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Abstract

In this article, a new refined beam theory namely one variable first-order shear deformation
theory has been employed to study the vibration and buckling characteristics of nonlocal beam.
The beam is exposed to an axial magnetic field and embedded in Winkler-Pasternak
foundation. The Von Karman hypothesis along with Hamilton’s principle have been
implemented to derive the governing equations for both the vibration and buckling studies
and closed form solutions are obtained for simply supported beam using the Navier’s approach.
Further, a parametric study has been conducted to explore the impacts of small scale parameter,
Winkler modulus, shear modulus, and magnetic field intensity on natural frequencies and critical

buckling loads.
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1. Introduction

The nanotubes were one of the first real nanomaterials to be produced at the molecular level by
engineering methods. The nanotubes can be classified into different kinds of nanostructures, such
as carbon nanotubes [1] (single-walled, double-walled, etc.), boron-nitride nanotubes [2] and etc.
Carbon nanotubes (CNTs) made of carbon sheets with the thickness of an atom and in the shape
of a hollow cylindrical, were discovered by lijima [3]. The supernatural properties are assigned to
carbon nanotubes. Among these properties, excellent flexibility, tensile strength, thermal stability
and magnetic characteristics, are features that dream up predictions of nanotechnology products
such as: microscopic robots, smooth and high strength bodies for automobiles, artificial arms and

earthquake-resistant buildings.

Pasternak modulus

= —_—P
Winkler modulus

Fig. 1. The SWCNT under an axial magnetic field bridged on the Winkler-Pasternak medium

Regarding the aforementioned amazing features of the CNTSs, a lot of research have been reported
on these nanostructures. Therefore, it is very essential to analyze and understand the mechanical
behavior of the manufactured nano parts. Due to different properties of the nanomaterials in a
nanoscale against macroscale, these materials are important to be analyzed in a size-dependent
scale. To consider these structures in a size-dependent domain, there are some models. Among
these models, nonlocal continuum elasticity is most well-known one. Nonlocal theory of Eringen
tells about nonlocality which considers a large interaction between atoms and leads to softening
(decreasing stress at increasing strain). This model also is named as second stress gradient one. A

lot of research have been reported on the CNTs structures based on nonlocal elasticity theory.
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Murmu et al [4] studied the external magnetic influences on the transverse vibrations of double-
walled carbon nanotubes (DWCNTS) based on the Euler-Bernoulli beam equation and elasticity
theory of nonlocal. Their results proved that the increase of the magnetic effect increased the
transverse natural frequencies of the nanotubes. Kiani [5] analyzed a longitudinal magnetic field
affected the transverse natural frequencies of a DWCNT. The nanotubes system was bridged on a
polymer foundation. The model was solved on the basis of the higher-order and Timoshenko beam
approaches. Nonlocal elasticity was also utilized to simulate the interaction between atoms in a
small scale. The numerical results were computed based on the several edge conditions i.e. pivot-
pivot, clamped-clamped, pivot-clamped and also clamped-free. Further, Kiani [6] examined
buckling and vibrations of a carbon nanotube with one wall only (SWCNT) subjected a three-
dimensional magnetic field. The nonlocal continuum theory was combined with the Rayleigh beam
technique to derive the equations of motion. Guven [7] investigated transverse natural frequencies
of a SWCNT in a magnetic field assuming initial stress. The beam hypothesis was based on the
Timoshenko one and the size-dependent behavior was modelled based on the gradient elasticity.
The results were numerically shown about simple-simple edge conditions. Ponnusamy and
Amuthalakshmi [8] considered the effects of magnetic and temperature of the surrounds on the
natural frequencies of a nonlocal DWCNT. The Timoshenko beam hypothesis was mixed by the
nonlocal theory of Eringen in order to formulate the nonlocal equations of motion. The acquired
equations of motion were analytically calculated on the basis of pivot-pivot edge conditions. Zhang
and Shen [9] dynamically examined a SWCNT placed into a visco-Pasternak matrix subjected to
an axial magnetic field. The nanotube was in a horn-shaped model and The Euler-Bernoulli
hypothesis was base of the achieved equations. The transfer function method and perturbation
technique were taken to calculate the numeric vibration modes. Hosseini and Sadeghi-Goughari
[10] presented the buckling modes and natural frequencies of a nanotube under an axial magnetic
field conveying fluid. Differential transformation method was stood for giving the numeric
outcomes. Their best results proved that the axial magnetic field increased natural frequencies and
the flow velocity. Nonlinear natural frequencies of a SWCNT subjected to a magnetic field with
random material features using nonlinear damping was studied by Chang [11]. Kiani [12] with
assuming the existence of an axial magnetic field dynamically analyzed the periodic arrays of
SWCNTs in the thermal environment based on the stress nonlocality. Moreover, Zhen et al [13]

