
CONDITION MONITORING ON VIBRATION 

CHARACTERISTICS OF 


ROLLING ELEMENT BEARI'NGS 


BENSON TING SZE LING 


Universiti Malaysia Sarawak. 
1999 

TJ 
1071 
T588 
1999 



t>usat Krudmat M ktum tAka .J 

UNIVERSlTI MALAYSIA SARAWP. 

40 

CONDITIONMONITORING--ON VIBRATION 
CHARACTERISTICS OF 


ROLLING ELEMENT BEARINGS 


BENSON TlNG SZE LING 


FACULTY OF ENGINEERING 

DEPARTMENT OF MECHANICAL AND MANUFACTIJRING SYSTEM 


UNIVERSm MALAYSIA SARAWAK 

94300 KOTA SAMARAHAN 


1999 


/ 




80RANG PENYERAHAN TESIS 


Judul CONDITION MONITORING ON VIBRAnON CHARACTERISTICS OF 
ROLLING ELEMENT BEARINGS 

SESI PENGAJlAN: 1999 

Saya BENSON TING SZE LING 

mengaku membenarkan tesis ini disimpan di Pusat Khidmat Maklumat Akademik. Universiti Malaysia 
Sarawalc dengan syarat-syarat kegunaan seperti berikut : 

1. 	 Hakmilik kertas projek adaJah di bawah nama penulis melainkan penulisan sebagai projek bersama dan 
dibiayai oleb UNIMAS, hakmiliknya adaIah kepunyaan UNlMAS. 

2. 	 Naskhah salinan di dalam bentuk kertas atau mikro banya boleh dibuat dengan kebenaran bertulis 
daripada penulis. 

3. 	 Pusat Khidmat Maldumat Akademik, UNlMAS dibenarkan membuat salinan untuk pengajian Mereu. 
4. 	 Kertas projek hanya boleh diterbitkan dengan kebenaran peoulis. Bayaran royaJti adalah mengikut kadar 

yang diperserujui kelak. 
5. 	 * Saya membenarkanltidak IR~IR Perpustakaan membuat salinan kertas projek ini sebagai 

bahan pertukaran di aotara institusi pengajian tinggi. 
6. 	 ** Sila tandakan (.I) 

(Mengandungi maJdumat yang berdaJjah kese1amatan atau kepentingan
SULIT1-----..11 	 Malaysia seperti yang termaktub di daIam AKT A RAHSIA RASMI 1972). 

(Mengandungi makJumat TERHAD yang telah ditentukan olehL-----II TERHAD organisasi/badan di mana penyelidikan dijalankan) . 

.I I TIDAK TERHAD 

Disahkan oleh 

(TANDAt ANGAN PENULIS) 	 (TANDAT ANGAN PENYELIA) 

A1amat tetap : No. 27, Jalan Lemon, Dr. Ha How UBI 

96000 Sibu, SARA W AK . 
Nama Penyelia 

Tarikb : 15/3/99 	 Tarikh : 

CATATAN * .....,.... ddak 1Ie~ 

** 	 JIka Ket1aa ProJek lid SULlT .... TERHAD, slla ....pirkM .......... pIIak bnbMaI.........1 
MrkaI....cnpn -,cnu-MkaIi teal,... kcnu projek. l1li pcrtu ~ aeIIepi SULlT ..... TERHAD. 



This project report attached hereto, entitled" CONDITION MONITORING ON 

VIBRATION CHARACTERISTICS OF ROLLING ELEMENT BEARINGS ft. 

Prepared and submitted by Benson Ting Sze Ling as a partial fulfilment of the 

requirement for the degree of Bachelor of Engineering with Honours (Mechanical 

Engineering and Manufacturing System) is hereby read and approved by : 

Dr. Ha How Ung Date 

Supervisor 



I 

M klumat Akadem' 
~usat Khidma: ,8 lA SARAWA

AA Ay
I fNIVERSITl IV'ru..r> 

CONDITION MONITORING ON VIBRATION . 

