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ABSTRACT

Self-propelled machines which includes whole the automobile industries are working for lighter the weight and
strengthen the body of machines. Automobile industries are also using material substitution for to build lighter
weight, and fuel efficient engines, offering better properties materials of engine components. The piston is a "heart"
of theengine and its working condition is the worst one of the key parts of the engine in the working environment. So
it is very important for structural analysis of the piston with the acceptable composite material as replacement of
now-a-days materials. The present work describes that Al composite as possible alternate materials with its unique
capacity to give required properties for engine heart ‘piston’. Al MMC are prepared by powder metallurgy and
various casting techniques. In this paper a composite is developed by stir casting process by using Aluminum alloy
with other Nano particles and substitute sintering operation at 600°C temperature for one hour. Mechanical Tests
like microstructure, Hardness, crushing load, surface roughness, etc. are conducted and final analysis on piston will
be done.
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1. INTRODUCTION

R. S. Rana, V. K Soni, Rajesh Purohit. [1] has Mechanical properties (Tensile strength, compression strength,
hardness) and microstructure of aluminum alloy (5083) — SiC (35um) composites are fabricated by stir casting
method®. In stir casting method, Aluminum melt by 760°C and mechanical stirring at 500rpm for 10 min. Using N2
Gas for degassing of melt!. Mechanical properties like tensile & compressive strength, and hardness increases with
increase in weight % of SiC. Also hardness of composite is higher than unreinforced alloy®. R. S. Rana, V. K Soni,
& Rajesh Purohit [5] has developed MMCs with Al Automotive cam were developed by using Al (5083) and SiC
(35um- 10% & 40nm-1, 2, 3, 4% weight) composite material having the almost same wear resistance of 10% wt
composite and existing steel which has been fabricated by ultrasonic assisted stir casting method®. Second Stirring
the composite with ultrasonic probe with 1200 watt power & 20.20 kHz frequency were used®. Weight of AI-SiC
composite cam measured less than the alloy cam. Al- 4% wt. Nano Sic composite shows highest of hardness (79
BHN) which is higher than 10% wt. Micro SiC composite®.

TheJoiston can get the most common severe piston damage we see - the exhaust side has damage caused fromexcess
heat'. This damage looks similar to piston image caused by running straight gas shown in the first image, but with
this piston, conditions under the piston looked normal.

This kind of damage can be caused by over-revving the saw, running the carburettor adjustment too lean, by
ignoring an air leak in the saw's engine, or a combination of factors®. The best way to avoid a such a seizure is to use
good quality fuel and mix oil, avoid over-revving the engine, and always stop running a saw that shows signs ofa
potential air leak. This kind of damage can also be caused by a partially plugged fuel filter, which is another reason
fuel filters should be replaced regularly®
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So, for the better wear resistant we haveto concentrate on the increase of the hardness of material using now-a-days.
2. Materials and Expe rimental details
2.1 Selection of matrix material

Aluminum alloy 6061-T6 has been selected as matrix material for synthesis of MMCs. Aluminum alloy was
supplied by Choudhary enterprise, Makarpura, Vadodara. The chemical composition of aluminum alloy are shown
in the following table. AI-6061 is a precipitation hardening alloy, containing magnesium and silicon as its major
alloying elements. It has significant application in aircraft, marine and automobile industries.

Element Si Fe Mn [ Mg| Cu | Zn Ti Cr Al
% Percentage | 052 [ 0.14 | 0.05 | 1.1 | 0.30 [ 0.03 | 0.015 | 0.20 | 97.645

Table-1 Composition of Aluminum alloy 6061-T6

Properties Values
Density 2.7 g/cm3 (169 Ib/ft3)
BHN (500kg_10mm Ball) | 95

Rockwell B Hardness 60

Vickers Hardness 107

Ultimate tensile strength | 260-310 MPa
Yield tensile strength 240-270 MPa
Shear strength 210 MPa
Modulus of Elasticity 70 GPa
Poisson’s ratio 0.33

