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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, squeeze film damping in a micro-beam resonator based on micro-polar fluid theory
Received 20 April 2014 has been investigated. The proposed model for this study consists of a clamped-clamped micro-

Accepted 18 May 2014

Available Online 28 September 2014 beam suspended between two fixed stratums. The gap between the micro-beam and stratums is

filled with air. Equation of motion governing the transverse deflection of the micro-beam based on

strain gradient theory and also non-linear Reynolds equation of the fluid field based on micro-
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Keywords: . . . . . .
MEWM“S polar theory have been non-dimensionalized, linearized and solved simultaneously to calculate
Micro-polar theory the quality factor of the squeeze film damping. The effect of non-dimensional length scale
Squeeze film damping parameter of the air and micro-beam for different values of micro-polar coupling parameter has
been investigated. It has been shown that applying micro-polar theory underestimates and also
applying strain gradient theory overestimates the values of quality factor that are obtained in the
case of classic theory. The quality factor of the squeeze film damping for different values of non-
dimensional length of the beam, squeeze number and non-dimensional pressure have been
calculated and compared to the obtained values of quality factor based on classic theory.
oole I o Slos 5 o guis oled QT o a5 aslds el as,e @ dodio -1
b a3 le 03l (5 pRata 0 Tl ol 53 5T S olal 53 (SilSas S slo s
Sl pres a0 DS S I8 alow o 4 ol QT 5 Jlo lanl o aslasly 3l Jle 50 O oy 4 pl glaars g

SLLE! Gk a5 655k 4 ©85 &0 6l g 90 olal )3 (Sleg S | aazns gla e Cle sladngy wd) b e g ol o s03Le1990
Syl 0 b e () g e 2015 Lo jo ol (5,08 sliw

e e ) i . 1- MEMS
JB Glides glacd iy 4 a5 ob aslss Yo ey 1 » &b Sl 2-NEMS

Please cite this article using: S lod o3liiw! Jod @yl 5l Wlio cpl @ gl (510
M. Ghanbari, S. Hossainpour, Gh. Rezazadeh, Effect of fluid media on vibration of a microbeam resonator using micropolar theory, Modares Mechanical Engineering, Vol. 14,
No. 10, pp. 205-210, 2014 (In Persian)


https://dorl.net/dor/20.1001.1.10275940.1393.14.10.6.3
https://mme.modares.ac.ir/article-15-3719-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-06 ]

[ DOR: 20.1001.1.10275940.1393.14.10.6.3 ]

VoD 9 (5 S lae

29939540 50955 )l 03l by jui9 )Sa0 93l ) libblai)l 59, Juw buxe sl il

350 a5l ) (@lme Sleogas 2007 JLo 5 by 5 sy [12] o5
o (5l s dolas LT [13] il w53, o Jgl (il
&y S oslitad L 1) 5 (LBl alolas boad hsS jolgn; ndy o515
tle 903 J> DC L 5l (A6 (Ssbial 53 (58,5 )13 53 (9 ()5
o g (Sl 5 555 5 0 b (S S g S
bl 4y Jlw ige o) (Sl (Jg 8,5 )13 aslllas 3,50 2007 Lo
Jbo )3 (g 5 4L 09 00t a8 )5 )L 0 Y pj g 9,5 (sl
33 5l B 9 g Y DC 5Ly Cou axiog S il )| 2007
&5 g ol 3 adlllas o)9 alize 55 (slajlad ol 4y 1) Sl
2 Ceng g (il [14] wio gl cony Gilazdl (og) 6,510 L1, L
Sz b laslisiys,See o 08 ol e 20100 Lo
Sg0 dw ;3 1) by (> AC 5 YL DC (sla 5Ly Jlosl b (Ssbels 2SI
aisly 18 aslllas 550 alie lame lojlid sl 4,5 Jol ool
drngs |y (Slials 58U 556 b s S S S5 Jae il [15]
255 7950 O adgl alols 4 Jlw Sge il (Sialy ()] 50 a5 il
B8 ol o )Ll sla IS 55T jo.ad e 00ls bLS | pwsli soe 5,k 5l 4y
slal o Jlw (gl a5 oud (g5l Joo SedlST (5585 b Jlw lae
e alin 5,800