based on the viscoelasticity properties of the SWCNTSs, higher-order beam hypothesis and nonlocal
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strain gradient model, studied the natural frequencies of a nanotube. To the sake of the brevity, the

other important research done on the carbon nanotubes and nanobeam are found by [14-42].

Civalek and Demir [43] studied buckling and bending characteristics of cantilever carbon
nanotube using Euler-Bernoulli beam theory, and the small scale effects of the CNT was captured
by Eringen's elasticity theory. Li et al [44] employed analytical approach and finite element
method to investigate the longitudinal vibration of rods using a nonlocal strain gradient model.
Barretta et al [45] investigated higher order version of Eringen’s model using Euler-Bernoulli
beam. Implementation of integral form of nonlocal Euler Bernoulli beam for the dynamic response
analysis was studied by Eptaimeros et al [46]. Rahmani et al [47] implemented Navier’s approach
to study bending and buckling of FGM beam using several nonlocal higher order shear
deformation beam theories. Akgoz and Civalek [48] applied both the hyperbolic shear deformation
and modified couple stress theories to analyze the effects of thermal and shear deformation on the
vibrational behavior of functionally graded microbeam. Mercan and Civalek [49] investigated
buckling behavior of Silicon carbide nanotubes considering the surface effect and small scale
effect using harmonic differential quadrature method. Demir and Civalek [50] used enhanced
Eringen differential model to study bending of micro beams under the framework of Euler-
Bernoulli beam theory. Some other pioneering works by different researchers can been seen in
[51-55].

Carbon nanotubes and nanobeams with magnetic property can present many applications in
engineering. As an example, in order to separate pollutants like heavy metals, dangerous organic
and mineral compounds from water solotions, the tubes have attracted the attention of scientists.
To this, with making a magnetic field around the nanobeams placed in a polluted environment, all
of the above-mentioned pollutants can be absorbed to the nanobeams leading to a safe and healthy
water [56, 57]. Inevitably, the magnetic field can affect the nanobeam and hence results in
mechanical reaction of the nanobeam. In fact, the CNTs may not give researchers a good
performance to absorb the pollutants if they do not know about mechanical response of the
nanobeams in a magnetic surround. There are many other examples that can be mentioned.
Therefore, in this case, deformation and resistance reaction of nanobeams in a magnetic field was

as an engineering motivation for this research.
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As review the crucial and the best research on the CNTSs, the authors aim at the reconsidering the
SWCNTs in both mechanical stability and vibrations under a longitudinal magnetic environment
on the basis of a new refined beam hypothesis which can be seen in Fig. 1. The refined beam
model is based on the one variable resulting in lower number of equations. To include the behavior
of the nanostructure at its real domain, the continuous nonlocal theory is employed. Furthermore,
a well-known elastic foundation, namely Winkler-Pasternak, is located under the nanotube in order
to find the nanotube more stable. The Navier analytical technique is base of the numerical findings
for a pivot-pivot edge condition. After all, the deeply considerations are shown for key parameters

such as, magnetic effect, small scale impacts and the foundations influences.
2. Proposed model
From Maxwell's Electromagnetic equations, we have [58-60]

vxH=L .3 vxE--B
at

VD=p,, VB=0 1)
D=¢E, B=syH

In which (p, ) is the static charge density, (E) is the electric field intensity, (H ) is the magnetic
field intensity, (J) is the current density vector,(B) is the magnetic field density, (D) is the
displacement current density, ¢ and » are the electric and magnetic permeability of the beam,
respectively. Now, by neglecting the displacement current density and considering the small
disturbances of the initially applied electromagnetic field as e = e(x, Y, z,t)and h= h(x, Y, z,t),

the electromagnetic fields can be represented as
E=E,+e, H=H,+h )

In the present investigation, we have neglected the initially applied electric field which results into
E =e. Now, the Eq. (1) can be rewritten as [58-60]