Melting point Temp. 580-650°C
Elongation (%) 10-12 %

Table-2 Properties of Aluminum alloy 6061-T6

2.2 Selection of reinforcement particles

The reinforcement may be Fibers, particles or whiskers which increases strength, stiffness, temperature resistance,
wear resistance, hardness, etc. Particulates are most common reinforcement materials. The SiC particulate
reinforcement AI-MMCs have good combination for use as wear resistance and also lead to a favorable effect on
properties such as hardness, strength, fatigue resistance, surface roughness, radial crushing load. In the present work
1200 mesh silicon carbide particulates were used as reinforcement material. 1200 mesh silicon carbide was supplied
by Parshwanath hardware store, Ahmedabad.

Product Name | Grit size (Mesh) | SiC | Free Carbon | Fe203

F200-F400 200-400 98.5 0.3 05

F400-F600 400-600 97.5 0.4 0.7
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F800-F1200 800-1200 96.5 0.4 0.7

F1600-F1800 1600-1800 95.5 0.5 0.7

Table-3 Composition of Silicon carbide black powder

Properties Values
Density 3.2 glem’®
Color Black
Melting point Temp. | 2700° C

Table-4 Properties of SiC Powder

2.3 Preparation of Aluminum-SiC MMCs

The following steps has been followed for stir casting Process:

1

2,

Heating and melting of Al-6061-T6 Alloy by around 750°C which is above the melting point temperature of the
alloy which is shown in Fig-1 (A)

Fig-1 (B) illustrates the feeding process of preheated silicon micron particles (0, 5 and 10% of micron SiC) for
the preparation of the composites.

When the alloy reaches to a semi-pasty stage, the surface is covered with flux agent coverall-11 about 5 grams
of the flux was added to the molten metal for the degassing process.

Fig-1 (C) describes mechanical stirring at 200rpm for 20 min for the uniform distribution of the particles.
Before the mechanical stirring manual stirring is required for better distribution of silicon carbide particles in
the molten metal.

Degassing of melt with N2 gas for removing the air inclusion in the material.

In Fig-1 (D) sand mold is ready for the making specimen components for MMCs.

Pouring of molten metal of aluminum alloy 6061 and 1200 mesh SiC powder to the pre prepared sand mold
.Removal the specimen of composite material.

Fig-1 Synthesis of development MMCs
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3. RESULTS AND DISCUSSION

3.1 Microstructure test

Microstructural examination were doing scanning electron microscope for testing the microstructure of sample, its
surface and distribution of Micron particles in aluminium alloy 6061. The specimen for the scanning microscopy
were polished using a series of ranging grit sizes emery papers. A 0.5% HF solution was used for etching process for
3-6 min before experimental testing. All samples were developed by using stir casting technique by taking 5 & 10 %
weight fraction. Figures shows micrographs of samples containing different weight fractions. It clearly shows the

resulting homogeneous distribution of particles in the samples.

X102 198un 3290 JET-36)0

(&) ®

Fig-2 SEM micro graphs
of Al6061-5% P et ' i 3 3 SiC

Fig-3 SEM micro graphs of Al6061-10% SiC

3.2 Chemical analysis

Chemical analysis of Aluminum alloy 6061 and Al6061-5% SiC and Al6061-10% SiC were measured by using
chemical spectrometer. In this test, analysis of weightage percentage of magnesium and silicon which are main
alloying elements of aluminum alloy. Test revealed that by increasing silicon powder contents weight fraction will
be increase silicon contents in the metal matrix composite materials.
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Chemical Analysis
AT6061 | AlG06L | AT6061 150
Elements . . .
0% SiC | 5% SiC | 10% SiC 100
Al+ Other | 9838 | 95706 | 90.382 50 I I I
: 0 — —
S 052 | 3364 | 6473 AIB061-0% SiC  Al6061-5% SiC  Al6061-10% SiC
Mg 1.10 0.930 1.145 B Al + Other mSi m Mg

Table-5 Chemical analysis of MMCs

3.3 Density test

Chart-1 Chemical analysis comparison of MMCs

Density is the physical properties that reflects one of the important characteristics of composites. The theoretical
densities were calculated in this study of AI-6061 aluminum alloy and cast MMCs with 5% SiC and 10% SiC
reinforcement with AI-6061 matrix alloy. Following graph and table describes the value of calculated density of

pure aluminum and metal matrix composite with 5%
and 10% Silicon carbide MMCs. Density was increased
with increasing weight fraction of the silicon carbide
powder reinforcement.