O Bl )3 5 5,500 sl )3 Gl i ol 0Dy 4 4z gl b
Gazg by Jhw ol 5 el e o ol b o s ] 551
Sl Jie ST (555 3l ool b Jlow Gl b 25l 25T 5o as
L ss)o,See 5o b 09,28 oS pliee oy p 4 dlie ol )5 0ad
2SS Jeld eolpiing Jow o9 oo aiSlop Va9 Ko (55985 (65,150
el o ablol sl o YU 5 ol sl Y (s 45 el 1558 o 50
Sl a5 Jlow 5l (slos 128 SL ok oa¥ g 5 o alald 5Se 0
G55 S by ol o i)y oSl dolas 10,5 e 8
bdbw JLad e oS jalen) (b pd dolas g (255 LalS
oBws ol el (a3 5l g 00l gl yZal Va9,Se (65985 65
» s Sl SIS goae by, dawgs cslo)y sy SYoslas
Glo S oyl Cnsy g SVolae > 5l ey igdie Ul
B 0550 50 aaldl )3 1090 c0 Al 3“—*—“5 2556 Cules ) gl
5 Vg5 5,95 3l eolitul b kS 556 (sl oatel sy ol
55 o0 ool p3Y (o g asdllae SCIS L

Y9350 (S095 -2

T DS (6)55 Olye 4&’4*511**5 Ololy fawgs )b sl (5955 0l
ole Ll S 1 505 Lo a5 oS 1 o 5 s opdle ol 4 &S b
g 6985 ol o Seolad Sl b zihe b iad e 48,5 Sl o
s ol yo il all Vg )See (698 Olare b ys8 (nl ()
Sl CoeS 9202 Giln Glae sV S )l Glae
il G L gunill S T jgmS 5 009 o I Jilnns

Ao Y oleo -1-2

5 (1) balgy ©yge @ 95 cnl 5o Jlw lise 2 oS> alSaie SYolae
[16.17] axeb s (2)

ty, =(—P+2ADp )0y +(2u+K) Dy +Keypy (Ryy =) 1)

2-Lee
3- Quality factor
4- Cosserat

10 opleib 14 055 1393 (53 e Suilke uwdige

slo CdS plgie IS sk 4 anelal anlys aie; (nl yo (slalde
245 od o 1 s 0ol Gl a5e 5 0L pled oS (9 SsS
SR g oty (SSlegn Ladlr mlio el il sladis;
9 Olihme 5| 6yl az gl 090 amil ;0 g 8,518 ooliul 590 g
By 355 0 Dy 1o i ool aho 31 55,5 5 ol Sing
L LT 28145 5,5 0 )Lal Lo ygiliss 0,50 5 o lid o janiony S
w3 oo olas allilel @bt wyls B dela anzee b Jlow Jolus
) S G sl 295 Gle Jae wegy Lae SCS Slue oS
@ Ol e dasie bl &S (ge 53 e SzsS sl o Sl
Jos ol 5l o s (Sealiyog yias Sledbl asly Sy 1S o5t
Loy a5 g polin 3l g Lid COl agie by caz o0 dlox ]
Sl s S Oy baasie (ol Gl Sl g DYl
a5 wims e ol alRiolesl s [V 2] amo e lis ol Dl
ol 2 a5 1966 Jlo jo oSl Lawgs suied)| 1)’%3;*:* Jb 65555
Jn Sl s 698 s, LS s 5 Sl slaise 257
Seelndgied lo (S Gha 5 00 9,50 ol o SV Gl o8
amo e ol bl mli b oss e 55l Sl ol
3yl So 50 Jlow Sl () din) po ilise Sliios [rd]
1o b 3 ot e 5 45 o 03,58 b lyon mra aler
plal Canl 15551 YL Comenl 51 L j53ls 559 S0 abazr 5l 5,50 Slal o
ol sla5b5, 30 1 alpme 31 1966 Jlos 45 sses [06] ol oas
7] ol )13 axllias 550 )10 15 o S5 (sl i S
205 predi 4l a4y ) S hncasl L8 BN 5 Led ojl
e GI8 @le A Dle b (LS slajled om Jol anl
@l A gl ol Jl am bl iy s oS ps aml o ol
Llse sladsse 9,65 5 (> poitiage JUII 5l (20 o5 59y walss I9a
U 50 o g 31 gl im bl o sl 5 > o o sl
215 15 addllas 3590 515 sledsSge (o psiiage SS9, 1) <5 >
Sl Jauad] Jlid 4 Soop jlid aF paw 4l jo a5 wols olis lal
1983 Jlu yo gl ool Jlad ) Jie 5 009 g3 (2o ol e
e Fls 56T g 1y iy o515 o0 (sike S 5, Aolas
i, o (sl Jas Aol 5395 J> L gl [B] 00 )10 00,88 L3
slp Slhle Glopls 5 J5b (b (isire o azio Sl 93 0
el 4 1992 Jlo o Sy ol cunny oy g olee glagy
75 o 35 60 o229, S0 )50 )0 kS S ojlail 050 y0 il
Joa 5] ool Gy s b gl ol &5 2l s ol sloylid o o
sl s 2002 Jo s 5 9] sl o5 st S5 b s
Sl e sy &S e LSl D adlee oz Iy 655
CodS g1 (gl lalalae laol [10] 0 SIS 55 SldsSUge i
Sl b a5 0] Cavss 090 00,5 &l)1 1966 JLos jo Jgeus azu] alive
2 oLl s Ko Can ks g b e o Al
P @ Sl oo g 0l dlie Soj aalejl mls L 1) 255 (5,55
& gt 52 0 Jae 12002 JLu s S S5 esalie ol
9 oS O akols Ul o 1) JLad mies oS s SO Ojse
093 2004 Jls o K5 [11] 057 sy RS iy sk 5l Y05
5o 4 1y 5lss, DC 5y Jlesl 5l (L36 (Slewl o3 (28,5 ks o
&5 ol 0,8 oo sl 3l age )5 Bl S o o 15 ugs 25 Sy
PR S o Sso iV n) s xS e alolly S o, 23

