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Investigation of the inertia of the lateral motions effect on free axial vibration of
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, free axial vibration of nanorods is investigated by focusing on the inertia of the lateral
Received 26 February 2016 motions effects. To this end, Rayleigh and nonlocal theories considering the inertia of the lateral
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Available Online 02 May 2016 motions and the small scale effects, respectively, are used. Then, by implementing the Hamilton’s

principle nonlocal governing equation of motion and boundary conditions are derived. Since using
Keywords: nonlocal elasticity causes the 2-order local governing equation to be changed to the 4th-order nonlocal
Inertia of the lateral motions governing equation while number of boundary conditions remains constant (one boundary condition at
Axial vibration each end of nanorod), the governing equation is solved using Rayleigh-Ritz method. In Rayleigh-Ritz
Nonlocal Rayleigh theory method a suitable shape function for the problem should be selected. The shape function must at least
satisfy the geometrical boundary conditions. In the present study, orthogonal polynomials are selected
as shape functions then they are normalized by using the Gram-Schmidt process for more rapid
convergence.

After that, the first five axial natural frequencies of nanorod with clamped-clamped and clamped-free
end conditions are obtained. In the next step, effects of various parameters like length of nanorod,
diameter of nanorod and nonlocal parameter value on natural frequencies are investigated. Results of
the present study can be useful in more accurate design of nano-electro-mechanical systems in which
nanotubes are used.
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Fig. 1 Schematic of the nanorod geometry
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Fig. 2 Convergence of first six natural frequencies for a clamped-free
nanorod

5155 aloosli g Gt 15 3 i oS 2 S

S5 aliegil oo pd g e S b Sl alie 1 Jgua

ooles (65955 5l ealiil b ol o 5 g o 5
Table 1 Comparison of local and nonlocal dimensionless natural
frequencies of ‘clamped-clamped and clamped-free nanorods using
simple theory

S3lgls xS 5500 by P55 055 550 by oL bl
p) .
gy Blos P Bl s T
Ll (hm?)
1571 1571 3142 3.142 1
4712 4712 6283 6.283 2
7854 7854 9425 9.425 3 0
10996 10996 12566 12566 4
14137 14137 15708 15708 5
1552 1552 2997 2,997 1
4263 4263 5320 5.320 2
6177 6177  6.859 6.859 3 6.25
7308 7398  7.825 7.825 4
8164 8164 8436 8.436 5
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Table 2 Comparison of local natural frequencies of clamped-clamped
nanorod using Rayleigh theory

o ags, [17] 5, o5 o)l
414.047 414.047 1
826.314 826.314 2
1235.062 1235.062 3
1638.622 1638.622 4
2035.434 2035.434 5
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Table 3 Fundamental local axial frequencies of nanorod based on simple and Rayleigh theories and frequency ratios for various nanorod lengths, and

clamped-clamped and clamped-free boundary conditions

Sl oS 50 byl

. o
o5
FRs FRs FR, FRy by e L
(GHz) *
(GHz)

M5 l05S (6550 by

oS 8 g Jsb
FR, FRs FR, FRi by il oolo de (M)
(GHz) (GHz)

0.9892  0.9887  0.9995  0.9892 345.11 345.29
0.9920  0.9917  0.9996  0.9920 295.85 295.96
0.9939  0.9936  0.9997  0.9939 258.89 258.97
0.9952  0.9949  0.9998  0.9952 230.14 230.19
0.9961  0.9959  0.9998  0.9961 207.14 207.17
0.9968  0.9966  0.9999  0.9968 188.31 188.34
0.9973 09971  0.9999  0.9973 172.62 172.64
0.9980  0.9979  0.9999  0.9980 147.97 147.98
0.9985 0.9984  0.9999  0.9985 129.47 129.48
0.9988  0.9987  0.9999  0.9988 115.09 115.10
0.9990  0.9990  1.0000  0.9990 103.58 103.59
0.9993  0.9993  1.0000  0.9993 86.32 86.32
0.9995 0.9995  1.0000  0.9995 73.99 73.99

