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Mechanical properties and chemical composition of aluminium alloys were investigated by automated ball inden-
tation tests, scanning electron microscopy and energy dispersive X-ray analysis.  
In this work, Automated Ball Indentation (ABI) technique was compared with the standard mechanical tests. ABI 
method is based on the load controlled multiple indentations into a polished surface by a spherical indenter. The 
indentation depth is progressively increased to a maximum user specified limit with intermediate partial unloa-
ding. This technique allows to measure the yield strength, stress-strain curve, strength coefficient and strain har-
dening exponent.  
For all these test materials and conditions, the ABI derived results were in very good agreement with those obta-
ined from conventional standard test methods. 

Keywords: Al-alloys, microstructure, mechanical properties, ABI tests 

Acknowledgement 

The authors gratefully thank the DAAD for their support in research. This work was supported by the Ministry of 
Education, Youth and Sport of the Czech Republic, program NPU1, project No LO1207 and project "Material research 
for InovaSEED", reg. No. CZ.1.05/3.1.00/14.0301, which is funded by the European Regional Development Fund 
through the Operational Programme Research and Development for Innovation". 

References 

 BOYKO V. V., PRACH O. L., TRUDONOSHYN O. I., MYKHALENKOV K. V. (2014). Natural Aging of 
AlMg5Si2Mn Casting Alloy. In: Research Bulletin of NTUU "KPI", No. 1, pp. 47 – 53. NTUU "KPI". Ukraine. 

 LEE H., LEE J. H., PHARR G. M. (2005). A numerical approach to spherical indentation techniques for material 
property evaluation. In: Journal of the Mechanics and Physics of Solids Vol. 53, pp. 2037–2069, El-
sevierScience Ltd 

 SHARMA K., SINGHP.K., BHASIN V., VAZEK.K. (2011). Application of Automated Ball Indentation for Pro-
perty Measurement of Degraded Zr2.5Nb. In: Journal of Minerals & Materials Characterization & Engineering, 
Vol. 10, No.7, pp.661-669, SCIRP, USA 

 ASTM W K381, Standard Test Methods for Automated Ball Indentation Testing of Metallic Samples and Structu-
res to Determine Stress-Strain Curves and Ductility at Various Test Temperatures. 

 BRINELLJ.A. (1900). II Congress Int. d. Methodes d’essai: Iron and Steel Institute, Journal v. 59, p. 243 

 TABOR D. (1951). The Hardness of Metals. p.171.Oxford: Clarendon press 

 ISHLINSKIJ A. JU. (1944) Osesimmetricheskaja zadacha plastichnosti i proba Brinellja. In: Prikladnaja mate-
matika i mehanika, Tom VIII 

 Patent for utility model № 100261, Russia 

 Patent CZ 304637 B1 

 TALJATB., ZACHARIAT., KOSELF.(1998). New analytical procedure to determine stress -strain curve from 
spherical indentation data. In:Int. J. Solids Structures Vol. 35, No. 33, pp. 4411-4426, Elsevier Science Ltd 

 BARTIER O., HERNOT X., MAUVOISIN G. (2010). Theoretical and experimental analysis of contact radius for 
spherical indentation. In:Mechanics of Materials, Vol.42, pp.640–656Elsevier Science Ltd 

 PUCHNINM., ANISIMOVE., (2012). The method of accounting of elastic deformation occur during the automa-
ted ball indentation test, In: Proceedings of2nd International Conference on Recent Trends in Structural Materials 
“COMAT 2012”, Plzen, Czech Republic 



June 2016, Vol. 16, No. 3 MANUFACTURING TECHNOLOGY ISSN 1213–2489 

 

38  indexed on: http://www.scopus.com 

 ZOLOTOREVSKYV.S., BELOVN.A., GLAZOFFM.V. (2007). Casting aluminium alloys, Elsevier, Amsterdam. 