CHARACTERISTICS OF 


ROLLING ELEMENT BEARINGS 


BENSON TING SZE LING 


Thesis Submitted to the 

Faculty of Engineering. Universiti Malaysia Sarawak 


as a Partial Fulfilment of the Requirement for the 

Degree of Bachelor of Engineering with Honours 


(Mechanical Engineering and Manufacturing System) 

1999 


! 




ACKNOWLEDGEMENT 


First and foremost, praise be to GOD for HIS wondrous outpouring blessings that 

has been helping me in all the planning and carrying out of plans from the 

beginning till the end of the completion of this project. Thank you, LORD for 

being: there with me all the bme and for constantly providing me (Jehovah Jireh) 

with all the helps and needs through the answering of my prayers. Indeed YOU 

are a great and almighty GOD. 

The Author wish to express heartfelt gratitude to his supervisor, Dr. Ha How 

Ung for patiently guiding him through all the ups and downs of this project. The 

completion of this project indeed would not be possible without all the helps, 

advises and guidance from him. Though busy most of the time, he still managed 

to slot in some time for sessions of discussions to be carried out. The Author 

indeed felt proud and happy to have such a wonderful supervisor. Not forgetting 

as well. Encik Masri and Encik Rhyier (Mechanical Lab Technicians) for their 

helps in the carrying out of all the lab-works. 

Special thanks to coul'8ema,~r. Chew Jun Kiong for all the hardworks and 

helps in setting up the equipment and the coordination of all the related 

hardw8res and softwares that enables the Author to begin with all the 

experiments, data collection and results analyzation. 

u 

l 



Not forgetting as well, family members who undyingly giving supports and 

encouragement to the Author. The Author would like to express his deepest 

appreciation to all his family members especially Mum (Madam Angela Sim) who 

indeed inspires the Author to work hard for anything that comes along the path 

of life. To Dad (Mr. Thomas Ting), thank you for all the advises and guidance. 

Also, the Author wish to thank his brother (Mr. Anderson Ting) who constantly 

bringing in the elements of joy and laughter, indeed it proved to work very well 

in keeping the Author to move on strongly. As for the others, Sister Sisilia Wong, 

Maria Tan, Jane Tan, Teresa Tan and Uncle Yeo, warmest appreciation comes 

from the heart that no speech is able to express it. Thank you all for the love, 

supports and hope that has be shown from time to time. To a dear friend, Lyn, 

your supports and encouragement are very much felt and treasured. 

Last but not least, the Author would like to thank everyone that has been 

helping him in any ways. All their helps and time spent is very much 

appreciated Finally, the author would hope to see the contribution of this 

project towards the expansion and development of all sciences, engineering and 

technological know ledge. 

iii 



ABSTRACT 


The useful life of rolling element bearings can be significantly shorter than their 

design life due to factors in their operating environment. To prevent potentially 

unexpected bearing failure effective condition monitoring is required. Vibration 

is a study ofoscillatory motions. The ultimate goals of this study are to determine 

the effect of vibration on the performance and safety of systems, and to control its 

effects. With the advent of high performance machines and environmental 

control, this study has become a part of engineering curricula. The vibration and 

dynamics analysis of mechanical systems is becoming increasingly complex 

today, and it will continue to do 80 in order to meet the challenges and demands 

of21 t1l century technology. 

This thesis entitled, "CONDITION MONITORING ON VIBRATION 

CHARACTERISTICS OF ROLLING ELEMENT BEARINGS .. mainly 

focused on the vibration characteristics of different faults or wears introduced 

intentionally on the rolling contact bearings. The term rolling contact bearings 

refers to the wide variety of bearings that use spherical balls or same type of 

roller between the stationary and the moving elements. However, two types of 

roller bearings will be used in this project which is tapered roller and cylindrical 

roller bearing. The faults introduced on the bearings can be categorized mainly to 

two types of faults, which is faults along t.he roller of the bearings and faults 

oreurring on the circumference of the roller within the bearings. Different faults 

are introduced intentionally from time to time in order to be able to monitor the 

characteristics possess by each types of faults. 