1- Micropolar

206


https://dorl.net/dor/20.1001.1.10275940.1393.14.10.6.3
https://mme.modares.ac.ir/article-15-3719-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-06 ]

[ DOR: 20.1001.1.10275940.1393.14.10.6.3 ]

Ve 9 5 4 Use

29939540 50955 )l 0 dLaiwnl by jui9 S0 )93l ) libleisl 59, Juw buxo il

P =—8G/2 +GI2v? + 2612 +GI? + 2612y + %Glfv

8 8
+—GI*v?+—GI? +8GI*V?
15+ 15 ¢ 0 (6)

4 4 8
ID7 :ZGIOZ 7SG/§V+EGIE+EGI:EV2 +gG/12V+86/02V2 (7)
J93e G i aaseiio Jsb sloyially [, 5y ly (7) 5 (6) Lly, ,

Db o 5 el oo Vg Shp
T19] 51wl e (20) G (8) Lals, 5ok (5) Woles (55,0 Ll

w(0,t)=w(L,t)=0 ®)
5W(O,t) _ aW(Lb't) -0

ox  ox ©)
GZW(O,t) _ aZW(Lb't) -0

ox? ox* (10)

695 xS b Jhw jLad e p oSl julsn, b e dolae
[21] wsly oo (11) alal, & jpms Vs Se

a%{[(hf +12/?h. —6NIR?coth (N—hfﬂ p a—p}

2/ ox
2 Khﬁ +12/°h 6NIR? coth(N—hfjﬂ pa—p
oy 2/ oy
oh op
=12 S inE
T]eff(p ot + f@l’) 12)

Mt 5 Silye ol Sloxbo g 535 See G peite alols YL alay) 5o
5l allie cal 53 0l oo sl sus 5l (ol g 009 Jlow Sgo 4598y
ol o3l Jga a5y drmle Cq> Yoy bawsd ool &il)l abal,
b damie Jsb ey o g SiphsS el (OSN ST
Joles 150 38y oo <l 4 g e oamel Vap5,5en slo,zel
dolre 550 baylpd 05 e s (ss Sl sty olae 4 (1)

H[2215) wile e (13) 5 (12) Lals, 5o (11)
p(x,0t)=p(x.bt)=p, (12)

P _op _
oy 0y 1)=-2 (L y 1)=0 (13)

