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Abstract: This survey includes two separate hybrid experiments: grene / graphite and fleash / graphite, 4 similar checks. 

Two independent Research Analysis of findings based on experimental and FEM models. Creation of engineered composite 

for piston ring material and performance-based testing. This survey study focuses on 7075 hybrid alloy composites in this 

modeling and experimental inquiry. The wear tests detected under SEM observation demonstrate oxide layer development, 

i.e. mechanical, iron- and aluminum-oxide mixed coating, which leads to the composite material's enhanced wear resistance. 

Sliding wear pattern and SEM tests splits are also well known. The Taguchi approach is used to refine experimental wear 

parameters. And the main parameters were load, followed by reinforcement and sliding speed. The required temperature 

and moving size parameters. FEM ring research indicates validity of the proposed piston ring material. And the stresses 

created in the piston configuration were found to be below normal limits. Based on various critical parameters for a material 

to be used as piston rind in comparative study, the contrast of conventionally used material and the composite created is 

seen. Another method of composite making as pow we can use metallurgy instead of stir-casting. 
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I. Introduction 

 

India is at a transition point, the country’s growth has been hindered by the large population and rising resource use. India is the 

sixth largest petroleum market. 75% of demand is provided. By improving engine fuel output, controlling fuel usage is extremely 

necessary [1]. Another critical concern is environmental security. We are also worried that the number of cars would increase in 

terms of air quality. With the rise in the number of cars, automobile industry requires to minimize pollution to regulate pollutant 

content under limits. In order to preserve public health, plants and property [2], the standard of air quality is required within a 

reasonable protection margin. 

 

Fuel efficiency and environmental security are primary issues in this modern period of growth in the automotive sector. Many 

researchers are working hard to increase engine performance and rising pollution. Friction losses from slipping piston ring / cylinder 

interaction constitute 20 percent of the overall mechanical losses in the motor. One approach to further improve the fuel consumption 

of an engine is to eliminate the liners and the piston ring of the cast iron cylinder and substitute them with light and thermally stable 

steel material, which effectively decreases automotive weight and lack of friction. 

Composite Al-alloy metal matrix ensures greater performance, reducing pollution. The pollution volume decreases with time. Old 

automobiles' emissions are higher. This increased pollution is induced by the wear of a piston seal. Emissions may be managed with 

the AMC by means of the worn column ring[6]. 

 

II. Review of Literature 

 

There was no piston at the steam turbines throughout the initial process. After that, John Rams bottom introduced the first ring for 

steam-engine, which was to compact the gas in the ring in 1854. After that, the researchers continued their attempts to develop the 

architecture and materials of the piston loop. In 1862, Miller invented a retrofitting Rams bottom ring design that allowed the ring's 

rear-side gas pressure to be optimized to provide improved screening. 

 

The efficiency of column rings for the column loop requires multiple layers. The coating is secured from serious abrasive and 

corrosive conditions by chromium on the boundary. The molybdenum coating offers dry self-lubrication and increases metal 

conductivity. 

 

This indicates the high carbon iron-molybdenum and Chrome silica composite low-temperature arc-vapor coatings have low-

temperature waste motor construction requirements. The experimentation experiments by Dowson et al. [11] have shown that above, 

under and behind the ring pressure includes results in the ring area as well as forces of inertia in the piston rings, as well as forces 

in relation to the engine rpm square operating upon other components of the corresponding bulky structure. 
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In the past 25 years, engines have improved considerably. Fresh, strong motors require strict maintenance procedures, even more 

than old motors. Basic revision processes remain approximately the same, but the restoration and rebuilding of each component 

becomes more important. Given continuous growth and piston study, its loss remains a widespread phenomenon. This is the only 

component of the engine that suffers malfunctions from various sources: mechanical heat stress, fatigue, high temperatures, 

oxidation, working conditions such as weak carburetor flow, delayed timing of the ignition and inadequate clearance of the piston 

cylinder. Low-octane gasoline, poor lubrication, heavy pressure etc. The growing demands for rgonomic, safer, quicker and more 

powerful engines have often raised the engine and control device failures, such as piston rings, proportionally. Many significant 

advances in the elimination and comprehension of failure processes have been made. Despite improvement, major problems 

continue to be addressed. [7] Following these changes. 

