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ABSTRAK

Kajian ini dijalankan bagi mengenalpasti fenomena kehausan yang disebabkan oleh 

geseran serta mengenalpasti faktor geseran yang dipengaruhi oleh kehadiran tekstur 

lekukan. Tekstur lekukan ini terdiri daripada pelbagai diameter, tetapi mempunyai 

kedalaman yang sama. Bahan yang digunakan dalam penyelidikan ini adalah besi keluli

lembut AISI 1060. Di dalam kajian ini, lekukan dihasilkan menggunakan mesin kisar 3 

paksi dan mata alat kisar ball-end nose. Lekukan yang dihasilkan mempunyai diameter 

yang berbeza dari 1.0 hingga 4.0 mm. Dalam ujikaji fasa pertama, kesan kepadatan 

tekstur lekukan terhadap geseran telah dikenalpasti. Sampel-sampel yang disediakan 

mempunyai diameter yang sama tetapi kepadatan tekstur yang berbeza. Manakala pada 

ujikaji fasa kedua pula, kesan perbezaan diameter tekstur yang berbeza terhadap geseran 

dikenalpasti. Permukaan yang mempunyai lekukan berdiameter 1.0 hingga 4.0 mm

tersebut kemudiannya dianalisis dengan menggunakan laser microskop. Sampel 

kemudian dianalisis menggunakan Universal Testing Machine UTM dilengkapi dengan 

kepiawaian ASTM-1894. Sampel diuji menggunakan minyak hidraulik ISO-168 dengan 

proses ujikaji sentuhan permukaan ke permukaan. Kesan yang menakjubkan terhadap 

geseran dengan permukaan yang berlekuk ini telah diperolehi dalam kedua-dua kajian. 

Berdasarkan pemerhatian, lekukan yang berdiameter besar mempunyai keupayaan yang 

tinggi dalam mengurangkan geseran berbanding dengan lekukan yang berdiameter kecil. 

Tambahan pula, bagi sampel-sampel berdiameter lekukan yang sama, sampel yang 

mempunyai kepadatan lekukan yang tinggi menghasilkan geseran yang lebih rendah 

berbanding kepadatan lekukan yang rendah. Pada ujikaji yang seterusnya, kadar

kehausan permukaan keluli lembut AISI1060 yang berlekuk setelah dikenakan beban 

malar sebanyak 10N diukur. Keputusan ujikaji menunjukkan bahawa permukaan 

mempunyai lekukan berjarak kecil mempunyai kadar kehausan yang rendah berbanding 

dengan permukaan mempunyai lekukan berjarak besar. Keputusan ujikaji juga 

menunjukkan bahawa permukaan yang mempunyai lekukan berdiameter besar 

mempunyai kadar kehausan yang lebih rendah berbanding permukaan yang mempunyai 

lekukan berdiameter kecil. Ini boleh disimpulkan bahawa, sifat geseran dan kadar 

kehausan adalah lebih baik bagi sampel yang mempunyai sentuhan permukaan yang 

rendah. Hasil dapatan kajian ini dapat membantu dalam langkah untuk mengatasi 

jangkahayat bagi komponen mekanikal dalam bidang pembuatan.
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ABSTRACT

This study was carried out to identify the phenomenon of wear caused by friction as well 

as to identify friction factors that are affected by the presence of dimple texture. The 

texture of these depressions consists of various diameters, but has the same depth. The 

material used in this research is mild steel AISI 1060. In this study, the dimple is produced 

using a 3-axis milling lathe with ball-nose end mill. The dimples produced have diameters 

varying from 1.0 to 4.0 mm. In the first phase of the study, the effect of the density of the 

dimple texture on friction was identified. The prepared samples have the same dimple 

diameter but different dimple density. While in the second phase of the study, the effect 

of different dimple diameter differences on friction was identified. The surface that has a 

dimples with diameters variation between 1.0 to 4.0 mm are then analyzed using a laser 

microscope. The sample was then tested using Universal Testing Machine UTM 

equipped with ASTM-1894 standards, using ISO-168 hydraulic oil with a surface-to-

surface contact test process. A surprising effect on friction with this textured surface was 

obtained in both phases. Based on observations, large-diameter dimples have a high 

