
2512

n = ( $  B  ?, V  ? M 5.+  ?: .  (  n = $@)63(
7 / Lg Z

1
E% 1 h  % 9 2

[6 % %  Lg  3

$ % 
C P . *?  1 . + R - 1  ! " % <+ 9 ! R? % &  1 / [C = C Z+  % & C ? E +  j  ) !  " 1

 G    _!+ " D&b  %&. .E% 4  &4 C ?   " E% / P . *?  D ,  D% % @= C " ;& *  R./  1
7  ; *6 _ L*? R #  1 .` . / ! " 1 + = H #  ! B  D & g " Q r  E C 4= % 4? 4+ % ` 4. 

   " E . % / ` . r 4 C ; 4  E 4 C t ' / " / 6 8 E1 +   E +  .4! ) + 4)  4 6  4  4!  %
` ./ )E1 +  " +1 ' Q. E%/  8. & C ?   " E% / R"7  E . 1.

9 ( $P+ :` . + ) / ) / )& C ?   +1 ' Q 

1-.  . C &Z[+ %E/ 8 E <[+ % 1 / [C R .  + )  /+/ )  7#$ :majidalidoost@yahoo.com 
2-/  E <[+ % + )  E/ 8 [+ % 
3-+ )  E/ 8 !%/  E <[+ % 1 / [C R .  



2513

1-& 
% " C $ 1 & C ?.  ! ?1 / [C % E . E%  = 1  E%  1 / [C R #  D . E, + )  " )! &M" . "

7  E . [ " 1 / [C R  D% C E% $ " & C ? .E% #8 E%  c " R #9 1  #" K g F6  & C ? 1
" / D- & + " = C + 3 Pj)[  ! C " ? . "  .  !  %  = C & % % D- eL \  ,3  D% C R

" Z + " [ " D +  " / R" .H  / " Z? " E +  ! . % & C ? 1  R" E%  R C  ! R  1 . "
& C ? + & " C & + "=% 7C  >! . ! R" % .G &g " C % % %&3/ ? r j  E1/  = & C ?  %

 y&"  + #+=% Z+  C < #' / [ " D +  "  %&' e! / E +  ? + <" 9 r+  R  % ! " / %&. .
* / 8 +   %  D&c Ll #  + #+  G &g = E + %1 " / K  !&R? H #  = C 1  E%  7&R  !% 7

 % !1  /. " .D- " Z  D- C >  / & C ? C " \  … = …  fg " )! &M" 7  P . *?  %&.
%&.  + /  / )!o& &!, 6 ) + ) .M"  7g  " 8 +  1  . + P . *?  P . 7g  @!,6  " *! % % #  

 E%/,6  P . *?  P . "%&.[1] .
  D " GC % P . *?D " *  R#+ C 6 ! ? fg " )+&c . "%&. .D #+  D " /  C *  R#+ C 6

 E . *? . "+ .*  B+ C 6 % D #+  D "Hz5-4. " .3 %;/1D " ?  R #9 1 % *? 
7  E . E% % D- *  B+ C 6 / D #+ .#+ C 6 Q+  % KL9 / P 6 D&  E *  +  ?  R+ 8  [ "Hz5-4

. "[2] .
 % / P 6 D&  7 #9 % a&b\" & C ? E +  /   " \  P …  D " GC P . *?&M" %1R - !  )!-

. " l % + &?[2,3,4] .Fh/ " Z  D " *  R#+ C 6 " %/  P . *?  % D% C C >! . \  / P .

7  E !% 8 &"  R+ 8  > &? + &9 1  #)! .% +  _  " kjtISO2631 % P . *?  “ *  % C + 8 +  
E%/Hz8-4,C  R+- C 7g  H !87  7g  [5].7g  H !,C  D%1 H\. Gt  <  = C 1 *" %

 " R+- C5/27g  [ " >! . !  % P . *?  P . )+&c . "[3].
-(1–<  <  } ~b   ? $ V S +  
g  (Hz) *  B+ C 6 

H[c 20-25 
 # 9 3

P 6 D&  3-5 
+ . 2-6 

 30 
E *  4-7 
KL9 4-5 

 H= 6 E +  j  " D%1 K - %  R  @ + P . *?  C 7  •h/ $ 5 " % E . D " K M  _  "% /- .!  1
E1 +  P . *?  % Z!  G &g " / G L ? /\ P … ? D% " " 1  / D-  8E% #8 P ? i =  1  D- ` 

7  E . Z+  C E%&" .H= " ( ? % y + ( %/1 " ' / 2jR  % L  G g P . *?  !  " E/jg. ".
;&  % D- E +  / & C ?   " P . *?  ; +  L‰#40E% #8 &M" '  ;  7  6 8 9 " % &  [6].1

7  E . E%  & C ? E +    " P . *?  ; +  @= C " % !1 R./ .R./  !  L 3 1 H #  " D &?
&L3 RL#C  _ L*? H #    _ L*? /% C E .  2&. `N3 = ,"  / E +  " C _ L*? H #  K g[7,8].