 

Glide well et al [17] also studied motor oils with and without frozen additives, finding that frolics with MoDTC are obviously fewer 

than those with non-friction-modified oils under totally flooded conditions. He measured the wear intensity using different friction 

modifiers (e.g., ZDDP, dialkyltheriocarbamate molybdenum (MoDTC)). 

 

 

Under hunger conditions friction that decrease to the same level as non-friction-modified oils with MoDTC changed oils. With era, 

MoDTC appears to have a decline in friction. It has been noted by Glaeser et al.[18] that gray cast iron, under the lubrication effects 

of the graphite process and the oil supply given by the graphite period, offers some reduction in frictional forces under the conditions 

of lubricating oil famine. 

 

Experiments with two ring-size and three-ring pistons from Takiguchi et al. [20] have shown that the numbers of rings impact the 

ring pack's frictional actions, but that the overall strength of the ring piston rings ultimately decides the losses of friction. In order 

to assess friction and wear actions of ring and liner components, the more realistic lubricants have been used in better laboratories 

by Truhan et al. [4]. (High duty SAE oil 15W40 aged 15W40 for aeronautical fuel oil standard mineral oil). In cameraman plint 

tests, the high-frequency test setup has been used and the specimen is a ductile chromium-coated block. The experimental tests of 

ring and cast iron flat were contrasted with the geometric sample tests.  

 

Singh et al. [5] discussed experimental computer modeling issues with the seizing loss of the piston. He claimed this was because 

the piston and cylinder filler were in close touch with the piston ring and had been exhausted. Mettle et al. [21] He examined 

emissions from IC engines and identified different sources of exhaust gas contaminants, and noticed that circular degradation was 

one of the causes of increased contamination. 

 

Since the al-based metal matrix combosites (MMCs) are extremely fascinating applications, in addition to their considerable 

mechanical strength including low mass, powerful elastic modules and power and reasonablefatigue effect. MMCs may be designed 

to adapt their properties to suit their individual requirements, rendering these styles of materials special in contrast to conventional 

non-reinforced products. 

 

Kamat et al. [22] have examined the composite alloy mechanical properties improved with aluminum and have found that the 

material efficiency and overall tensile strength improve with the volume change of the Al2O3 particle fraction. 

 

Breval [12] note that the stability, elasticity rating and the electric resistivity of the path to metal matrix composites for some 

components don't differ considerably below 25 Wt, although only minor metal additions improve the tightness of the fractures 

significantly. 

 

The PFMMC deformation phenomenon has been studied by Yoshihiro et al.[23] and found that the gradient of the material matrix 

is the key cause of the rise in plastic deformity resistance in the area. The manufacture of MMCs has several problems, including 

porosity creation, bad weathering and inadequate reinforcement delivery. The key challenge is to establish a balanced distribution 

of strengthening. For the standardized distribution of particles inside the matrix by the amount of experts, i.e. double stir casting 

techniques, a modern technique of producing cast aluminum matrix composite was used[25-30]. 

 

Number of researchers have investigated the mechanical characteristics of ceramic filled MMCs and recorded enhanced tensile 

power, robust modulus and wear resistance [36-39]. 

 

The Al2024 / Al2O3p composite was formed and their mechanical properties studied by Azim et al. [40]. They found that the 

composite’s production strength improved as the ultimate stress intensity and ductility declined as the thickness of the ceramic filler 

grew. Ceramic materials have a wide propensity for refractory and high-temperature applications and are hence among the favored 

products in the manufacture of particulate metal matrix composites used as reinforcement. 

 

The microstructural factors that regulate the strength and ductility of particle reinforced metal matrix composites were investigated 

by Llorca and Gonzalez[41] and microstructural factors may be incorporated in order to achieve an optimal balance of strength and 

ductility. 
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In situ, a stirring, Tee et al. [42], developed the Al-TiB2 group. The authors found that the composite tensile power, but its ductility 

displayed a lower value, was twice that of the non-reinforced matrix. 

 

Metallic compounds on site (with an exothermic detector produced by elements or elements and compounds on site) Tjong and Ma 

[43] investigated on site the mechanical and mechanical properties of these metallic compounds. 

