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ABSTRACT

The objective of this study is to investigate the impact of different engine oil towards high
compression ratio engine performance. The study focuses on impact of engine grades
towards engine power and engine torque againstengine speed, while other specif ications are
ignored. In this study, two different commercially distributed engine oil are chosen as the
engine oil test specimen. The models are Yamalube semi-synthetic 4 stroke oil 10w-40 and
Yamalube mineral 4 stroke oil 20w-50. The engine oils are tested in Yamaha XJ6 engine,
and the test results are taken by using 800-Pro MC/ATV EC Dyno by DYNOmite
dynamometer in DYNO-MAX 2010 software. The engine oils are tested in standard
operating temperature of the engine. Environmental influence is negligible in this study. In
accordance with expected behaviour, viscosity of fluid is decreasing with increasing
temperature. SAE grading is used to describe the viscosity performance of engine oil. Higher
SAE grading indicates that the engine oil has a higher viscosity and thus it flows slower. In
general, engine oil with higher SAE grading is able to provide better lubrication and
protection to the engine at high temperature and pressure as it is thicker compared to engine
oil with lower SAE grading. However, higher fluid viscosity will lead to higher frictional
loss as the fluid resistance isalso higher. In fact, by ensuringthe engine oil seal will notleak,
low viscosity engine oil can decrease the rate of fuel consumption and boost the engine
performance as the frictional loss caused by engine oil seal is reduced. In order to study the
relationship between the differentin engine SAE grading and power or torque loss of the
engine, further investigation is required. In short, engine oil with higher SAE grading will
give reduced power and torque compared to engine oil with lower SAE grading. The power
and torque loss due to differentengine oil SAE grading increase as engine speed increase.
However, the percentage of power and torque loss decrease as engine speed increase.



ABSTRAK

Objektif kajian ini adalah untuk mengkaji bagaimana minyak enjin yang berbeza
mengpengaruhi prestasi enjin nisbah mampatan tinggi. Kajian ini fokus pada kuasa enjindan
tork enjin terhadap kelajuan enjin, sementara spesifikasi lain tidak diambil kira. Dalam
kajian ini, dua minyak enjin yang diedarkan secara komersial dipilih sebagai spesimen ujian
minyak enjin. Modelnya ialah minyak 4 stroke semi-sintetik Yamalube 10w-40 dan minyak
4 stroke Yamalube mineral 20w-50. Minyak enjin tersebut diuji dalam engin Yamaha XJ6,
dan hasil ujian diambil dengan menggunakan 800-Pro MC/ATYV EC Dynooleh DYNOmite
dynamometer dalam DYNO-MAX 2010. Minyak enjin diuji pada suhu operasi standard
enjin. Pengaruh persekitaran diabaikan dalam kajian ini. Secara umum, kelikatan bendalir
menurun apabila suhu meningkat. Penggredan SAE digunakan untuk menghuraikan prestasi
kelikatan minyak enjin. Penggredan SAE yang lebih tinggi menunjukkan bahawa minyak
enjin mempunyai kelikatan yang lebih tinggi dan dengan itu minyak akan mengalir dengan
lebih perlahan. Secara umum, minyak enjin yang menpunyai penggredan SAE yang lebih
tinggi boleh memberikan pelinciran dan perlindungan yang lebih baik kepada engin pada
suhu dan tekanantinggi kerana minyak itu lebih likat jika dibandingkan dengan minyak enjin
dengan penggredan SAE yang lebih rendah. Walau bagaimanapun, kelikatan cecair yang
lebih tinggi akan menyebabkan ketewasn geseranyang lebih tinggi kerana rintangan bendalir
juga lebih tinggi. Sebenarnya, dengan memastikan segel minyak engin tidak bocor, minyak
engin dengan kelikatan rendah dapat menurunkan kadar penggunaan bahan bakar dan
meningkatkan prestasi mesin kerana ketewasan geseran yang disebabkan oleh meterai
minyak engin dikurangkan. Untuk mengkaji hubungan antara perbezaan dalam pengukuran
SAE enjin dan kehilangan kuasa atau tork enjin, penyelidikan yang lebih lanjut diperlukan.
Ringkasnya, minyak enjindengan penggredan SAE yang lebih tinggi akan memberikan daya
dan tork yang berkurang berbanding dengan minyak enjin dengan penggredan SAE yang
lebih rendah. Kehilangan kuasa dan tork kerana peningkatan gred SAE minyak enjin yang
berbeza seiring dengan peningkatan kelajuan enjin. Walau bagaimanapun, peratusan
kehilangan kuasa dan torsi menurun seiring dengan peningkatan kelajuan mesin.