ability to reduce friction compared to small-diameter dimples. Furthermore, for samples 

with� the� same� dimples’� diameter,� samples�with� high� dimples’� density� produce� lower�

friction than those with low indentation density. In the next test, the wear rate of the 

indented AISI1060 mild steel surface after being subjected to a constant load of 10N was 

measured. The results of the experiment show that the surface with a small-diameter 

dimples has a low wear rate compared to the surface with a large-diameter dimples. The 

test results also show that surfaces with large-diameter dimples have a lower wear rate 

than surfaces with small-diameter dimples. It can be concluded that, friction properties 

and wear rate are better for samples with low surface contact. The results obtained from 

the study can help in steps to overcome the life expectancy of mechanical components in 

the field of manufacturing.



iv

KANDUNGAN

PENGAKUAN

PENGHARGAAN i

ABSTRAK ii

ABSTRACT iii

KANDUNGAN iv

SENARAI JADUAL vii

SENARAI ILUSTRASI viii

BAB 1   PENGENALAN 1 

1.1 Latar Belakang Kajian 1 

1.2 Pernyataan Masalah 2 

1.3 Objektif Kajian 2 

1.4 Skop Kajian 3 

BAB 2   KAJIAN LITERASI 4 

2.1 Pengenalan 4 

2.2 Fenomena geseran 4 

2.3 Kesan Kehadiran Tekstur pada Permukaan 9 

2.4 Kesan dari reka bentuk tekstur 12 

2.5 Teknik penghasilan permukaan bertekstur 14 

2.6 Rumusan 19 

BAB 3   METODOLOGI 20 

3.1 Pengenalan 20 

3.2 Sifat Bahan 22 

3.3 Penghasilan Permukaan Berlekuk Menggunakan Mata Alat Ball End Nose 22 

3.3.1 Penyediaan Sampel 22 

3.3.2 Proses Penghasilan Lekukan 24 

3.3.3 Kaedah analisis 25 

3.4 Fasa 1 - Eksperimen Kesan Diameter dan Susunan Lekukan Terhadap Pengurangan 

Geseran Permukaan 26 

3.4.1 Penyediaan sampel 26 



v

3.4.2 Reka bentuk ujikaji bagi Fasa 1 27 

3.4.3 Prosedur Eksperimen 29 

3.5 Fasa 2 - Eksperimen Kesan Kehausan ke Atas Permukaan Berlekuk. 32 

3.5.1 Piawai Pengukuran Kehausan Permukaan 32 

3.5.2 Penyedian Sampel 33 

3.5.3 Reka bentuk ujikaji bagi Fasa 2 34 

3.5.4 Prosedur Eksperimen 35 

3.5.5 Kaedah Analisis 36 

3.5.6 Ujian Kehausan 37 

BAB 4   DAPATAN KAJIAN 39 

4.1 Pendahuluan 39 

4.2 Fasa 1 - Eksperimen Kesan Diameter dan Susunan Lekukan Terhadap Pengurangan 

Daya Geseran Permukaan 41 

4.2.1 Kesan Diameter Apabila Kedalaman Tetap Berkeadaan Kering dan Basah 41 

4.2.3 Kesan Susunan Pada Lekukan 41 

4.2.4 Kesan Kedalaman Lekukan 42 

4.2.5 Analisis Keputusan 42 

4.3 Fasa 2 - Eksperimen Kesan Kehausan ke Atas Permukaan Berlekuk. 50 

4.3.1 Persedian Sampel 50 

Sampel Pin Kumpulan A 50 

4.3.2 Pengiraan Kehilangan Jisim Bagi Sampel Kumpulan A 56 

4.3.3 Perincian Mikrokopik dan Analisis Gambar 66 

4.3.4 Analisis Mikroskopik Bagi Sampel Pin 71 

4.3.5 Analisis Gambaran Mikroskopik Bagi Cakera 73 

BAB 5   KESIMPULAN 75 

5.1 Kesimpulan 75 

5.2 Cadangan 76 

RUJUKAN 77 



vi

SENARAI JADUAL

Jadual 3.1 Sifat-sifat mekanikal keluli karbon AISI 1060                                       15