 

III. Conclusion and future work 

 

The research reported in this survey papers includes two separate hybrid experiments: grene / graphite and fleash / graphite, 4 

similar checks. Two independent Research Analysis of findings based on experimental and FEM models. Creation of engineered 

composite for piston ring material and performance-based testing. This survey study focuses on 7075 hybrid alloy composites in 

this modeling and experimental inquiry. The wear tests detected under SEM observation demonstrate oxide layer development, i.e. 

mechanical, iron- and aluminum-oxide mixed coating, which leads to the composite material's enhanced wear resistance. Sliding 

wear pattern and SEM tests splits are also well known.  

There may also be other available filler, which should be studied properly. 

2. Another method of composite making as pow we metallurgy may be used in place of stir-casting. 

3. To see more real results for the ring performance, experimental set-up can be improved. 

 

References 

[1] Open government data platform India．[Online]https://data.gov.in． 

[2] The Air (Prevention and Control of Pollution) Act, 1981, Delhi Department of Environment ，1983． 

[3] Yeow-Chong Tan, Zaidi Mohd Ripin,(2011),Frictional behavior of piston rings of small utility two-stroke engine under 

secondary motion of piston, Tribology International 44,592–602 

[4] John J. Truhana,Jun Qu, Peter J. Blau,(2005), A rig test to measure friction and wear of heavy duty diesel engine piston rings 

and cylinder liners using realistic lubricants. 

[5] O.P. Singh,Yogesh Umbarkar,T. Sreenivasulu,E. Vetrivendan,M. Kannan, Y.R. Babu, (2013), Piston seizure investigation: 

Experiments, modeling and future challenges, Engineering Failure Analysis,28,302–310 

[6] E. Ramjee and K. Vijaya Kumar Reddy, “Performance analysis of a 4-stroke SI engine using CNG as an alternative fuel”, 

Indian Journal of Science and Technology, Vol. 4, No. 7, July 2011. 

[7] Peter Andersson, Jaana Tamminen & Carl-Erik Sandström,(2002), Piston ring tribology,A literature survey, VTT Industrial 

Systems, VTT research notes 2177. 

[8] Jayakumar Lakshmipathy,Balamurugan Kulendran (2014),Reciprocating wear behavior of 7075Al/SiC in comparison 

with6061Al/Al2O3 composites. 

[9] Maass, H. and Klier, H. Kräfte, Forces, moments and their equilisation in internal combustion engines / in German. Die 

Verbrennungskraftmaschine, Neue Folge, Band 2. Vienna, Austria, 1981, Springer-Verlag, 422 p. ISBN 3-211-81677-1. 

[10] Ejakov, M. A., Diaz, A. R. and Chock, H. J. Numerical optimization of ring-pack behavior. Society of Automotive Engineers, 

Inc., 1999, SAE Paper 1999-01-1521, 12 p. 

[11] Dowson, D. Piston assemblies; background and lubrication analysis. In: Taylor, C.M. (ed.). Engine Tribology. Elsevier, 

1993, Tribology series, 26, pp. 213–240. ISBN 0-444-89755-0   

[12] Röhrle, M. D. Pistons for internal combustion engines – fundamentals of piston technology, MAHLE GmbH. Verlag 

Moderne Industrie. Landsberg/Lech, Germany.1995. p. 70 

[13] Haddad. S. D. and Tjan, K.-T. An analytical study of offset piston and crankshaft designs and the effect of oil film on piston 

slap excitation in a diesel engine. Mechanism and Machine Theory, 30(1995)2, pp. 271–284. 

[14] Chittenden R. J. and Priest M. Analysis of the piston assemply, bore distortion and future developments. In: Taylor, C.M. 

(ed.). Engine Tribology. Elsevier, 1993, Tribology series, 26, pp. 241–270. ISBN 0-444-89755-0. 

[15] Dufrane, K. F. Wear performance of ceramics in ring/cylinder applications. Journal of the American ceramic Society, 

72(1989)4, pp. 691–695. 

