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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, the dynamic behavior of atomic force microscope (AFM) based on non-classical strain
Received 22 May 2016 gradient theory was analyzed. For this aim atomic force microscope micro-beam with attached tip has
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been modeled as a lumped mass. Micro-beam, stimulated via a piezoelectric element attached to the end
Available Online 14 September 2016 P ! P

of clamped and non-linear partial differential equation of the system has been extracted based on Euler-
Bernoulli theory and converted into ordinary differential equation by using Galerkin and separation

mz‘:’;rbizm method. The classic continuum theory, because not taking size effect into consideration, has little

Tip accuracy in predicting the mechanical behavior of Nano devices. In this study, the stability region of

Piezoelectric micro-beam is determined analytically and validated by comparison with numerical results. Difference

g‘;'l‘::'k?nemou”' between presented analysis in dynamic behavior of micro-beam by classic and non-classic theories has

Strain gradient been shown with a variety of diagrams. It is clear that considering the size effect changes the dynamical
behavior of the problem completely and it is possible, and while classical theory predicts stable
behavior for microscope the size effect is caused bi-stability. The results in this paper are very useful for
the design and analysis of atomic force microscope.

L G, ool 5o mshe Pls ouin slaghy, 25T S 5 wS doudo -1

e b ey gle By dler Sl glaw g5 g9y g olol Zedgume slad 3 dlse (e JL3le 5 (ol g ST sl So 5SS
)5 Sszs ol dame g5, izmen 5 St 5 I sos b et Joe ple g lse M3 lases 1o wilsh so g8y e (] 105,00 IS5 51U

Please cite this article using: “awled o3 bl i3 wyle 3 Wlie ol & glay ! (glp

M. A. Mohammadi, A. Yousefi-Koma, E. Maani Miandoab, M. Karimpour, Dynamic Behavior Analysis of Atomic Force Microscope Based on Gradient Theory, Modares
Mechanical Engineering, Vol. 16, No. 9, pp. 155-164, 2016 (in Persian)



ULSeR 9 (53e=o e Soxo

IS ULSLS G985 bl s oSl G989y HSae (SSaeliad HUD) w8

3T IS 2SI 5 5 9,5n Slapis 5 0 oolitul (gl
7S 5 0950 039> 0 solal ShIs ool (5905 Sy San p alex
15 ool @ aidy o claylis, o USE ek & aibl e o]
el o0 gy amo 2R3l 5 o j5b 55 9,800 Slauliie

S35y 59905 5 oolma 28 wje s 51 [16] %55 Jlio ol
o ke 9,See Shlo (o5l (S9y pgSmg Sen Slug Bl
[17] S e S slapes 55, sty 950 Glej] 3 5
calisdo LB il 4 ymie bapas kb o ialS a5 55 cusliv
Sl ez HE Gl o Sgtal 0 oo e (ol (S
i 35e Galos] 3 55 Sl £alS g o Kbl S oad
oileil b 5 [18] 5,5 (5155 1) 09 e sl JS5 S3b slo 5 s,
P Sy dajedy Sl ot wsle lays 69) (e 95
[19] 5,5 sasline 1) 55 calins ials 5 200 ctas conlo 5 ol
Slge 15 ool Ky ol 4y a5, (aKiylefl s ol b
ol dasive ojll & ool gzy B S sl oKin 5wl
SedlS Sl (6,55 0 )i 5l ool b obiie b (ool glis
25 9 a9 sl b plaosle jo a5 1) oslasl 4y aily sla s, wilgy o
A g P g (S ey Dl 00 BT 9 S0

E3C I ENSIEIPCINEIRY [P S P T P TAPIE
& 36 s sk & Pasl g bS5 S 5 S obolS
Ogmy o5 )| iged lgie a4y anil e o3l 4y atly gla b3 s
13L‘°°)'L“53[5 N R e R RTITC I TP
b ¥l s sS A5 Sl el [22-20] wles S osli
b B8 68 b SV Slse (g Getamen 00,5 swpn )
1 eSS e ) P [24,23] codl 68,5 (slu s
=55 kol 65 b Glae g el 03,5 eslial 135S siludae
bbby S [26,25] conl 03,5 qmyp 1) 89S0 (Sealis L3,
#9550 (Sealnd la)lid, wl sgp S A5 5y985 5l eslitad
[2T] sl 035 ooy 1) (31 25y S

ol 3o (Byme [28] o by aidl Sgnt (T LIS 5
ObalS (22 plalS Hlale o5 ok (alide Sl 4w (5595
KIS0 on 48,5 S 5 laojleg S 4 bguye (o225 (Lol g gl
Seolud g (Sl L8, (255 GbolS el eslind L [29]
Slys,See (L) 18, Sy 0 s |y Jeir skl lo iy See
L30T ols 13 (qusy 0530 (25,5 (LolS (55 bl 1) 5Siigons Jao
1 9 958y Sn g Som Sl g wts 53 [31] (ol
ol 03l L5 5 03,5 ulot 4l sgegs 55,5 LbolS (65555 ol |,
oo fally S0 g See Cualins g abl obj owled (e ST &S
Sy el sl 255 phslS (955 3l eslinl o] sty b
ool )3, [32] o oulie rizmen adlige oY 55 See (Snlis
3 S w55s S sl [B3] 5 Ll s o5 (5535,500 £58 S
9 Senl 03,5 (cmyp (255 OLALS 095 wlaln 1) g oad Slerin

 Mems/Nems

Swu

° Micro torsion

0 Flexural rigidity

™ Non-local Elasticity

2 Modified couple stress
'3 Nano-structure
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