ACKNOWLEDGEMENTS

First and foremost, | would like to express my greatest gratitude towards my PSM
supervisor, Dr. Ahmad Kamal Bin Mat Yamin who constantly provided guidance and
valuable advice whenever | face aproblemin this project. Dr. Ahmad Kamal Bin Mat Yamin
had fully supported me from educative, research and financial perspective in completingthis
project.

Other than that, | appreciate the permissions and guidance given by En. Nor Izwan
Bin Junoh, the assistantengineer forengine performancetestlab. All the advice and teaching
from En. Nor Izwan Bin Junoh helped a lot for me in completing this PSM project.

In addition, without constructive opinions from panels and fellow friends, my PSM
project will never be successful. Hence, | would like to express my gratitude to Dr. Adnan
and Prof. Madya Dr. Musthafah for all the useful comments.

Last but not least, tonnes of sincere appreciation towards my parents who never
paused to supportand provide powerful encouragement to me throughout study life. This
research could never been come this far without continuous commitment of them. Thank

you very much.

Vi



TABLE OF CONTENTS

DECLARATION. ..ottt ettt e e e e s i
APPROVAL ..o i
DEDICATION. ..ottt i
ABSTRACT iv
AB ST R A s %
ACKNOWLEDGEMENTS ..ottt vi
TABLE OF CONTENTS ... vii
LIST OF FIGURES. ... X
LIST OF TABLES.... ..o Xii
LIST OF ABBREVIATIONS ... Xiii
CHAPTER L.t e e e e s e e 1
INTRODUCTION ...ttt 1
1.1 BACKGROUND.......ciiiiiiitii e 1
1.2 PROBLEM STATEMENT ..ot 5
1.3 OBJIECTIVE. ... 7
1.4 SCOPE.....c ittt 7
CHAPTER 2. ittt e et e e e e e e e s snnnr e e e e 8
LITERATURE REVIEW.........cooiiiiiiiiii ettt 8
2.1 INTRODUCTION TO BASIC KNOWLEDGE AND PRINCIPLE............... 8
2.1.1  \ASEEELESTLL.LICTN O .. ... ... ... LT ... 8
2.1.2 FPRUSEEEIN=AMNGALARSE........ S ... 8. .8 .............. 9
2.1.3 TYPE OF LUBRICANTS.. ... 9
2.1.4 TYPE OF LUBRICATION ..ottt 11
2.2 PRQEERBIESQEENGINECSH. . S it o nd Bl 12
2.2.1 IDEAL CHARACTERISTICOFENGINEOIL......cccccceovviiiiiieene 12
2.2.2 OTHER CHARACTERISTIC OF ENGINEOIL ......ccici i, 15
2.2.3 ADDITIVESIN ENGINE OIL ..o, 16
2.3 ENGINE PERFORMANCE CHARACTERISTIC AND RELATIONS...... 18
2.3.1 ENGINE PERFORMANCE CHARACTERISTIC...........occoiiiiiiin. 18
2.3.2 ENGINE PERFORMANCE CHARACTERISTIC RELATED TO
TEMPERATURE ... .o 19
2.3.3 ENGINE PERFORMANCE CHARACTERISTIC RELATED TO
VISCOSITY ot 20
2.3.4 ENGINE PERFORMANCE CHARACTERISTIC RELATED TO
COMPRESSION RATIO ...t 21
2.3.5 ENGINE PERFORMANCE CHARACTERISTIC RELATED TO
FRICTION LOST .. 21
24 HIGHREVVING (HIGH RPM) ENGINE.........ccccciiiiiiiiiiiec 22
241 HIGHREVVING ENGINE USED INMOTORCYCLE...............u. 22
2.4.2 BENEFITS OF HIGH REVVING ENGINE...........ccooiiii 22
243 DRAWBACK OF HIGH REVVING ENGINE...........cccccoiviiiiiii 23
2.5 BORE TO STROKE RATIO.....ciiiiiiiiiiiieiiiee et 24