Al6061 | AIGOGL | AI6061
0% SiC | 5% SiC | 10% SiC
Density(g/cm®) | 2720 2690 2770

Table-6 Density of MMCs

3.4 Hardness test

Density (kg/m3)

Al6061-0% SiC Al6061-5% SiC Al6061-10% S

2800
2750
2700
2650
2600
2550

Chart-2 Density comparison of MMCs

In hardness test, first of all samples of 20mm diameter and 15mm length in cylindrical round bar were developed

from manufacturing process. The specimens were
fabricated by filing for making perfectly parallel
before hardness testing. Samples were polished by
using different types of emery papers and tests were
carried out by using Brinell hardness tester with load
of 100kg at room temperature condition. Hardness
values were obtained in three various sections are
given in table and figure shows increase hardness
with increasing SiC particles. Also observe that the

Brinell Hardness B
200

0
Al6061-0% SiC  AIl6061-5% SiC  Al6061-10% SiC

hardness of the composite is greater than its cast
matrix alloy.
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Al6061 | Al6061 | AIl6061
0% SiC | 5% SiC | 10% SiC

Hardness (HRB) | 133 150 172

Table-7 Brinell Hardness of MMCs Chart-3 Hardness Comparison of MMCs
3.5 Tensile test

The tensile test was carried out an accordance with the gauge diameter of the test specimen was 10 mm and the
gauge length of the test specimen was 50 mm. Tensile properties of the Al-6061 and composite materials were
measured. During the tests the load and %elongation data were also measured by software. It is observed that the
ultimate tensile strength and yield tensile strength increased with an increase in SiC volume percentage. Figure
shows variation of ultimate strength and yield strength with increase in percentage of SiC particles.

Al6061 | Al6061 | Al6061
0% SIiC | 5% SiC | 10% SiC

Yield strength (MPa) Yield strength (MPa) | 209 249 278

300
250
200
150
100

50

Table-8 Yield strength of MMCs

Al6061-0%  AIl6061-5%  Al6061-10%
SiC SiC SiC

Chart-4 Yield strength Comparison of MMCs

Hardness | Yield strength | Density

(HRB) (MPa) (g/cm®)
Z1.108 90 186 2720
Al+5% SiC 112 249 2690
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Al+10% SiC 134 278 2770

Table-10 Properties comparison with different materials

4. CONCLUSION

The AIl6061-SiC MMCs with 5% and 10% weight fraction produced by stir casting method and the microstructure,
chemical composition, density, hardness, tensile strength were measured and compared with ZL108 which is using

now-a-days.

Hardness, Density, yield strength, are increases with the increase reinforcement particles of silicon carbide.
Development of AI-SiC MMCs for making automobile air compressor piston is possible by comparing
different properties with existing materials which are used to making the same. Automobile air compressor
piston is manufactured with castingand forging processes and it is possible both processes after developing
MMCs for making automobile air compressor piston

5. REFERENCES

[1]

(2]

3]

[4]

[5]

(6]

[7]

8]

3265

R. S. Rana, Rajesh Purhit, V. K. Soni, and S. Das. “Characterization of mechanical properties and
microstructure of aluminum alloys-sic composites”, 4th international conference on materials
processing and characterization, published in materials todays processing 2(2015) page 1149-1156.