J=Vxh, Vxe:—n@
ot
ou
Vh =0, e:—n(gx Hoj 3
h=Vx(uxH,)
5
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Here u = (u,0,w) represents the displacement field vector of the beam. Considering only axial

magnetic field as H =(H,,0,0) acting on the beam, we obtain
h=-H, @+@i+HX@j+HX@k 4)
oy oz OX OX

The Lorentz force induced by the axial magnetic field is computed as [58-60]

2 2 2 2 2 2
f:nuxH):?{Hf[gZ+2yZ+§y§jj+Hs[2?+iy?+§ygjk} ©
X Z X Z

Likewise, the resultant Lorentz force can be obtained as [58-60]

sz :77-[A fsz:nAHx 8X2 (6)
The displacement fields, as per new refined beam theory can be expressed as [20, 21, 27]

ul(X! Z,t)= u (X,t)— z%

u,(x,z,t)=0 ©)

o°w
uy(x,z,t)=w(x,t)+ Bax_2

In which u(x,t) and w(x,t)are the displacements of the neutral axis in axial and transverse
directions, respectively. B = % where E is the Young’s modulus, | = Izz dA is the moment
A

of area, A is the area of cross-section, and G is the shear modulus. Considering Von Karméan

hypothesis, the strain displacement relations are given as

ou  o'w 1f_ow ow)
=—-Z +-|B—5+—
OX OX

Ey =—
ox  ox? o2

0w
_p2Y

(8)

The virtual strain energy (6U ) may be written as


http://mostwiedzy.pl

A\ MOST

oJ = I\}[j(am5gm +0,0y,)dV

oou 66W 8&N
U Ny—=-M,
OX ax
=f 3 3 dx (9)
0 , 0w 8°Sw 03w odw OW O°W  OW 0w
N,| B 3 - +tB—; +B——+—
oX> OX oX> oOx OX OX OX OX
N ZM 3 3 3
L TN W L M W A YA | P
OX OX ox® ax OX

dx

Il
O tm—a—

3 3
Bl 2N, DY w8 %(Nm@ &N—ELNXXa—WjaN
OX OX OX OX OX OX
where M, = IZO'XXdA, N, :.faxdi, and Q,, = jaxsz are the local stress resultants of the
A A

beam. The kinetic energy (T ) of the beam can be written as

ORI

Now the virtual kinetic energy (ST )can be computed as

uoN |\ O'wam . owodw
ST :T ot ot ‘oot oxot ot ot

o | W 3w o°w adw | L, O°w %W
LB S 1+ 1,B— +1,B?

ot ox’et ox“ot ot OX“ot ox“ot

L 4 2 4 6
o°u o'w 0w o'w o°w
=[|-1,=5au-|1 +1 +21,B—— +B?l,—— [dw [dx
ﬂ ° o’ [Zaxzat2 Patt 0 axat’ Oﬁx“atzJ }

Inwhich I, = pA and |, = pl , are called mass moments of inertia.

dx

(11)

The virtual work done (SW ) by external loads is defined as

0w 0w
AH ? —k w+k Swdx, 12
0{(’7 X{axzj W p(ax j:| (12

where k|, is the Winkler modulus, Kk, is the shear modulus, 7 is the magnetic permeability, and

=

H is the strength of axial magnetic field.
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t
Using Hamilton’s principle 5[] = j&(T — (U +W))dt, we obtain the equations of motion as
0

ON,, | o%u
x  Cot?
B 2 3 3 3
SOy g9 g2 TN TV g O,
OX OX OX OX OX
3 2
B %(Nﬂa—wj +2(Nm@j—(nAHf OW kW
OX OX OX OX OX
2 4 2 4 6
kp 8_\;V -1, azwz —1lg ‘ \2N+28 azwz +B’ a4Wz
OX ox“ot ot ox“ot ox ot
The Eq. (14a) is further simplified as
B 2 3 6 4 2
My g0Q [g2 W, g0 W, OW
OX OX OX OX
0w o*w 0w o0*w
+k w—k —1 —1 +2B +
o p(axzj 2 ox2ot? °[at2 ox2ot?

|

o°w
+ —|7AH?
ox? J (77 g { ox?

