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Optimizing Properties of Aluminum-Based Nanocomposites
by Genetic Algorithm Method

M.R. Dashtbayazi” and R. Esmaeili
Department of Mechanical Engineering, Faculty of Engineering, Shahid Bahonar University of Kerman, Kerman, Iran

Abstract: Based on molecular dynamics simulation results, a model was developed for determining elastic properties of
aluminum nanocomposites reinforced with silicon carbide particles. Also, two models for prediction of density and price of
nanocomposites were suggested. Then, optimal volume fraction of reinforcement was obtained by genetic algorithm method for
the least density and price, and the highest elastic properties. Based on optimization results, the optimum volume fraction of
reinforcement was obtained equal to 0.44. For this optimum volume fraction, optimum Young’s modulus, shear modulus, the
price and the density of the nanocomposite were obtained 165.89 GPa, 111.37 GPa, 8.75 $/Ib and 2.92 gr/cm?®, respectively.
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1. nano-composites

2.metal matrix nano-composites

3.glicon carbide (SIC)

4.nano-materials

5.molecular dynamic simulation

6. multi-objective cost function

7.RVE (Representative Volume Element)

8.LAMMPS (Large-scale Atomic/ Molecular Massively
Parallel Simulator)

9.single crystal

10. intensive property

11. potential energy

1. Reddy, B.S.R.,, Advances in Nanocomposites-
Synthesis,  Characterization and  Industrial
Applications, pp. 61-84, InTech Open Access
Publisher, India, 2011.

2. Camargo, P.H.C., Satyanarayana, K.G. and Wypych,
F.,”Nanocomposites: Synthesis, Structure, Properties

Y4

anie ol

Farseart St
Fa 3T et

10 10 10 10
A
0255035 33 3 £3589 5 e —V0 SIS
J

dsdos Je Sler S 5 L (oleing Gl G S slgly
b L 4 pe ol S et 5 JS i dsbe (SO
&1:;5(,.“{),@&}”o»xg@uj\uua«\p.uq;
SO sl i oS B ez S g s

Fr o3 e s WS S o gl (il

MUejb

12. defect free

13. elastic stiffness matrix
14. elastic compliance matrix
15. orthotropic

16. cubic orthotropic

17. flowchart

18. selection

19. cross over

20. mutation

21. binary operator

22. blending method

23. mutation rate

e

and New Application Opportunities”, Materials
Research, Vol. 12, No. 1, pp. 1-39, 2009.

3. Rohatgi, P.K. and Schultz B., “Lightweight Metal

Matrix Nanocomposites- Stretching the Boundaries

of Metals”, Material Matters, Vol. 2, No. 4, pp. 16-

21, 2007.

WWAY Sleasl ¥ o lads 7Y Jlu ¢ pwdige 5 ab o 3l e


http://dx.doi.org/10.18869/acadpub.jame.34.2.19
https://dorl.net/dor/20.1001.1.2251600.1394.34.2.2.7

[ DOR: 20.1001.1.2251600.1394.34.2.2.7 ]

[ DOI: 10.18869/acadpub.jame.34.2.19 ]

4. El-Day, A.A., Abdelhameed, M., Hashish, M. and
Daoush, W.M., “Fabrication of Silicon Carbide
Reinforced Aluminum Matrix Nanocomposites and
Characterization of its Mechanical Properties using
Non-Destructive Technique”, Materials Science and
Engineering: A, Vol. 559, pp. 384-393, 2013.

5. El-Eskandarany, M.S., “Mechanical Solid State
Mixing for Synthesizing of SiCp/Al
Nanocomposites”, Journal of Alloys and
Compounds, Vol. 279, pp. 263-271, 1998.

6. Garces, JM., Mall, D.J,, Bicerano, J., Fibiger, R. and
McLeod, D.G., “Polymeric Nanocomposites for
Automotive Applications”, Advanced Materials,
Vol. 12, No. 23, pp. 1835-1839, 2000.

7. Zeng, L., Zhou, Q., De Cicco, M.P,, Li, X. and Zhou,
S., “Quantifying Boundary Effect of Nanoparticles in
Metal Matrix Nanocomposite Fabrication Processes”,
I1E Transactions, Vol. 44, pp. 551-567, 2012.

8. El-Eskandarany, M.S., Mechanical Alloying for
Fabrication of Advanced Engineering Materials,
Noyes Publications, New Y ork, pp. 48-58, 2001.

9. Ajayan, P.M., Schadler, L.S. and Braun, P.V.,
Nanocomposite Science and Technology, Weinheim,
Wiley-VCH GmbH, pp. 14-18, 2003.

10. Zeng, Q.H., Yu, AB. and Lu, G.Q., “Multiscale
Modeling and Simulation of Polymer
Nanocomposites”, Progress in Polymer Science,
Vol. 33, pp. 191-269, 2008.