.' 

iv 



Meanwhile, the equipment used for the purpose of monitoring the vibrations 

characteristics is the Bently Nevada Rotor Kit and the transducers for the 

collection of data and results is an oscilloscope or Bently Nevada, Data 

Acquisition Interface Unit 208 (DAIU 208). The analyser for the collected data 

and results is a computer with ADRE (Automated Diagnostics for Rotating 

Equipment) for windows software. 
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ABSTRAK 


Jangka hayat sebenar bebola putaran pada amnya tidak sepanjang jangka 

hayatnya yang ditentukan secara teoritikal lni kerana, kead.aan bahan tersebut 

didedahkan amat memainkan peranan yang penting dalam memendekkan 

jangka hayat penggunaannya. Justeru itu, pengawasan keadaan amatlah perlu 

untuk mencegah kemungkinan berlakunya ker08akan pada bebola putaran 

tersebut. Getaran merupakan suatu ilmu pengajian yang mengaitkan segala 

perilaku gerakan ayunan. Matlamat utama pengajian ini adalah untuk 

mengetahui keaan getaran terhadap keeelamatan suatu sistem kejuruteraan di 

eamping mengetahui cara-cara untuk mengawal kesan-kesannya. Dengan 

pembangunan teknologi yang kian berkembang dan penggunaan mesin-mesin 

yang kian canggih, pengajian sifat-sifat getaran eemakin kompleks saban hari 

Pengajian ini dijangka akan bertambah kompleks menjelang abad ke-21 

hanyalah eemata-mata untuk menandingi cabaran suasana kehidupan yang 

serba berteknologi tinggi. 

Tesis ini yang berjudul, "PENGAWASAN KEADAAN BEBOLA PUTARAN' 

menekankan eifat-sifat getaran untuk pelbagai kerosakan yang hadir pada,., 
bahao yang dikaji Namun begitu, kerosakan atau kecacatan yang dikaji sifat

sifat getarannya diperkenalkan secara sengaja pada bahan ujikaji iaitu bebola 

putaran. 

Bentuk kecacatan yang diperkenalkan ke atas bahan ujikaji boleh 

diklaeifikasikan kepada dua kategori utama iaitu kecacatan di eepanjang 

lemen putaran bahan ujikaji dan juga kecacatan pada permukaan lingkaran 

bahao ujikaji. Pelbagai bentuk kecacatan akan diperkenalkan dari semasa ke 
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semasa untuk mengetahui sifat-sifat getarannya. Pengawasan getaran 

dila.k.ukan melalui kelengkapan yang diberi nama Bently Nevada Rotor Kit dan 

pemungutan keputusan-keputusan eksperimen dilakukan melalui Bently 

Nevada Data Acquisition Interface Unit 208 (DAIU 208). Keputusan-keputusan 

eksperimen yang dipungut dikaji melalui program khas yang berjudul 

Automated Diagnostics For Rotating Equipment (ADRE) . 
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CHAPTER 1 


ROLLING ELEMENT BEARINGS 


1.1 DESIGN AND CHARACTERISTICS 

Rolling element bearings are finished machine members ready for installation 

and direct applications. Their non-oomplex design allows precision manufacture 

and economical mass production. In addition, advanced manufacturing 

technology which are able to maintain tolerances of 2.5 Jl m (0.0001 in.) or better 

is needed in order to have the best utilisation of this simple mechanism in today's 

high speed machinery. 

Rolling element bearings are common subjects for condition monitoring as they 

are generally critical components and are prone to unexpected failure. Actual 

bearing service life can be significantly shorter than the design estimate derived 

from fatigue life studies. Bearing failure can be hastened by common operating 

factors such as lubricant contamination, shaft misalignment or improper loading. 

It has been estimated that only 10 to 20 % of bearings reach their design life. 



The built-in precision of rolling bearings accounts for their incredibly high 

efliciency, normally exceeding 0.99 which relates to some benefits that enables 

bearings not to need any run-in period, since there are no high spots to wear off. 

Rolling bearings consist of two hardened steel rings called races as shown in 

Figure 1.1 below. The races form a narrow, dual, circular channel or track within 

which the rolling elements are confined during operation. For minimum wear 

and maximum load capacity, the rolling elements are likewise to be made of 

hardened steel. On the other hand, the separator or cage has the function to 

maintain alignment and ensure balance by equally spaced the rolling elements 

around the track. 