6
B oW
ox*ot?

2

|

(13)

(14a)

=0 (14b)

The local stress resultants, using Hookean stress-strain elasticity relation can be rewritten as

2

M, =—E1 2
OX

0w

= AGB —

Qx ox®

From the Eringen's nonlocal elasticity theory [61], we have

2

0
(1_ (eoa)2 WJ O = Cijkl 4

In which o,

Further, from Eq. (16), we have

(1 —(e,a)’

82

o, =Ee&,

(15)

(16)

&y and C;, are stress tensor, strain tensor and elastic constant, respectively.

(17.a)
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2

(1— (e,a)° %} o, =2Ge,

Employing Eq. (17), the nonlocal stress resultants may be given as

Implementing Eq. (18) in Eq. (14), the governing equation of motion is expressed as

0? o*w

1-(e.a)’ = |[M_ =—El
(es2) ox: ) x>
0? 0w
1-(e.a)? — - AGB——
(0 ) axz sz X3

6 4 2 2
N, [B2OW g0 W L OW L (a2 OW
(1 (e,a) 52] O ox*  Ox O
0 6X2 k 82_W +1 84—W +1 a2W.|_ZB 84W + Zae—w
Pl ) laxtatr ) Y at? ox*ot’  ox‘ot?
4 6
Y. R
OX OX

|

(17.b)

(18.3)

(18.b)

(19)

For finding the buckling load, the time derivative terms are required to be ignored and the in-plane

force resultant (Nxx)is replaced by — P in Eg. (19) and the governing equation is given as

@_@ﬁfggj

2B

o*w

OX

i 6
P(BZ ow,

ox*

o*w o*w
AH 2 —k w+k
_(77 X(aXZ j w p(ﬁxz ]_

GZWJ ]
+6X2 +

= El

0w
ox*

6
+AcB? W

ox®

(20)

For linear free vibration, the in-plane force resultant (N )is neglected from Eq. (19) and the

governing equation of motion may be stated as

(AR ? { ™

o*w o*w
> J—kww+ k{@(z J+ Iz[
o*w o'w , O0°w
+2B +
(ﬁtz ox*ot? ox‘*ot?
9

o'w )|
ox2ot?

= El

0w
X4

+ AGB?

0w
XG

(21)
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3. Analytical Method

In this research, Navier’s method has been incorporated to study the buckling characteristics as
well as vibration characteristics analytically for Simply supported- Simply supported (SS)

boundary condition. The transverse displacement (W) as per Navier’s approach may be expressed

as [20, 21, 27]

w(x,t)=>W, sin(nTﬂ xje“""I (22)
n=1

In which W, , and @, are the displacement and frequency of the beam.

Plugging Eqg. (22) in Eq. (21), the frequency parameter (a)z) may be stated as
o Nt 2 2 o Nt ! 2 Nz 2
nAHZ == | +(e,a)’nAHZ| —= | +k, +(e,a)k,| ——
L L L
nxz 2 nx ! Nz ) nx °
+kp(J +(e0a)2kp(j +El (j —AGBZ(j
- L L L L 93
“ - nz)’ nz)’ nz)’ )
2
<|2(Lj —|O+2B|O(Lj —leo(Lj >+(e0a)
nz)’ nz)’ nz)’ nz\’
<'2(L] ) (T ‘Bz'{J>
Substituting Eq. (22) in Eq. (20), the buckling load can be obtained as
2 nﬂ: ? 2 2 n7Z' ‘ 2 nﬂf- ?
nAHZ = | +(ea)’nAHZ == | +k, +(e,a)’k,| ——
L L L
nz)’ nz)' nz)’ nz)’
+kp() +(e0a)2kp(j +El () —AGBZ()
P _ L L L L
" nz\’ nz\' (nrz)
_Bz(”j +23(’fj (”j +(e,af
L L L
[ 8

(24)

10
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4. Results and discussions

The natural frequencies (w, ) and critical buckling loads (P, ) or (P, ) are calculated from Eq. (23)
and Eq. (24), respectively implementing the Navier’s method. In this investigation, we have
considered Single Walled Carbon Nanotube (SWCNT) for the case study by using the following
properties or parameters [62].

E =1TPa, Poisson’s ratio (v)=0.28, mass density (p)=2.24g/cm®, diameter (d)=1.1nm,
Effective thickness (h) =0.342nm, Magnetic permeability (77) =47x10"" H/m, unless mentioned
L =10, and Magnetic field intensity (H, )=4x10° A/m.