11. Zhu, R.,, Pan, E. and Roy A.K., “Molecular
Dynamics Study of the Stress-Strain Behavior of
Carbonnanotube Reinforced Epon 862 Composites”,
Material Science Engineering, Vol. 447, pp. 51-57,
2007.

ot LSl sl s L el salisala Y

oslizal L 05550 b e lalele 31 S SGle ol

Sl rclige & I 580 50 Saliys (g5l 42
AYAY Q4T o o o Y esled Y oyss ¢ e ils

13. Scarpa, F., Adhikari, S. and Phani, A.S., “Effective
Elastic Mechanica Properties of Single Layer
Graphene Sheets”, Nanotechnology, Vol. 20, pp. 1-
11, 2009.

14. Cho, J, Luo, JJ. and Danid, I.M., “Mechanical
Characterization of Graphite/Epoxy Nanocomposites
by Multi-Scale Analysis”, Composite Science
Technology, Vol. 67, pp. 2399-2407, 2007.

15. Ward, D.K., Curtin, W.A. and Qi, Y., “Mechanical
Behavior of Aluminum-Silicon Nanocomposites: A
Molecular Dynamics Study”, Acta Materialia,
Vol. 54, pp. 4441-4451, 2006.

16. Sen, T.Z., Sharaf, M.A., Mak, JE. and
Kloczkowski, A., “Modeling the Elastomeric

\Yq¥ QL'L.W:U Al ;)LQ.«:! AN JLw LfﬂJu.éﬁ DL 4.';‘3]&.& b‘}a

Properties of Stereoregular Polypropylenes in
Nanocomposites with Spherical Fillers”, Polymer,
Vol. 46, pp. 7301-7308, 2005.

17. Nazari, A. and Abdingad, V., “Modeling Charpy
Impact Behavior of Al6061/SICp Laminated
Nanocomposites by Genetic Programming”,
Ceramics International, Vol. 39, pp. 1991-2002,
2013.

18. Luo, Q. and Ren, Q.L., “Application of Improved
Back-Propagation Neural Network and Genetic
Algorithm to the Preparation Processing of the Mg,
Al-Hydrotalcite/Polymer ~ Nanocomposite”,  Key
Engineering Materials, Vol. 368-372, pp. 1680-1682
2008.

19. Coello, C.A.C. and Lamont, G.B., Applications of
Multi-Objective Evolutionary Algorithms, Advances
In Natural Computation, Vol . 1, World Scientific
Publishing, Singapore, pp. 1-9, 2004.

u.ab) d)Lwﬂ\.:._Jn" “op ‘U'p[-f Sy 9 cL;L:&Lo.w\ Yo
VS N AP WO W LS [ FCS PIC P RSN |
‘JL.A ;L}..A.«L:{.AJ.) wﬂ)/jﬂ‘llgﬂy &-:GLA.:J J:‘j))\
AYRY 5ol FYoOF L oo Y byles (YY

Sl oy il 5 Sileand ) o uslasl XY
c"L;LALCN &LA/,.QJ}_@/J/ a-’[é«"—\ﬂ/ Lr u&;_nrjj:ﬂgfb
\Y'Q° c.L;-ﬂ.’ QK.\:J.‘) cJ»}-J:; c.l.\;)‘ L}.\AL.\:JJKS MLQL&L_

22. http:/llammps.sandia.gov/  [last accessed on
3.10.2010].

23. Dieter, G.E., Mechanical Metallurgy, McGraw-Hill
book Company, London, pp. 53-54, 1988.

24. Lai, W.M., Rubin, D. and Krempl, E., Introduction
to Continuum, Elsevier, pp. 319-333, 2010.

25. http: //mwww.ask.comv/guestions-about/Alumi num-
Price-Per-Pound [last accessed on 1.12.2011].

26. http: //wiki.answers.com/Q/What_is_the approx_
scrap_value of silicon_carbide [last accessed on
1.12.2011].

27. Srinivas, M. and Patnaik, L.M., ‘Genetic Algorithms:
A Survey”, IEEE Computer, Vol. 27, pp. 17-26,
1994.

28. Haupt, R.L. and Haupt S.E., Practical Genetic
Algorithms, John Wiley & Sons, New Jersey, pp. 56-
62, 2004.

29. Roy S.S., “Design of Genetic-Fuzzy Expert System
for Predicting Surface Finish in Ultra-Precision
Diamond Turning of Metal Matrix Composite”,
Journal of Materials Processing Technology,
Vol. 173, pp. 337-344, 2006.


http://dx.doi.org/10.18869/acadpub.jame.34.2.19
https://dorl.net/dor/20.1001.1.2251600.1394.34.2.2.7
http://www.tcpdf.org