[16] Haselkorn, M. H. and Kelley, F. A. Development of wear resistant ceramic coatings for diesel engines, SAE Proceedings of 

the Annual Automotive Technology Development Contractors Co-ordination Meeting, 1992, pp. 417–424. 

[17] Glidewell, J. and Korcek, S. Piston ring / cylinder bore friction under flooded and starved lubrication using fresh and aged 

engine oils. Society of Automotive Engineers,Inc., 2010, SAE Paper 982659, 10 p. 

[18] Glaeser, W. A. and Gaydos, P. A. Development of a wear test for adiabatic diesel ring and liner materials. ASTM 2009, Proc 

Symp wear test selection for design and application, Dec 2 1992. Miami, FL, USA, ASTM Philadelphia PA, 0066-0558 ASTTA8, 

ASBN 0-8031-1856-2, pp. 1–16. 

[19] Dearlove, J. and Cheng, W. K. Simultaneous piston ring friction and oil film thickness measurements in a reciprocating test 

rig. In: Recent snapshots and insights into lubricant tribology (SAE SP-1116), Warrendale, USA, 2012, SAE International, SAE 

Technical Paper Series 952470, pp. 29–38. 

[20] Takiguchi, M., Ando, H., Takimoto, T. and Uratsuka, A. Characteristics of friction and lubrication of two-ring piston. JSAE 

Review, 17(2011)1, pp. 11–16. 

[21] Nitesh Mittal, Robert Leslie Athony, Ravi Bansal, C. Ramesh Kumar, (2013),Study of performance and emission 

characteristics of a partially coated LHR SI engine blended with n-butanol and gasoline, Alexandria Engineering Journal,52, 285–

293 

http://www.ijsdr.org/


ISSN: 2455-2631                                             © April 2020 IJSDR | Volume 5, Issue 4 

IJSDR2004085 International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org 468 

 

[22] S.V. Kamat, S.P. Hirth and R.M. Mehrabin, 1989, Mechanical properties of particulate-reinforced aluminum-matrix 

composites, Acta Metallurgy, 37, 2395.   

[23] Breval E, (1995). Synthesis routes to metal matrix composites with specific properties: a review, Composites Engineering, 

Vol. 5, No. 8. pp. 1127-l133. 

[24] Mahendra, K.V. and Radhakrishna, K., 2007, “Castable Composites and their Application in Automobiles”, Proceedings of 

the Institution of Mechanical Engineers, Part D: Journal of Automobile Engineering, 221, pp. 135-140. 

[25] Rohatgi, P.K., Asthana, R. and Das, S., 1986, Solidification, Structures, and Properties of Cast Metal-Ceramic Particle 

Composites, International Metals Reviews, 31, pp. 115-138. 

[26] Lakshmi S, Lu L, Gupta M, 1998, In situ preparation of TiB2 reinforced Al based composites. J Mater Process 

Technol;73:160–6. 

[27] Natarajan S, Naraynasamy R, Kumaresh Babu SP, Dinesh G, Anil kumar B, Sivaprasad K., 2009, Sliding wear behaviour of 

Al 6063/TiB2 in situ composites at elevated temperatures. Mater Des,30:2521–31. 

[28] B.N. Pramila Bai, B.S. Ramasesh, M.K. Surappa. 1992, Dry sliding wear of A356–Al–SiCp composites. Wear 157:295–

304. 

[29] S.C.  Sharma,  2001,  The  sliding  wear  behavior  of  Al6061–garnet  particulate composites, Wear, 249, 1036–1045 

[30] P.R.S.Kumar, S. Kumarn, T. Srinivasa Rao, S. Natarajan, 2010, High temperature sliding wear behavior of press-extruded 

AA6061/fly ash Composite, Materials Science and Engineering A 527, 1501–1509 

[31] Jayakumar Lakshmipathy, Balamurugan Kulendran, 2014, Reciprocating wear behavior of 7075Al/SiC in comparison with 

6061Al/Al2O3 composites, Int. Journal of Refractory Metals and Hard Materials 46 (2014) 137–144. 

[32] Himanshu Kala, K.K.S Mer, Sandeep Kumar, 2014, A Review on Mechanical and Tribological Behaviors of Stir Cast 

Aluminum Matrix Composites, Procedia Materials Science 6, 1951 – 1960. 