4.1 Validation

The critical buckling loads (Pc,) and the frequency parameters (/1 = wl®/ pA/EI ) are validated

by comparing with other published article in special cases. For the validation of critical buckling

loads (P, ), Winkler foundation (k,, ), Pasternak foundation (k, ), and the magnetic field intensity

(H,)are set to zero and then the results are compared with [21] for different nonlocal parameters

and different lengths of beam which can be depicted in Table 1. For the computational purpose

we have considered E =1TPa, Poisson’s ratio (v)=0.18, and diameter (d)=1nm. Likewise to

exhibit the exactness of the frequency parameters (ﬁ ) the present results are compared with [63]

by neglecting Winkler foundation (k, ), Pasternak foundation (kp), shear modulus(G), and the

magnetic field intensity (H,) which is demonstrated in Fig. 2 as graphical results. From these

results, an excellent agreement can be witnessed.

11
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Fig. 2. Comparison of frequency parameters with [63]

Table 1 Validation of critical buckling load (P, ) with [21]

e,a Present [21]

0 3.3991 | 24905 | 1.9034 | 15021 | 1.2156 | 3.3991 | 2.4905 | 1.9034 | 1.5021 | 1.2156

0.5 | 3.3418 | 2.4595 | 1.8852 | 1.4907 | 1.2082 | 3.3418 | 2.4595 | 1.8852 | 1.4907 | 1.2082

1 3.1810 | 2.3711 | 1.8327 1.4577 | 1.1864 | 3.1810 2.3711 1.8327 1.4577 1.1864

1.5 | 2.9449 | 2.2370 | 1.7515 | 1.4057 | 1.1517 | 2.9449 | 2.2370 | 1.7515 | 1.4057 | 1.1517

2 2.6677 | 2.0729 | 1.6494 | 1.3389 | 1.1064 | 2.6677 | 2.0729 | 1.6494 | 1.3389 | 1.1064

Additionally, Table 2 was added to improve the validity of the refined beam model presented in
this paper. The numerical outcomes of Table 2 were obtained from [64] on the base of nonlocal
elasticity theory. Beside the model, an inestimable comparison, namely the molecular dynamics

12
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method (MD) is shown properly. The results of [64] was for first-order of shear deformation model

in a shell domain for the carbon nanotube also for simply-supported boundary conditions. For the

computational aims the (E)=1.06TPa , Poisson’s ratio (v)=0.19 ,and diameter d = 0.68nm were
considered. Furthermore, the amounts of small scale factors were selected as e,a =3.3to 3.5nm.

Although the numerical outcomes of nanotubes when they are assumed as a shell [64] is in a better
agreement with molecular mechanics’ results, a good agreement for the present beam model is

also observed.

Table 2 Comparison of natural frequencies (THz) for a nanotube

% [64] Nonlocal elasticity theory
(MD) [64] Present, [20]
8.47 | 0.466 0.333 0.354
13.89 | 0.190 0.165 0.163
17.47 | 0.122 0.121 0.124

4.2 Effect of small scale parameter

Influence of nonlocal effect on critical buckling load (P, ) and natural frequency (@) has been
studied with k, =1GPa, and k, =500nN . For natural frequency, first four modes are taken into

consideration where as critical buckling loads are calculated for different lengths of the beam.

Here, nonlocal parameters (e,a) are assumed as 0, 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4 for both the dynamic

characteristics study. Likewise, lengths of the beam (L) are considered as 5, 10, 15 for buckling

analysis. In this regards, Table 3 and Fig. 3 represent the tabular and graphical results for natural
frequency while Table 4 and Fig. 4 epitomize for critical buckling loads. Both the natural
frequencies and critical buckling loads are decreasing with the increase of nonlocal parameters. In
case of vibration, higher modes are more sensitive towards the nonlocality whereas beam with
small sizes possess higher critical buckling loads that exhibit remarkable response towards the

small scale effect.