 ZHANGJ., FANZ., WANGY. Q., ZHOUB. L. (2001). Equilibrium pseudobinary Al-Mg2Si phase diagram. In:Ma-
terials Science and Technology Vol. 17, p. 494-496, W. S. Maney & Son Ltd 

 BERDOVA-BUSHURA O., PRACH O., TRUDONOSHIN O., MYKHALENKOVKOV K.  (2015). Effect of 
chemical composition on the structure and mechanical properties of alloys of the Al-Mg-Si. In: Casting Proces-
ses№1 (109), p. 59-69, PTIMA, Ukraine 

 YAN F., JI S., FAN Z. (2013). Effect of Excess Mg on the Microstructure and Mechanical Properties of Al-Mg2Si 
High Pressure Die Casting Alloys. In:Materials Science Forum Vol. 765 pp. 64-68, Trans Tech Publications Inc. 

 DOAN L.C., NAKAI K., MATSUURA Y., KOBAYASHI S., OHMORI Y. (2002). Effects of Excess Mg and Si 
on the Isothermal Ageing Behaviours in the Al–Mg2Si Alloys. In:Materials Transactions, Vol. 43, No. 6 pp. 1371-
1380, The Japan Institute of Metals and Materials 

 ZHANG J., WANGY. Q., YANG B., (1999). Effects of Si content on the microstructure and tensile strength of an 
in situ Al-Mg2Si composite. In:Journal of Materials Research Vol. 14, No. 1, pp.68-74, Cambridge University 
Press 

 GEORGATISE., LEKATOUA., KARANTZALISA.E., PETROPOULOSH., KATSAMAKISS., POULIAA. 
(2013). Development of a Cast Al-Mg2Si-Si In Situ Composite: Microstructure, Heat Treatment, and Mechanical 
Properties. In: Journal of Materials Engineering and Performance Vol.22(3), p.729-741, Springer 

 ZHIHAO Z., YI M., JIANZHONG C. (2012). Effect of Mn on microstructures and mechanical properties of Al-
Mg-Si-Cu-Cr-V alloy. In:China Foundry Vol.9 No.4, pp.349-355 

 LIA L., ZHOUA R., LUA D., JIANGA Y., ZHOUA R. (2014). Effect of Cooling Slope and Manganese on the 
Microstructure of Hypereutectic Al-Si Alloy with 2%Fe. In:Materials Research. 17(2), pp. 511-517, SciELO 

 PHONGPHISUTTHINAN C, TEZUKA H, SATO T. (2011). Semi-Solid Microstructure Control of Wrought Al-
Mg-Si Based Alloys with Fe and Mn Additions in Deformation-Semi-Solid-Forming Process. In:Materials Trans-
actions, Vol. 52, No. 5 pp. 834-841, The Japan Institute of Metals and Materials 

 OTARAWANNAS., GOURLAYC.M., LAUKLIH.I., DAHLEA.K., M icrostructure Formation in AlSi4MgMn 
and AlMg5Si2Mn High-Pressure Die Castings. In:Metallurgical And Materials Transactions A, vol. 40A, pp. 
1645-1659, Springer 

 SHARMA K., BHASIN V., VAZE K. K., GHOSH A. K. (2011). Numerical simulation with finite element and 
artificialneural network of ball indentation for mechanical property estimation. In: Sadhana Vol. 36, Part 2, April 
2011, pp. 181–192.Springer 

 STOEV P.I., MOSCHENOKV.I. (2003). Definition Of Mechanical Properties Of Metals And Alloys On Hard-
ness. In: Bulletin of V. N. Karazin Kharkiv National University, Vol. 601, no. 2(22), pp. 106-112.V.N. Karazin 
Kharkov National University, Ukraine 

 PUCHNIN M., ANISIMOV E, CEJP J., KUNKA I, VICENS S (2015). Advantages of Express-Methods in Inves-
tigation of Mechanical and Physical Properties of Aluminum Alloys In Manufacturing Technology Vol. 14, No. 
2, pp. 234-238 

 BRYKSÍ STUNOVÁ, B., BRYKSÍ, V. (2015). Phase Segregation during Processing of Semi-Solid Slurry by 
Rheocasting Method SEED. In Manufacturing Technology Vol. 15, No. 4, pp. 515-520  
 

 
Paper number: M2016115 
Copyright © 2016. Published by Manufacturing Technology. All rights reserved.  

 
 
 
 
 
 
 