Jadual 3.2 Parameter pemesinan untuk menghasilkan lekukan berbeza 17

Jadual 3.3 Parameter bagi setiap sampel 20

Jadual 3.4 Komposisi bagi keluli AISI 1060 26

Jadual 3.5 Parameter bagi lekukan sampel 27

Jadual 4.1 Bacaan kedalaman bagi setiap sampel 34

Jadual 4.2 Bacaan jumlah lekukan bagi setiap sampel 35

Jadual 4.3 Nilai bagi pekali geseran statik untuk sampel A 38

Jadual 4.4 Nilai bagi pekali geseran kinetik untuk sampel A 39

Jadual 4.5 Nilai bagi pekali geseran statik untuk sampel B 40

Jadual 4.6 Nilai bagi pekali geseran kinetik untuk sampel B 41

Jadual 4.7 Ciri-ciri Lekukan Kumpulan A bagi ujian kehausan 42

Jadual 4.8 Ciri-ciri Mekanikal bagi Sampel Pin Kumpulan A 43

Jadual 4.9 Ciri-ciri Lekukan Kumpulan B bagi ujian kehausan 44

Jadual 4.10 Ciri-ciri Mekanikal bagi Sampel Pin Kumpulan B 45    

Jadual 4.11 Jisim sebelum dan selepas Ujian Kehausan bagi Kumpulan A 47

Jadual 4.12 Jisim sebelum dan selepas Ujian Kehausan bagi Kumpulan B 49

Jadual 4.13 Eksperimen A bagi Kumpulan A 51

Jadual 4.14 Eksperimen A bagi Kumpulan B 51

Jadual 4.15 Kadar kehausan pada Kelajuan 100 rpm 52

Jadual 4.16 Pengurangan berat pada 100 rpm 52

Jadual 4.17 Kadar kehausan pada kelajuan 200 rpm 53

Jadual 4.18 Kadar kehausan pada kelajuan 200 rpm 53

Jadual 4.19 Pengurangan berat pada 200 rpm 53

Jadual 4.20 Kadar kehausan pada kelajuan 300 rpm 54

Jadual 4.21 Pengurangan berat pada 300 rpm 54



vii

SENARAI ILUSTRASI

Rajah 2.1 Fenomena Geseren 4

Rajah 2.2 Geseran static dan geseran dinamik 5

Rajah 2.3 Mikrograf permukaan yang dikenakan laser 6

Rajah 2.4 Richard Stribeck Lengkung skematik antara geseran dan Hersey Number 7

Rajah 2.5 Kesan geseran pada oleh Stribeck curve 8

Rajah 2.6 Mikrograf dan profil 3D tekstur permukaan (a) bentuk lekukan (b) 
bentuk petak dan (c) bentuk elips 11

Rajah 3.1 Aliran proses penyelidikan 14

Rajah 3.2 Permukaan sampel yang belum dimesin. 16

Rajah 3.3 Struktur pemotongan lekukan. 16

Rajah 3.4 Lukisan skematik bentuk sampel. 19

Rajah 3.5 Ujian geseran Universal Testing Machine 23

Rajah 3.6 Lukisan skematik bentuk sampel pin 26

Rajah 3.7 Olympus LEXT 3D Measuring Laser Microscope OLS5000 machine 30

Rajah 3.8 LECO PX300 Grinding/Polishing machine 31

Rajah 4.1 Sampel bagi Kumpulan A 36

Rajah 4.2 Sampel bagi Kumpulan B 37

Rajah 4.3 Graf Pekali Geseran Statik Melawan Saiz Lekukan Sampel Kumpulan A 38

Rajah 4.4 Graf Pekali Geseran Kinetik Melawan Saiz Lekukan Sampel Kumpulan 
A 39

Rajah 4.5 Graf Pekali Geseran Statik Melawan Saiz Lekukan Sampel Kumpulan B 40

Rajah 4.6 Graf Pekali Geseran Statik Melawan Saiz Lekukan Sampel Kumpulan B 41

Rajah 4.7 Sampel Kumpulan A setelah melalui ujian kehausan 43

Rajah 4.8 Sampel Kumpulan B setelah melalui ujian kehausan 45

Rajah 4.9 Rupa cakera yang digunakan bagi ujian pin on disk 44

Rajah 4.12 Graf Kehilangan Jisim Pin (atas) dan cakera (bawah) Melawan Saiz 
Lekukan Sampel Kumpulan A 48