[33] S. Suresh, N. Shenbaga Vinayaga Moorthi, S.C. Vettivel, N. Selvakumar, 2014,Mechanical behavior and wear prediction of 

stir cast Al–TiB2 composites using response surface methodology, Materials and Design ,59 383–396 

[34] J.F. Archard, Contact and rubbing of flat surfaces, J. Appl. Phys. 24,(1953) 981– 987. 

[35] S. Kumar, M. Chakraborty, V. Subramanya Sarma, B.S. Murty, 2008, Tensile and wear behaviour of in situ Al–7Si/TiB2 

particulate composites, Wear 265, 134– 142. 

[36] Dipti Kanta Das, Purna Chandra Mishra, Saranjit Singh,Ratish Kumar Thakur,2014, Properties of ceramic-reinforced 

aluminium matrix composites - a review, J Mechanical and Materials Engineering,1:12. 

[37] Adel Mahamood Hassan, Abdalla Alrashdan, Mohammed T.Hayajneh, Ahmad Turki Mayyas, 2009, Wear behavior of Al–

Mg–Cu–based composites containing SiC particles, Tribology International 42, 1230–1237. 

[38] Devaraju Aruria, Kumar Adepua, Kumaraswamy Adepub, Kotiveerachari Bazavadaa, Wear and mechanical properties of 

6061-T6 aluminum alloysurface hybrid composites [(SiC + Gr) and (SiC + Al2O3)]fabricated by friction stir processing. 

[39] K. Umanath, K. Palanikumar, S.T. Selvamani , 2013, Analysis of dry sliding wear behaviour of Al6061/SiC/Al2O3 hybrid 

metal matrix composites, Composites: Part B 53,159–168 

[40] A.N. Abdel-Azim, Y. Shash, S.F. Mostafa, A. Younan, 1995, Casting of 2024-A1 alloy reinforced with A12O3 particles, 

Journal of Materials Processing Technology 55, 199-205. 

[41] Llorca J and Gonzalez C, (1998). Microstructural factors controlling the strength and ductility of particle-reinforced metal-

matrix composites, J. Mech. Phys. Solids, Vol. 46. No. 1, pp. 1-27. 

[42] K.L. Tee, L. Lu, M.O. Lai, 1999, Synthesis of in situ Al-TiB2 composites using stir cast route, Composite Structures 47, 

589-593. 

[43] Tjong S.C and Ma Z.Y, (2000). Microstructural and mechanical characteristics of in situ metal matrix composites, Materials 

Science and Engineering, 29:49-113. 

[44] Veeresh Kumar, GB, Rao, CSP, Selvaraj, N, & Bhagyashekar, MS. (2010). Studies on Al 6061-SiC and Al 7075-Al2O3 

metal matrix composites. Journal of Minerals & Materials Characterization & Engineering, 9(1), 43–55. USA. 

[45] Ju D.Y, (2000). Simulation of thermo-mechanical behavior and interfacial stress of metal matrix composite under thermal 

shock process, Composite Structures, 48:113-117.   

[46] Ruggles M.B, (1997). Experimental investigation of uniaxial and biaxial rate-dependent behavior of a discontinuous metal-

matrix composite at 538 °C. Composites Science and Technology, 51:307-317. 

[47] Spiridonova I. and Sukhova O, (2002). Cr-20Ti-10C particulate metal matrix composites, physics and chemistry of solid 

state, v. 3, No.3, p. 503-506. 

[48] Taha M.A and El-Mahallawy N.A.E, (1999). Metal–matrix composites fabricated by pressure-assisted infiltration of loose 

ceramic powder, Journal of Materials Processing Technology, 73:139–146. 

[49] Cordovilla C.G, Narciso J and Louis E, (1996). Abrasive wear resistance of aluminium alloy /ceramic particulate composites, 

Wear, 192:170-176. 

[50] K.K. Alaneme, B.O. Ademilua, M.O. Bodunrin, 2013, Mechanical Properties and Corrosion Behaviour of Aluminium 

Hybrid Composites. 

[51] Kouzeli M, Weber L, Marchi C.S and Mortensen A, (2001). Influence of damage on the tensile behavior of pure aluminium 

reinforced with ≥ 40 vol. pct alumina particles, Actamater, 49:3699–3708. 