0.9588  0.9569  0.9980  0.9588 689.20 690.57 15.0
0.9693  0.9678  0.9985  0.9693 591.05 591.92 175
09762 09751  0.9989  0.9762 517.35 517.93 20.0
09811  0.9802  0.9991  0.9811 459.97 460.38 22.5
09846  0.9839  0.9993  0.9846 414.05 414.34 25.0
09872  0.9866  0.9994  0.9872 376.45 376.68 275
0.9892  0.9887  0.9995 . 0.9892 34511 345.29 30.0
0.9920  0.9917  0.9996  0.9920 295.85 295.96 35.0
0.9939  0.9936  0.9997 - 0.9939 258.89 258.97 40.0
0.9952  0.9949  0.9998  0.9952 230.14 230.19 45.0
0.9961  0.9959  0.9998 - 0.9961 207.14 207.17 50.0
0.9973 09971  0.9999  0.9973 172.62 172.64 60.0
0.9980 - 0.9979  0.9999  0.9980 147.97 147.98 70.0
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Table 4 Fundamental local axial frequencies of nanorod based on simple and Rayleigh theories and frequency ratios for various nanorod external
diameter values, and clamped-clamped and clamped-free boundary conditions

oS 50 by

M5 NS 50 LS

o8 o8 o8 o8 _::;
FR, FR; FR, FR: syl ool e FRs FRs FR, FR: e esls e (nm)

(GHz) (GHz) (GHz) (GHz)
0.9939  0.9936 0.9997 0.9939 258.89 258.97 0.9762 0.9751 0.9989 0.9762 517.35 517.93 3.000
0.9939  0.9935 0.9997 0.9939 258.88 258.97 0.9762 0.9749 0.9986 0.9762 517.23 517.93 3.335
0.9939  0.9935 0.9996 0.9939 258.86 258.97 0.9762 0.9746 0.9984 0.9762 517.09 517.93 3.670
0.9939  0.9934 0.9995 0.9939 258.84 258.97 0.9762 0.9743 0.9981 0.9762 516.94 517.93 4.005
0.9939  0.9933 0.9994 0.9939 258.82 258.97 0.9762 0.9740 0.9978 0.9762 516.78 517.93 4.340
0.9939  0.9933 0.9994 0.9939 258.80 258.97 0.9762 0.9737 0.9974 0.9762 516.61 517.93 4.675
0.9939  0.9932 0.9993  0.9939 258.78 258.97 0.9762 0.9734 09971 0.9762 516.42 517.93 5.010
0.9939  0.9931 0.9992  0.9939 258.75 258.97 0.9762 0.9730 0.9967 0.9762 516.22 517.93 5.345
0.9939  0.9930 0.9991  0.9939 258.72 258.97 0.9762 0.9726 0.9963 0.9762 516.00 517.93 5.680
0.9939  0.9929 0.9990  0.9939 258.70 258.97 0.9762 0.9721 0.9958 0.9762 515.78 517.93 6.015
0.9939  0.9927 0.9988  0.9939 258.67 258.97 0.9762 0.9717 0.9954 0.9762 515.54 517.93 6.350
0.9939  0.9926 0.9987  0.9939 258.63 258.97 0.9762 0.9712 0.9949 0.9762 515.29 517.93 6.685
0.9939  0.9925 0.9986  0.9939 258.60 258.97 0.9762  0.9707 0.9944 0.9762 515.03 517.93 7.020
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Fig. 3 Variations of third and fourth frequency ratios versus different values of outer diameter of nanorod for first,

third and fifth natural frequencies

Al iy 5 pye o sl slaoge o )lad g ()5 S sl Rliss palie Tl 4 o)l 5 poms (ol P sla i s 3 Y

25

5 o)ladis 16 095 1395 sls 0 qu.\.n Adblso wliys


www.sid.ir

D 00D 3 300 033)

1.05

SR Ao g (59985 )l 0 Slaiwl b Laaliegili (g 930 SHT Slblai)l 590 22 b SR HBL w4

e 00 e alagil Cealieds 5 b e uilS 58 0 las ilises

S ulels 9 Sl3iebl Ls)

