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Table 1. Comparison of the first two frequencies of fixed-free nano-
beam made of aluminum obtained in the present study with Ref. [17]
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Fig. 2. Comparison of the fundamental torsional mode shapes of nanobeam

2Pl Sy Jgl Goge JSb i T JS&

Sl 9y p (Plaw bailge 13U i Jlales pslate 4

oad odlawl (YY) dlasly &yguny (aslS )3 G jl gl by anbs

Sl 55 (58 G jlade ST 4808 oo Gl (V) iy cun

Sl g 35 mlss ]38 56 (S e cloailge L ol5 o] il

oailge 130 o5l Lil S 5l 5SesS il E Cund e S

S bl (il B s Sl g 39 Wl LB G S (s
il lg55 536 o (slaadlys

B
e
b S (238 Sl (e (S (558

¥Y)

2Lb)yo JSw) °
S ls S el
nmw
0,(x) = A, sin (T x) (vY)
o5l s o5 el
2n—1
O, (x) = Ay sin (% x) A
slsT-slyT edl>
0,(x) = A4, cos (% x) )
b gl .
oS- jls 5 el
nmy [(GIp)*
Wy = |— - )
( L )1/ (1o)
b5 s 8 el
_(@n—-1Dm\ [(Glp)*
@ = ( 2L ) o)’ ARY
Sl5Tolsl el

Gy
o =(T) [ o

15 odas Sl claailys s s iy b n=1,23,... &S
oS5 (S oS g Jobe el plas (VY] L,
DIV]wloss [2)155 9,5 5 i

=W -€

A5 b gl ol sla il B s )3 Ly glpeil 5l A
@ s ol 3 cdlize (6550 kalid il 4 g (o Sl (B )S
O lawlio V Jaaa > bl ayie @ls Sl iy 25500 )
sl 4l b (o SIS 85 i 55 (ygds il oty (sl uilS 3
G=29 sljl & ol 035 (IS W] 55l 1 (tom slonilS
Gl 0 plool p=2700 kg.m™ 4 GPa

ol eadgl il Ly, 5] ol ol 45 a3 e ol ) s
505 Ol 1 el 5,5Lo 15l oGBSl b e s simgy
A gusus ¢ idghy ! 50 oddgl el lalgy 4TS o uwl ) ol

S5 69y p (Paw sraddge Sl > chse gl Gl pslate 4
o psblon g oo duglie JouS0 b (5ye byd dw 4 bgyye (gladge
Sl & gl sdomn adge S8 398 00 odalie (VA)(YY) Laily,
138l ;3 gl it s 5 5] i Ciliso (50 Loyl
o 3 il o se Sl syl )3 a8 ol osd o3l LS [VA] g ye
Lais oo @l Bl ol 8 g 50 uS— S Vel-Yol (650 by dws



e gadlge ;3 e A3l SeSome gl (55p0 byd dx ya oS
AN RPN

L oSl oy bl b ) p (e claadse U (¢
5 ol Ll (lS 5 o)los GBI L 5 Sl gl Jsb il
aw sbadge 13U &S cundls 3l [YV] Wb o il g
Jsb 5 oil8 3 oyl I Jdue bapssill (odomy Sl uilS 8 55, 2
Gl 55l

ciliso gadgo 0 leds g3l 4y (uiilS 3 Comnd Ol i :Y Joi

Table 3. Variations of frequency ratio for various frequency numbers
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Table 4. Variations of the fundamental frequency ratio for various
nanobeam lengths
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Table 2. Mechanical properties of nanobeam made of aluminum and silicon
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Fig. 3. Variations of frequency ratio versus the nanobeam radius with
considering all surface effects simultaneously
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Fig. 4. Variations of frequency ratio versus the nanobeam radius with
considering effects of surface parameters separately
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Table 5. Frequency ratio values with considering effects of surface parameters separately and simultaneously
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