[52] X.M. Li, M.J. Stranik, Effect of compositional variations on characteristics of coarse intermetallic particles in overaged 7000 

aluminium alloys, Mater. Sci. Technol. 17 (2001) 1324–1327. 

[53] A.N. Abdel-Azim, M.A. Kassem, Z.M. El-Baradie, M. Waly, 2002, Structure and properties of short alumina fibre reinforced 

AlSi18CuNi produced by stir casting, Materials Letters 56, 963– 968. 

http://www.ijsdr.org/


ISSN: 2455-2631                                             © April 2020 IJSDR | Volume 5, Issue 4 

IJSDR2004085 International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org 469 

 

[54] Tzamtzis S, Barekar N.S, Babu N.H, Patel J, Dhindaw B.K and Fan Z, (2009). Processing of advanced Al/SiC particulate 

metal matrix composites under intensive shearing – A novel Rheo-process, Composites: Part A, 40:144–151. 

[55] Xu N and Zong B.Y, (2008). Stress in particulate reinforcements and overall stress response on aluminium alloy matrix 

composites during straining by analytical and numerical modeling, Computational Material Science, 43:1094-1100. 

[56] Zong B.Y, Zhang F, Wang G and Zuo L, (2007). Strengthening mechanism of load sharing of particulate reinforcements in 

a metal matrix composite, J Mater Sci, 42:4215–4226. 

[57] Chou S.N, Huang J.L, Lii D.F and Lu H.H, (2007). The mechanical properties and microstructure of Al2O3/aluminum alloy 

composites fabricated by squeeze casting, Journal of  lloys and Compounds, 436:124–130.        

[58] M. Kok, 2006, Abrasive wear of Al2O3 particle reinforced 2024 aluminium alloy composites fabricated by vortex method, 

Composites: Part A 37,457–464. 

[59] Keneth Kanayo Alaneme, Idris B. Akintunde, Peter Apata Olubambib, Tolulope M. Adewale, 2013, Fabrication 

characteristics and mechanical behavior of rice husk ash–Alumina reinforced Al-Mg-Si alloy matrix hybrid composites, J. Mater. 

Res. Technol. 2(1):60-66. 

[60] Mahendra Boopathi, K.P. Arulshri , N. Iyandurai, 2013, Evaluation of mechanical properties of aluminium alloy 2024 

reinforced with silicon carbide and fly ash hybrid metal matrix composites, American Journal of Applied Sciences, 10 (3): 219-

228. 

[61] Jayaram, V, & Biswas, SK. (1999). Wear of Al2O3-SiC-(AlSi) melt oxidised ceramic composites. Wear, 225–229, 1322–

1326. Elsevier, United Kingdom. 

[62] Kumar G.B.V, Rao C.S.P and Selvaraj N, (2011). Mechanical and tribological behavior of particulate reinforced aluminum 

metal matrix composites – a review, Journal of Minerals & Materials Characterization & Engineering, Vol. 10, No.1, pp.59-91. 

[63] S.C. Sharma, G. Ranganath, Dry sliding wear of garnet reinforced zinc/aluminum metal matrix composites. Wear 

2001;251:1408–1413. 

[64] S.C. Sharma,(2001),The sliding wear behavior of Al6061–garnet particulate composites, Wear,249,1036–1045 

[65] Sannino, A.P. and Rack, H.J. 1995. Dry Sliding Wear of Discontinuously Reinforced 

[66] Narayan M, Surappa M.K and Bai B.N.P, (1995). Dry sliding wear of Al alloy 2024-A1203 particle metal matrix composites, 

Wear, 181-183:563-570. 

[67] Pruthviraj R. D., (2011). Wear characteristics of chilled zinc-aluminium alloy reinforced with silicon carbide particulate 

composites, Res. J. Chem. Sci., Vol. 1 (2):17-24. 

[68] Wang S.R, Geng H.R, Wang Y.Z and Zhang J.C, (2006). Microstructure and fracture characteristic of Mg–Al–Zn–Si3N4 

composites, Theoretical and Applied Fracture Mechanics, 46:57–68. 

