Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 5, 2021, Pages. 2040 - 2044
Received 15 April 2021; Accepted 05 May 2021.

Investigate the Thermomechanical Behaviour of Aluminium Metal Matrix

M.Karthe!, Dr.M.Balakrishnan?, S. Rahul®, S. Indheswaran®, G. Santhoshkumar®

'Department of Mechanical Engineering, M. Kumarasamy College of Engineering, Karur, Tamil Nadu, India.
E-mail: karthembe@gmail.com

Department of Mechanical Engineering, M. Kumarasamy College of Engineering, Karur, Tamil Nadu, India.E-mail:
balki2009@yahoo.com

*Department of Mechanical Engineering, M. Kumarasamy College of Engineering, Karur, Tamil Nadu, India.E-mail:
rahulmkce@gmail.com

*Department of Mechanical Engineering, M. Kumarasamy College of Engineering, Karur, Tamil Nadu, India.E-mail:
amithsivakumar@gmail.com

*Department of Mechanical Engineering, M. Kumarasamy College of Engineering, Karur, Tamil Nadu, India.E-mail:
santhosh21011689@gmail.com

ABSTRACT

Now a days aluminium alloy used in all applications like boiler, IC Engines, aircraft etc,.. Due to it’s good mechanical
behavior like high strength but it having high thermal expansion coefficient. In olden days cost iron is used for makinglC
engine parts due to heavy weight manufacturers shift to aluminium because aluminium have high strength, less weight and
good machinability. One of the drawback is it having high thermal expansion coefficient due to that engine parts get
damaged. In this investigation adding reinforcement to reduce the thermal expansion coefficient without affecting the
mechanical properties. Reinforced like silicon nitride, boron carbide and graphite which good mechanical properties and
low thermal expansion coefficient. Adding different percentage of reinforcement to aluminium alloy like sample 1 90%
aluminium 7075alloy + 10% silicon nitride, sample 2 85% aluminium 7075alloy + 10% silicon nitride + 5% boron carbide
sample 3 80% aluminium 7075alloy + 10% silicon nitride + 10% boron carbide sample 4 85% aluminium 7075alloy + 10%
silicon nitride + 5% graphite sample 5 80% aluminium 7075alloy + 10% silicon nitride + 10% graphite. Above sample
investigate the mechanical properties like tensile strength hardness and impact strength, thermal property coefficient thermal
expansion are studied.
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Introduction

Aluminium7075alloy which contain 5.8% zinc, 2.4 %magnesium 1.5 % copper & other having less then half % of
silicon, manganese, chromium, iron etc... Remainesaluminium. Compaine to aluminium6061,aluminium 7075 is high
hardness, tensile strength due to aluminium 6061 which contain less zinc content. Aluminium 6065 has good
machinability due to less hardness but now a days more advance machinability machineAvailable. In IC Engine parts
are manufacture by using aluminium silicon metal matrix composition siliconadded to aluminium to increase the
strength of the aluminium. In between the piston & cylinder there is a clearance gab because the aluminium is
expandduringthe temperature increase so by clearance gab fuel is escaped due to that Performance of the
engine.Decrease and also if increase the pollution to the environment. So In this project mainly concentrated about
reduces the thermal expansion. Coefficient without affecting the requirement ofmechanicalstrength.

StirCasting
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Stir casting machine is used for preparing the metal reinforcement because matrix can distribute evently to metal to
improve the mechanical and thermal properties sample made at 700°C and stir speed is 600rpm for evently distribute
the reinforcement to aluminium 7075 alloy.

Properties

PROPERTIES Silicon Nitride | Boron Carbide | Aluminum 7075 | Graphite
Hardness 30500 MPa 44100 MPa 575 MPa 326 MPa
Tensile 525 MPa 569 MPa 572 MPa 76 MPa
Thermal conductivity | 43 W/m*K 42 W/m*K 196 W/m*K 398 W/m*K
Thermal Expansion |3.7*10°K 9.4*10°K 2.36*10°K?! 5.2 x 109K
Density 3.25 Mg/m 2.55 Mg/m 2.81g/cc 2.49 Mg/m
Compresion 5500 MPa 5687 MPa 607 MPa 345 MPa

Hardness Test

Sample 3 80% aluinium + 10% silicon nitride + 10% boran carbide having higher hardness compare to another
sample because due to higher tensile strength it can the higher hardness compare to other sample.
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Tensile Test
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Tensile test Sample 3 80% aluminium + 10% silicon nitride + 10% boron carbide having higher tensile strength
compare to another sample because boron carbide having higher tensile strength compare to other reinforcement.

