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ABSTRACT: The global laser processing market is accounted for US$ 6.4 Billion in 2017 and is expected to grow at a 
compound annual growth rate (CAGR) of 6.10% over the forecast period 2018-2024, to account for US$ 9.70 Billion 
in 2024. But lack of technical complexities in high-power lasers are restricting use of laser processing.This paper 
discusses the effect of laser surface texturing on leaded bronze material with different density of patterns using 
nanosecond fiber laser to decrease friction coefficient and improve wear resistance. Thelowest friction coefficient of 
0.17 was obtained for 20% texture density at 400 rpm with constant load 1 kg. The laser textured surface had lower and 
more stable friction coefficient than untextured surface. 
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I. INTRODUCTION 

 
The complexity of the tribological properties of materials and the economic aspects of friction and wear justify an 

increasing research effort. There is an increasing demand to reduce and control friction and wear in order to extend the 
lifetime of mechanical systems, to improve their efficiency and reliability, to conserve scarce material resources and 
energy, and to improve safety [1, 2]. This enhanced the efforts to investigate new or advanced materials and surface 
topography and texture design that improve the tribological performance of friction surface. 

Surface texturing is surface modification approach, resulting in an improvement of tribological performance 
characteristics such as friction and wear resistance. Surface texturing can be performed either as a protruded or recessed 
asperity, with the latter being more popular due to advantages in terms of micro-lubrication and ease of manufacturing 
[3].The Various methods to create surface texture such as laser method, micro-EDM, ECM, CNC-ultrasonic method, 
Focused Ion Beam machining, AJM, Vibromechanical texturing, Micro grinding, Micro casting and chemical etching 
were used commonly. Among these, laser surface texturing (LST) offers promising features: extremely fast processing 
time, clean to the environment and excellent control of aspect-ratio of the micro-holes. By controlling the orientation of 
the laser beam, and tuning the characteristics of the spot it is possible to easily texture a wide range of material, with no 
need of vacuum. This technique allows covering samples by regular arrays of ablated dimples, with different size and 
shape (typically spherical or cylindrical) [5]. 

Laser surface texturing (LST) is a well-known surface engineering process applied to improve surface tribological 
properties by fabricating artificial topography on the surfaces of materials. The dimples and grooves are the most 
common geometric features used for laser textured tribo-surfaces. Figure 2.1 shows different laser textured patterns on 
specimens. These textured surfaces can act as lubricant reservoirs that can feed the lubricant directly into the contact 
zone of sliding surface under starved oil lubrication [6, 7]. Another critical function of the textured surfaces is trapping of 
wear particles. The elimination of wear particles from the interface reduces friction and wear in both lubricated and dry 
sliding. Furthermore, the textured surfaces can also promote occurrence of hydrodynamic lubrication conditions and 
increase load-carrying capacity. To date, laser surface texturing has been used in many fields to improve the tribological 
performances of interfaces, such as mechanical seals, piston ring, cutting tools, thrust bearing, and magnetic storage 
devices [8]. 

II. LITERATURE REVIEW 

 
Surface texturing has witnessed a substantial progress over the past decades as it is seen as a viable option for surface 

engineering, resulting in significant improvements in load capacity, wear resistance and friction coefficient of tribo 
mechanical parts [6], thereby contributing to the development of sustainable manufacturing and surface functionalization 
of components. In recent years, surface texturing successfully used in many applications to improve the tribological 
properties of sliding surfaces, such as golf ball, engine cylinder, modern magnetic storage device, sliding bearing and 
mechanical seal, and slider and disc of hard disc driver [7]. Surface texturing is also considered as a means for 
overcoming adhesion and stiction. Fundamental research work on various forms and shapes of surface texturing for 
tribological applications is carried out to know their effect on materials [8]. 
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Various techniques of surface texturing have been developed over the years including additive and subtractive 
methods such as abrasive machining, reactive ion etching, electron beam and electro discharge texturing [9-12]. In 
comparison to other subtractive material processing technologies, laser surface texturing (LST) has attracted 
considerable interest for over ~20 years due to its superior flexibility, selectivity, accuracy, efficiency and capability for 
producing tailor-made surfaces with varying wettability, adhesion and friction properties [13]. Lasers have a great 
potential to precisely modify the surface characteristics of biomaterials, especially in the case of polymers. These can 
effectively modify the implant surface from the macro- to the nanosized topography without direct contact (avoiding 
undesirable contamination); moreover, laser treatments are clean, and easily performed on different materials with 
different geometry [14-15]. In laser surface texturing technology, a pulsated laser beam is used to create patterned 
microstructures on surface by a material ablation process, which can improve anti-seizing ability by reserving lubricant, 
decreasing the contact area to reduce adhesion, and generating hydrodynamic pressure to improve additional lift [16]. 