K. Shirvanimoghaddam, H. Khayyam, H. Abdizadeh, M. Karbalaei Akbari, A.H. Pakseresht, F. Abdi,
A. Abbasi, M. Naebe. “Effect of B4C, TiB2 and ZrSiO4 ceramic particles on mechanical properties of
aluminium matrix composites: experimental investigation and predictive modelling” Ceramics
International, Volume 42, Issue 5, April 2016, Pages 6206-6220

Dinesh kumar koli, Geeta agnihotri and rajesh purohit. “Advanced Aluminium Matrix Composite: The
Critical Need of Automotive and Aerospace Engineering Fields, Materials today: proceeding 2 (2015)
3032-3041.

P. B. Pawar and Abhay A. Utpat. “Development of Aluminum based silicon carbide particulate metal
matrix composite for spur gear”, 3Rd international conference on materials and processing and
characterization (ICMPC 2014) published in procedia materials science 6 (2014) page 1150-1156.

R. S. Rana, Rajesh Purhit, V. K. Soni, and S. Das. “Development and wear analysis of Al —Nano Sic
composite automotive cam”, 4th international conference on materials processing and characterization
published in materials today: Processing 2 (2015) page 3586-3592.

K. SOORYA PRAKASH; A. KANAGARAJ; P. M. GOPAL. “Dry sliding wear characterization of Al
6061/rock dust composite”, Transactions of Nonferrous Metals Society of China, Volume 25, Issue 12,
December 2015, Pages 3893-3903

K. R Padmavathi and Dr. R. Ra,akrishna, “Tribology behavior of aluminum hybrid metal matrix
composite” 12th global congress on manufacturing and management, GCMM 2014, published in
procedia engineering 97 (2014) page 660-667.

Jufu Jiang, Gang Chen, Ying Wang, “Compression Mechanical Behaviour of 7075 Aluminium Matrix

Composite Reinforced with Nano-sized SiC Particles in Semisolid State”, Journal of Materials Science
& Technology, In Press, Corrected Proof, Available online 26 January 2016

WwWWw.ijariie.com 1434



Vol-2 Issue-5 2016 IJARIIE-ISSN(O)-2395-4396

3265

(9]

(10]

(11]

(12]

(13]

(14]

[15]

(16]

A. A. El-Daly, M. Abdelhameed, M. Hashish, Walid M. Daoush,”Fabrication of silicon carbide
reinforced aluminium matrix Nano composites and characteristics of its mechanical properties using
non-destructive technique, Material science and & engineering A 559 (2013) 384-393.

K.C. Ramesh and R. Sagar, “Fabrication of metal matrix composite automotive parts”, International
journal advance manufacturing technology (1999) 15: 114-118.

K. Umanath, S. T. Selvamani, “Analysis of dry sliding wear behaviour of Al6061/ SiC/ Al203 hybrid
metal matrix composites, Composites: part B 53 (2013) 159-168.

Rajeshkumar Gangaram Bhandare, Parshuram M. Sonawane. “Preparation of Aluminium Matrix
Composite by Using Stir Casting Method”, International Journal of Engineering and Advanced
Technology (IJEAT) ISSN: 2249 — 8958, Volume-3, Issue-2, December 2013

Jiming Ma, Juan Chenl, Jia Li, Qilin Li, Chunyu Ren. “Wear analysis of swash plate/slipper pair of
axis piston hydraulic pump” Tribology International, Volume 90, October 2015, Pages 467-472

A.G. Arsha, E. Jayakumar, T.P.D. Rajan, V. Antony, B.C. Pai, “Design and fabrication of functionally
graded in-situ aluminium composites for automotive piston”. Materials & Design, Volume 88, 25
December 2015, Pages 1201-1209.

Thomas O. Mbuya, lan Sinclair, Andrew J. Moffat, Philippa A.S. Reed “Analysis of fatigue crack
initiation and S-N response of model cast aluminium piston alloys”, Materials Science and

Engineering: A, Volume 528, Issue 24, 15 September 2011, Pages 7331-7340

Aluminium based Material for automobile air compressor piston is the patent by Chinese Inventor On
26th December 2012 with publication number CN102839303A.

WwWWw.ijariie.com 1435