? ! % D ) = / L  9- & C ? ! 1 _4WD ; b?  2&. `s 3 H #  / &L3 G#C  _ L*? H #  " ,RZ  
% C E%  M +  .` . _ ? !  Z + % =RMS1

% D%1 ( = / D%1 H\.  %   " E . G  
O& ' / ./  R  % / eL \  R g 7  E - 7 " _ L*? H #  D%&" .. tC R"RMS &  ! % 

1 root-mean-square 



2514

% / + " R$80-1% +  " _" M  ,? = ISO2631-1 E1 +E . 8+[5] .` . D ,RMS  " %& g 7R3 %
D%1 H\. " _ L*? H #  D%&" O& ' 7 *h/ %  m/s2596/07C  7g  %m/s 13/2( = " /

D%1m/s2829/07C  7g  %m/s55/2- 7 " [9].
r  / _ 9% 8 E1 +  .&= R #  L &" & C ?   % %&3&  R.1  D% " " 1 7R3 P / h ` . 

% % ? .Q  ` . ! F9 / %E1 +  &! #+ ? ! D& g " + &? % P . *?  P 0? ; <  ;  " ` . 8

?  %1  ).- C eL \  >! . %  & C .` .RZ "  3 C 5  & g ! / ( #  3 ! 1 k ? g 
 G / + "E . G )[? CD- 7C  " " % F+  2 )M  , + H #  !  )! &M" + / o +  P L? fg " C . "

 7C  % e9&? 7! R+ %%&..
E1 +8` . o& & )? 1 E%  " ` . _ 9% RZ ; ) + ) / )  R #  &+ + / ; ) + ) / )  R #  / )

MEMS/NEMS1 !Nm+ )  . ".
o& & )? ! c =%= / 7  76 [ $ ;  % 7g  " / E - %&3&" C 7   7 L" 9 1/! C / =7*   !  = 

[ "H[c " % &'.% /  7Lg 7  E%&" R #  / R= < % 1  c&C 7*   !  " D% /- / .7'  D&c
H #2jR  / % *"  D1/ Gt  ! *  % / E%&" [ " 79/ / !,= i   1 + ‘ ," % *"  % =. "[10] ./%

D  1 #" 3&? % &  q&h&MEMS/NEMS/ !,= D 1 &+ + / / )  % *"  % 1  ;  " C . " G" 9

7  " % .! C 7*   ! % % ).,$ / o& & )?& " ? "/  6 &= % % " C Gt  + / 6 =% " C /[11].
G! / MEMS/NEMS" G! ? ` . 7'  % R  b gQR~ l& Rm $/ )  = &+ / = &! #+ ?

E . !/ % = &#+[12] .i M*+  = '  !% / P . *?  , +- / G L ? ! " " 7 =  1 / )  % *"  % !N$
7  % &' " % !1.

G! / 1 " % b 9  Š 1MEMS 15-2;  % 5% % L  2000 " 15-8;  ? 5% % L  2004 7  E
[13] .@ $ _" o& & )? HR  E . Z+  =MEMS /NEMS ;  % 20155% D& L! ? ! " .

` . !  _ ? !  1  i = +1 ' q&+ 1 Q & C ? ! ‡ +    " E% / P . *?  D- > &? + & " C . "
r  &  "  E1 +   + 8 g ,  ! % C P/  >! . %  P . *?  !  P 0? Ž* M  D )  _!  !  1  / !

C H= 6.

2-S=(  (  
2-1-S.2$  -  `$  

` .7" …   ! / % 8 #)! ? ! 1 E . G )[? C 7  D1 ' ! Z !  % E . 6 8 r+ % Q " )! &M"

0?0? D- +1 ' 7 6  g  R" . …  % ? D )  C .B C 7  !  +1 ' q&+ 1  E%  7Lg % +1 ' 8
` .Q. "  ! % P 0? " HC @ C / / E%  '  5 " 7 #  % =.