Rajah 4.13 Graf Kehilangan jisim pin dan cakera terhadap bilangan lekukan untuk 
sampel B 50

Rajah 4.14 Graf Kadar Kehausan Melawan Saiz Lekukan Sampel Kumpulan A 55

Rajah 4.15 Graf Kadar Kehausan Melawan Bilangan Lekukan Sampel Kumpulan B 55

Rajah 4.16 Gambaran mikroskopik bagi sampel kumpulan A 57

Rajah 4.17 Permukaan sampel pin bagi kumpulan A 58

Rajah 4.18 Gambaran mikroskopik bagi sampel Kumpulan B 59



viii

Rajah 4.19 Permukaan sampel pin bagi Kumpulan B 60

Rajah 4.20 Gambar mikroskopik untuk sampel pin sebelum (atas) dan selepas (bawah) 
ujian kehausan dijalankan 62

Rajah 4.21 Gambaran mikroskopik untuk cakera sebelum ujian kehausan dijalankan 63

Rajah 4.22 Gambaran mikroskopik untuk cakera selepas ujian kehausan dijalankan 64



77

RUJUKAN

Ali, M. K. A., Xianjun, H., Mai, L., Bicheng, C., Turkson, R. F., & Qingping, C. 
(2016). Reducing frictional power losses and improving the scuffing resistance in 
automotive engines using hybrid nanomaterials as nano-lubricant additives. Wear, 
364–365, 270–281. https://doi.org/10.1016/j.wear.2016.08.005

Arslan, A., Masjuki, H. H., Kalam, M. A., Varman, M., Mufti, R. A., Mosarof, M. H., 
Khuong, L. S., & Quazi, M. M. (2016). Surface texture manufacturing techniques 
and tribological effect of surface texturing on Cutting tool performance: A 
review. Critical Reviews in Solid State and Materials Sciences, 41(6), 447–481. 
https://doi.org/10.1080/10408436.2016.1186597 

Arumugaprabu, V., Ko, T. J., Thirumalai Kumaran, S., Kurniawan, R., & Uthayakumar, 
M. (2018). A brief review on importance of surface texturing in materials to 
improve the tribological performance. Reviews on Advanced Materials Science, 
53(1), 40–48. https://doi.org/10.1515/rams-2018-0003

ASTM International. (2014). D1894 - 14 Standard Test Method for Static and Kinetic 
Coefficients of Friction of Plastic Film and Sheeting. ASTM Standards, (June), 1–
7. Retrieved from http://www.astm.org/doiLink.cgi?MNL10913M

Augusto, F., Fernandes, P., & Casteletti, L. C. (2013). Wear Evaluation of Pack 
Boronized AISI 1060 Steel, (February). https://doi.org/10.1520/MPC20120009

Aurich, J. C., Dornfeld, D., Arrazola, P. J., Franke, V., Leitz, L., & Min, S.
(2009). Burrs— Analysis, control and removal. CIRP annals, 58(2), 519-542.     
https://doi.org/10.1016/j.cirp.2009.09.004

AZoNetwork. (n.d.). AISI 1060 Carbon Steel (UNS G10600). Retrieved from 
https://www.azom.com/article.aspx?ArticleID=6542

Calabrese, L., Khaskhoussi, A., Patane, S., &amp; Proverbio, E. (2019). Assessment of 
super-hydrophobic textured coatings on AA6082 aluminum alloy. Coatings, 9(6), 
352. https://doi.org/10.3390/coatings9060352

Chen, S., Qian, G., & Yang, L. (2019). Precise control of surface texture on carbon film 
by ion etching through filter: Optimization of texture size for improving 
tribological behavior. Surface and Coatings Technology, 362, 105–112. 
https://doi.org/10.1016/j.surfcoat.2019.01.095 



78

Conradi,�M.,�Sever,�T.,�Gregorčič,�P.,�&�Kocijan,�A.�(2019).�Short- and long-term 
wettability evolution and corrosion resistance of uncoated and polymer-coated 
laser-textured steel surface. Coatings, 9(9), 592. 
https://doi.org/10.3390/coatings9090592 