13
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Table 3 Natural frequency (@) in THz with k,, =1GPa, and k, =500nN

g,a innm @, o, @, o,
0 0.9918 2.1787 3.9382 7.5061
0.5 0.9917 2.1751 3.9130 7.4011
1 0.9914 2.1674 3.8725 7.2771
15 0.9909 2.1598 3.8449 7.2129
2 0.9904 2.1541 3.8287 7.1810
2.5 0.9900 2.1501 3.8192 7.1638
3 0.9895 2.1473 3.8132 7.1536
35 0.9891 2.1453 3.8094 7.1472
4 0.9888 2.1439 3.8067 7.1429
8* T T T T T T T

a2 x x x & & X

|:|_: * 1st mode

g6 O 2nd mode

3 3rd mode

: 5 ¥  4th mode

o

o 4r

5

o

o 30

o 2(2 o (o] (o] (o] (o] (o] o D

2

©

< 1% * * * * * * * *

0 1 1 1 1 1 1 |
0 0.5 1 1.5 2 2.5 3 3.5 4

A\ MOST

Small scale parameter (eoa) in nm

Fig. 3. Natural frequency Vs. Small scale parameter

14
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Table 4 Critical buckling load (P, ) in nN with k, =1GPa, and k, =500nN

g,ain nm P, with L=5 P, with L=10 P, with L=15
0 830.4534 711.4611 703.2364
0.5 827.7178 711.2901 703.2025
1 821.8339 710.8230 703.1053
1.5 816.1280 710.1704 702.9563
2 811.8080 709.4506 702.7709
2.5 808.7832 708.7511 702.5654
3 806.6891 708.1197 702.3538
3.5 805.2186 707.5734 702.1464
4 804.1628 707.1120 701.9504

cr

Critical buckling load (P_) in nN

780
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700

T
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~ A\~ 4 \ -4
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P
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0.5 1 1.5 2 25 3 3.5
Small scale parameter (eoa) in nm

Fig. 4. Critical buckling load Vs. Small scale parameter
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4.3 Effect of Winkler modulus

This subsection deals with the response of Winkler modulus(k,, ) on dynamic characteristics of
the nonlocal beam. In order to analyze the impact of k, on natural frequency (a)) L=10nm,
e,a=0.5nm, and k, =500nN are considered. Also, k, is taken from 0 to 5 GPa with an

increment of 0.5 GPa which can be seen in Table 5 and Fig. 5 as tabular and graphical results,

respectively. To study the effect of k, on critical buckling load (Pc,), Winkler modulus is
considered as 0, 1, 2, 3, 4, 5GPaand k, =500nN for different values of small scale parameters

which are depicted in Table 6 and Fig. 6. From this study, we may observe that natural frequencies

and critical buckling loads are increasing with increase of k, but this increase is more sharper in

case of critical buckling load. Further, beam with lower value of nonlocal parameter possesses less

value of critical buckling load.

Table 5 Natural frequency (@) in THz with L=10nm, e,a=0.5nm, and k, =500nN

k, in GPa @, o, @, ,
0 0.9843 2.1711 3.9098 7.3978
0.5 0.9880 2.1731 3.9114 7.3995
1 0.9917 2.1751 3.9130 7.4011
15 0.9954 2.1771 3.9145 7.4027
2 0.9991 2.1791 3.9161 7.4044
2.5 1.0027 2.1811 3.9176 7.4060
3 1.0064 2.1831 3.9192 7.4076
3.5 1.0100 2.1851 3.9207 7.4093
4 1.0136 2.1871 3.9223 7.4109
4.5 1.0172 2.1890 3.9239 7.4125
5 1.0208 2.1910 3.9254 7.4142
16
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Table 6 Critical buckling load (P, ) in nN with L =10nm, and k, =500nN

k,inGPa | P, with e;a=.5 | P, with e;ja=1 | P, with e;a=15 | P, with e;,a=2
0 700.7004 700.2334 699.5807 698.8610
1 711.2901 710.8230 710.1704 709.4506
2 721.8797 721.4127 720.7600 720.0402
3 732.4693 732.0023 731.3496 730.6299
4 743.0590 742.5919 741.9393 741.2195
5 753.6486 753.1816 752.5289 751.8091
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4.4 Effect of shear modulus

The impacts of shear modulus (kp) are investigated through this subsection. The natural
frequencies (a)) are noted for different values of shear modulus (0, 100, 200, 300, 400, 500nN)
with L=10nm, e,a=1nm, and k, =1GPa. In this regard, Table 7 and Fig. 7 are presented to
exhibit the response of (kp) on . From this results, it is witnessed that the natural frequencies
are increasing rapidly with the increase of k. Likewise, the response of shear modulus (kp) is

noted on critical buckling load for different values of shear modulus as well as different values of
nonlocal parameters which are displayed in Table 8 and Fig. 8. This results reveals that the critical

buckling loads increase very sharply with the rise of shear modulus (kp )

