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The paper presents results of investigating microhardness distribution in mutilayered steels.
Due to the fact that deviating from the normal distribution is one of the indicators of
property inhomogeneity, we measured microhardness to obtain a data array for each
layer of the binary composites under consideration, then processed the data to plot prob-
ability distribution histograms and studied the nature of probability distribution over any
given layer. We determined that deviation from the normal distribution manifests as
a bimodal microhardness distribution, meaning that there exist zones in which the chemi-
cal composition within a layer is not uniform. Since synthesising multilayered materials
involves high temperatures and considerable total strain, we presume that these are the
factors that affect diffusion-driven redistribution of alloying elements between layers. In
order to confirm the hypothesis on redistribution of alloying elements, we conducted
a thermal analysis; we also supply the results of analysing critical point positions in ini-
tial materials and multilayered composites synthesised out of these materials.

Keywords: multilayered materials, microhardness, bimodal distribution, diffusion
REFERENCES

[1T Rybin V.V., Malyshevskiy V.A., Khlusova E.I. Metallovedenie i termicheskaya
obrabotka metallov — Metal Science and Heat Treatment, 2009, no. 6, pp. 3—7.

[2] Gorynin L.V., Rybin V.V, Malyshevskiy V.A., Khlusova E.I. Metallovedenie i
termicheskaya obrabotka metallov — Metal Science and Heat Treatment, 2007,
no. 1, pp. 9-15.

[3] Kablov E.N., Bondarenko Yu.A., Echin A.B. Vestnik MGTU im. N.E. Baumana.
Ser. Mashinostroenie — Herald of the Bauman Moscow State Technical Univer-
sity. Series Mechanical Engineering, 2016, no. 6 (111), pp. 20-25.

[4] Kimura Y., Inoue T., Yin F., Tsuzaki K. Science, 2008, vol. 320, pp. 1057-1060.

[5] Inoue T., Yin F., Kimura Y., Tsuzaki K. Metall. Mater. Trans. A, 2010,
vol. 41A, pp. 341-355.

[6] Inoue T., Yin F., Kimura Y., Ochiai S. Science and technology of advanced ma-
terials, 2012, vol. 13, pp. 1-10.

[7] Saito Y., Utsunomiya, Tsuji N., Sakai T. Acta Materialia, 1999, vol. 47,
pp. 579-583.

[8] Rudskoy A.IL., Kodzhaspirov G.E., Dobatkin S.V. Metally — Russian metallurgy
(Metally), 2012, no. 1, pp. 88-92.

[9] Kolesnikov A.G., Plokhikh A.I., Komisarchuk Yu.S., Mikhaltsevich I.Yu.
Metallovedenie i termicheskaya obrabotka metallov — Metal Science and Heat
Treatment, 2010, no. 6, pp. 44—49.

[10] Mara N.A., Tamayo T., Sergueeva A.V. et al. Thin Solid Films, 2007, vol. 515,
no. 6, pp. 3241-3245.

[11] Karpov M.L., Vnukov V.I., Volkov K.T. et al. Materialovedenie — Inorganic
Materials: Applied Research, 2004, no. 1, pp. 48-53.

[12] Karpov M.I., Vnukov V.1, Volkov K.G. et al. Materialovedenie — Inorganic
Materials: Applied Research, 2004, no. 2, pp. 47-52.

16 Engineering Journal: Science and Innovation # §-2018



I nvestigating microhardness distribution between layers of multilayered steel materials

[13] Cui B.Z., Xin Y., Han K. Scripta Mater, 2007, vol. 56, pp. 879-882.

[14] Wang Y .-C., Misra A., Hoagland R.G. Scripta Mater, 2006, vol. 54, pp. 1593—-1598.

[15] Lempitskii S.V. Physica. C., 1990, vol. 167, pp. 168—176.

[16] Gladkovskiy S.V., Kuteneva S.V., Kamantsev I.S., Sergeev S.N., Safarov [.M.
Fizika metallov i metallovedenie — Physics of Metals and Metallography, 2016,
vol. 117, no. 10, pp. 1105-1112.

[17] Tabatchikova T.I., Plokhikh A.I., Yakovlev L.L., Klyueva S.Yu. Fizika metallov
i metallovedenie — Physics of Metals and Metallography, 2013, vol. 114, no. 7,
pp. 633-646.

[18] Tabatchikova T.I., Yakovleva I.L., Plokhikh A.I., Delgado Reyna S.Yu. Fizika
metallov i metallovedenie — Physics of Metals and Metallography, 2014,
vol. 115, no. 4, pp. 431-442.

[19] Lesuer D.R., Syn C.K., Sherby O.D., Wadsworth J., Lewandowski J.J.,
Hunt W.H. Int. Mater. Rev., 1996, vol. 41 (5), pp. 169-197.

[20] Pozuelo M., Carreno F., Cepeda-Jimenez C.M., Ruano O.A. Pct C. Metall. Mat.
Trans. A, 2008, vol. 39 (3), pp. 666-671.

[21] Schmiedt A., Luecker L., Kolesnikov A., Plokhikh A.l., Walther F. Materi-
alpruefung — Materials testing, 2017, vol. 59 (2), pp. 123-129.

[22] Plokhikh A.L., Vlasova D.V., Khovova O.M., Polyanskiy V.M. Nauka i obra-
zovanie: nauchnoe izdanie MGTU im. Baumana — Science and Education: Sci-
entific Edition of Bauman MSTU, 2011, no. 11. Available at:
http://technomag.edu.ru/doc/262116.html

[23] Plokhikh A.L, Chang Y., Karpukhin S.D. lzvestiya Volgogradskogo gosudar-
stvennogo tekhnicheskogo universiteta — Scientific journal “ lzvestia VSTU” .
Series Problems of materials science, welding and strength in mechanical engi-
neering, 2015, vol. 168, no. 8, pp. 86-91.

Vlasova D.V., Assistant Lecturer, Department of Materials Engineering, Bauman Mos-
cow State Technical University. Specialises in developing and investigating multilayered
metallic materials. e-mail: vlasova-dari@bmstu.ru

Plokhikh A.IL., Cand. Sc. (Eng.), Assoc. Professor, Department of Materials Engineering,
Bauman Moscow State Technical University. Specialises in developing a new class of
metallic structural materials featuring a laminar, layered structure.

e-mail: plokhikh@bmstu.ru

Engineering Journal: Science and Innovation # 8-2018 17