[69] Ye H, (2003). An overview of the development of Al-Si-alloy based material for engine applications, Journal of Materials 

Engineering and Performance, 12:288-296.  

[70] Prasad S.V and Asthana R, (2004). Aluminum metal–matrix composites for automotive applications: tribological 

considerations, Tribology Letters, Vol.17, No.3:445-453. 

[71] Arik H, Ozcatalbas Y and Turker M, (2006). Dry sliding wear behavior of in situ Al–Al4C3 metal matrix composite produced 

by mechanical alloying technique, Materials and Design, 27:99–804. 

[72] Kennedy F.E, Balbahadur A.C and Lashmore D.S, (1997). The friction and wear of Cu-based silicon carbide particulate 

metal matrix composites for brake applications, Wear, 203-204:715-721. 

[73] Lim L.G and Dunne F.P.E, (1996). The effect of volume fraction of reinforcement on the elastic-viscoplastic response of 

metal-matrix composites, Int. J. Mech. Sci. Vol. 38, No. l, pp. 19- 38. 

[74] Dogan O.N, Hawk J.A, Tylczak J.H, Wilson R.D and Govier R.D, (1999). Wear of titanium carbide reinforced metal matrix 

composites, Wear, 225–229:758–768. 

[75] Gurcan A.B and Baker T.N, (1995). Wear behaviour of AA6061 aluminium alloy and its composites, Wear, 188:185-191. 

[76] C. G. Cordovilla, J. Narciso, E, Louis. Abrasive wear resistance of aluminum alloy /ceramic particulate Composites. Wear 

1996;192:170-176. 

[77] Zarghani A.S, Bozorg S.F.K and Hanzaki A.Z, (2011). Wear assessment of Al/Al2O3 nano-composite surface layer produced 

using friction stir processing, Wear, 270: 403–412. 

[78] Shivamurthya R.C and Surappa M.K, (2011). Tribological characteristics of A356 Al alloy–SiCP composite discs, Wear, 

271:1946– 1950. 

[79] P. S. Shenoy and A. Fatemi, “Dynamic Analysis of Loads and Stresses in Connecting Rods”, Journal of Mechanical 

Engineering Science, 2006, Vol. 220, No. 5. 

[80] P. S. Shenoy and A. Fatemi, “ Connecting Rod Optimization for Weight and Cost Reduction”, SAE Paper No. 2005-01-

0987, SAE 2005 Transactions: Journal of Materials and Manufacturing . 

[81] P. Gudimetal P. and C. V. Gopinath, “ Finite Element Analysis of Reverse Engineered Internal Combustion Engine Piston”,© 

King Mongkut‟s University of Technology,Bangkok, Thailand, AIJSTPME, 2008. 

[82] Ajay Raj Singh, Dr. Pushpendra Kumar Sharma,( 2014) Design, Analysis and Optimization of Three Aluminium Piston 

Alloys Using FEA, Journal of Engineering Research and Applications,ISSN : 2248-9622, Vol. 4, Issue 1 Version 3, pp.94-102 

[83] Segurado J and LLorca J, (2004). A new three-dimensional interface finite element to simulate fracture in composites, 

International Journal of Solids and Structures, 41:2977–2993. 

[84] Prabua S.B, Karunamoorthy L and Kandasami G.S, (2004). A finite element analysis study of micromechanical interfacial 

characteristics of metal matrix composites, Journal of Materials Processing Technology, 153–154:992–996. 

[85] Ganguly P and Poole W.J, (2003). In situ measurement of reinforcement stress in an aluminum-alumina metal matrix 

composite under compressive loading. 

http://www.ijsdr.org/


ISSN: 2455-2631                                             © April 2020 IJSDR | Volume 5, Issue 4 

IJSDR2004085 International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org 470 

 

[86] Prabu S.B and Karunamoorthy L, (2008). Microstructure-based finite element analysis of failure prediction in particle-

reinforced metal–matrix composite, Journal of Materials Processing technology, 207:53–62. 

[87] Ying Yu, Hitoshi Ishii, Keiichiro Tohgo, Young Tae Cho, Dongfeng Diao, 1996. Temperature dependence of sliding wear 

behavior in SiC whisker or SiC particulate reinforced 6061 aluminum alloy composite. Wear, 213, 21-27. 

