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Abstract ;. Nano-indentation experiments are an important means of studying the mechanical properties and sur-
face morphology of materials. With the decrease of the contact area, the adhesion between the indenter and the
contact surface of the specimen cannot be ignored. Therefore, the adhesion effect plays an important role in the
contact problem under the action of the indenter. The functional graded piezoelectric material (FGPM) has the
advantages of both graded and piezoelectric materials, and can effectively avoid contact damage and failure of
coatings. The adhesive contact problem of FGPMs under conducting indenters was studied. With exponentially
changing material parameters of the FGPM coating, based on the Maugis adhesive model, the control singular

integral equation for the 2D frictionless adhesive contact problem of the FGPM coating under the conducting in-
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denter, was obtained through the Fourier integral transform, and the Erdogan-Gupta numerical method was
used to solve the equation. The effects of the adhesive stress, the graded parameter and the charge of the inden-
ter on the electro-mechanical coupling response were obtained. The results provide a theoretical basis for im-
proving the contact behavior of material surfaces with FGPM coatings, and help design piezoelectric structures

and devices.
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Fig. 1 Functionally graded piezoelectric coating-piezoelectric half space contact mechanics analysis models
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Fig. 2 The mechanical model for the FGPM coating under a conducting indenter
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= cos(sx) s1n(sx) o
J’o fd -In|x], J’ =5 sgn(x) . (A32)
A (A29) "SR (2 = h) Lfif%ﬁi*ﬂ%%ﬁ’ﬂ%zl—‘ﬁ@ﬁm:
u,(x,h) =—lfT] sgn(x) _ipr (F“ —fij sin(sx)ds+lf;620]n\x\—
2 m™ Jo s ™
ifis T 1 3 .
Q J' (Flz —fi) cos(sx)ds — fm sgn(x) i (Fn —fi) sin(sx)ds, (A33)
m™ Yo . S
u,(x,h) :fﬂ ln‘x‘—fj w(FZI —fij cos(sx)ds —lfzzosgn(x) -
™ m™ o s 2
QJM( —fz)sm(sx)ds +filn\x‘—*J ( —f)C(’s(S%)dS (A34)
m 0 S

aP e 31
@, (x,h) :ﬁ ln\x\—ﬂf (F3l —f:) cos(sx)ds — f;osgn(x) -
m 2o

i J'm( )sm(sx)dc +f1n\x\—fJ' ( - )cos(cx)dc (A35)
3L(A33)—(A35) 7 FGPM TRJZ M) e AR 25 [ a3k ) DI 4 rp gy P, FIIEAE AP By A R A9 — 4 fik ]

SRS . B, YR pE R R (A33) —(A35) A S I ) Q MBS 25, AT A5 3] FGPM 94 J2 F 1 ) e 5t
JE s (M AR AT 1 P ANIEAE TR BT T 1R FH T Y 20 GBS 2 25 fph ] R0 ) S AR i kg U

u,(x,h) = f“, sgn(x) _ipr (F“ —ﬁ) sin(sx)ds —lf” sgn(x) i (Fm —fi) sin(sx)ds, (A36)
2 m o s 2 m o s

nP re 21 2

u,(x,h) :fw ln‘x‘—if (FZI —f:j co%(sx)ds+7ln‘x‘—fl" ( ——j cos(sx)ds, (A37)
T T o s
P e 3 i ;

@, (x,h) :ﬁ 1n‘x‘—£J’ (F31 ﬁ)(’o%(?x)ds‘ +7ln ‘_7[ ( ——) cos(sx)ds. (A38)
by s

4 FGPM 42 IS FEHL A A —BPRHIR, 0 A33) —(A3S) tft B B FET0H 2 638 704 5 o e 25 ko
A >

i P ‘mo ifsr

u,(x,h) =~ > sgn(x) + In|x|- >

sgn(x), (A39)
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= p oo T
u,(x,h) =f2171n\x\—lfzzosgn(x) +£1n\x\, (A40)
m 2 T
P if 5, 9l
¢, (x,h) =f;]—1n\x\— 1f’zosgn(ac) +filn\x . (A41)
T 2 'n'
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