(15) 5 (14) Lals, 5k 5 0 & sl 5L

Xzi,y:XlW:m’Z:i’Tzi’ pzﬂ
L, b 9o 9o s P, (14)
/ h

L=—, H=—=1-W
7 7 (15)

SYolae w3l (oo ol Slxio g 559,500 o Al Alali e g o] 0 a5

s (17) 5 (16) Ly, 3ok vasTco yo 5 0,8 0 (11) 5 (5)

ow oW ow
B +

=-2P Jl'(P—l)dY

ox* ox® or? (16)
0 (H3+12L2H—6NLHzcoth(MD poP
oX 2L ox
+[32i [(H3+12L2H—6NLH2coth(MﬂP@
oY 2L oY
oH 0P
= P7+H7
G( or arj (17)
QT o as
4 2
pobo g P, bl 12ul
b (El+bhP, )Lb Elg, sg2p,
207

g.
So

v

Ly

'

s 03,28 o8 (ol e o) Sz obin) 0,800 (soloiiy Joo 1 Y5

Oy . 00 04
X, th ox, Tox, @)

e Seolinage Lid Pl T co ) Ko (Seolins o p 358 Lals, o
1 . c .
936 Dy :E(Vk,/ V) Jbw i3z pbalS oyl culoy B

My =ady

W oYoleo -2-2
() 5 (3) Luly, oype & 9 ol Jlw Gl B ¥oles

[A]oxsb
ot, -
Pl _4)=0
aX/ +p( k ak) (3)
am/k n z _
T)(I+P(/k_l¢k)_gi/kt/k =0 )

piioge sl alolas (4) alaly 5 s psiiege sl aoles (3) b,
3y ooz oS Ty oo o5 Tl Vg Sn 695 50 sl gl
Fais ol @l aly olis g s Olis 8 e ool
Lol Jlows aasiiin Jsbo ol gye 5l (onl g ol onnal (o als S
Ol » oS S¥oles g (oolgidy Joo oy

o ol el oo ools ylias 1 JSo o oS w54l golgiian Joo
sl €85 13 0l 5 Vb 5o (b Slxio 45 03y 10505 pes 99 55
Joe onl ozl a8 5 18 e ol Do g 559 ,See (e alold o
35 osb e g Sl 0ud (58 S lge alol 4 5 by S
755550 52, )l oSl Aolas il ons 4 51 0 SzeS S
ObolS 6595 650 b Jlew Hlad lase 51 36 (g9 g2 50
[20-18] el (5) alal, & j50 4 25,5

(E! +bhb|°e')a V;)((f’t) ~P,l ‘ V;)((:'t) + pbh, azwaif't)
b
=—2[(p(x,y,t)-p,)dy 5

Corbo Bl e 55 gy 5 Jsb shael o late ¥ X VL akal, o
Py s cabs 5 Ly oJsb i a4 Agb Ly o 55 Wi
5 555 o 4hold o Ign lla JLas P(X, Y T) aiile 5 J&
il oo be 280, 9 T by 5 VX Gtz o Cud Olxbe
&y (7) 9 (6) Loy, &g a0 (23,5 GLol,S 695 50 P Spé alpo

T19] wgsr o

10 oploib 14 055 1393 (53 e SuilSe Ludige


https://dorl.net/dor/20.1001.1.10275940.1393.14.10.6.3
https://mme.modares.ac.ir/article-15-3719-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-06 ]

[ DOR: 20.1001.1.10275940.1393.14.10.6.3 ]

VoD 9 (5 S lae

29939540 50955 )l 03l by jui9 )Sa0 93l ) libblai)l 59, Juw buxe sl il

_G,Zzlg% (T)o,(X)¢;(¥)=0 @

il Sty pj R 4 SVolae (SIS a5 se palS by, 605G L
ol (32) 5 (31) Ly, b

Zquk+zK qu +2D ZZEI‘/ 1

i=1 j=1
f=1,.. (31)
2;:6 glu//+ﬂ D;/Z:LG‘?’ 9 U
D3ZZC Du, + D, Zch 4, =

=1 j=1
g=1,...n, g=1...m (32)

