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Investigation on the 2D Contact of Multilayer Functionally Graded
Piezoelectric Material Coating Under Conducting Indenters

DAI Wenxin, LIU Tiejun
( School of Science, Inner Mongolia University of Technology, Hohhot 010051, P.R.China )

Abstract: In view of the contact problem of functionally graded piezoelectric material (FGPM) coating under different
kinds of conducting indenters, effects of the gradient index on the contact mechanical behavior of the FGPM coating were
investigated. A model for the multilayer FGPM coating was established. The contact problem of the FGPM coating was
transformed into singular integral equations by means of the Fourier integral transform technology and the transfer matrix
method. The Gauss-Chebyshev quadrature formula was used to obtain the surface stress distribution and the charge
distribution in the FGPM coating-substrate system under a rigid conducting flat indenter and a conducting cylindrical
indenter. According to the numerical results, the effects of variations of the FGPM coating parameters on the indentation
and electrical potential were analyzed. The distributions of stress and electrical displacement in the FGPM coating were
obtained. The results show that, the variations of the FGPM coating parameters have an important influence on the contact

behavior of the system.
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Fig. 2 The multi-layer model for the functional gradient piezoelectric coating
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a X. ’h . oo 00 . oo
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nl j_ 4(0) jm (WFa3 — £53) sin [w(x — )] dwd, (49)
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Fig. 4 The frictionless contact problem between the FGPM coated half-plane and the conducting flat indenter
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®o0 = ¢1(0,h) — 1(100a, h). (74)
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Fig. 5 The frictionless contact problem between the FGPM coateded half-plane and the conducting cylindrical indenter
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solve egs. (67) —(70) and solve egs. (88)—(91) and
obtain f(n7), g(n) obtain f(7), g () and Q|
substitute /(1) and g (1) into substitute O, into egs. (93), (94)
egs. (65), (66) and obtain p(x) and obtain g, (x)
and ¢g(x) ¢
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!

output p(x) and g(x)

output p(x) and g(x)

6 JEJIIMT p (x) AL 3T g (o)oK gk I R AR U AR 14

Fig. 6 The flowchart for the procedure of solution to obtain stress distribution p (x) and charge distribution g (x)
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Table 1 Material properties of PZT-4

cnn+/GPa Gy, 1/GPa  ¢33n+1/GPa  Cyyny1/GPa  e31n+1/(C/m?)  e33 v (C/m?)  e1sner/(C/m?)  £11841(CI(V M) £33 84+1/(C/(V-m))

139 74.3 115 25.6 -5.2 15.1 12.7 6.461x107 5.62x10°°
AT RAUEA SO RSB 25 R, BT R B H B 15 2 O RS8035 a0 T 48 808 A1k,
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HTF (K 8) AR ESLAEHT (K1 9) B9 FGPM ¥ )2 b 21 A9 N g e 17 4345 . N IETHR AT L& B, R AR SCHY
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R T BRI DR AR, AR SCRLUL T AR S0 IR R sR U A ) 2 )2 D REAE B TR L IR 22
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Fig. 7 Effects of the number of layers on pressure distribution p (x) and the charge distribution g (x) of the multi-layer piezoelectric model
under the conducting flat indenter
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Fig. 8 Comparison between the present results and the results from ref. [16] under the flat indenter: (a) contact stress distribution p (x);
(b) charge distribution g (x)
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Fig. 9 Comparison between the present results and the results from ref. [16] under the cylindrical indenter: (a) contact stress distribution p (x);

(b) charge distribution g (x)
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Fig. 10  Effects of gradient index n on distribution of contact stress p (x) and electric charge ¢ (x) under the conducting flat indenter for k = 8/1
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Fig. 11 Effects of gradient index n on distribution of contact stress p (x) and electric charge g (x) under the conducting flat indenter for k = 1/8
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Fig. 12 Effects of n on the curve of applied force vs. indentation, the curve of applied force vs. electrical potential, the curve of electric charge

vs. indentation and the curve of electrical charge vs. the electrical potential for k = 8/1
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Fig. 13 Effects of n on the curve of applied force vs. indentation, the curve of applied force vs. electrical potential, the curve of electric charge

vs. indentation and the curve of electrical charge vs. the electrical potential for k = 1/8

(2)

—0.04 -

o./MPa

n=0.3
n=20.6
n=0.9
-emmn=1.2

T T

0
x/cm

(b)

—2E-5

/,;:1‘;\‘\ n=03
AR n=0.6
S : \\} n=0.9

seeen=12

T T
0 2
x/cm

B 14 ik =8/ 10, nfH AT FEAL (2 = 0) S Sy Ao AR D 10

Fig. 14 Effects of n on vertical stress distribution o-; and electric displacement D, at interface (z = 0) for k = 8/1
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Fig. 15 Effects of n on vertical stress distribution o, and electric displacement D, at interface (z = 0) for k = 1/8
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Fig. 16 Effects of n on stress o, and electrical displacement D, at x = 0 along the thickness direction of coating for k = 8/1
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Fig. 17 Effects of n on stress o, and electrical displacement D, at x = 0 along the thickness direction of coating for k = 1/8
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Fig. 19 Effects of gradient index n on distribution of contact stress p (x) and electric charge ¢ (x) for k = 8/1
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Fig. 20 Effects of gradient index 7 on distribution of contact stress p (x) and electric charge ¢ (x) for k = 1/8
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Effects of n on the curve of applied force vs. indentation, the curve of applied force vs. electrical potential, the curve of electric charge

vs. indentation and the curve of electrical charge vs. electrical potential for k = 8/1
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vs. indentation and the curve of electrical charge vs. electrical potential for k = 1/8
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