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Finite element analysis of hard-coating composite structure

considering strain-dependent characteristic

SUN Wei, LIU Ying, LI Hui

(School of Mechanical Engineering and Automation,

Northeastern University, Shenyang 110819, China)

Abstract: On the basis of introducing the strain-dependent characteristic of hard-coating
material, the dynamic characteristic solution theory of iterative finite element method was
derived. Moreover, the processes of calculating natural frequency and vibration response
were presented, which can be summarized as; the hard coating material parameters were cor-
rected by the vibration response, and then the dynamic parameters were solved by the itera-
tive solution program. At last, a cantilever beam coated with MgO-+ Al,O; hard coating was
chosen to display the effectiveness of the proposed method. Considering the strain-dependent
characteristic of MgO + Al,O; hard coating, the natural frequency and vibration response
were obtained under different exciting levels and also compared with the relative values ob-
tained by linear calculation. Results show that the hard-coating composite structure cantile-
ver beam displays the soft nonlinear phenomenon, and the resonance responses reduce by
29% — 48% compared with linear calculation correspondingly to different exciting levels.
This shows that the strain-dependent characteristic of hard-coating material can promote the

effect of vibration reduction.

Key words: strain-dependent characteristic; hard-coating; composite structure;

finite element analysis; iterative calculation
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Table 1 Relevant dimensions and material parameters of

base beam and hard coating

E i
S8 BN ik 2
Ti-6 Al-4V MgO+ Al O,
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F& & /mm 20 20
JEE /mm 1.5 0. 05
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Fig. 4 Finite element model of hard-coating composite

structure cantilever beam
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Table 2 The first five order nature frequencies of

hard-coating composite structure

cantilever beam

i vk 1 2 3 4 5
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Fig. 5 Frequency domain response of hard-coating
composit structure cantilever beam near the

fourth-order resonance region
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Table 3 The fourth order resonance frequency and
resonance response of composite beam

under different exciting levels
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Table 4 Resonance responses comparison between linear
and iterative calculation of hard-coating

composit structure cantilever beam
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