TENSILE STRENGTH
100 j I I I E B TENSILE STRENGTH
A 1 | 2 | 3 | 4 | 5

Impact Test

Sample 3 80% aluminium + 10% silicon nitride + 10% boron carbide having higher impact strength compare to
another sample because due to higher tensile strength it can with stand more impact compare to other sample.
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Thermal Expansion

Graphite level increase in aluminium coefficient thermal expansion decrease. Graphite is also increase
machineability properties but it reduces the mechanical properties.

THERMAL EXPANSION
L |WI|L | W
100°C | 50 | 10 | 53 | 12
100°C | 50 | 10 | 52 | 12
100°C |50 |10 |51 | 11
100°C |50 | 10 | 51 | 10
100°C | 50 | 10 | 50 | 10

Conclusion

Metal matric composites are made used the stir casting machine at 700°C & 600rpm for evenly distribute the
reinforcement to aluminiu7075alloy. Sample 3 at 80% aluminium + 10% Silicon Nitride + 10% Boran Carbide
having higher tensile strength, Impact & Hardness properties compare to other sample because Boron Carbide having
good mechanical properties compare to others reinforcement. Thermal expansion coefficient of aluminium 7075 alloy
reduce in all reinforcement but by adding graphite level increases thermal expansion coefficient reduce. Graphite
having low mechanical properties Compare to Boron Carbide. For improving the mechanical properties by adding
boron carbide $ for improving the thermal properties by adding graphite.

http://annalsofrscb.ro 2043



Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 5, 2021, Pages. 2040 - 2044
Received 15 April 2021; Accepted 05 May 2021.

References

[1]

[2]

[3]

[4]

[5]
[6]

[7]

8]

[9]

[10]

[11]

[12]

[13]

Advanced Light Alloys and Composites, edited by R. Ciach. Dordrecht; Boston: Kluwer Academic
Publishers, c1998.

Light Metals Technology V edited by: HajoDieringa, Norbert Hort and Karl Ulrich Kainer. International
Light Metals Technology Conference, 5th: (2011), Lineburg, Germany.

Materials, Design and Manufacturing for Lightweight Vehicles [Electronic Resource] / Edited by P.K.
Mallick. Cambridge, (2010), Woodhead Publishing Ltd.

Wagner, V., Evolution of Aluminium Alloys for aeronautics After the Two World Wars, Metallurgial
Taliana 97 (6) (2005) 9-21.

Materials for Transportation Technology, Edited by P.J. Winkler (2000),Wiley-VCH.

Kandil, A., Effect of SiC Particulates as Reinforcement on the Aging Behavior and Mechanical Properties
of Aluminum Alloy Composites, Metall Volume 58 (11) (2004) 721-726.

Yu, Z.-Q., Chen, J.-F., Wu, G.-H., Sun, D.-L., Present Progress on Studies of Reinforcement Carbon,
Silicon Carbide and Alumina Surface Coatings in Aluminum Metal Matrix Composites, Journal of
Aeronautical Materials, 22 (2) (2002 54-61.

Wang, Y.-Q., Song, J.-l., Dry Sliding Wear Behavior of AlI203 Fibre and SiC Particle Reinforced
Aluminum based MMCs Fabricated by Squeeze Casting Method, Transactions of Nonferrous Metals
Society of China, 21 (7) (2011) 1441-1448.

J. Gilbert Kaufman “Properties of Aluminum Alloys; Tensile, Creep, and Fatigue Data at High and Low
Temperatures”, (2002) ASM International.

ASM handbook of Composites, 21. Mechanical Properties and Microstructure Studies of Aluminium (7075)
Alloy Matrix Composite Reinforced with Short Basalt Fibre 615.

C. Colomboa, L. Vergania, M. Burmanb, Static and Fatigue characterization of New Basalt Fibre
Reinforced Composite, Composite Structures, Article in Press, doi:10.1016/j.Compstruct.2011.10.007.

Jen"oSandor SZABO, Zoltan KOCSIS and Tibor CZIGANY, Mechanical Properties of Basalt Fibre
Reinforced pp/pa Blends, Periodicapolytechnica ser. Mech. Eng. 48 (2) (2004) 119-132.

V. Lopresto, C. Leone, I. De lorio, Mechanical Characterization of Basalt Fibre Reinforced Plastic
Composites: Part B 42 (2011) 717-723.

2044

http://annalsofrscb.ro