Journal bearings are vitally important elements as rotor supports in most mechanical systems operating with high 
horsepower and high loads, such as steam turbines, centrifugal compressors, pumps and motors. The materials used for 
journal bearings are commonly white metals (tin-based or lead-based), aluminium based and copper-based alloys. [21-
22].The materials usually contain lead. But, lead is an inherent toxicity that causes deleterious, acute and chronic effects 
on plants and animals, and cumulative toxic effects on human beings. These health and environmental issues, in 
particular, are important to bearing manufacturers and users [23-27]. Copper alloys are used for bearing because of their 
combination of moderate-to-high strength, corrosion resistance and self-lubrication properties [28]. The wear of these 
alloys depends on structure (grain size and phase composition) [29]. Three groups of these alloys are used for bearing 
and wear-resistant applications: leaded bronzes; phosphor bronzes; and manganese, aluminium, and silicon bronzes [30, 
31]. The leaded bronze has high resistance to wear, high hardness, and moderately high strength. They are widely used in 
bearing applications because of its anti-seizure property. Zinc also is added to the leaded bronzes to improve the running 
characteristics of the alloy during castings. Tin bronzes are alloys of copper and tin [32-34]. 

Friction behaviour is influenced by several variables, such as geometry, lubricant rheology and chemistry, relative 
motion, applied forces, presence of third-bodies at the interface, temperature, stiffness and vibrations. In most 
practical applications, the primary interest in the study of friction is sustained by the fact that the reduction of friction 
is directly linked to energy savings [35]. When considering materials for use in a sliding component, it is often 
desirable to subject them to tribotests to determine their wear behaviour under conditions similar to those they will 
encounter in service [36]. A tribometer (tribotester) is the general name given to a machine or device used to perform 
tests and simulations of wear, friction and lubrication which are the subject of the study of tribology. Often 
tribometers are extremely specific in their function and are fabricated by manufacturers who desire to test and analyse 
the long-term performance of their products [37]. 
 In the past years, a range of tribometers were built to evaluate friction and wear [38-41]. For example, Lin 
[39] developed a linear tribometer composed of stainless-steel microballs, silicon stator and slider. It was found that 
the rolling friction coefficient between microballs and slider ranged from 0.006 to 0.01 at motor speeds of 90 and 120 
rpm and load of 0.4g. Olaru [40] introduced a rotary tribometer consisting of a driving disc, an inertial driven disc and 
three microballs which are rolling between the two discs. Various types of tribometers are used to assess friction and 
wear of contacting surfaces viz. pin on disc tribometer, four-ball tester and high frequency reciprocating tribometer 
[41-43]. The pin-on-disc tribometer is a laboratory apparatus for evaluating the friction and wear properties of 
different materials under different conditions of load, speed and temperature [44]. 

III. EXPERIMENTATION 

 
The leaded bronze pin materials prepared by cutting rods of size 500 mm into size 30mm length and 10mm diameter 

in hexa cutting machine and machining done on lathe. The disc material prepared by cutting rods of 120 mm length and 
80 mm diameter into size 5 mm thickness and 80 mm diameter in hexa-cutting machine and machining done on lathe 
shown in fig 1. 

 
Fig 1: Pin and disk specimens 

 
Based on literature survey, density of patterns and type of pattern selected for laser texturing. 10, 15 and 20% texture 

density of ellipse patterns are created in AutoCAD software. Different texture density were obtained by keeping area of 
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ellipse same only the pitch is changed. These patterns information are transferred to scan master design software for 
laser texturing. Laser surface texturing [LST] of leaded bronze specimens done using OR MAG Fiber laser in Mysore. 
The 10, 15, and 20% density patterns of elliptical types are created on the specimens using Yb- YAG fiber (nanosecond) 
laser by scan master design software.Parameters for nano second laser texturing is shown in table 1 

 
Table 1 Parameter of Nano second laser 

 

 
 
For microstructure study of pin samples before and after wear and friction test, the optical images of pin specimens 

are taken using LABEN optical microscope. 10, 15 and 20% density elliptical pattern pin specimen’s images are taken. 
The images of pin specimens are taken at same magnification (200X) for all density patterns. The next step after optical 
images of textured samples is roughness test. Mitutoyo surface roughness tester is used to measure the roughness of 
specimens. From roughness test, roughness and depth of texture are measured. The roughness values and graph of 
depth profile are generated using Mitutoyo SJ- 210 software. 