(33) Ly, b 5 alpo b

M :j;l//f (X (X)dX , Ky :j;l//f (X)‘///l(v (X)ax
By W)X =i, (X0, (X)X

=]¢,(Y)dy : G;p:j%()()@;()()dx

6 =fo, (N ()ar . G = o, (X)e, (X)dxX

Gy =[8,(V)d; (Y)Y . CP = [0, (X)o, (X)aX
C =4, (V)g,(V)aY . CF = [o, (X )y, (X)ax
:J.¢g(y)dy 4 Dl :pnon

D, =(1+12L2—6NLcoth(%D, D,=c )
cp (X)=sin?(izX) <y, (X)=sin’(kzX) JS& aly s, L
S IS S L) | (2LL7) (5550 Sl 5 (1) =sin( oY)
e 4 i s lo 53+ (30) 5 (29) Yol plosen
abal) Ojg0 4y cuiS eiS1 olie Coles j0 g ode] Cawdy egpge Slac]

Wgad oo dloeo (34)

Re(u))
A () (34)
Sove @b‘é -4

e Gl o addllas 350 235 Se awain b (e 5 Slge Dliogas
b og,See sly odel Cawdy go0e @l .ol sal a0yl 1 oo
ol S il ) oo ol Sen 1 Jouzr ;0 0l S5 pwais (sl
93 5 Slp g3de @l 3g 4 azg LIS (i JLiel Sy dms e
55,5 ko b oalie cpl o odel Cands Sued coys polis (o ,S
7 99 9 Slp Slng ¥ hawgs cadaid 5 I (b sla il
dslie Cudgy 5 2yl g DUy sy lawsi onel Cawdy polis b oyl
695 YsssSee Dl poyn Caz Sl ond 00,51 2 Jgaz 0 5 ons
Sl @ liss; CoieS jeS6 polie e Slie ok Slo 52
Febly calizee poliejsh (e 5 (L) dn (o datie Job il polie

10 opleib 14 055 1393 (53 e Suilke uwdige

wdlior Jl 2 0515 Gliee 3l (6rleme 5 00l ouel (53,28 sue a5
b (18) Ly, Gk (17) 5 (16) w¥oles ous wny (o 5550 Ll

55l wile e (22)
w(0,t)=w(1,t)=0 (18)
aW(O,t)_aW(l,t)_O
ox  ox (19)
62W(O,t)_62W(1,t)_O
x> ox? (20)
p(x,0t)=p(x.bt)=1 (20)
P0.y)=LL,y.t)-0 )

b i s el 0 b SgS 5 Ll ) 4Kl 4 423 b
9 9903 28 SzsS Gl |y Sl asls jlabaii o 0 laze jlid |
1oy (23) ably )90 4 ) jLad lae

_P_
P(X,Y,T)_pa 1+P, 23)

dolae < P, Jy> sile b3 g (17) dolee ;5 (23) alal; )30 L
e o (24) a3 4 (17)
2
{|:(12L2 6NLCOth( j:|a Pz}
2L )]oX

+ﬂ2{(12L2 6NLcoth( ﬂ sz 2}

:G{%_%}
oT oT (24)
(26) 5 (25) L, 3ok 550 Ll L
P,(X,0,T)=P,(X,1,T)=0 (25)
P,(X,0,T)=P,(X,1,T)=0 (26)
S -3

B Slacl 55 I8 oy, 4 (16) 5 (15) w¥oles s29e J> (sl
w25 o0 k5 50 (28) 5 (27) Lalg, 0,8 & Py(XY.T) 5 W(X.T) sl

)23, (T (%) @
A(XY.T)= Y3, (T)o ()4, (¥)

(28)
5 (29) Ly, 4 (24) 5 (16) <¥olus 5 (28) 5 (27) Ly, s)iils L
) (P (30)

FWED) = Gl + . q D 0)
k=1 k=1

r

B0 (T)wi (X)

k=1

+2Pnon;;uU(T ¢,(X)j¢ (Y)dy =0 29)
| (Pd(X,Y,T)):K1+12L2—6NLcoth(Zjﬂx

>3 (T)el ()9, (1)

+p? Kl +12/% -6NLcoth (ﬂjﬂ
2L

208


https://dorl.net/dor/20.1001.1.10275940.1393.14.10.6.3
https://mme.modares.ac.ir/article-15-3719-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-06 ]

[ DOR: 20.1001.1.10275940.1393.14.10.6.3 ]

