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Analytical Analysis of Natural Characteristics for Cantilevered
Laminate Plate with Hard-Coating

SUN Wei, LIU Xiao-zhou, WANG Zhuo, ZHU Ming-wet
(School of Mechanical Engineering & Automation, Northeastern University, Shenyang 110819, China.
Corresponding author: SUN Wei, E-mail: weisun@ me. neu. edu. cn)

Abstract; Based on the Ritz theory, an analytical method of solving the natural characteristics of
hard-coating cantilever laminate plate was developed. The strain and kinetic energy of composite
plate was characterized by the displacement of neutral surface, then the free vibration equation was
derived and the methods of solving natural frequency, mode shape and modal loss factor were
presented. A T300/QY8911 laminate plate coated with NiCoCrAlY + YSZ hard coating was
chosen to demonstrate the as-proposed method. The natural characteristics were calculated by the
as-proposed method and ANSYS software, respectively. The obtained results were compared with
the purpose of assessing the rationality of the method proposed. The practice shows that the natural
characteristic parameters of hard-coating cantilever laminate plate with engineering significance can
be obtained by treating the hard-coating layer as a special layer and implementing the inverse
transformation of dimension.
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Fig. 1 Cantilevered laminate plate structure applied
with hard coating
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Material parameters of composite plate

E,/GPa E,/GPa G,/GPa v, p/(kg-m™?)
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Fig. 2 Finite element model of hard-coating
cantilevered laminate plate
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Table 2 Natural frequencies of hard-coating cantilevered
laminate plate obtained by analytical method

and ANSYS
Bk : [ A #1%/Hz lw, —wl
fF#HTTH (w,)  ANSYS(w;) W
1 214. 6 212.5 0.99 %
2 504.2 495. 1 1.84 %
3 1137.2 1089.3 4.40 %
4 1401.6 1373.8 2.02%
5 1855.9 1799. 6 3.13%
6 2514.8 2396. 5 4.94 %
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Fig. 3 Mode shapes of hard-coating cantilevered
laminate plate obtained by analytical
method and ANSYS

(a)—f@trid; (b)—3LT ANSYS Hff.



% 8 N AR, AR

BB BT AR Ao Y MY B R A YRR T 1127

R3 REAMITEFET ANSYS KGR ENELRE
BEEESHMESHRERT

Table 3 Modal loss factors of hard-coating cantilevered
laminate plate obtained by analytical
method and ANSYS

Gk frﬁﬂ&?ﬁ?zlﬁl% x10~* I, =0l
BT (n,)  ANSYS(n;) Mg
1 37 36 2.78 %
2 43 41 4.88 %
3 63 61 3.28%
4 42 40 5.00 %
5 44 43 2.33 %
6 77 74 3.90 %
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