Figure 1.1 Main Parts Of Rolling Elements Bearing 

One very important characteristics of the rolling element bearings, the shaft and 

housing dimepaions for mounting rolling bearings are very critical Both housing 

bore and shaft diameter must be carefully selected and diligently maintained to 

ensure the proper assembly fit. If the fit is too loose, the bearing may abrade the 

or housing while if the fit is too tight, the bearing may be damaged because 

2 



of heat generated while operating with an insufficient internal clearance. This 

condition is called bearing preload. Rolling bearings require minimum 

lubrications because friction is only a small part of the internal action. Some 

eliding does occur between the rolling elements and their retainer, and some 

friction is found at the rubbing surfaces of the lubricant seal Although a rolling 

bearing does not generate very much heat, it does transfer oonsiderable amounts, 

since it is the intermediary between a shaft and housing. 

1.2 APPLICATIONS 

Rolling element bearings are used in almost every kind of machine and device 

with rotating parts. Bearings have been brought to their present state of 

perfection only after a long period of researeh and development. The benefits of 

such specialized research can be obtained when it is possible to use a 

standardized bearing of the proper size and type. However, such bearings cannot 

be used indiscriminately without a careful study of the loads and operating 

conditions. In addition, the bearing must be provided with adequate mounting, 

lubrication aod sealing. 

In roller bearings the rolling elements are hardened steel cylinders or truncated 

cones that revolve in hardened steel races. Roller bearings are preferred when 

large loads are present. Their load capacity for a given space greatly exceeds that 

of ball bearings because the basic rolling oontact is along a line, not a point. The 

load is thus spread over a larger area and produces less unit stress and 

deformation for a given load. The principle of rolling element is that, the 

3 



transition from sliding to rolling was achieved by introducing rolling elements 

between sliding surfaces. The result of the usage of rolling elements between 

aJiding surfaces is a very low resistance to movement and it can be continually 

redu~ by constantly improving the accuracy of each contacting parts. 

However, there may also be some rubbing friction present and the coefficient of 

rolling friction is simply the ratio of force to sustain lateral motion at constant 

velocity to the gravity force of the object itself. In general, cylindrical roller 

bearing (refer Figure 1.2) has greater radial load capacity but low thrust load 

capacity. Whereas, tapered roller bearing (refer Figure 1.3) are widely used in 

the applications for substantial thrust loads along with high loads. 

Figure 1.2 Figure 1.3 

Cylindrical Roller Bearing Tapered Roller Bearing 
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Some of the advantages of rolling element are low starting friction (a desirable 

feature for intermittent service or for starting at low temperatures), the loads can 

be inclined at any angle in the transverse plane, low maintenance costs and the 

thrust components can be carried. At the same time, the roller elements in rolling 

element bearings can be easily replaced when worn out. 

1.3 POSSIBLE FAULTS 

In order to monitor the vibration characteristics of each faults on the roller 

element bearings, faults will be introduced intentionally to the bearings from 

time to time. Two major types of faults that will be introduced i.e. faults along 

the roller (longitudinally) and fault imposed on to the circumference of the roller 

within the bearings as shown in the schematic diagram below in Figure 1.4. 

Due to the inability to get natural wears or faults produced by machines or other 

appliances on the bearings, damages like cracks, scratches, knock and 

indentation are introduced intentionally on the bearings. The faults are 

manually machined on to the rolljt of the bearings through the usage ofdifferent 

types of machining tools. 
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RoUer 

Faults or dam ages 

,f' f' ," , 
\.1 V• 

Longitudinal faults on roller Circumference faults on roller 

Figure 1.4 Faults On Roller Bearings 

Apart from that, faults will also be introduced to the housing or casing of the 

bearings. However, extra care has to be taken in order not to impose any faults 

on to the roller of the bearings at the same time when faults are introduced to 

the housing. This is important in order to be able to make a clear differences 

between the vibration characteristics of faults occurring on the element or faults 

on the housing. The housing for rolling element bearings that needs faults 

introduction are the inner or outer races which confined the rolling elements 

during its application. Figure 1.5 below shows the location of the inner and outer 

races ofa rolling element bearings. 
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