Ve 9 5 4 Use

29939540 50955 )l 0 dLaiwnl by jui9 S0 )93l ) libleisl 59, Juw buxo il

91.35 - —8—N=0
N=0.1
91.3 4 b N =0, 2
—=N=0.3
91.25 1 ——N=04
%‘ s T_.___-__.___.———.
\i’f 91.15 7
2 911 4
91.05
2 ——
91 = + + o
90.95

0.00E+00 1.00E-03 2.00E-03 3.00E-03 4.00E-03 5.00E-03

S S o el o
Sk 555 polie (g5, e S day (o At Jsb Bl 31 B IS
0.8
0.7 1
0.6 1

0.5 A

0.4 ¢

0.3 1

0.2

oS 351 ol SN

0.1

0 + T T T g
1.00E+01 1.10e+01 1.20E+01 1.30E+01 1.40E+01

e glge 4 Jsb oo
b 59,50 Sl & Job S co p SS9 polie S 4 S
Jes Glare sl Y509 80 5 SedlS slo (5,585 (6 5 )10

3.00E-01 1

== hb=2

2.50E-01

2.00e-01

1.50€-01

<4
1.00E-01 4

5.00E-02 +———_'—_.—’_.__——-—l—/‘

0.00E+00 =+ T T T T
1.00E+01 1.10E+01 1.20E+01 1.30E+01 1.40E+01 1.50E+01

e sl & Jsb oo
b 59,5 sl 4 Jsb S co oS 9351 polie BN S S
259550 sl G155 Lol S g SdlS sla (5,95 (65 I

CoS ) aSl s0lie WS

@ Jsb Cod azpe atie s b s 0 5 Wl ol @l
e WS (oo My Gll ST (e wliee RIS sl
Lsloys o o by & Job (ot Cond il 4 45 358 o0 osalie
il o i BTl i Cwls

g S o (5,58 65,0 L ceaS Sl S i
Sl @ Job dlize la cons Gl 4 p9,Se Gl 15,5 Lol
odal Cey (o9 Ko slal L) caliseo slacualins b (sl 5 (sl g S
3l oas ools Les B Jss o sl 1000 Lo JLzd (ol gl
9 i sl @ Job Cani b sla s j0 a5 09 0 casline JS (59,
Ak oo i BB cul jiiy s b sk e

209

dlre S5 15 558 L 1000Pa Lamee Lid jo (V) lsa SkysS
oy 2 Bilojl Jake 4y azgi b el oad ools (Lis 2 jlogad o g 00
bl ol sl ole 1] 5o of Jlow 2)50 50 SilysS 2l (sl o0l
olis 2 IS lages mlts 288 L 0 014 6 jio o (slesls 9o 2,50 5
Febl g lge s (o aaie Job Al L iS5l polie das e
S b oS wmse pliS @l ek (e o RalS SilsS
ode] Cesy polie (Jlowsg Soo (lone 505 Joo Caz Vgg)Sen (5595
S (53,5 Joe Sl o o8 el (s polie I S kS e sl
Jsb i1 2 JSs po  h=li=h=1 (55 b o] oy Sl Slove
olis T & CoheS 556 sl sy, (/1)) SgSn da (o e
IS jlogei 10 edal ey poliie 5 0dds (cusyp lg2 SolysS el )by Calisee
oy g daseie sb 53 L a5 sims s Lt gl o ool i 3
b se SRl oS )5 ol s See

GRS OlelS 6595 xS L &S s oo s il b ees
3 ey SieS 555516 (sl el Gy ol ¢ g Sie 0,5 Joe
Al e Gty 1 SIS (0,5 Jaw s (o a8 el (g polas

5 S o )58 SIS L el eSE o polie B
79SSy & Jsb iz sbcans 6l Sl e sl Y s05,50
g ool ey () yegSoe sladl jo alide slacalins b slays sl
el o o3l L 4 UK s JIKl 1000 Lagms [Lid oy gl

Alia ol o andllas 5,50 259,500 dwdid Hob (ot g oole Sliogas 1 Jauo

o3l el b
2700 (kg.m-3) lles

70(GPa) Sk Jgwe
26(GPa) sy Jye
300(um) A b
20(um) 5 sl

2(um) JREONEDS
1/5(um) adgl alols

S5 Lol p S 15 (e i yd sl ool Sy polie anglie 2 Jgar
bz sla by,

by g gy Sy g gin Cod 919 7Sl ol
[13] (olszsle;) [13] (ol Joro) [18]((obdons o Joo ) allise
0/415 0/422 0/4484 0/4122