2.5.1 BASIC EXPLANATION REGARDING BORE TO STROKE RATIO 24

2.5.2 OVER-SQUARE AND UNDER-SQUARE ENGINE............ccccccviiiinen. 24
2.5.3 IMPACT OF BORE TO STROKE RATIO TO ENGINE
PERFORMANC E... ...t 26
2.6  ENGINE OIL GRADING........cooitiiiiiiiiiiiii e 29
2.6.1 HOW LUBRICANT ARE GRADED .......ccccccciiiiii, 29
2.6.2  SAE GRADING ..o 30
2.6.3 API SERVICE CLASSIFICATION .....oooiiiiiiiiiieeiiee e 31
2.6.4  JASO OIL SPECIFICATION ....oiiiiiiiiie e 32
2.7 ENGINE OIL UNDER REAL ENGINE CONDITION ......ccccceeiiiiiiinieenne, 33
2.7.1 TEMPERATURE RELATED STUDY ....ccoiiiiiiiiiiiiiicee 33
2.7.2 DISTANCE OR TIME RELATED STUDY ........ccooiviiiiiiiiiiiiic 33
2.7.3 FRICTION AND WEAR RELATED STUDY ......cooociiiiiiiiiiiiic 35
2.7.4 CONTAMINATION OR ADDITIVES RELATED STUDY. ................. 36
2.8 METHODS AND EQUIPMENT USED........cccoooiiiiiiiiiiicee e, 38
2.8.1 ENGINE MODEL USED........cccoiiiiiiiiiiiiiee e 38
2.8.2 ENGINE OIL USED.......cooiiiiiiiiiiiiiii e 38
2.8.3 DYNAMOMETER ..ottt 39
CHAPTER 3 . ... ... e, ................ 40
METHODOLOGY ...ttt ittt e re et e e e s nnnneee s 40
3.1 OVERSEE————————.. . .. .. .. .. .. 9. 8. 40
3.2 LITERGEESEETEVTEYY . S ... . 8. peel L. 8 ... 43
3.3 DATASNERE b B .. . B ... . B ... 43
3.3.1 ENGINE CONFIGURATION. .....ociiiiiiiiiii e 43
3.3.2 ENGINE OIL SPECIFICATION........iiiiiiiiiiiiiiiicc e 45
3.3.3 BN MO T E R o i i i o i onta s vessnrnnnsssnnns 50
3.34 ENVIRONMENTAL INFLUENCE.........cccccooiiiiiiieiiiiiiiee e 52
3.4 EXRERIMEN-PALI RESEARGHL. NIALALAIA MELANA. ... 54
341 EXPERIMENT SETUP .....ooiiiiiii e 54
3.42 CHANGING OF ENGINE OIL.....cccoiiiiiiiiiiicee e, 56
3.4.3 ACTUAL EXPERIMENT ....ooiiiiiiiiii e 59
3.5 DATA COLLECTION AND VALIDATION ......ccooiiiiiiiiiiiiiiiiin s 60
3.6 DISCUSSION AND ANALYSIS ... 61
3.7 REPORT WRITING ..ottt 61
CHAPTER 4. 62
DATA AND RESULTS ..ot 62
4.1  INTRODUCTION ...ooiiiiiiiiii e 62
4.2 TEST RESULTS FOR SAE 20W-50 ENGINE OIL........ccoooiiiiiiiiiiiis 62
4.3 TEST RESULTS FOR SAE 10W-40 ENGINE OIL........cooooiiiiiiiiiiiis 64
4.3 AVERAGE POWER COMPARISON......ccoiiiiiiiiiiiiiiiiiieee e 66
4.4 AVERAGE TORQUE COMPARISON .....ccooiiiiiiiiiiiiiiceeieece e 67
CHAPTER B 68
DISCUSSION AND ANALYSIS ... 68
5.1 INTRODUCTION ...coiiiiiiiiiii e 68



5.2 POWER VS RPM ANALYSIS ... 68

5.3 TORQUE VS RPM ANALYSIS. ..ot 74
5.4 LIMITATIONS. . ... 78
5.5 SUMMARY i 80
CHAPTER B 81
CONCLUSION AND RECOMMENDATION.. ...t 81
5.1 CONCLUSION. ..ottt 81
5.2 RECOMMENDATION ....oiiiiiiiiiiiei ettt 82
REFERENGCES. ...ttt 83
APPENDIIX .. 90
SAE 20W-50 RAW DATA .. 90
SAE 10W-40 RAW DATA . 96



LIST OF FIGURES

Figure 1.1: Multi-grade oil meets viscosity requirement at both high and low temperature

