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ABSTRACT

The main aim of this research was to analyze théopeance of hybrid composite piston. The develaopmé
materiasl provided numerous possibilities for weigbduction and observed significant improvementpioperties.
The hybrid composite was made of Al2024, Silicorbida and Fly ash. The piston model was create8@LISWORKS
and thermal analysis was done on ANSYS 14.5. Al2Bi24and Fly ash hybrid composite material showetter wear
resistance, Corrossion resistance, High tensileergjth, Impact strength, Hardness and low densitynpared to

Aluminium alloys.
KEYWORDS: Ansys14.5A12024, Fly Ash, Hybrid Composite, Silicon Carhigelid Works
INTRODUCTION

A piston is a heart which plays a major role obrking of an engine. The thermal and mechanicalitapacts
on the piston during its operation. The main paftthe piston are crown, piston rings, hubs and.skhe crown, is very
important in the design of a piston, supports meids as well as thermal loads and affects hardesvrmation.
The selection of piston material has an importate m its operation and performance. Aluminiunogd are commonly
used piston material, but it has problems like sibraand scratching. General trends in piston desigudes minimizing
of piston weight and cooperating components, irsreangine mechanical efficiency, piston reliabiiyd durability.
These things are achieved by introducing new nefechange geometry. The change of monolithic natstructure
caused by introduction to matrix material reinfagcphase result in improvement in the relation tmaiithic material [1].
Analysis of the piston would help to get the idd@ether the design is safe or not and what furthanges can be made in
the design considering in mind the reduction of wwight of the piston i.e. works towards the weighihimization.

The analysis can be done to change in materitleopiston can be changed for better strengthightiweight

A composite piston is made of metal matrix offeightstrength retention on ageing even in sevev@@mments.
AL, silicon carbide and Tib2 are found have lesdeformation, lesser stress, and good temperatistgbdtion [2].
Stress distribution of the piston mainly dependgrendeformation of piston. [3]. the weight redonthas been achieved

by both design and material optimization. The werglduction that is being achieved by 23.09 %. Ftoeir analysis, the
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optimized design silumin piston has low deformatéon equivalent strain values compared to Exigliegign aluminium
alloy piston deformation and equivalent strain esluSo, the optimized design silumin piston camuded to reduce the
cost of the material and the weight of the engiaer be minimized to improve the efficiency, sic prods less stress
concentration and higher reliability as comparedAtominum 6061.The composite a piston is capablavitfistanding

heavy loads under very severe environments [4].

Aluminum matix compaite was successiully obtained ging the self- propagating high tempatue SIC paticulates
as a reinforcement mateéal. The compsete was found to besupeior in mechanical pgormance to these d the
compaite reinforced with the conventional absive gradeSic paticulates. High interfacial bondstrengthwas observed
betwveen SIC and aluminum mai [5]. Aluminum based metal matrix composite camitag up to 15wt.% of SiC
particles are synthesized using stir-cast methodcrbbtructural studies have shown near unifornridigton of SiC
particulates in the longitudinal direction. Micmsttural so showed the uniform distribution alohg tross section of the
specimen. Friction and wear behavior is studiedsigg the computerized pin on disc wear testinghime. Resistance to
wear has increased with increase in silicon carlpiddicles. But wear has increased with a normad land sliding

velocity. Hardness has increased with increasdiaos carbide particles [6].

A hardness of aluminum (Al6061) is increased fro@BHN to 88BHN with an addition of fly ash and
magnesium. Fly ash up-to 15% by weight can be sstalty added aluminum 6061 alloy by stir castingte to produce
composites. The Ultimate tensile strength has imgulowith increase in fly ash content. Whereas titictias decreased
with increase in fly ash content. Compressive gfiferincreases with the increase in reinforceme®o[f}. Al- fly
composite can be used for automotive and othericgtipins and show details on environmental andgnkenefits. The
potential cost, energy, and pollution savings assalt of incorporation of fly ash are aluminumhisge. The potential
reduction in cost and energy content of individmato parts, energy consumption, and emissionsaltietreplacement of

20% aluminum by fly ash show the substantial beéméfising ALFA composites [8].

The coefficient of thermal expansion of pure Al taining 65 volume % of hollow fly ash particles asufjgested
that Composites with a lower coefficient of therragpansion can be made by incorporating cenosphiadss controlling
the processing parameter for a given volume fractib reinforcement. Composite synthesized at dffeémpressure for
different infiltration time (min) and came to coudk that increase in the infiltration pressure &miperature improves the

infiltration and decreases the entrapped air vaids result of which lower the coefficient of et expansion[9].
Hybrid Composites

Hybrid materials are materials made by combining tw more different types of fibers in a common nixat
They offer a wide range of properties which carfmmbbtained with a single matrix reinforcementdsgess low density,

high strength, superior creep resistance, high dagnmesistance and good dimensional stability.

Material Used
Aluminium Alloy 2024

2024 aluminium alloy is an aluminium alloy, witbpgper as the major alloying element.it is usedpipliaations

requiring high strength, weight ratio, as wellga®d fatigue resistance.it has a density of 2.#8y/c

NAAS Rating: 2.73- Articles can be sent to editor @ mpactjournals.us




| Structural Analysis of Hybrid Composite Piston for |C Engine 3 |

Silicon Carbide

Silicon carbide is the only chemical compound afoca and silicon.it is an excellent abrasive.ih@&ving low
density, high strength, high elastic modulus, highermal conductivity, excellent thermal shock resise.
Elevated temperature performance and the factttiegt reported only a 35% loss of strength at I835Gand its melting
point is 27001C.