91.5
91.25
91
90.75

90.5

ei 90.25
\?} 90

89.75

89.25

89 T T T T d
0.00E+00 2.00E-03 4.00E-03 6.00E-03 8.00E-03 1.00E-02

kS S polie (59, Va9 ,Se sl el by 31 2 SIS

10 oploib 14 055 1393 (53 e SuilSe Ludige


https://dorl.net/dor/20.1001.1.10275940.1393.14.10.6.3
https://mme.modares.ac.ir/article-15-3719-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-05-06 ]

[ DOR: 20.1001.1.10275940.1393.14.10.6.3 ]

VoD 9 (5 S lae

29939540 50955 )l 03l by jui9 )Sa0 93l ) libblai)l 59, Juw buxe sl il

&lp0-6

[1] A Kucaba-Pietal, Microchannels flow modeling with the micro-polar fluid
theory, Bulletin of the polish Academy of sciences, Vol. 53, pp. 209-214,
2004.

[2] A. Kucaba-Pietal, Applicability of the micropolar fluid theory in solving
microfluidics problems, in Proceeding of The First European Conference
on Microfluidics, Bologna, 2008.

[3] I. Papautsky, J.Brazzle, T. Ameel, A.B. Frazier, Laminar fluid behavior in
microchannels using micropolar fluid theory, Sensors and Actuators, A,
Vol. 73, No. 2, pp. 101-108, 1999.

[4] A C. Eringen, Linear theory of micropolar viscoelasticity, International
Journal of Engineering Science, Vol. 5, pp. 191-204, 1967.

[5] S. Afrang, Small size and low loss resonator type DMTL phase shifter,
Microelectronics Journal, Vol. 44, No. 4, pp. 442-453, 2013.

[6] R. Shabani, H. Hatami, F. G. Golzar, S. Tariverdilo, G. Rezazadeh, coupled
vibration of a cantilever micro-beam submerged in a bounded
incompressible domain, Acta Mechanica, Vol.224, pp.841-850, 2013.

[7]1 W.E. Newell, Miniaturization of tuning forks, Science, Vol. 161, pp. 1320-
1326, 1968.

[8] J. J. Blech, On isothermal squeeze films, Journal of Lubrication Technology
A, Vol. 105, pp. 615-620, 1983.

[9] J.D. Zook, D.W. Burns, H. Guckel, J .J. Sniegowski, R .L. Engelstad and Z.
Feng, Characteristics of polysilicon resonant microbeams, Sensors and
Actuators A, Vol. 35, pp. 290-294, 1992.

[10] M. Bao, H. Yang, H. Yin and Y. Sun, Energy transfer model for squeeze-
film air damping in low vacuum, Journal of Micromechanics and
Microengineering, Vol. 12, pp. 341-346, 2002.

[11] B. Mccarthy, G. Adams, N. McGruer and D. Potter, A dynamic model,
including contact bounce of an electrostatically actuated microswitch,
Journal of Microelectromechanical Systems, Vol. 11, pp. 276-283, 2002.

[12] C. Zhang.G. Xu and Q. lJiang , Characterization of the squeeze film
damping effect on the quality factor of a microbeam resonator, Journal of
Micromechanics and Microengineering, Vol. 14, pp. 1302-1306, 2004.

[13] A. K. Pandey and R. Pratap, Effect of flexural modes on squeeze film
damping in MEMS cantilever resonators, Journal of Micromechanics and
Microengineering, Vol. 17, pp. 2475-2484, 2007.

[14] M. I. Younis and A. H. Nayfeh, Simulation of squeeze-film damping of
microplates actuated by large electrostatic load, ASME Journal of
Computational and Nonlinear Dynamics, Vol. 2, pp. 101-112, 2007.

[15] S. Chaterjee, G. Pohit, Squeeze-film damping characteristics of cantilever
microresonators for higher modes of flexural vibration, International

Journal of Engineering, Science and Technology, Vol. 2, pp. 187-199, 2010.