(Internet Source, Retrieved 13 January 2021).........cuuviviiieeeeeiiiiiiiiiiiiiiiiiier e e e e e e e s sinnnns 4
Figure 1.2: Recommended SAE graded engine oil at various temperature (Internet Source,
Retrieved 13 JanUAny 2021).........cuiieiiiiiiiie e e e e 4
Figure 1.3 How engine oil flow in engine (Internet Source, Retrieved 13 January, 2021)... 6
Figure 2.1: Schematic diagram of three different lubrications (Jin and Fisher, 2014). ...... 11
Figure 2.2: Schematic diagram of wettability (Hidaka.S, et al, 2006). .............cccvveeeennnee. 13
Figure 2.3: Schematic diagram of plots of TAN (bottom) or TBN (top) versus running... 16
kilometres (Rahimi, et al, 2012). .....ooeeiiiiiiiiie et e e 16
Figure 2.4: Schematic Diagram of bore stroke ratio (Wahid, 2019)..........cccccocveeiiinnnne 24
Figure 2.5: Different arrangement of bore to stroke ratio (Internet Source, Retrieved 10
JANUANY, 2021)..ceiieiieeii ettt e e e et e e e e e e nnaaeeeas 26
Figure 2.6: Viscosity Chart (Internet Source, Retrieved 10 January 2021)....................... 31
Figure 2.7: API Service Classification (Intermet Source, Retrieved 10 January 2021). ..... 32
Figure 2.8: Specification of YAMALUBE Semi-Synthetic 4 Stroke Oil 10W-40
(YaMAIUDE, ML) 39
Figure 2.9: Specification of YAMALUBE Mineral 4 Stroke Oil 20W-50 (Yamalube, n.d.).
.................................................................................................................................... 39
Figure 3.1: Flow Chart of the Methodology. .......eeeeeiiiueeeeeeiiiiiieecee e 42
Figure 3.2: Image of YAMALUBE Semi-Synthetic 4 Stroke Oil 10W-40 from
YAMALUBE official catalogue (Yamalube, n.d.)........ccooooiiiiiiiiiiiece 46
Figure 3.3: Image of YAMALUBE Mineral 4 Stroke Oil 20W-50 from YAMALUBE
official catalogue (Yamalube, Nud.) ... 47
Figure 3.4: Actual Product of Yamalube Semi-Synthetic 10W-40..............ccccvvveeeeenne, 48
Figure 3.5: Actual Product of Yamalube Mineral 20W-50.............ccooeeiiiiiiiiiiceiiee 49
Figure 3.7: 800-Pro MC/ATV EC Dyno. (Intemet Source, Retrieved 15 June, 2021). ..... 50
Figure 3.8: Campiter used«io-6ale CllE-aalanmrrrrrntd. ... Awivied Bl Bl ... 51
Figure 3.9: DYNO-MAX 2010 software used to collect the data. ............ccccccceeviiiiiinnnnns 51
Figure 3.10: Official weather record for April 9, 2021. (Internet Source, Retrieved 10 June,
0 T SRR 52
Figure 3.10: Official weather record for April 23, 2021. (Internet Source, Retrieved 10
JUNE 2020) ...ttt e et e e e e a e e e nrareae s 53
Figure 3.11: Preparation PrOCESS .......ccoeiiiiiiiiiiiirieieeee et et e e e e e e e s s st e e s e e e e aaeeeeeasaasannnes 55
Figure 3.12: Preparation PrOCESS ......ciiuurrreeeiiitieeeeessiiirereeesssasreeessssaneeeessaanssnaseeessnsnens 55
Figure 3.13: Opening the oil port and let used engine oil flow out. ...............cccvvveeenne. 57
Figure 3.14: Changing of oil filter to ensure quality of new engine oil. (Internet Source,
Retrieved 10 JUNE 2021). ...t e a e 57
Figure 3.15: Waiting as many used engine oil to flow out as possible..............ccc......... 58
Figure 3.16: Using High Pressure Air Gun to push out remaining engine oil.................. 58
Figure 3.17: Process oOf taking the resultS.............oeeeiiiiiieii e 59
Figure 4.1: 20W-50 POWET raph......ccocuuiiiiiiiiiiiiee e 63
Figure 4.2: 20W-50 tOrque graph ......ooveeiiiiiiiiiiie e 64
Figure 4.3: TOW-40 POWET GrapN....ccooiuiiiiiieeeiiiiiee et e e 65
Figure 4.4: 10W-40 average torque graph.......ccueeeeeeeeiieieiiii i 65
Figure 4.5: Average power COmparison graph..........cccoccvvvieeiiiiiiiiiie s 66
Figure 4.6: Average torque coOmpariSon graph.........coccveeriieieiiiieeniiiee e 67
Figure 5.1: Average power COMPariSoN graph.........coccuveeriirieriireeniiiee e e 69
Figure 5.2: Power Vs RPM graph at 3000 RPM........cooiiiiiiiiiiiiiiiie e 69