The friction and wear behavior of textured patterns and textured specimens are analysed using Tribometer (pin on 
disc). Pin fixed in pin holder and disc is rotated at varying speed for particular period of time based on experimental 
design. Friction force and wear rate data points were obtained from the system which was attached to tribometer. Based 
on these data points coefficient of friction and wear rate graphs are plotted against the time.At first the pin which is 
subjected to friction and wear test is fixed inside the holder. Next step is fixing the pin holder to the pin on disc setup. 
After fixing the pin holder, required load is applied to the hanger and disc is fixed on the flat plate. Then friction and 
wear reading are set to zero and experimented is conducted for varying speed condition. The friction force and wear 
data points are obtained from the system.The 12 experiment conducted for three different disc sliding speed (rpm) 300, 
350, 400, Sliding distance is 500 meter, wear track diameter is 23 mm. Load kept constant 1 kg. Next step is friction 
and wear test conducted on specimens at varying load condition keeping sliding speed constant. 12 experiment 
conducted for three different loads (kg) 1, 2, and 3. Sliding distance is 500 meter, wear track diameter is 23 mm and 
sliding speed kept constant at 450 rpm for all experiments. 

IV. RESULTS AND DISCUSSION 

 
The depth profile were obtained from the Mitutoyo surface roughness software which was attached to surface 

roughness testing setup. Four depth points on profile depth are chosen for measurement which are marked as 1 to 4 
number in profile.The average of four texture depth is taken which is observed around 12.5 μm. Fig 2 shows depth 
profile 10% density textured specimen 

 

 
Fig 2:  Depth profile of 10% density textured specimen 
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The coefficient of friction of 10% density textured specimens at 300, 350 and 400 rpm are 0.32, 0.30 and 0.27 
respectively. It can be observed that as the speed increases the coefficient of friction decreases. This is because of the 
reason that as speed increases point of contact decreases hence cof deceases. The relationship between varying load 
condition and friction coefficient for 10% texture density specimens against AISI 1045 disc at sliding speed of 450 rpm 
is shown in Fig 3. The coefficient of friction of 10% density textured specimens at 1, 2 and 3 kg are 0.26, 0.30 and 0.37 
respectively. The lowest cof was found at 1 kg load condition i.e. 0.26. It can be observed that as load increases the cof 
also increases. This is because as load increases the point of contact between the pin and disc during friction test 
increase and hence cof increases. 

 

 
    Fig 3: Cof graph at varying sliding speed and varying load  

The lowest coefficient of friction obtained for 20% density at 400 rpm with 1 kg load i.e. 0.18. The highest 
coefficient of friction obtained for untextured specimen at 300 rpm with 1 kg load. It is evident that untextured specimen 
has more friction coefficient than textured specimen. Another observation is that as speed increases cof decreases shown 
in Fig 4. 

 
 

 
Fig 4: Cof graph for different specimens at varying speed condition 

 
Specific wear rate of LST specimens and -untextured specimen with increasing load at constant sliding speed of 450 

rpm is showed in Fig 5. The lowest specific wear rate obtained for 20% density at 1 kg with 450 rpm i.e. 2.45E-05 
mm3/Nm. The highest specific wear rate obtained for untextured specimen at 3 kg load with 450 rpm i.e. 12.8E-05 
mm3/Nm. It is evident that untextured specimen has more specific wear rate than textured specimen. Another 
observation is that as load increases specific wear rate increases. 
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Fig 5: Specific wear rate at varying load conditions 

 
The SEM images of worn specimen 20% texture density at maximum cof and wear rate are shown in the Fig 6. The 

minimum cof i.e. 0.17 of 10% density specimen at maximum load 1 kg at 450 rpm was obtained. The minimum wear 
rate i.e. 3 µm of 20% density specimen at maximum sliding speed 400 rpm at 1 kg load condition was obtained. 