18


http://mostwiedzy.pl

A\ MOST

Table 7 Natural frequency (@) in THz with L=10nm, e,a=1nm, and k, =1GPa

k,innN @, o, @, o,

0 0.5102 1.1253 2.0380 3.8365
100 0.6362 1.3973 2.5144 4.7293
200 0.7412 1.6244 2.9139 5.4785
300 0.8330 1.8234 3.2649 6.1368
400 0.9156 2.0028 3.5816 6.7311
500 0.9914 2.1674 3.8725 7.2771

Table 8 Critical buckling load (P, ) in nN with L=10nm, and k, =1GPa

k,innN | P, withe;a=.5 | P, withea=1| P, witheja=15 | P, with eg,a=2

0 188.7128 188.2458 187.5931 186.8733
100 293.2283 292.7612 292.1086 291.3888
200 397.7437 397.2767 396.6240 395.9042
300 502.2592 501.7921 501.1395 500.4197
400 606.7746 606.3076 605.6549 604.9351
500 711.2901 710.8230 710.1704 709.4506
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4.5 Effect of Magnetic field intensity

A parametric study has been carried out to investigate the behaviors of natural frequencies (o)
and critical buckling load (P, )with respect to axial magnetic field intensity (H, ). For vibration,
L=10nm, e;a=1nm, k, =1GPa, and k, =500nN are considered by varying H, from 0 to

1le+9 A/m with an increase of 2e+8 A/m. For this purpose, Table 9 and Fig. 9 are illustrated as
numerical and graphical results, respectively. This study reveals that natural frequencies increase
with the rise of magnetic field intensity. Likewise, similar study has been conducted for the

buckling load. The responses of magnetic field intensity on critical buckling loads are illustrated

in Table 10 and Fig. 10 for different values of H, and k. Both the tabular and graphical results

show that the critical buckling loads are increasing very rapidly in response to H, .

Table 9 Natural frequency (@) in THz with L =10nm, e,a=1nm, k, =1GPa, and k,, =500nN

H,in A/m @, o, @, o,

0 0.8638 1.8903 3.3830 6.3584
2e+8 0.8974 1.9633 3.5118 6.6001
4e+8 0.9914 2.1674 3.8725 7.2771
6e+8 1.1308 2.4703 4.4087 8.2833
8e+8 1.3012 2.8407 5.0649 9.5149
le+9 1.4918 3.2555 5.8004 10.8957

Table 10 Critical buckling load (P, ) in nN with with L =10nm, e,a=.5, and k, =500nN

H,inA/m | P, with k, =1 P, with k, =2 P, with k, =3 P, with k, =4

0 540.0991 550.6887 561.2783 571.8680
2e+8 582.8968 593.4864 604.0761 614.6657
4e+8 711.2901 721.8797 732.4693 743.0590
6e+8 925.2788 935.8685 946.4581 957.0477
8e+8 1224.8631 1235.4527 1246.0423 1256.6319
le+9 1610.0428 1620.6325 1631.2221 1641.8117
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5. Concluding remarks

A new first-order shear deformation beam theory has been utilized to investigate the vibration and
buckling characteristics of nonlocal beam exposed to an axial magnetic field and embedded in
Winkler-Pasternak foundation. Von Karman hypothesis along with Hamilton’s principle have
been used to develop the governing equations which is solved analytically by implementing
Navier’s method. Further, natural frequencies and critical buckling loads for Simply Supported
(SS) boundary condition are obtained and a parametric study has been carried out to discover the
response of various scaling parameters such as small scale parameter, Winkler modulus, shear
modulus, and magnetic field intensity on natural frequencies and critical buckling loads. The
natural frequencies and critical buckling loads decrease with the increase of nonlocal parameters.
Natural frequencies of higher modes are more sensitive towards the nonlocal parameter whereas
beam with small sizes possess higher critical buckling loads that exhibit remarkable response
towards the small scale effect. Both the natural frequencies and critical buckling loads follow an
increasing pattern with the rise of Winkler modulus but this increase is more significant in case of
critical buckling load. Likewise, the natural frequencies and buckling loads follow same patters
with respect to shear modulus and magnetic field intensity.
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