X



Figure 5.3: Power Vs RPM graph at 8000 RPM..........ccciviviieiiiiiiiie e 70
Figure 5.4: Power Difference (kW) and Power Percentage Difference (%) vs RPM data. 71

Figure 5.5: Power and Percentage Difference Graph..........cccccoooiieiiiiiiiiiicciiicc e 72
Figure 5.6: Average Torque cOomparison graph ..., 74
Figure 5.7: Torque Difference (Nm) and Torque Percentage Difference (%) vs RPM data

.................................................................................................................................... 76
Figure 5.8: Torque and percentage difference graph..........ccccoviiiiiiii i, 77
Figure A.1: SAE 20W-50 TeStL Part L.......ccooiuiiiiieiiiiiiiie e 90
Figure A.2: SAE 20W-50 TeStL Part 2......cccoiiiiiiiieiiiiiiii e 91
Figure A.3: SAE 20W-50 TeSt2 Part L........cccouiiiiiiiiiiieieeee e 92
Figure A.4: SAE 20W-50 TeSt2 Part 2........ccccvviiiieiiiiiiiie e eeee e 93
Figure A.5: SAE 20W-50 TeSE3 PAIT L......ccuviiiiiiieiiiiie et 94
Figure A.6: SAE 20W-50 TeSE3 PAIT 2.......cuviiiiiiiieiiiiie et 95
Figure A.7: SAE 10W-40 TeSt L1 Part L......cccooiuiiiiieiiiiiiiie e 96
Figure A.8: SAE 10W-40 TeSt 1 Part 2........cccccuvieiieiiiiiiiie e 97
Figure A.9: SAE 10W-40 TeSt2 Part L........ccccouiiieeiiiiiiiee e eeee e 98
Figure A.10: SAE 10W-40 TeSt2 PArt 2......ccccvvieieei it e e 99
Figure A.11: SAE 10W-40 TeSE3 PAIt L......coeiiiiiieiiiiie et 100
Figure A.12: SAE 10W-40 TeSt 3 PAI 2.....cceoiiiiiiiiiee e 101
Figure A.13: Average Power for 20W-50 by using interpolation. ...............cccooccvvveeennn 102
Figure A.15: Average Power for 10W-40 by using interpolation. .........ccccceeereiivveneeennnn 104
Figure A.14: Average Torque for 10W-40 by using interpolation. ..............ccocccvvveeeenns 105
Figure A.15: Average power COMPAariSON At .......cocvvrerrireeeiiineeiiiies e s e 106

Xi



LIST OF TABLES

Table 3.1: Specifications of tested engine and motorcycle vehicle............ccccceeiiinnnn. 44
Table 3.2: Specification of YAMALUBE Semi-Synthetic 4 Stroke Oil 10W-40............. 45
Table 3.3: Specification of YAMALUBE Mineral 4 Stroke Oil 20W-50........................ 46
Table 3.4: Difference between YAMALUBE Semi-Synthetic 4 stroke oil 20W-50 and

Mineral 4 Stroke Oil 20W-50..........ccoiuiiiiieiiiiiiee et e e 48
Table 3.5: Impact of weather towards the resultS............ccoceiiiiiiiiie e 53
Table 5.1: Power difference between 2 engine 0ilS...........oooviiiiiiiiii e, 70
Table 5.2: Highest and lowest percentage difference for power (%0)............cccccvvvvvvenennn. 72
Table 5.3: Torque difference between two engine 0ilS...........cccoeevvviiveee i, 75
Table 5.4: Highest and lowest percentage difference for torque (%0).......ccccoovvveeiiiveeennnn. 77

Xii



Al,04
API
AW
B/S
BTE
BHP
CFD
Cl
CR
DOHC
EP
HSDI
JASO
MATLAB
MoS,
NOy
NP
PTFE
SAE
TCP
WHP
Wit%

Zn-DTP

LIST OF ABBREVIATIONS

Aluminium oxide

American Petroleum Institute
Anti Wear

Bore to Stroke Ratio

Brake Thermal Efficiency
Brake Horsepower
Computational Fluids Dynamics
Compression ignition
Compression Ratio

