion errors characteristic. The data recorded and characterized
according to the suggested data trace pattern by manufacturer. Then based from this
trace pattern, the current state of the machines can be known and this information is

beneficial for the user to take necessary actions.

1.2.2 Scopes of the project

The scopes of work define the specific field of the research and ensure that the
entire content of this thesis is confined within the scope. It begun with the literature
review on double ball bar. The next step is to determine which machine has the same
type, model, manufacturer and years of operation. Five machines were chosen for this
analysis with the same type, model and manufacturer. Heidentein Double ball bar and
software package were used as the tools for this analysis. For each testing, 3 different

types of motion and speed were used for this analysis. These are based on standard



posted by ANSI /ASME B.5.54.1991. The scope of work can be described in terms of

flowchart as per the following Figure 1.2

I Literature Review On Double Ball Bar I

‘ Determine suitable machine candidates ‘
I Standard Operating Procedure Based on ANSI/ASME I
I Data Collected for each machine I

‘ Investigations: Compare the data with manufacture’s table to ‘

obtain prediction of machine condition or deterioration

Figure 1.2: Flow chart represents the scope of work



1.3 Research problems and hypotheses

1.3.1 Statement of research problem

The measurement of motion errors are carried out to check whether the CNC
machine are within the required performance, in terms of producing product within the
expected tolerances. Measuring motion errors is part of the condition based maintenance
for CNC machines. The exercise should also be performed at early age of the machine to
use as benchmarks reference. This is crucial for the maintenance engineer to predict any
possible breakdown. Performing ordinary preventive maintenance on CNC machine is
too costly and ineffective; therefore condition based maintenance is the best way to
maintenance the machine. This research is concentrated on measuring machine motion
accuracy by using the double ball bar device on to machines which have been operation
for 5 years. The machines selected are identical in terms of model, brand and years of
operation. The user currently did not know what the machine accuracy condition as no
precise test cut was performed. Performing test cut is an expensive and tedious method
and also time consuming. Another alternative method is proposed by using double ball
bar equipment, which able to produce accurate, reliable and high repeatability results.

1.3.2 Research questions.

Based on condition based maintenance data, several analysis and diagnosis can
be made for future prediction of maintenance activities. This will prevent the machine to
breakdown and to reduce the maintenance cost. This research concentrated on motion
errors analysis onto machine with 5 years of operation. Different types of machine

motion characteristics in terms of accuracy after 5 years of operations. If there are errors



found during the research, the errors will be characterized and narrowed down to the

root cause of the errors.

1.3.3 Research hypotheses

To diagnose the motion error origin of a CNC machine tool from the motion
error traces obtained by DBB measurements. However, there are several error origins
that produce the same trace pattern. The mechanical structure and the control system of
machine tools should be taken into consideration when specifying the error origin.
Generally, if the error traces changes for different measuring positions, then we can
conclude that an angular motion error exists. However, usually, both angular motion

error and parallel motion error exist simultaneously.

The CNC machine is an electromechanical installation which encompasses a
wide range of technologies, including mechanical machine components, hydraulics,
pneumatics, electro technology, and electronic. As a result, the repair of CNC machines
demand a high standard of knowledge and experience on the part of maintenance
technicians. Training programs for CNC maintenance technicians often go into too
much detail. The explanation of this principle serves only to satisfy the technical
curiosity of trainees, but does not train the student to maintain the machine. Caution
should be exercised with respect to randomly exchanging “plug-in” modules; this can be
a costly practice. Components may be damaged during the exchange process, an
inventory of parts will grow containing damage components, and more damage may be
done to the machine. The systematic approach of error location is much better. In this
context, CNC machines can be divided into three main groups:

Group 1 : Machine tool - axis and spindle drives, machine components, hydraulics, and
pneumatics.

Group 2 : Measuring systems and control loops including transfer systems.
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Group 3 : Electronic control - technology for digital and data processing, logic links,
inputs and outputs units.

Through intensive cross-linking of these three groups — through control loops,
measuring circuits, feedback circuits, and interlocks, for example —an error can become
visible in one part of the system which is not directly linked to the defective part. This
necessitates a complete understanding of the total system before a satisfactory error

search can be performed.

Mechanical parts are usually one of the major causes of machine breakdown.
This is because mechanical parts, involves with wear due to contact with other
components. Mechanical parts also subjected to a lot of stresses which give the higher

tendency to fail.
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ABSTRACT

Research Service-Learning (RSL) is a way of learning practice that connects
Research Universities vision and mission with Service-Learning program to
establish new knowledge. All the Participants including Students, faculty and
community partners to clarify a question of shared interest. The purpose of this
project is to study current Research Service Learning, and the models of Research
Service-Learning to propose and develop a Model of Research Service-Learning to
the Faculty of Computer Science and Information System (FSKSM). While
conducting this project, the important question that the project focuses is how
Research Service-Learning Program can be implemented in FSKSM undergraduate
Department, and analyses Current situation of FSKSM Organization and Conduct
preliminary Survey. However, the required methodology for this project
development began from initial planning, an analysis, and design and develops
Model. Finally; Integration approach conducted. And Model of the study proposed
completely that can help and guide the Organization to implement Research

