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Abstract

The perfunctory and geometrical properties of carbon nanotubes (CNT), nanocantilevers beam from Multi-
walled carbon nanotubes (MWCNT) substance were investigated in this lesson. Multi-walled nanotubes (MWCNT)
consist of multiple rolled layers of graphene. There are two models that can be used to explain the structures of
multi-walled nanotubes. In the Russian Doll model, sheets of graphite are agreed in concentric cylinders, e.g., a (0,
8) single-walled nanotubes (SWNT) within a larger (0, 17) single-walled nanotubes. The interlayer expanse in
multi-walled nanotubes is close to the expanse between graphene layers in graphite, approximately 3.4 A. In this
case, the results showed that the first resonance frequency wgo of the nanocantilever beam from the measured
MWCNTSs' dimension and spring constant is about 100 MHz. Due to the exceptional mechanical and geometrical
characteristic of MWCNT, the first resonance frequency found is high compared to that one made from mica (w0 =

20 Hz) or silicon (w0 = 14 KHz). The result obtained is expected to have potential applications in
nanoelectromechanical system (NEMS) working with high resonance frequencies.
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I. INTRODUCTION

Nanotubes have frequently been inadequate to
the use of vastness nanotubes, which is a collection of
rather unorganized fragments of nanotubes. Vastness
nanotubes materials may never accomplish a tensile
muscle similar to that of entity tubes, but such
composites may, nevertheless, yield strengths sufficient
for many applications. Multi-walled nanotubes
(MWNT) consist of multiple rolled layers of graphene.
There are two models that can be used to give
explanation the structures of multi-walled nanotubes.
Its creature shells can be described as MWNTS, which
can be metallic or semiconducting. Because of
geometric probability and boundaries on the relative
diameters of the individual tubes, one of the shells, and
thus the complete MWNT, is habitually a zero-gap
metal.

MWNT are easier to fabricate in high volume
quantities than SWNT. Nevertheless, the structure of
MWNT is fewer well understand as of its superior
density and variety. Regions of structural deficiency
may moderate its desirable material properties. This
study is pertaining to the use of MWCNT as a
nanocantilever grin with extraordinary properties. High
quality frequency is desirable and even small periodic
driving forces can produce large amplitude oscillations.
Moreover, at high reverberation regularity, the system
can store mechanical power. A band of silicon carbide,
a few hundred nanometers in distance across, whose
vibration frequency varies in proportion to the mass of

objects quiescent on it; it can notice stacks as small as
one attogram.

The telescopic motion capacity of inner shells
and their exceptional mechanical properties. Will allow
the use of multi-walled nanotubes as main mutable
artillery in  coming nanomechanical procedure.
Renunciation force that occurs to telescopic suggestion
caused by the Lennard-Jones interaction linking shells
and its value is about 1.5 nN.

Il. EXPERIMENTAL SET-UP

MWCNTSs, generated by the electric arc
discharge method, were detached in ethanol solvent
with an ultrasonic bath and sonicated auxiliary to
promote  consistent  distribution. The  utmost
contemporary through an arc is restricted only by the
external circuit, not by the arc itself. The voltage across
an arc decreases as the contemporary increases, giving
it a vibrant negative resistance distinguishing. A drop of
MWCNTs clarification was deposited on the electrodes
attractive by photolithography as shown in Fig.1 that is
an image obtained from the scanning electron
microscopy SEM. After few transcription, the ethanol
was evaporated and the MWCNTSs were unlimited and
trapped on the electrodes used as maintain. The
MWCNT nanocantilever was premeditated in two
devices: clamped-clamped and clamped-free positions.
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Fig.1 Scanning Electron Microscopy of Swent Bundle
Among Two Electrodes Prototype as Nanocantilever
Clamped-Clamped Design

In the similar shape, the conception is
schematically illustrated and drained. The clamped-free
design, the spotlight of this paper, is suggest clamped at
one end and free to move in the other end; in
calculation, the sloping suggestion of cantilevers is
studied as well.

Fig.2 shows a high resolution electron
microscopy (HREM) figure of MWCNT bundle as
nanocantilever clamped free design.

2]

Single
MWCNT ™
to be pulled

Swent Bundle as Nanocantilever Clamped-Free Design

1. INVESTIGATIVE RESULT OF FLEXURAL
SHAKING OF CLAMPED-FREE
CYLINDRICAL NANOCANTILEVER
The theory of pulsation modes of flexural
girder is well acknowledged. The equation of
suggestion of the cantilever is a discrepancy equation of
fourth order and can be momentarily summarized as
equation 1:

EI (042/0x4) + pS (022/0t2) =0 (1)

Where E is the modulus elasticity, | is the area
instant of disinterest, p is the crowd density and S is the
fractious segment; x is the harmonize in the longitudinal
direction of the cantilever and Z(x) is the deflection
from the rest location of the length part at x.

The mode shapes for a continuous cantilever
beam are given as:

Zn(x) = z0 [(cos knx- cosh knx)-(cos knL+cosh knL)
(sin knx sinh knx)/( sin knL+sinh knL)]

Where z0 is the vibration amplitude and n is the mode
integer.

The reverberation regularity for n, the mode
number is given as: wn = k2n {(El/pS}1/2, for kO =
1.875, S = m(d/2)2 where d is the MWCNT diameter
about 1.2 nm, and the first significance occurrence of
the nanocantilever sunbeam calculated from the
considered MWCNTS' dimension and spring invariable
is about 100 MHz.

In preceding study, a cantilever beam from
mica muscovite with a modulus elasticity of 1.7 1011
Pa, a mass density of 2.7 and the geometrical properties
of 25 mm in piece, 6 mm in width and 20 pm in
breadth, the first resonance frequency o0 20 Hz have
been investigated. Used the silicon material and they
originate a quality frequency ®0 of about 14 kHz. By
judgment, the resonance frequency of MWCNT is so
high and the allowance in case of mica muscovite or
silicon is correspondingly about 5 106 and 7142 times.
The proportional

Significance frequencies dependent of physical
properties of materials boast been summarized in the
subsequent table.

Types of Material First resonance
Frequency
MWCNT 200 MHz
Si 28 kHz
Mica(muscovite) 20 Hz
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The towering value of the first significance
frequency of MWCNTSs could be explained by their
excellent mechanical and geometrical distinguishing. It
is illustrious that high quality frequency leads organism
to fluctuate with greater amplitude at some explicit
frequencies and the organization can supplies the
mechanical power.

IV. CONCLUSION
The procedure to formulate nanocantilever
using MWCNT has been described in the
investigational ingredient. The investigative process for
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