Dual Overhead Camshaft
Extreme Pressure

High speed direct injection

Japanese Automotive Standards Organization

Matrix Laboratory

Molybdenum disulphide
Nitrogen oxides

Nano Particles
Polytetrafluoroethylene

Society of Automotive Engineers
Tricresyl phosphate

Wheel Horsepower

Weight Percentage

Zinc dithiophosphate

Xiii



CHAPTER 1

INTRODUCTION

1.1 BACKGROUND

Engine oil, motor oil or as known as lubricant of engine, is lubricant that is used in
internal combustion engine. Its primary features are to reduce the friction or wear in the
engine, as well as clean the oil sludge and varnish. The engine oil also neutralizes acidic
substance that was produced by the fuel or oxidation of lubricant. Itis able to enhance the
sealing of piston rings. It can also bring away the heat that was generated from the friction
of the moving parts in order to cool down the engine.

Before the discovery of petroleum-based motor oil, animal fat was used to keep
complex machines moving. The person that invented the earliest motor oil was Dr. John W,
Ellis. Dr. Ellis was, in fact, a physician who had established practices in Massachusetts,
Michigan, and Pennsylvania. He even spent several years teaching at medical schools in
Ohio and New York. At age 50, Dr. Ellis’s journey was just beginning. He travelled to
Titusville in the early 1860s to research the properties of crude oil in hopes of implementing
it for medical purposes, but he quickly realized there was no wonder tonic to be found. He
did, however, notice it had vast potential for mechanical purposes. After developing his own
equipment to test the crude’s capabilities, Dr. Ellis discovered a new processthat improved
its lubricating qualities by using steam heat rather than direct heat. As fortune would have it,
Dr. Ellis quickly found a way to capitalize on his newfound discovery. In 1866, Ezekiel
Crocker Leonard, Dr. Ellis’s wife’s sister’s husband, was struggling to maintain his oil

refinery in Binghamton, NJ, so he consulted Dr. Ellis for assistance. This new partnership



resulted in the Continuous Oil Refining Company, whose purpose was to manufacture
lubricating oil from petroleum for steam engines and other machines. (The Original Behind
the Original: A Brief History of Valvoline Founder Dr. John Ellis, Sep 4, 2020)

Since the primary function of engine oil is to act as lubricant for an engine, it is
necessary define the term “lubrication”. Lubrication is the applications of several type of
matter or object between two moving surface that was rubbing against each other to
minimise the level of wear and friction. Lubrication have been utilized by nature since the
appearance of animal. Animal body part such as fluid in bone joints serves the purpose of
lubricating the joints and bones of animals. As wisdom of human species grow, ancient
people used wet soil and reeds as simple lubricant for pulling heavy object such as timbers
and rocks. As wagons are invented, friction and wear in the moving parts are inevitable. At
first, animal fatand other simple lubricant are used to lubricate the wagons. This continues
until petroleum industry advances in the 19th century. Crude oil was used to replace animal
fatto become the primary material for making lubricants. Astechnology advance, the ability
to lubricate of crude oil improved gradually. This is primarily because of the rising number
of machines that required high level of lubrication such as the automobile vehicle, the
airplane, the diesel locomotive, the turbojet, and machinery in the factory. Due to this factor,
the development petroleum-based lubricants has a positive impact in accelerating the
development of various industrial. (The Editors of Encyclopaedia Britannica, July 20, 1998)

For modern engine oil, viscosity isone of the main properties to differentiate between
differentengine oil. The value of fluid viscosity represents the thickness of the fluid or a
measure of its hindrance to flow. A well performed engine oil should have low enough
viscosity for itto flow freely in the engine parts under all circumstances, while at the same

time having sufficient viscosity to lubricate the parts properly.



The working temperature will affect the properties of the engine oil. When a car
engine is ignited, the engine often starts working at low temperature. Hence, the engine oll
must flow well at low temperature, as friction and wear of the engine’s moving parts can be
minimised upon starting the engine. On the other hand, the engine oil should also be able to
sustain high enough temperature. In fact, oil is largely composed of hydrocarbons which can
be ignited. For this purpose, “flash point” is being introduced. Flash point represents the
lowest temperature when the oil started to vaporise, and the vapour can be ignited. Hence,
flash point of the engine oil governs its possibility to burn.