H "/ )
2

;&  % E . 6 8 r+ % lg “b7 \h /h G). % C . "17  E . E% % D [+ .! $  

 H "/ )  / !5 !1 " L 6 )! &M" 7  E . Gb  &#  + " " / E%&" KL  D1 ')z8(3
0g " E%/  / . "

5 !1 / H "/ )3 j' > &? ! %&. .7  6 8 9 ,C  3 ! ? ;&  R +  %./ H "/ )   /% % ~ =

G #+ $ ij '  !5 !1V7  E . 9 " .

1 micro/nano-electro-mechanical systems 
2 microbeam 
3 gap 



2515

2-2--   q+ , TD  
L" = ? " HC  &‰? 1)L!/-&+ " (" "E%  % 8 #)! ? ;  6  %&. .L!/  &‰?-+ 1 &+ " 

 E%r 6   . " R[+ C 1  / HC P   ;&  " 7 \h 7 #+ C %&.%% 8 .fg " ? /  " / + ; g

 D- ! Z" 3D- '- M + % ? , ' ! [ " )! &M" %&.. " .= &  ,C G). _  P b \  1% 8 7 #9 %
7  E . “ 6 D-.

2-2-1-$@  $  ? $  ?cM $• :  

),(
)(

4

4
VwF

dx
xwd

EI se
s  1(

2
0

2
0

))((2
),(

xwg
bV

VwF
s

se
�


H 2(

M"  % C1w7R3 % ? i +  zE# 5  ;/I+ !  D &  " 7 #yV/% G #+ $ ij '
E C 7! = = eF;&  / % ) ? / )  / + 0H/j' =% N8 K! h x &  P b \. "[14].

. )! &M"9 " !1 € . " D- 1  >!. ":
% 8 7 #9 % ? " HC  1  >! .:

3(

D- % 1- R +  % ? " HC  1  >! . :
4(

2-2-2-$@  $  ? $ .    q+ , ?P+ ?cM $• $  :  

5(

CAH " •M  U? <c a%&. E Z  ! " C " . c;&  / " !  K! h0mL 6 % 6 8 9 3 
l? /  )( lx �G" h F" ? /Tw ? ! Z" 3 . "[15].

) !% / ) ?  ! Z" 3 q& Z  " 7  " " GC ! Z" 3 C H + % :

.0,0 3

3

2

2
  lx

s
lx

s

dx
wd

dx
wd

=1-P  >   q$ ( $  U  

  2
0

2
0

2

2

04

4

)),((2

),(),(
)(

),(

txwg
bV

t
txw

ca
t

txw
lxmA

x
txw

EI
T

TTT

�


w
w


¸
¸
¹

·
¨
¨
©

§


w

w
�

w

w H
GU

,0,0)0(  lx
s

s dx
dw

w



2516

),()(),( txxwtxw sT H (6

C),( txH ) ?  ;% *? M + ;&  c&C P . *?  . " .% *  Z + %5G! ? !1 P &b" %&.:
7(

 

2
0

2
0

2

2

04

4

)),()(((2

)),()(()),()((
)(

)),()((

txxwg
bV

t
txxw

ca
t

txxw
lxmA

x
txxw

EI

s

sss

H

H

HH
GU

H

�

¸
¹

·
¨
©

§
w
w


¸
¸
¹

·
¨
¨
©

§


w

w
�

w

w

M + ;&  &L ? >#" .&+ " /0H% *  /% i  "7H! % :
8(

 

),(
))(())((2

),(),()(),()(

3
0

2
0

2
0

2
0

2

2

04

4

4

4

tx
xwg

bV

xwg

bV

t
txca

t
txlxmA

x
txEI

x

xwd
EI

s

b

s

b

s

H
HH

HHGUH

�


�

¸
¹
·

¨
©
§

w
w

¸
¸
¹

·
¨
¨
©

§


w

w
�

w

w


w
�

*  iN  "G  !1 K ? ? " ;  ) ?  ;% *? M + ;&  c&C P . *?  % *  E . =  ) ?  %%&. :
9(

  0),(
))((

),(),()(),()),((
3

0

2
0

2

2

04

4


�
�¸

¹
·

¨
©
§

w
w

¸
¸
¹

·
¨
¨
©

§


w

w
�

w

w
 tx

xwg
bV

t
txca

t
txlxmA

x
txEItxL

s

b H
HHHGUHH

)! &M")),(( txL H M' L #+ !% &? $  / . "H1  >! . " " [  1  >! .3/4h   C.