Costa, E., & Branco, P. J. C. (2009). Continuum electromechanics of a 
magnetorheological damper including the friction force effects between the MR 
fluid and device walls: Analytical modelling and experimental validation. Sensors 
and Actuators A: Physical, 155(1), 82–88. 
https://doi.org/10.1016/j.sna.2009.08.004 

El-Hofy, H. A.-G. (2013). Fundamentals of Machining Processes: Conventional and 
Nonconventional Processes. (Hassan Abdel-Gawad El-Hofy, Ed.), CRC Press,
(Second). London: Press, CRC Group, Taylor & Francis 6000 Broken Sound 
Parkway NW, Suite 300 Boca Raton, FL 33487-2742. https://doi.org/10.1007/978-
1-4471-4330-7_1

Gachot, C., Rosenkranz, A., Hsu, S. M., & Costa, H. L. (2017). A critical assessment of 
surface texturing for friction and wear improvement. Wear, 372–373, 21–41. 
https://doi.org/10.1016/j.wear.2016.11.020

Garcia-Prieto, I., Faulkner, M. D., & Alcock, J. R. (2004). The influence of specimen 
misalignment on wear in conforming pin on disk tests. Wear, 257(1–2), 157–166.
https://doi.org/10.1016/j.wear.2003.10.015

Hamdavi, S., Ya, H. H., Rao, T. V. V. L. N., & Faez, K. M. (2016). AN Analytical 
Approach To Investigate The Effect Of Grooved Surface On Short Journal Bearing 
’�S�Performance,�11(20), 12045–12049.

Holmberg, K., & Erdemir, A. (2015). Global impact of friction on energy consumption, 
economy and environment. FME Transactions, 43(3), 181–185. 
https://doi.org/10.5937/fmet1503181H

Huang, W., & Wang, X. (2011). The effect of dimple shapes on friction of parallel 
surfaces, 1996(August). https://doi.org/10.1177/1350650111406045

Jain, A., & Bajpai, V. (2019). Mechanical micro-texturing and characterization on 
ti6al4v for the improvement of surface properties. Surface and Coatings 
Technology, 380, 125087. https://doi.org/10.1016/j.surfcoat.2019.125087 

Kasem, H., Stav, O., Grützmacher, P., & Gachot, C. (2018). Effect of low depth surface 
texturing on friction reduction in lubricated sliding contact. Lubricants, 6(3), 1–10. 
https://doi.org/10.3390/lubricants6030062



79

Khatri, C. B., & Sharma, S. C. (2016). Influence of textured surface on the performance 
of non-recessed hybrid journal bearing operating with non-Newtonian lubricant. 
Tribology International, 95, 221–235. 
https://doi.org/10.1016/j.triboint.2015.11.017

Kovacı,�H.,�&�Seçer,�Y.�(2020).�Improved�tribological�performance�of�AISI�316L�
stainless steel by a combined surface treatment: Surface texturing by selective 
laser melting and plasma nitriding. Surface and Coatings Technology, 400(July), 
126178. https://doi.org/10.1016/j.surfcoat.2020.126178

Kumar, G. U., Suresh, S., Kumar, C. S. S., Back, S., Kang, B., & Joon, H. (2020). A 
review on the role of laser textured surfaces on boiling heat transfer. Applied 
Thermal Engineering, 174(January), 115274. 
https://doi.org/10.1016/j.applthermaleng.2020.115274

Kurniawan, R., Kiswanto, G., & Ko, T. J. (2017). Surface roughness of two-frequency 
elliptical vibration texturing (TFEVT) method for micro-dimple pattern process. 
International Journal of Machine Tools and Manufacture, 116(January), 77–95. 
https://doi.org/10.1016/j.ijmachtools.2016.12.011

Lu, P., Wood, R. J. K., Gee, M. G., Wang, L., & Pfleging, W. (2017). The use of 
anisotropic texturing for control of directional friction. Tribology International, 
113(January), 169–181. https://doi.org/10.1016/j.triboint.2017.02.005

Manjoine, M. J., &amp; Harrington, G. H. (1963). Investigation of static and dynamic 
coefficient of friction. https://doi.org/10.2172/4233520