Fly Ash

Fly ash is one of the most inexpensive and lowsilgmeinforcement available in large quantitiessabd waste
by-product during combustion of coal in thermal powlants. They constitute mostly of silicon diaxidcaluminum
oxide/alumina, and iron oxide. Fly ash particles arostly in shape and range from less tham 1o 10Qum.it is having
high electrical resistivity, low thermal conductivi The density of composite (Al2024, Sic and Fghrndecreased by

increasing the content of Silicon carbide and fijg.a
Properties of Hybrid composite (Al2024, Sic &Fly ak)

Table 1: Mechanical Properties

Density 2060 Kg/m?
Ultimate tensile strength 293MPa
Youngs modulus 99GPa
Poissons ratio 0.29

Hardness 95.7BHN
Thermal Conductivity 188.9 W/mk

Piston Manufacturing -Stir Casing Method

The Stir casting method (also called liquid statthad) is used for the hybrid composite materiabsi€ation, in
which a dispersed phase is mixed with a molten imatetal by means of mechanical stirring. The lijgomposite
material is then cast by conventional casting n@dhand may also be processed by conventional nf@taling
technologies. In this study, the aluminium-Sic,nailtbum- fly ash, aluminum-Sic-fly ash and aluminuly-dsh-Sic metal
matrix hybrid composite was prepared by stir castioute. For this required amount of aluminum hasrbchosen and
Sic, fly ash, Sic-fly ash mixtures in powder forithe fly ash and Sic and their mixture were pretee&te300°C for three
hours to remove moisture. Pure aluminum was mehed resistance furnace. The melt temperature w@sed up to
720°C and then the melt was stirred with the hélp mild steel turbine stirrer. The stirring wasintained between 5 to 7
min at an impeller speed of 200 rpm. To increase wettability, 1.5% of pure Mg was added with adinposites.
The melt temperature was maintained 700°C durirgg atidition of Mg, SiC, fly ash, SiC-fly ash mixtuparticles.
The dispersion of flash and other particles wetdeaed by the vortex method. The melt with reinémt@articulates was
poured into the preheated permanent metallic nidié. pouring temperature was maintained at 680°€.riélt was then

allowed to solidify in the mold. The metal matriyltid composites that we obtained.
DESIGN AND ANALYSIS OF PISTON

The Hybrid composite piston is designed with thép hef machine design text book and data book. Risto
dimensions are calculated and solid model is cdeiat&OLIDWORKS 2013.Designed model of the pistoimiported to
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ANSYS 14.5 For analysis. The structural analysipagformed on ANSYS 14.5 WORKBENCH. Principle vieofsthe

piston are shown in figure 1 an isometric viewigufe 2.

¥

Figure 1: Orthographic Projection of Piston

Figure 2: Isometric View of Piston

The pressure is taken as a boundary conditiontfoctsiral analysis due to combustion pressure@tthe piston
head during the power stroke. The piston is commetd connecting rod at small end bearing withhiék of gudgeon pin
which works as a fixes support. Because fixed stpp@iven at surface of pinhole. Frictionless oy has given on skirt

and land. The pressure acting on the piston=5N/mm2

0015 0.043

Figure 3: Boundary Condition-Pressure




RESULTS AND DISCUSSIONS
Total Deformation
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Figure 4: Total Deformation on Hybrid Composite Pigon
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Figure 5: Total Deformation on Aluminium Alloy Piston

The figure 4 and 5 shows the total deformationydirid and aluminium alloy piston during applicatiohload.
From the figures, it is observed that total defdiotaof hybrid composite piston(2.2298x1n) is less than Aluminium
alloy(3.0629x1G m).
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EQUIVALENT (VON-MISES STRESS)

B: Static Structural

Equivalent Stress

Type: Equivalent (van-Mises) Stress
Unitz Pa .

Tirmei 1
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Figure 6: Von-Mises Stress on Hybrid Composite Pish
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Figure 7: Von-Mises Stress on Aluminium Alloy Pista

From the above figures 6 and 7, it is evident Sta¢ss concentration found to be less on hybrigbpisompared
to aluminium alloy.

EQUIVALENT STRAIN (VON-MISES STRAIN)

B: Static Structural
Equivalent Elsstic Strain

Type: Equivalent Elastic Strain-
Uit rrifen
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Figure 8: Von-Mises strain on Hybrid Composite Pisbn
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sStatc Sructurd
Equivalent Elastic Strain
Type: Equivalent Elastic Strain
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The maximum von-mises strain on hybrid compositetopi is 0.0022556 and minimum is 1.6434%10
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Figure 9: Von- Mises Strain on Aluminium Alloy

The maximum and minimum von-mises strain on alumiralioy is 0.0031726 and 2.2586X1(rhe Strain found to be in

a hybrid composite piston.
CONCLUSIONS

A hybrid composite piston was designed in SOLIDWCRR013 and structural analysis was performed
successfully on ANSYS 14.5 workbench. The Hybrichposite material has better mechanical propettias aluminium
alloy. From the analysis, it is concluded that ftwmomposite piston found to be less deformatiess Istrain and reduced
stress concentration on the piston head comparatutinum alloy. The piston made of aluminum 208&& carbide
and fly ash possess high wear resistance, higlosiorn resistance, low density, high hardness, leegiength and impact
strength. Problems like scratching and abrasioeddxy the alumini\um alloy piston can be solvedallyybrid composite
piston.
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