= R
~ D o R e SRR R oy SRR T QR R AR X = —~
2 e, )
““““““““““““““ M//V/V/VM//V/V/V/VJ//V/VJ
.
I 04 <t
m m m B SBNRINNY m m m m m m
il Y = il
m @ ﬁ R PR IA A C_F_F_ ----------------- m ﬁ r&
[ C_C_C_ - E_E_E_
3 443 £
m m m SNBSS m m m EEE
28 4 v::/V/V/V/V/V/V/V/V/////////////////////////////////////////// oo R, 4 |88 48
2@ 8 — F&H& By el ..U Al ......_ R R R R I K I D D
PR K B B B8
BN
& & o & £
DSOS A
m_m_m_ ZEEEEOEOEOEEOEEOOTD)T)] F_F_m_ b b =y RIS
r g 00
m m m m m _m v C_C_C_
44 $14
- oD
&6 6 [* M=y +]
OO LR eo0s
A T RRTRRTRTRTRY -LL R R R X
T T DR S O R R S R R R R R R KRR R R B2ERE pr= R | A
2485 akakal @ N
B0 S BOS BmS
. ' A 1 1 4 1 A,
7 iy o - @ -? 2 - B s =+ o “ @ gy e e e
-t sk + i st < < L) < L) L] o <
B & % B4 & = < = = = = i ; : ; ; ; ; ; ; ; ;
- S Ny © [t ] el M
. o : Y
. . . 134923 —
- R . T B S w3 xR 0BE L 4
A gLy A YAy Xy 8 3 em d Y S AN S 5y 88 | B5E 99888988
A = — Y % 2, - 3 R 58
N g b‘v . @ LEEe B “ ! ~ W B @ Y o o 9 “m 0 w, o >
=9 Y33y 9 3 2y IR T N S | > 5
T A T BRI I S N RN 3y " eE
TR R S TR B B S O O F A .
2§ 9 © 3 ’ : e N x‘lw,umufmwa).“ B O TR~ E
SEIE RN IEE T CERETOEEE L EE e CF S B | JLN P
20 w w - w 3 2 .M. N 5 X ‘ R
s : N ) : : S 2 . 9
. . — k2] Q . b i . N et
N m $%) : LS w Ju 3 4 w/ ) S
S S S N A T A S 23334 Ly 28 .
S xmzao3 2320398 8y H N3 2 I g 28 g0
399k 3a 5L 8 e w, o0k A ~ 425 3
] EI y % HM 3 X ? Mr %) % ) m“ vy 2 g - X i M =N 3 g A =@ Iy A A A A Ao
o N F3 o ) ) S .3 { . . 2 R ¢ . A < o
) ER) o5 = E j ﬂ S Y .W 3 3 1y 9 ¥ 5 £
) o B 5 3 - = iy ” : : 2 =~ g8
.M 2 m) R N lwu M 93 32 3, ™3 L9 W) W by o052 8 2 9 v g E 0o~ MmN~ o
= 3 NS S Wlu.. : < st ¢ 5 — = OO0 N~
3 T O S e . 9, . = R 8 T ; wu © o DO DD DD
X - D=3 AN . 3B P g 4 >3 o R EEEEK
a9 M/ cw/ Iwr Im.r \%) M “w Ju (w_" 3 ..u./ 5 I\.@ "M, < : 3 |.”__o 3 3 _ <w4 & oo .% = [ SCoococoo oo
. . E | — 5 : . . CE - = 5]
ww,uf,ﬁ:y coa 383 Fyuiyoe s A+
_ : ° : — - . . " : — Y=
9 2 .‘ ~ Jo 5 ) = = .3 T M/ W b + o" M “w w VD g° <O A A NMN~ A
X ) ] “M/ NI IR . -3 R 3 3 : © O I~ WD D~
: T o 2 + 2 EE) . . N =5 < DODDDH DD DD
& R Au R 3 ~ 2 A cwl ) . wl T 2
N R I RPN P T x PR 85 o LK
. @ 3 3 - 3 .ﬁ,«r ) B I ~ & o m : N w = 82 o cocoooooo
Mwuﬂwﬂﬁ S ﬁ.u.ﬁblﬁm[@ u)..\wl)w»f 3, 15 G&Eg8
SR x5, v 3 ERE N E 3 %o o, 3 2 4 B Z=3
Ay R ARy 3 A S - N T S o Y 4 3 © <8 %
L 3 23 IM I} ",.ﬁI)J § § g 5 . N B © 20 R 8 5 88l Hdml44444444
.W \m : ) ’ — \w : .*o T e S NNNNNNN N
eI R > k3 "M, N9 Y o - I Y 9 3 3 9 % e BN Elccccocococo

26

022 (€) 5 poms (D) Jol (B) csbooge o )lots (sl omaysd el )y

Fig. 4 Variations of second, third and fourth frequency ratios versus
different values of nonlocal parameters for (a) first, (b) second and

third mode numbers
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