Mehta, P., Liu, R., Mann, J. B., Saldana, C., & Iglesias, P. (2018). Effect of textured 
surfaces created by modulation-assisted machining on the Stribeck curve and wear 
properties of steel-aluminum contact. International Journal of Advanced 
Manufacturing Technology, 99(1–4), 399–409. https://doi.org/10.1007/s00170-
018-2523-7

Meng, R., Deng, J., Liu, Y., Duan, R., & Zhang, G. (2018). Improving tribological 
performance of cemented carbides by combining laser surface texturing and W-S-
C solid lubricant coating. International Journal of Refractory Metals and Hard 
Materials, 72(December 2017), 163–171. 
https://doi.org/10.1016/j.ijrmhm.2017.12.024

Moghani, A. (2015). Isomer calculation of Fullerenes by USCI method 2 nd 
International Conference on Surfaces , Coatings and Nanostructured Materials, 
(July 2007).



80

Patnaik, A., Satapathy, A., & Biswas, S. (2010). Investigations on Three-Body Abrasive 
Wear and Mechanical Properties of Particulate Filled Glass Epoxy Composites, 
5(2), 37–48.

Precision Micro. (2021, May 21). A Design Engineer's Guide to Chemical Etching: 
Precision Micro Ltd. Precision Micro. Retrieved November 17, 2022, from 
https://www.precisionmicro.com/design-engineers-guide-photo-chemical-etching/ 

Ramli, R., & Ismail, I. (2021). Effect of dimple diameter and pattern on frictional 
properties of macro-dimpled aluminium surface. Lecture Notes in Mechanical 
Engineering, 139–146. https://doi.org/10.1007/978-981-15-7309-5_14

Roy, T., Choudhury, D., Ghosh, S., Bin, A., & Pingguan-murphy, B. (2015). Improved 
friction and wear performance of micro dimpled ceramic-on-ceramic interface for 
hip joint arthroplasty. Ceramics International, 41(1), 681–690. 
https://doi.org/10.1016/j.ceramint.2014.08.123

Singh, R., & Singh, D. L. P. (2020). Effect of Carburizing and Normalizing on 
Mechanical Properties and Machinability of AISI 1018 Low Carbon Steel. 
Industrial Engineering Journal, 13(4), 1–21. 
https://doi.org/10.26488/iej.13.4.1227

Sivanesh Prabhu, M., Elaya Perumal, A., Arulvel, S., & Franklin Issac, R. (2019). 
Friction and wear measurements of friction stir processed aluminium alloy 
6082/CaCO3 composite. Measurement: Journal of the International Measurement 
Confederation, 142, 10–20. https://doi.org/10.1016/j.measurement.2019.04.061

Torres, O., Andablo-Reyes, E., Murray, B. S., & Sarkar, A. (2018). Emulsion Microgel 
Particles as High-Performance Bio-Lubricants. ACS Applied Materials and 
Interfaces, 10(32), 26893–26905. https://doi.org/10.1021/acsami.8b07883

Tummala, S. R. (2017). Study Of Dimple Texture Wear Characteristics, 12(21), 5872–
5879.

Vishnoi, M., Kumar, P., & Murtaza, Q. (2021). Surface texturing techniques to enhance 
tribological performance: A Review. Surfaces and Interfaces, 27, 101463. 
https://doi.org/10.1016/j.surfin.2021.101463 

Wong, V. W., & Tung, S. C. (2016). Overview of automotive engine friction and 
reduction trends–effects of surface, material, and lubricant-additive technologies. 
Friction, 4(1), 1–28. https://doi.org/10.1007/s40544-016-0107-9 

Xiong, D., Qin, Y., Li, J., Wan, Y., & Tyagi, R. (2015). Tribological properties of 
PTFE/laser surface textured stainless steel under starved oil lubrication. Tribology 
International, 82(PB), 305–310. https://doi.org/10.1016/j.triboint.2014.07.017



81

Zou, H., Yan, S., Shen, T., Wang, H., Li, Y., Chen, J., Lin, B. (2021). Efficiency of 
surface texturing in the reducing of wear for tests starting with initial point contact. 
Wear, 482–483(June), 203957. https://doi.org/10.1016/j.wear.2021.203957