Other than that, total base number is also a property to describe an engine oil’s
performance. It gauges the reserve alkalinity of an oil, in other word, its ability to cancel out
acidic substances. When the engine is working for a long period of time or distance, acidic
substance will be formed. Hence, it is crucial to control the total base number of the engine
oil for better engine efficiency and longer operating life.

From here, we can say that engine oil with different content and additives will exert
different level of performance under different environment. Hence, scientist and engineer
introduced single-grade oil and multi-grade oil for different working situation. In short,
single-grade oil’s grade only represents the viscosity of the oil when it is warm (100°C).
This type of oil is expected to carry out lubrication task perfectly only at high temperature.
At relatively low temperature, single-grade oil cannot flow properly. Hence, single-graded
oil cannotlubricate the machine properly atlow temperature. On the other hand, multi-grade
oil is introduced to overcome this problem. Scientist and engineer formulate multi-grade oil
by adding additive and polymer in the oil. It gives much better viscosity rating to the oil at
lower temperature, while still maintaining appropriate lubricating performance by giving
stable operatingviscosity athigher operatingtemperature. Hence, multi-grade oil is expected

to perform better than single-grade oil in various circumstances.



SAE Low- Low-Temperature Low- Low- High-Shear-
Viscoslity | Temperature (°C) Pumping Shear-Rate | Shear-Rate | Rate Viscosity®,
Grade (°C) Cranking | Viscoslity!, mPa-s | Kinematic Kinematic (mPa-s) at

Viscosity?, Max with No Yleld | Viscosity® Viscosity® 150 °C, Min
mPa-s, Max Stress* (mm?/s) at (mm?/s) at
100 °C, Min | 100°C, Max

ow 6200 at-35 60 000 at -40 3.8

5W 6600 at-30 60 000 at -35 3.8
10W 7000 at -25 60000 at -30 44
15W 7000 at -20 60000 at -25 5.6
20W 9500 at -15 60 000 at -20 5.6
25W 13 000 at-10 60000 at -15 9.3
8 4.0 <6.1 1.7
12 5.0 <71 2.0
16 6.1 <8.2 23
20 6.9 <9.3 2.6
30 9.3 <125 29
40 12.5 <16.3 3.5 (OW-40,
5W-40, and
10W-40 grades)
46 12.5 <16.3 3.7 (15W-40,
20W-40, 25W-40,
40 grades)
50 16.3 £21.9 3.7
60 219 <26.1 3.7

Figure 1.1: Multi-grade oil meets viscosity requirement at both high and low temperature
(Internet Source, Retrieved 13 January 2021).
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Figure 1.2: Recommended SAE graded engine oil at various temperature (Internet Source,

Retrieved 13 January 2021).



In short, engine oil is one of the most important part for an engine to perform well.
To meet various requirement from many different type of engine, as well as different
working environment, manufacturer used additive in engine oil as high performance engine
oil can only be achieved with a balanced formula. Typical engine oil usually consists of base
oil, and other additives such as flow improvement additive, extreme pressure additive, anti-
wear additive, detergent and dispersant as well as other components. Hence, this study was
carried out to investigate how different types of engine oils will affect the performance of

high compression ratio engine.

1.2 PROBLEM STATEMENT

In general, four stroke engine cycle engine work in four stages, including intake,
compression, power and exhaust. Among these four, the compression stroke is related to the
compression ratio of the engine. At the end of intake stroke, the drawn air-fuel mixture will
be trapped in the combustion chamber of the engine when the intake valve close. The
compression stroke initiate by pushing the piston upward and compressed the air-fuel
mixture. The compression ratio. represents the maximum cylinder volume to minimum
cylindervolume ratio. Hence, high compressionratio indicateshigh air-fuel mixture pressure
when the compression stroke end. (Kristen Lee, 2018)