 

 
 
 
 
 
 
 
 
 

Fig 6: SEM micrograph of minimum COF and wear rate of 20% density specimens for load change &sliding speed  

V. CONCLUSION 

 
Laser surface texturing with elliptical dimples with major diameter 300 µm and minor diameter 150 µm, depth of 

12.5 µm and texture density of 10%, 15% and 20% was applied to SAE 660 surface in order to investigate its effect on 
friction and wear reduction. Tribological tests were carried out against carbon steel AISI 1045 disc using    pin-on–disc 
tester. Results indicated that laser textured surface had lower and more stable friction coefficient than untextured 
surface. The pin specimens with a density distribution of about 20% were more effective for friction and wear 
reduction under test conditions. During friction test at constant load condition the lowest friction coefficient 0.18 
obtained for 20% texture density at 400 rpm at 1 kg load. Here as sliding speed of disc increases the friction coefficient 
of pin decreases. During wear test at constant load condition, as sliding speed of disc increases the wear rate of pin 
decreases. The lowest wear rate 4.8 E-05 mm3/Nm obtained for 20% texture density at 400 rpm at 1 kg load. From 
microstructure study, it was observed that for 20% texture density specimen smooth sliding marks were formed by 
contact. It can be seen that wear debris were trapped inside dimples which decreased the friction coefficient of the 
sample.  

REFERENCES 
 

[1] Dawit Zenebe Segu, Si Geun Choi, Jae hyouk Choi, Seock Sam Kim, “The effect of multi-scale laser textured surface on lubrication regime”, 
Applied Surface Science  vol 270, 2013, pp 58– 63. 

[2] Gattani, Vibhor, Nandakumar M. B, Vigneshwar Karthikeyan, and Dr. K. G. Sudhakar, “Laser Surface Texturing of Aluminium Silicon and 
Aluminium Bronze to Enhance Tribological Properties”, International Journal of Engineering Research, vol 4, 2015, pp 69-75. 

[3]  E. Gualtieri, A.Borghi, L.Calabri, N.Pugno, S.Valeri, “Increasing nanohardness and reducing friction of nitride steel by laser surface texturing”, 
Tribology International, vol 42, 2009, pp 699–705 

[4] Quanbo Shang, Aibing Yu, Jianzhao Wu, Chenchun Shi, Weiyang Niu, “Influence of heat affected zone on tribological properties of CuSn6 
bronze laser dimple textured surface”, Tribiology International, vol 22, 2016, pp 675-679. 

[5] Zhuo Wang, Yang-BoLi, FengBai, Cheng-WeiWang, Quan-ZhongZhao, “Angle-dependent lubricated tribological properties of stainless steel 
by femtosecond laser surface texturing”, Optics & Laser Technology, Vol 8, 2016, pp 60–66 

[6] D. Bhaduria,, A. Batala, S.S. Dimova, Z. Zhangb, H. Dongb, M. Fallqvistc, R. M Saoubid, “On design and tribological behaviour of laser 
textured surfaces”, Procedia CIRP, Vol 60, 2017, pp 20 – 25 

[7] X. Wang, K. Adachi, K. Otsuka, K. Kato, “Optimization of the surface texture for silicon carbide sliding in water”, Applied Surface Science, 
Vol 253, 2006, pp 1282–1286. 

[8] Izhak Etison, “State of the art in Laser Surface Texturing”, Journal of Tribology, Vol. 127, 2005, pp 19-22.  
[9] AndrewDunn, JesperV.Carstensen, KrystianL.Wlodarczyk, EricaB.Hansen, JackGabzdyl, PaulM.Harrison, JonathanD.Shephard, 

DuncanP.Hand, “Nano second laser texturing for high friction applications”, Optics an.d Lasers in Engineering, Vol 62, 2014, pp 9–16. 

4.42 

5.2 6.72 

3.4 
3.44 5.6 

2.45 2.8 

4.48 

7.46 

9.2 
12.8 

0

5

10

15

1  2  3  S
p
ec

if
ic

 w
ea

r 
ra

te
, 

1
0

-5
 (
m

m
3
/N

m
)  

Load (kg) 

10% 15% 20% Untexured

http://www.ijmrset.com/
http://www.ijmrset.com/


  International Journal Of Multidisciplinary Research In Science, Engineering and Technology (IJMRSET) 

     | ISSN: 2582-7219 | www.ijmrset.com |  

    | Volume 2, Issue 7, July 2019 | 
  

IJMRSET © 2019                                                                           www.ijmrset.com                                                                    1406 

 

 

 

[10] Daniel Braun, Christian Greiner, Johannes Schneider, Peter Gumbsch,“Efficiency of laser surface texturing in the reduction of friction under 
mixed lubrication”, Tribology International, vol 77, 2014, pp 142–147. 