2-2-3-n = ? M 6$ { 5. 
E1 +  "E1 +  " !1 M"  1  D- R ! Z" 3 G). / r+ % &  ;  " 3&? " +1 ' 7 6  8 7 6  P 0? 8

 D 1 ;&  % D1 ' GCE%H C.
10(

³ �


l

T
dx

txwg
b

tC
0 0

0
)),((

)(
H



2517

2-3-TD  , 
2-3–1-? $  :  

M'  % *  D% C G17  G)[  i    % !1 D 1 /C .G! ? M' P &b" +- "  % *  G  " B$

G  +- Bm  / H CH C .O/  1  % *  D% C M' " Z !  %SSLM1
. E%  7  E .[16]  

8
kw` . ! Z" 3 o / …  % QkVH! % . " :

)(1 xwwww kkk \G  11 (

12(
 B$ 7.&+ D &?:

13(

14(

15 (
V

V
Fw

w
FVwFVwF kkkk VwVw

kk
e

kk
e GG ),(),(

11 ),(),(
w
w


w
w



Gh ? "14113M"  1 E%  /15H! % :
16(

V
wg

bV
x

wg
Vb

dx
xdEI

k

k

k

k
G

H
\

H\
2

0

0
3

0

2
0

4

4

)(
)(

)(

)()(
�


�

��

  G  M' & *  G #+ !% % *C 8 +  < +  R./  ! / %/  Gh ? R./  " D &?2
% C G  .

2-3-2-? $ .  :  b , 
% *  G  %?  @= C O/  1  ) !%

3
C 8 O/  8 )" (  " -i& " " 4

7  E . E%  .O/  ! + &?
" C H= 6  `&LM  ˆ $ ! = M' +1/ D% % 9   / #.7.&+ D &  B$:

¦



N

n
nnN xtutx

1
)()(),( MH 17(

C)(tun/)(xnM7  G). / D 1 K#  " *" &? K ? ? " .` \ +  &  G). F" &? h   1  >! . C +&.
C .!1 M' F" ? c&C P . *?  % *  % N<! 3 " Z + %G  %&.:

18(

1 Step-by-Step Linearization Method 
2 Galerkin 
3 Reduced Order Model 
4 Galerkin-Bubnov procedure 

),()(
4

4
kk

e

k
VwF

dx
wdEI 

),()( 11
4

14



 kk

e

k
VwF

dx
wdEI

V
wg

bV
w

wg
Vb

VwFVwF
dx

xdEI k

k

k

k
kk

e
kk

e G
H

G
H\

2
0

0
3

0

2
011

4

4

)()(

)(
),(),()(

�


�
� 

VVV kk G1

  

),()()(
))((

)()()()()()()()),((

1
3

0

2
0

11
0

1

txEtux
xwg

bV

tuxcatuxlxmAtuxEIlxL

r

N

n
nn

b

N

n
nn

N

n
nnn

N

n

IV
nN


�

�

»
¼

º
«
¬

ª
¸

¹

·
¨
©

§
�

¦

¦¦¦





�



��



MH

MMGUMH



2518

C),( txEr M' ! E + 9 " . ".! ? G  ! ),( lxH. " !1 G). " + &? CD% % 9   / #  "
)! &M" ? ;&  % = M' +1/C 8 O/  " _" M  -i& " " +1/ F" ? )(xjM. " G). F" ? D = H! %:

19(

NjdxlxLx
l

Nj ...10)),(().(
0

³ HM

 G  !1 & *  G #+ !% P5% *  E < % D- G  " C%&. :
20(

C )! &M"jnM3 B! ?  :
21(

B! ?  !  : jnC

³
l

njjn dxxxcC
0

)()( MM 22(

7  )! )  / ) + )  \  Gh ? " " " C 7  \  B! ? : jnK

³ ³ �
��

l l
nj

bIV
njjn

e
jn

m
jn dxxx

xwg
bV

dxxxEIKKK
0 0 3

0

2
0 )()(

))((
)()( MM

H
MM 23(

/jnF7  / + % ":
24(

;/ 3 %2` . )!, 6 = $ / = R 8A!/ 7  E . E% % C !  % * M  % &  +1 ' Q.

