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Tab.1 Size parameters of the coating design

eSS 25 SR RE P L
Type Layer number  Total thickness/um  Modulation ratio
TiAIN 1 20+2 —
TiN 1 20+2 —
TiAIN/Ti 8 10+1 19:1
TiN/Ti 8 10+1 19:1

*2 REMRIZSH

Tab.2 Process parameters of the coating deposition
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pe aee bias/V current/A  pressure/Pa  cycle/%
Ti Ti -200 70 — 20
TiN Ti 0 55~60 1.5 —
TiAIN TiAl 0 55~60 1.5 —
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Fig.1 Finite element model of nano indentation
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Fig.2 Microstructure of the coating cross-section
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Fig.5 True stress-strain curve of aluminum matrix composites
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Fig. 6 Test versus computational indentation responses of
aluminum matrix composites
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Tab.3 Range of elastic-plastic parameters for finite

element simulations
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SR AL T
Elastic modulus/ Poi " Yield strength/ Hardenine ind
GPa oisson ratio MPa ardening index
50~450 0.3 300~10 000 0.1~0.5
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Tab. 4 Fitting coefficient

i « b
00 1.196 3 0.307 4
01 04156 0.3359
02 -1.5254 -0.8613
03 -1.2516 2.5835
10 1.018 7 -0.1337
11 -0.101 2 -0.305 4
12 0.662 3 -0.042 2
13 0.298 9 -0.4817
20 -0.5116 0.150 6
21 0.054 7 0.065 7
22 -0.063 7 0.030 5
30 0.072 3 -0.027 8
31 0.006 1 -0.004 4
40 -0.003 3 0.001 6
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Fig. 8 Test indentation curves of mono-layer coating
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Exploring the impact of residual compressive stress on tensile properties of
multilayer coatings based on inverse analysis method

CHEN Jinhu' JIA Yunfei' MA Tianyu> ZHANG Yong' ZHANG Yu' YANG Jun'
(1. School of Mechanical and Power Engineering, East China University of Science and Technology, Shanghai 200237, China)
(2. School of Materials Science and Engineering, Northeastern University, Shenyang 110819, China)

Abstract: Coatings have extensively been used to the surfaces of critical components to enhance their service life, and the
research on mechanical properties of coatings is essential for advancing this technology. TiAIN/Ti and TiN/Ti multilayer
coatings were prepared on aluminum matrix composite surfaces by using the vacuum ion beam sputtering technique. The
microstructure, phase composition, and mechanical properties of the coatings were characterized and analyzed using scanning
electron microscopy (SEM), X-ray diffraction (XRD), and nanoindentor. The dimensionless function correlation between
mechanical properties of material with multilayer coatings and the loading/unloading parameters of nanoindentation was
derived based on dimension analysis theory, and its explicit expression was determined in conjunction with the finite element
simulation method. By establishing a nanoindentation simulation model for the multilayer coating, the impact of residual
compressive stress on the tensile properties of the multilayer coating was analyzed. The results indicate that residual
compressive stress can enhance the yield strength of the multilayer coatings. The residual compressive stress of TiN/Ti
multilayer coating is —564 MPa, increasing the yield strength by 31. 25%. Similarly, the residual compressive stress of TiAIN/
Ti multilayer coating is —871 MPa, resulting in a 50% increase in yield strength. An important theoretical and test basis is
proposed for quantitative analysis of the factors influencing the mechanical properties of coatings.
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