[11] Bharatish, A., V. Harish, Ravi N. Bathe, J. Senthilselvan, and S. Soundarapandian. "Effect of Scanning Speed and Tin Content on the 
Tribological Behavior of Femtosecond Laser Textured Tin-bronze Alloy." Optics & Laser Technology, vol 108, 2018, pp 17-25. 

[12] V. Arumugaprabu, Tae Jo Ko, S. Thirumalai Kumaran, Rendi Kurniawan, M. Uthayakumar, “A Brief Review on Importance of Surface 
Texturing in Materials to Improve Tribological Performance”, Adv.Material Science, Vol 53, 2018, pp 44-48. 

[13] Etsion I, Kligerman Y, Halperin G, “Improving tribological performance of mechanical seals by laser surface texturing”. Int Pump Users 
Sympos, Vol 17, 2000, pp 17-21. 

[14] A.Riveiroa, SotoaJ, Vala, M.Boutinguizaa, QuinteroaF.LusquiñosaJ.Pou, “Texturing of polyprop0ylene (PP) with nanosecond lasers”, Applied 
Surface Science, Vol 374, 2016, pp 379-386 

[15] A. Riveiro, R. Soto, R. Comesa˜na, M. Boutinguiza, J. del Val, F. Quintero, F.Lusqui˜nos, J. Pou, “Laser surface modification of PEEK”, 
Applied Surface Science, Vol 258, 2012, pp 9437–9442. 

[16] D.B. Hamilton, J.A. Walowit, C.M. Allen, “A theory of lubrication by microirregularities”, Journal of Basic Engineering, Vol 88, 1966, pp 
177–185. 

[17] K. A. Keller, T.-I. Mah, “Phase formation in yttrium aluminum garnet powders synthesized by chemical methods”, Journal of materials science, 
Vol 35, 2000, pp 713– 717. 

[18] James A. Grant-Jacob, Stephen J. Beecher, Tina L. Parsonage, “An 11.5 W Yb:YAG planar waveguide laser fabricated via pulsed laser 
deposition”, optical materials express, Vol. 6, 2015, pp 314- 317. 

[19] J. Beecher, Stephen & A. Grant-Jacob, James & Hua, “Laser Performance of Yb-doped-Garnet Thin Films Grown by Pulsed Laser Deposition”, 
Vol 3, 2016, pp 101-105. 

[20] K. Sueda, S. Kawato, T. Kobayashi, “LD pumped Yb:YAG regenerative amplifier for high average power short-pulse generation”, Laser 
Physics, Vol 4, 2008, pp 271–275. 

[21] F.Gao, R.Liu, X.J.Wu, “Tribological behavior of T-401/tin–bronze composite coating deposited by HVOF on bushing of planet journals”, Wear, 
Vol 269, 2010, pp 724-732. 

[22] B.K. Prasad, Sliding wear behavior of bronzes under varying material composition, microstructure and test conditions, Wear, Vol 57, 2004, pp 
110–123 

[23] J.P. Pathak, S. Mohan, “Tribological behaviour of conventional Al–Sn and equivalent Al–Pb alloys under lubrication”, Material Science, Vol 
26 , 2003, pp 315–320 

[24] A. Tavakoli, R. Liu, X.J. Wu, “Improved mechanical and tribological properties of tin–bronze journal bearing materials with newly developed 
Tribaloy alloy additive”, Material Science Engineering, Vol 489, 2008, pp 389–402. 

[25] A. Ono, S. Takayanagi, H. Ishikawa, T. Tanaka, “Lead-free bearing material for highly loaded engines”, Auto Technologies, Vol 6, 2006, pp 
60–63. 

[26]  Kawachi, Toshiaki, Satoshi Takayanagi, Hiroyuki Asakura, and Hideo Ishikawa. "Development of Lead Free Overlay for Three Layer 
Bearings of Highly Loaded Engines." SAE Technical Paper Series, Vol 8, 2005, pp 341-346. 

[27] R. Walker, R. Aufischer, R. Mergen, D. Ciacci, “Advantages and Limitations of Lead-Free Bearing Materials”, Proceedings of the Spring 
Technical Conference of the ASME Internal Combustion Engine Division, Vol 24, 2006, pp 732-735. 