-(2-n = T U12  ? M 5. 
169 ][GpaE220 ][ ml 

8.8541878×10-12 ]/[0 mFH100 ][ mb 
2330 ]/[ 3mKgU2][ mh 

1.3035 ]/[ 2mNsc1][0 mg 

1N3.2×10-7 ][0 Kgm

³
l

njnjjn dxxxAllmM
00 )()()()( MMUMM

³
l

jjjn dxxAalamF
00 )()( MUM

j

N

n
njn

N

n
njn

N

n
njn FtuktuCtuM  ¦¦¦



�



��

111
)()()(



2519

3-34 ( 5  
+ % #!&+ C 1 E%  "! $ + o / / E . Z+  ;  ) !% / ) ?  G  KL  ,61

Z + % / ) !% ˆ $ 
$ ` . ; g  …  % H #  +1 ' 7 6  % 0?L. 7  E . 1 .o /  ! 8 / ! ! $ + o / . "

 ! $   " / E . E [C eC 7  " + R8 + &  " H "/ )  C#c .r+ % &  ;  ) ?  G  " D &?
% C "  ;  ! $ 7 *h/ ./ / )  = '  D% C ; C /  " 79% \? …&  % )L g ! " D  

 / h ;  ) !% 6  / ! Z" 3. ".

3-1--  ? $   5  
F3  % %&3&  Q! + " " O/  !  1  G  Q! + ) ?  6  % #!  "[17]7  E . #!  .P b\[

 ;&  % F3  % E . E% %150“ g507 \h 3H "/ )  / !5 !1 " L 6 /17  / )  .# 5  ;/
 " " "169j' D- =% N8 K! h / ; ) $ < 8 . " ." " " C !  % E .  ! $ + o / 177  7/ 

" " " o / !  r+ % &  F3  % C9/16E - 7 " 7/ D ,  " 6j '  % C 7  %58/0. " .
O/  1 E%  " D  % *? / o / Z! ? P 0? " 7  ! R"SSLM/FDM2

;/ 3 % ! $ + o / *? %
3/4E . x\[  + .o / P 0? " ;/ 3 !  _  "06/0D  % *? /11? o / D &? ! $ + 7 "  H #

% /- .
-(3-6   9 :( X40 $  (  @ ?;  T U  9 :( T $$I   $@ 
o / P 0? )V(0.06 0.08 0.1 0.5 

! $ + o / )V(4.32 4.32 4.4 4.5 

-(4-6   9 :( 9 :( $$I   X  0,06 $  (  `P 1  ) @   $@ 
o / P 0? )V(14 1185
! $ + o / )V(4.32 4.32 4.26 4.2 

'- M + G). 0? H "/ )  %G). % o / @!,6  " 7 #+ M + !  6  C E%&" HR  ! $ + o / *? "1
. E% % D [+7  E.G). %27  E . E% % D [+ ! $ + o / 1 C =o / @! ,6  P …  .7  x\[  C &M+ =

 @! ,6  H "/ )  i +   o / @! ,6  "" !.

3-2--  ? $ .   5  

1Pull-in  
 

2 Finite Diffrence Method 

9 :( =1-$$I  c&  = $  S  
W A

=2-4  $ )9 :(  2(3(4



2520

` ./ )  6  " "` . +1 ' Q L$ r  %; g  H #  /  "  %&..% E% / ` . D ,
F3  " _" M  & C ?   " E% / c&C R" . E%/ [9] . ".)(xwso / " 7 #+ ? ) ?  G). 0? C

 ! $7  E . 6 8 r+ % G). F" ? D & g " . ".. ; g  …  % H #/ E% C D &+ D 1 ;&  % ` %&3/ G "

 @= C D 1 / " D- P + &+ !" ! .K ? ? " E . 6 8 r+ % + 1 z  / R+  % *?150/msec 4-10×3
. " .
G).3/4D [+ eL \  ` . /% ; g  …  %  D 1 " 7 #+ H "/ )  P . *?   =%:

G). % /5/67  E . E% % D [+ H #  " R" . D = ; g  …  % D 1 " 7 #+ H "/ )  +1 ' 7 6  P 0? .

=4-S$ ;S  q$ ( $  
- >b r n =m/s27/0(4/0

9 :( 1/46:( 

=3-S$ ;S  q$ ( $  
r- >b  
n = m/s27/0(4/0

=5-? M 6$ {  T $$I  
q$ ( $ 

n = - >b  r   m/s27/0(4/0

=6-? M 6$ {  T $$I  
q$ ( $ 

n = - >b  r   m/s27/0(4/0



2521

4-;$  $@ 
. & C ?   " g  R" . E%/  % E . l  ;  6*  G  " )! &M" . 1% HC  M'  =

 O/  1 H #  ) !% / ) ?  6  "SSLM!% 8 E%  C 8 /.C 7  x\[  E - 7 " Q! + _  "
` .#!  G" 9 P 0? c&C R" . !  E%/  % QD [+ %&' 1   @Z  !  / =% " D &?