[88] How, H.C, Baker, T.N., 1996. Dry sliding wear behaviour of Saffil-reinforced AA6061 composites. Wear. 210, 263-272. 

[89] Hongya Xua, Fen Wangb, Jianfeng Zhub, Yuxing, Xie, 2011. Microstructure and Mechanical Properties of HoAl-Al2O3/Ti 

Al Composite, Materials and Manufacturing Processes, 26 (4), 559 561. 

[90] Taguchi G and Konishi S, (1987).Taguchi Methods: Orthogonal Arrays and Linear Graphs; Tools for Quality Engineering, 

American Supplier Institute Inc., Dearborn, MI. 

[91] Taguchi G, (1990). Introduction to Quality Engineering, Asian Productivity Organization, Tokyo. 

[92] Phadke M.S, (1989). Quality Engineering using Robost Design, Prentice- Hall, Materials and Design. vol. 31, pp. 837–848. 

[93] Wu Y and Moore W.H, (1986). Quality Engineering: Product & Process Design Optimization, American Supplier Institute 

Inc., Dearborn, MI. 

[94] Shoemaker A.C and Kackar R.N, (1988). A methodology for planning experiments in robust product and process design, 

Qual. Reliab. Eng. Int. 4:95– 103. 

[95] Phadke M.S and Dehnad K, (1988). Optimization of product and process design for quality and cost. Qual. Reliab. Eng. Int. 

4:105–112. 

[96] Surajit Sengupta. Wate absoption of jute needle-punched nonwoven fabric. Indian Journal of Fiber and Textile Research. 

2008. vol. 34, pp. 345-351. 

[97] B.N. Ramesh, B. Suresha. Optimization of tribological parameters in abrasive wear mode of carbon-epoxy hybrid 

composites. 2014. vol. 59, pp. 38-48. 

[98] Siddhartha, Amar Patnaik, Amba D. Bhatt. Mechanical and dry sliding wear characterization of epoxy–TiO2 particulate 

filled functionally graded composites materials using Taguchi design of experiment. 2011. Materials and Design. vol.32, pp.615–

627 

[99] Amar Patnaik, Md Abdulla, Alok Satapathy, Sandhyarani Biswas, Bhabani K. Satapathy. A study on a possible correlation 

between thermal conductivity and wear resistance of particulate filled polymer composites. 2010. Materials and Design. vol. 31, 

pp. 837–848. 

[100] PatnaikA, SatapathyA, MahapatraSS, DashRR.,2009,Tribo-performanceofpolyester hybrid composites: damage assessment 

and parameter optimization using Taguchi design. Mater Des;30:57–66. 

[101] Srimant Kumar Mishra, Sandhyarani Biswas, Alok Satapathy,2014, A study on processing, characterization and erosion 

wear behavior of silicon carbide particle filled ZA-27 metal matrix composites, Materials and Design 55, 958–965 

[102] Siddhartha Prabhakar N, Radhika.N , Raghu.R ,2014, Analysis of tribological behavior of aluminium/B4C composite under 

dry sliding motion, Procedia Engineering 97 ,994 – 1003 

[103] A.Baradeswaran, A.Elayaperumal, R. Franklin Issac,2013, A Statistical Analysis of Optimization of Wear Behaviour of 

AlAl2O3 Composites Using Taguchi Technique, Procedia Engineering, 64, 973 – 982 

[104] S. Basavarajappa, G. Chandramohan , J. Paulo Davim,2007, Application of Taguchi techniques to study dry sliding wear 

behaviour of metal matrix composites, Materials and Design 28 , 1393–1398 

[105] Y. Sahin, 2005, Optimization of testing parameters on the wear behaviour of metal matrix composites based on the Taguchi 

method, Materials Science and Engineering A 408, 1–8 

[106] RavindraSingh Rana, Rajesh Purohib, Anil kumar Sharma, Saraswati Rana,2014, Optimization of Wear Performance of Aa 

5083/10 Wt. % Sicp Composites Using Taguchi Method Procedia Materials Science 6, 503 – 511  

http://www.ijsdr.org/