[16] G. Ahmadi, Stability of linear micropolar elasic media, International
Journal of Engineering Science, Vol. 11,pp. 1111-1117, 1975.

[17] S. Afrang, Small size and low loss resonator type DMTL phase shifter,
Microelectronics Journal, Vol. 44, No. 4, pp. 442-453, 2013.

[18] H. M. Sadeghi, Size- dependent dynamic pull-in instability of vibrating
electrically actuated microbeams based on the strain gradient elastisity
theory, Act Astronautica, Vol. 95, pp. 111-123, 2014.

[19] L. L. Ke, Y. Sh. Wang, Size effect on dynamic stability of functionally
graded microbeams based on a modified couple stress theory, Composite
Structures, Vol. 93, pp. 342-350, 2011.

[20] A. Karami mohammadi, M. Abbasi, Investigation of the size effect on the
vibrational behavior of an AFM microcantilever with a sidewall probe,
using strain gradient elasticity theory, Modares Mechanical Engineering,
Vol. 13, No. 13,pp. 90-99, 2014. (In Persian)

[21] N. B. Naduvinamani and G. B. Marali, Dynamic Reynolds equation for
micropolar fluid lubrication of porous slider bearings, Journal of Marine
Science and Technology, Vol. 16, No. 3, pp. 182-180, 2008.

[22] P. Li, R. Hu and Y. Fang, A new model for squeeze film damping of
electrically actuated microbeams under the effect of a static deflection,
Journal of micromechanics and microengineering, Vol. 17,pp. 1242-1251,
2007.

10 opleib 14 055 1393 (53 e Suilke uwdige

14

1.2

0.8
0.6

0.4 3

oS 92518 y0lie Y23

Sy 24
;b;.—: RV

Sk S polie BB (g5, (o )Lt 5 (F0 b sae S S16 S

519,500 5 SedlS slo (5555 (655,50 b el S Sl B e
iz any o slajlad b ren 9 (59,58 slael sl Jlow s ln
5 Sopud olael o aS wes el @l cwl ead 00,51 6 ISy

2Bl (oo il WS l b a0 sl jlad Gizen

S5 4w -5
S ool b jg3la559,50e jo Jluw 03,28 (L8 olye pol> dllie o
Okl 658 eizme 5l e sildae ez Vg, See (5555
ol 435 18 wyn g anlllae 3550 5 See ildae Cuz S
355 xS b e sl (olas plee apd 05 Cesay Ban
Sl 1355 s 90 9yS0e S Jal (goleiiny Joe 2Bl (0 392 sla
ol orm ALols ool o0 bl o sl s YU 45 b sloasY Ly o
5 b Olee 2 @S b5 SYolee Sl oud  T9a b g Soe 5 laaY
@9 sy G5 bl JLad e jpam s S (o0, i)
Cawdy SYolae Jo 5l Ban Lailoads goae Jo g odd (gilulas 518
I a5l ilisyseSee oal sl CukS peSE olie 0
Flasl oo 5,500 olal ;o slo )k 5l g5l Pk 5o e sl el
ools LiS 5 0l (g oS 5L polie 59, Ysys,See sl el
Sy oS 5l polie Yars See (555 650 a5 Cenl ol
Cal 00ld (LaS g oy eSS B polie (59 g Soe datine Jsb
3l 55 9800 (05 S Suzr (855 LS 65985 x5 I &S
L oS wledoo (S o SedlS Sl poolie 5l inn 1) oS eS8
5 YmasSee oyl Ol 4 by 655 95 » lojen x5 IS
Gl 5 e 356 SN 5 S 5 55 ey g e g gl (e
Calded ol et 5 5eg Sae sy 4 b a3l adlsl 3 oy
Sl 555 xS A ) CuhS HeiS B ojlul BB (55, s See
a5 b ol Glas 5 S35 I8 oy p 50 45 LSy Ysg,5ee
U1 ol 5 s 5 a3 st slige 4 o o b sl
SWS (nl p om0 jLa8 5 (59,88 sue 15U sl o asl oo A
BB Gl ond w0 slajled 5 (50,28 slasl 5 g b

A0,5 osslive (g i

210


https://dorl.net/dor/20.1001.1.10275940.1393.14.10.6.3
https://mme.modares.ac.ir/article-15-3719-fa.html
http://www.tcpdf.org