In this study, an engine with high compression ratio is used as test subject to carry
out our research. Since the compression ratio is high, we can expect engine will has higher
operating pressure and temperature. In fact, an engine is a very complex system that contain
around 30 moving parts. There is a lot of factor that could greatly affect a high compression
ratio engine performance, including engine oil, fuel, working environment, condition of the
moving parts, and even different technology that has been implemented in engine by

different manufacturer could make two engines with similar displacement perform



differently. It is hard to determine which factor will affect an engine performance the most,
so this study will focus solely on how engine oil affect high compression ratio engine.
Many drivers now a day, know very little about engine oil. They often neglect
suggestion from the manufacturer and choose a cheaper engine oil as they think it performs
the same. These drivers will probably suffer from low engine power, high fuel consumption
and even short engine life in the future. Hence, this study also serves the purpose of showing
how wrong type of engine oil can damage the engine. High compression engine ratio
required a type of engine oil that suit its characteristic’s for better engine performance and
longeroperatinglife. To fully understand how engine oil affectengine performance, we need
to understand the design of the engine, and the content of the engine oil. Therefore,
performing an experiment will show an actual results of the engine oil effect on high

compression ratio engine performance. (Hall-Geisler, 2000)
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Figure 1.3 How engine oil flow in engine (Internet Source, Retrieved 13 January, 2021).



1.3 OBJECTIVE

There are several objectives in this project, the objectives are stated as below:

1.  To investigate the impact of different engine oil towards the power
performance of the engine.
2. To investigate the impact of different engine oil towards the torque
performance of the engine.
3. To investigate the impact of environmental factor towards the properties of
the engine oil.
1.4  SCOPE

There are several scopes in this project, the scopes are:

1.

The test subject is engine provided by university authorities; all of the
experiment will be carried out using this test subject.

The experimental researchis focuson the engine performance, such as power,
torque and RPM, while factor such as temperature, pressure, exhaust, level
of vibration will not be manipulated.

The engine used is Yamaha XJ6S/ XJ6SA Diversion engine, the results only

applicable to engine with similar arrangement, and displacement.



CHAPTER 2

LITERATURE REVIEW

2.1 INTRODUCTION TO BASIC KNOWLEDGE AND PRINCIPLE
2.1.1 WHATISFRICTION

Friction is the opposition force to a motion of a moving object. In fact, scientist do
not consider frictional force as a fundamental force. Instead, they believe friction is caused
by the intermolecular forces between the particles in the two contacting surfaces. Generally,
friction can be categorised into two differenttype, which is static friction and kinetic friction.
In short, static friction works between two surfaces of zero of same velocity. Kinetic friction
will engage between two objects when they are in motion or have a velocity difference.

In liquids, fluid friction is the opposed force of the layers or particle in a fluid. In
general, fluidsthathave higherviscosity are thicker and have higher resistance to movement.
For example, honey is thicker than water, thus having higher viscosity. Besides, solid
material will experience internal molecular friction as well. For instance, internal friction in
a material will be created then when the solid gets pressurised or compressed. Friction is an
important puzzle for completing many daily processes and activity. When two objects are
rubbed against each other, a portion of the energy of motion will loss in the form of heat
energy. Friction is also the main culprit for the wearing damage on basically everything
including bike gears and car engine. Hence, the main task lubricants is to cut down and

minimise the damages caused by friction and wear between moving parts (Ghose, 2013)



2.1.2 FRICTION AND WEAR

Friction and wear are closely related but are distinct phenomena. The mechanisms of
wearing will contribute to occurrence of friction because force is applied, and energy will be
consumed when wear occur. Generally, wear phenomena are referring to the damage to a
solid surface. When wear occur, material will lose its weight or volume gradually. This is
due to the relative movement between the two-contacting surface of the solid. In short, level
of wear is determined as the volume or weight loss from solid that has a contacting surface
with other solid. (Jiménez, etal, 2011)

Friction is the opposition force to the rubbing movement between two solids at the
contact interface, and wear is the volume loss at the contact surfaces generated as the result
of repeated friction. Wear is caused as the result of fracture in the contact region for
mechanical wear or the removal of products grown on the contact surfaces by tribo-chemical

reaction and/or corrosion for tribo-chemical wear. (Kato, 2011)

2.1.3 TYPE OF LUBRICANTS

Lubricants can be categorised into 4 main types, which is gaseous lubricants, liquid
lubricants, semi-liquid/plastic lubricants or solid lubricants. (Kumar, etal, 2015)

Solid lubricants operate by introducing a layer consist of low shear strength
substance in the volume between two contacting surfaces. Lubricating solids can be used in
various method, the basic principle is similar. Low friction medium or layer will be
deposited on the contacting surfaces to minimise the friction wear under dry conditions.
Solid lubricants are frequently utilised when there is problem of containment caused by
liquid. Sometimes, liquid or gaseous lubricants will fail in extreme environment such as

vacuum, high temperature, or high radiation The examples of solid lubricants included



