201549 f

A AN 1 =

46 & 55 9 W

doi:10. 6041/j. issn. 1000-1298.2015. 09. 054

ERERNMBERSERMEEEEZREMRIHT

HEH w oA
CREM A2 HUB TR B £ S 2285, i 350108)

W TR, 165 R 0™ A (R) A G E T L 35 i 50 00 1 AR T e Aol B e 2 i 1k kA S5 B pl |, 32
ABAQUS Fl BB A3H7 T i i T IR BIK 21 T 1B R A AR i 5 88 R MLRE T (R A9 32 ik o 25 SR 3R W - e v 3R Bl 6 flhiod
TR AR BOR I B i B ST, R SRR TE O EAE G 2 ~4 s PR B G, 43 B 30 IADHLRS S T & 4E
IINER Y B HSH R AR T | e B KR A I 7B A 4 ik DX 3t % 5 B R F BIR Sh o B 38 0, 3 & A R AR TR IX 8
AW B, 2 TH BB AVE RIS , 0 R G il vl S

KEIFE: R MEER MEE FEEm

HmE4SKE . THILT. 1 TERFRIRAD: A XE4HES: 1000-1298(2015)09-0368-05

Multiple-contact Analysis between Microcantilever and Substrate
Rough Surface Driven by Piezoelectric

Huang Jianmeng Huang Jing
(School of Mechanical Engineering and Automation, Fuzhou University, Fuzhou 350108, China)

Abstract; Based on the piezoelectric principle, in consideration of adhesion, interaction between
asperities, elastic-plastic deformation of the substrate, microcantilever elastic recovery and so on, the
dynamic characteristics between microcantilever and the substrate rough surface driven by piezoelectric
were simulated by using ABAQUS finite element software. The results showed that there were several
significant contact-separation cases during the contact process of each piezoelectric driving. When no
voltage was applied for 2 ~4 s, bonding between beam and the substrate still appeared. A small portion
of the elastic-plastic deformation on the rough surface occurred during separation, and the maximum
residual stress appeared at the edge of the contact area. With the increase of piezoelectric driving times,
the effect of surface bonding enhanced and the plastic deformation region on the substrate rough surface

extended to two sides continuously, which influenced the reliability of the contact system.

Key words: Piezoelectric film Microcantilever

515

FER 22 AR 5, FhROEE 800 5 S 1) 2% T
ROV AEAGHE ik ()R S BRHL L 2R G2 (MEMS) e
B EEIIE SFERF IO 2 IR W 1 22 13
HUBRACF R AR, JUHOR 2 PRl St .
o AT D S RT3 S A 1 AR S B iR aE
ShA% o A i TR I E SRR S ik i A

KR H: 2014 -12-10 &[0 HIH. 2015-01 - 16

Rough surface

Bonding contact

Wt e A A S B RE SR AL, TC i R M T
R AT S P SR DR I A R 2 5 e G ) 4 e 1
N E NI B R

Chen 2273 F1| il JBL 7 41 2. 18 %% ( Atomic force
microscope, AFM) 0562 RACI i T R A 55
FENC AR A A, AR A 4 fik— 0 B I B R T, 3B W
GERN etk B FBIE 23 2 A 3 R, S
B RO S IR ME T — & B9 B A . Benjamin

* [ A AR B B )T H (51205062 ) AR A4 AR B4 BT ) 0T H (2011J01299)
TEB BT FOIEW, B2, T2 AT EEIE 05, E-mail: hjmf2u@ 163. com



oM

PR S5 Mo K Sl TR R - ORI 1] 22 UK He ik S B 369

AR 20 W B R T % IR Au — Ni & 4 0™ A
FHEAE R B SERE b X OB I e i T &
RINA A NI B 5 ) 2 452 fl 1 R A R/ Rk
PR LA TR, 2R R&ED 0 —MH i PZT [k
LA SR IR Sl O O W BIUAR M BB EA T AF 9, 81 T
B REEMSHS 12 SR R G B B
KPR R X T S J ik ) 8503 3 22 i o7 5% Wi 648 R A 485
Wo A EARREF N TH AR BB b, 20 HT
— T TR ) TR U T 2 1 Bl ) 2 R, R B
TR 5 AT DA i85 30 455 A AE T S A
], oA o 3% JF ¢ 332 fih 1k BB 4R 11 R S K. B
Sandia [E 552825 0N T AR R gLmt & B, th T
VI 220 R[] 3 R 2 i 5 G 7 — S 1 R B 2R 2k
2, FRE, Patton 25 YEAN[RIFR 45 4% 141 R %) 4l 4 28 A
FATF AT T, R B T X —B g, ml I,
SO Tt 55 LR 18] 9 22 fil o3 By 0 20 25 5 5 TR R
H MBHEEE AU SE PRI DL e 1H B A B 50 55
[SENiblATT R