Service-Learning program on a current curriculum.
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ABSTRACT

Pengajian khidmat pembelajaran ialah satu cara pembelajaran yang menghubungkan
misi dan visi Universiti dengan program khidmat-pembelajaran untuk mencapai
pengetahuan yang baru ). Kesemua peserta termasuk pelajar, fakulti dan komuniti
boleh berkongsi pendapat dan persoalan tentang pelbagai bidang. Tujuan projek ini
adalah untuk mengkaji kajian khidmat pembelajaran yang sedia ada beserta model
yang telah dibina kemudian mencadangkan dan membangunkan model khidmat
pembelajaran yang baru untuk Fakulti Sains Komputer Dan Sistem Maklumat.
Persoalan penting berkaitan dengan kajian yang difokuskan ialah bagaimana kajian
khidmat pembelajaran boleh di praktikkan di FSKSM di jabatan siswazah serta
menganalisis situasi semasa FSKSM serta menjalankan survey di sana. Metodologi
yang diperlukan untuk kajian ini bermula dengan perancangan,analisis, serta
merekabentuk dan membangunkan model yang berkaitan. Akhir sekali, kaedah
integrasi di jalankan. Dan model tersebut boleh membantu and menjadi panduan
FSKSM untuk menjalankan program Kajian Khidmat Pembelajaran pada

kokurikulum yang sedia ada.
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ABSTRACT

As an important device for a social and urban activity, traditional market, since
remote times continuously until now, has been the main socialization place in
historical town. Traditional market spaces are vibrant places as it is not merely act as
a selling center but also act as a stage for social interactions which enhance
communication among humans. A sense of place is evidence in traditional market
because it has its own products, own ways of marketing and own architecture that
creates its own local identity and locale culture. These unique characteristics of
trading style environment have become part of cultural identity of the Malaysian
people. The aim of the study is to investigate and to see how far the role of
traditional market as a unique social environment can support the concerns as well as
to promote back the traditional market places as a unique trading place and its
significance by referring to Malay traditional town. Despite these unique attributes, it
is observed that these traditional markets have been losing their significance and
morphological features as it engulfed by modern shopping center which has taken
over its central place function. The study focuses on the contextual relationship and
interaction between people and the built environment to emphasize this significant
ambience and the role of traditional market spaces and activities in the current urban
design approach. The study is considered the history, place and cultural significance
in the context of Malay traditional town with particular reference to Alor Setar and

Kuala Terengganu.



ABSTRAK

Sebagai satu alat penting kepada aktiviti bandar dan sosial, market tradisi,
sejak zaman dahulu lagi dan berterusan Kini, telah menjadi satu tempat bersosial di
dalam bandar bersejarah. Market tradisi adalah satu tempat yang meriah dan bukan
sekadar sebagai tempat berjual beli, tetapi juga sebagai pentas interaksi sosial yang
meningkatkan komunikasi sesama manusia. Nilai setempat terbukti pada market
tradisi kerana ia mempunyai produk, corak pemasaran dan senibina tersendiri yang
mencipta identiti dan budaya tempatan. Karektor-karektor unik pada persekitaran
gaya dagangan ini telah menjadi sebahagian daripada identiti budaya masyarakat
Malaysia. Tujuan kajian ini adalah untuk menyiasat dan melihat sejauh mana
peranan market tradisi sebagai satu persekitaran sosial unik yang dapat menyokong
keprihatinan dan juga mempromosikan semula market tradisi sebagai tempat
dagangan yang bermakna dengan merujuk kepada bandar Melayu tradisi.
Walaubagaimanapun, dapat diperhatikan bahawa market tradisi ini semakin hilang
makna dan ciri-ciri morfologinya akibat ditenggelami oleh pusat-pusat beli belah
moden yang mengambil alih fungsi nya sebagai tempat utama. Kajian memfokuskan
kepada hubungan kontekstual dan interaksi antara manusia dan alam bina dalam
menerangkan suasana dan peranan bermakna market tradisi dan aktivitinya dalam
pendekatan rekabentuk bandar. Kajian ini mengambil kira sejarah, tempat dan
budaya dalam konteks bandar Melayu tradisi dengan merujuk kepada bandar Alor

Setar dan Kuala Terengganu.
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“The way, in which the city ofMedina was planned, with the Prophets Mosque as its
center, become a modelfor the subsequentMuslim settlements in other places. The
planning ofthe city ofMedina wasfollowed, not only in itsphysical layout, but also
in the organic process ofbuildings. Not long after the mosque was built, the Prophet
established the market (al-Manaqggah). The mosque and the market were linked to

each other toform the most important urban element.

(Syed Ahmad Iskandar Syed Ariffin, 2005)

“You need a market ofthis world. This (the Prophets Mosque) is the market ofthe

nextworld”

(,;Ata’ Ibn Yasar)
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