 R #  % 8 )"% C E%  & C ?   " E% / P . *?  D% % @= C " ; *6 _ L*?.

5-) S.2$  
R #9 " C 7  R" %&' " E . E% % a b '  c&C 6 / / )  % *"  % c&C = '  79% " 3&? "

 D !% K - “ *  % & C ? % C L \8 Z+   !  . "% .~ =` . <!% q &+   " D &? -
E1 +  79% / )  % *"  % RZ` . 1  q&+ !  " #!  %  R+- 8% C " Q.

6-K  
1-… .1369 D- H# + )  / & C ? )3 ? (D R? = <[+ % [+ ,C  ;/  – c .

[2] Gniady , J. and Bauman, J. 1991.Active seat isolation for construction and mining vehicles 
in SAE                      Tech. Paper Series:1-6 
[3] Mehta , C. R .Shyam , M . Singh, P .Verma , R . N .2000 .Ride vibration on tractor-
implemen system.                    Applied Ergonomics, v(31): 323-328 
[4] Schwarze, S., Notbohm, G., Dupuis, H., and Hartung, E . 1998.  Dose-response relationships 
between        whole-body vibration and lumbar disk disease - a field stu 388 drivers of 
different vehicles. Journal of Sound and Vibration, v(215): 613- 628
[5] 2631-1, I. 1997 .Mechanical variation and shock - evaluation of human exposure to whole 
body              vibration . part i: General requirements. tech. rep., International Organization 
for Standardization. 
[6] Rossegger, R. Rossegger, S .1960. Health effects of tractor driving .Journal of Agricultural                                

Engineering Research, v(5):241-274    
[7] Marsili ,A.Ragni ,L.Santoro,G. Servadio,P. Vassalini ,G.2002.Innovative systems to reduce 
vibrations  on agricultural tractors:comparative analysis of acceleration transmitted through 
the driving                                        seat Biosystems Engineering ,v(81):35-47 
[8] Hansson P.2002. Working space requirement for an agricultural tractor axle suspension. 
Biosystems          Engineering ,v(81): 51–57 
[9] Marsili1, A.Ragni , L .Santoro1,G. Servadio1 ,P. Vassalini1,G.2002.Innovative Systems  to 
reduce              Vibrations on Agricultural Tractors : Comparative Analysis of  Acceleration 
transmitted Through the Driving. Biosystems Engineering , v(81) : 35-47
[10] Zenger, R. Sandmaier , H .1996.^Microfluidics^,IEEE 7 th International Symposium on 
icromachine   and Human Science :13-20 
[11] Maulf , N . 2000 . An introduction to microelectromechanical  system  engineering,Artech 
House           Publisher , ISBN:0890065810 
[12] Nabian , A Rezazadeh , Gh . Haddad-derafshi , M . Tahmasebi , A . 2007 . Investigation  
of Pull-In       Phenomenon of Rectangular Micro-Plate  Subjected to Nonlinear 
Electrostatic  Pressure . Journal of   Microsystem  Technology , v(23):810-818 
[13] MEMS Industry Group. 2003. Executive Summary , Industry Report 
[14] Abdel-Rahman , E . Younis, M . Nayfeh ,  A  . 2002 .Characterization of the mechanical 
behavior of            an electrically actuated microbeam.Journal of Micromechanics and 
Micro-engeering , v(12):759-766         



2522

[15] Jodat Kordlar , H . Rezazadeh , Gh .2007 . Modeling  Open-Loop MEMS Tunneling 
Accelerometer         Based  on Circular Plate. Journal of  Microsystem Technologies, 
v(78):1083-1092. 
[16] Rezazadeh,Gh .Tahmasebi, A .Zubtsov , M.2006. Application of Piezoelectric Layers in 
Electrostatic MEM Actuators,Controlling of Pull-in Voltage. Journal of  Microsystem 
Technologies v(12):1163-          1170
[17] Osterberg , p.1995. Electrostatically Actuated   Microelectromechanical Test Structuresfor 
Material           Property Measurement . Ph.D thesis, MIT University. 