[28] M Aksoya, V Kuzucu, H Turhan, “A note on the effect of phosphorus on the microstructure and mechanical properties of leaded-tin bronze”, 
Journal of Materials Processing Technology, Vol 124, 2002, pp 113-119. 

[29] F.A. Sadykov, N.P. Barykkin, I.R. Aslanyan, “Wear of copper and its alloys with sub microcrystalline structure”, Wear, vol 649, 1999, pp 225–
229.  

[30] Alam, S., and R. I. Marshall. "The Testing Performance of Various Bronze Bushes." Journal of Physics D: Applied Physics, Vol 9, 1992, pp 
1340-344. 

[31] Prasad, B. K., A. K. Patwardhan, and A. H. Yegneswaran. "Factors Controlling Dry Sliding Wear Behaviour of a Leaded Tin Bronze." 
Materials Science and Technology, Vol 5, 1996, pp 427-35 

[32] Yuki Kuroiwa, Auezhan Amanov, Ryo Tsuboi ,Shinya Sasaki, Shinji Kato, “Effectiveness of surface texturing for improving the anti-seizure 
property of copper alloy”, Procedia Engineering Vol 68, 2013, pp 600 – 606 

[33] H Turhana, M Aksoy, V Kuzucu, .M Yıldırım, “The effect of manganese on the microstructure and mechanical properties of leaded-tin bronze”, 
Journal of Materials Processing Technology, Vol 114, 2001, pp 207-211. 

[34] F.Gao, R.Liu, X.J.Wu, “Tribaloy alloy reinforced tin–bronze composite coating for journal bearing applications”, Thin Solid Films, Vol 519, 
2011, pp 4809-4817. 

[35] Igor Velkavrha, Marco Lüchinger, Kerstin Kern, Stefan Klien, “Using a standard pin-on-disc tribometer to analyse friction in a metal forming 
process”, Tribology International, Vol 114, 2017, pp 418–428 

[36] Francis E.Kennedy, YuanLu, IanBaker, “Contact temperatures and their influence on wear during pin-on-disk tribotesting”, Tribology 
International, Vol 82, 2015, pp 534-542 

[37] N. Marjanovic, B. Tadic, B. Ivkovic, “Design of Modern Concept Tribometer with Circular and Reciprocating movement”, Tribometer for 
controlled lubricant studies, Vol 25, 1996, pp 315-318. 

[38] Lin, T.-W., A. Modafe, B. Shapiro, and R. Ghodssi. "Characterization of Dynamic Friction in MEMS-Based Microball Bearings." IEEE 
Transactions on Instrumentation and Measurement, Vol 3, 2004, pp 839-846. 

[39] D.N. Olaru, C. Stamate, A. Dumitrascu, G. Prisacaru , “New micro tribometer for rolling friction”, Wear, Vol 271, 2011, pp. 842-852 
[40] Balan, Mihaela Rodica D., Vasile Ciprian Stamate, Luc Houpert, and Dumitru N. Olaru. "The Influence of the Lubricant Viscosity on the 

Rolling Friction Torque", Tribology International, Vol 72, 2014, pp 1-12 
[41] Mohan, C.b., C. Divakar, K. Venkatesh, K. Gopalakrishna, K.s. Mahesh Lohith, and T.n. Naveen. "Design and Development of an Advanced 

Linear Reciprocating Tribometer", Wear, Vol 267, 2009, pp 111-116 
[42] Rajesh S. GodseShravan H. Gawande, Appasaheb. Keste, “Tribological Behavior of High Fraction Carbon Steel Alloys”, J Bio Tribo Corros, 

Vol 23, 2016, pp 25-29. 
[43] Paras Kumara, Harish Hiranib, Atul Agrawal, “Scuffing behaviour of EN31 steel under dry sliding condition using pin-on-disc machine”, 

Materials Today: Proceedings, Vol 2, 2015, pp 3446 – 3452. 
[44] I.S.Y. Ku, T.Reddyhoff, J.H.Choo, A.S.Holmes, H.A.Spikes, “A novel tribometer for the measurement of friction in MEMS”, Tribology 

International, Vol 43, 2010, pp 1087–1090. 
[45] https://www.maximizemarketresearch.com/market-report/global-laser-processing-market/8092/ 

http://www.ijmrset.com/
http://www.ijmrset.com/