SCHRLO |22 B, R FH R A Rk ol B ) PR A T 2
S B 6E R G T A5 A L, B A S AR HER L i [
P ARIIFERIDLE, REIETAEE 1 5 R M RS G 1Y
B LR WA — PR S S, TN T H K B
BB, T T R B AR T LIRS — e T 48
SR RiOBL N w/AN W (EP e e S AN [ iR 2 gy
ARV B A AN F B, S5 2 0 45 R 5 PR
AR KR ZE . R Tz 50k B s, H R
1 R A BR 0 o A vk, A A B A B A
B RS s SRS U SO . TR L, AR S0
T, 75 R ROt R 2 e A ELAE
s R R oL I A R R I L o M AR T S5 5 Tl TR 2
(RLRE -, 328 F ABAQUS 757 F& F 3K 2l fild i i 2
R Ui 55 6 U HEDRE AT ] 422 il Ay BR OGBS Y, 3l 28 40 iy
T4 R L K ) e R ) 2 ik g L S s 4 Al v AR &
AR LA .

1 EE/FEE

s R RO R ] — 2 T H B R — JZ TC R A
AP I R IR T 4 45 A, X b Rt g R A A
TR B L RE AL 1 Fs v A o ) LA PRI —
RN HL T, folc BB Tl 2 77 A — 5 Wi JEE PR A 1)
TE o I LTI 390 s v SO, 00 2R A 79 S i
— B, s F AR AR ) T B R A A R 3 )
AIVE TR S A AR AL, e I s R MR 7 A i K B
Woc g, A1 s ri I DAy R Sl A 1) 248 82 72 fh BTG £ sk
BRI MRS i ASE , AR RN S
SRS A S IR T R S AT ol

H FE A A A AR A Ny

T
Dm - dmio-i + einEn

(i=1,2,--,6;m.n=1,2,3) (1)
&; :Sf»a'j +d, .k,
(1.j=1,2,---,6;m=1,2,3) (2)
Xrf e, HER d,— R
S5 I N W}
E,.E, H1 37508 E

By 1.2 3 70 AR AR XY Z 507 4.5.6
RERSE XY Z fhiie il Oy i, 2K (1) SO IE R
RO, 3 (2) S e ) 2 390 im0, s R A ) P
Bit% D, MNAE &, t B FRSZ 0  FIH 37 9 73
CAGE=) I T0P5 A

A LTS T Z A, U LR XY A )
YRR, BEIF 22 2 80n] DI 2, 0] s R i 5RE F |
i FL ORI SRV P EE R 50 301 A

0 0 dy1
0 0 d,

‘. 0 0 d
0 d, 0
ds 0 0

Lo o o
o0
0

rshoShosho0 0 0 7
SYoSh St 0 0 0
N I O 0
il o o o St 0 0
0O 0 0 0 S 0
LO 0 0 0 0 2(Sf-5,)]

2 ARTEE

TR R R R RE /N TR I
FERIGERE , A R Z J7 1) LT A 8] A H
Y5 T R RUERR b N RRAR T, X EE A 23 A R TR
B/ HOKs FL 220 A RS 1 R 1

i HAT R I SRR, U RE AR
R, B G RRE D), o B M 2 5 Bk A 2, & MEMS
i R R L, % I8 B MEMS 251 19 52 B 22 1
Al BE , AB v 1 SR A S 2 i (AR BE SIS 35 R S
FERE, LR p =2 330 ke/m’ B
ML E =168 GPa, JHAALL v =0. 28, JH IR)Y Jjoy =
7000 MPa, PZT 3 f) v R BOAIBLHLURR & R AL



370 & o BLoM ¥ IR 2015 4
Hofth F AR — RO G, N AR SO I IROR. TS bdiefih R A 78 D BB s il 1 ., S b fih

FI PZT =5 HAP R 280 0% p =7 500 kg/m’
A HEE el =1 100 el =1 100 ek, =827, [ H1# %k
dy = -5.2C/m” dy; =15.1 C/m’ dys =12.7 C/m’,
PAPERIEE ST, =S5 =2.64 x 10" N/m* S%, =2.3 x
10" N/m*, S, = 6 x 10" N/m*, S}, = 1.42 x
10" N/m” S, =S¥ =1.46 x 10" N/m*, ¥/~ i i
R SEPREE R R an e 1, Forb w42 fish S (AR
it 2 T8 R ELAT 05 S0 VAR P 118 0 T eRBCGRALE , AH G
SR N BYER D =2. 4, RITHLBEFE R B 6 =
3.36 x10 7" m,

2 G B IR AR 15 BOMURE T (8] 266 4 4 fh 1)
AME, ARATHEA, X TR R AE 20 ~50 V HL IR
T RN 10 Y H 3K 5l 45 U s 4 R I (8] 2y
10 pso BEAARITHEARINE 1 s,

*1 EREBEBERNXREMSH

Tab.1 Actual structure parameters of piezoelectric

microcantilever m
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Fig.1 Finite element model of contact between microcantilever

and substrate rough surface using piezoelectric driving
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Fig.2 Curves of displacement of the first contact
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Fig.3  Curves of contact force between two rough surfaces
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Fig.4 vonMises equivalent stress distribution of substrate

rough surface during process of contact — bonding — separation
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