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“Abstract”  
 

The suitability of the Boron Nitride Nanotubes 

(BNNTs) reinforced polymeric composites as 

nanomechanical resonators, using continuum 

mechanics approach and finite element method (FEM) 

is illustrated in this paper. Continuum mechanics based 

approach using analytical formulation is used to 

examine the mass sensitivity of single walled BNNT 

(SWBNNT) reinforced composite for varying aspect 

ratios and volume fractions of SWBNNT in composites. 

SWBNNT is considered as a transversely anisotropic 

material, finite analysis is performed and results are 

compared with the analytical approach. The results 

indicated that the mass sensitivity of SWBNNT 

reinforced composite based nanomechanical 

resonators can reach 10
-3

fg (10
-21

Kg) and a 

logarithmically linear relationship exist between the 

resonant frequency and the attached mass, when mass 

is larger than 10
-3

fg. The simulation results based on 

present FEM found are in good agreement with the 

analytical approach used in this paper. 

 

“1. Introduction”  

 
Due to the remarkable properties in many aspects, for 

example, the chirality and diameter-independent semi-

conductivity[1-3], the excellent thermal conductivity[3-

5], the high elastic modulus[6,7] and the high resistance 

to oxidation[3,8,9], boron nitride nanotubes (BNNTs) 

are expected to be attractive candidates for promising 

applications in composite materials and nanoscale 

electrical devices working under extreme conditions. 

However, the limited dispersion of BNNTs in 

conventional solvents and the poor interfacial 

interaction with the polymer matrix hinder their 

applications. In the last few years, many efforts have 

been devoted to the surface modification towards their 

dispersibility and surface adhesion improvement 

[10].Boron nitride nanotubes (BNNTs), which are 

structurally similar to CNTs, have been predicted to 

behave like wideband-gap semiconductors independent 

of radius, chirality, and the number of tubular shells[1]. 

Moreover, BNNTs have superb mechanical properties, 

thermal conductivity, and resistance to oxidation at 

high temperatures [11].These factors may promote 

effective BNNT usage in nano composites. However, 

studies of BNNTs–polymer composites are almost 

absent, because it is extremely difficult to obtain a 

highly pure BNNT phase with a yield high enough to 

fabricate and test a composite material, although many 

methods have been probed to synthesize BNNTs [11]. 

BNNTs are, therefore, more suitable for reinforcement 

of composite materials for applications especially at 

elevated temperatures in oxidizing environment.  

A number of studies are currently available on metal, 

ceramic and polymer matrix composites reinforced 

with CNTs as seen from the recent review articles. 

However, until now, not many results have been 

published on the subject of BNNTs reinforced 

composites.  The objective of this work was to analyse 

the dynamic behaviour of BNNT reinforced composite 

based mass sensor to improve the strength and fracture 

toughness of a polymer by reinforcing with BN 

nanotubes. Resonance frequencies of polymer-BN 

nanotube composite were determined by attaching 

varying mass at different locations of composite for 

cantilevered boundary conditions. Publications of 

BNNTs have not been explored as vastly as CNTs. 

With increasing interest in BNNT and its composites, 

several potential applications are being proposed. 

Carbon doped BNNTs are suitable for field emitters 

with better environmental stability [3]. Polymer based 

nano composites containing BNNTs offer wide range 

applications in optoelectronics, light-harvesting, and 

related phenomena. In addition, BNNTs manifest 

improved thermal properties and were used as 

insulating composites of high thermal conductivity as 

in BNNTs; the thermal transfer mainly takes place via 

the phonons, not electrons [12]. BNNTs possess 

piezoelectric characteristics which could be used in 
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precision piezoelectric devices to measure or apply 

force at high resolution [13]. BNNT also has bright 

prospects for non-linear optical and optoelectronic 

applications. BNNTs may be ideal candidates for 

optical devices working in the UV regime [14]. Gas 

adsorption ability of BNNT may also be used for 

hydrogen storage and thus offering solution to current 

environmental pollution [15]. Apart from the above 

listed applications, BNNT is gaining popularity as 

reinforcement in polymer and ceramic matrix 

composites due to its excellent mechanical and thermal 

properties. 

Resonance-based sensors offer the potential of meeting 

the high performance requirement of many sensing 

applications including metal deposition monitors, 

chemical reaction monitors, biomedical sensors, mass 

detectors, etc. These types of sensors work on the 

characteristic in frequency shift due to mass loading. 

The micromechanical resonators, such as micro 

cantilevers, have received much attention in recent 

years [17]. The merit of micromechanical resonators is 

that miniaturization of their dimensions enhance the 

mass sensitivity of these sensors. It has been reported 

that the detectable mass can be as small as several 

femtograms by using microsized silicon or silicon 

nitride cantilevers [18, 19].  It is now accepted that 

nanotechnology may considerably enhance 

strength/damping behaviour and reduce noise of 

engineering structures through the utilisation of 

nanomaterials that dissipate a substantial fraction of the 

vibration energy that they receive [20].  Several 

literatures are found addressing the issues related to 

resonant frequency based mass detection using 

nanomechanical resonators with different issues raised 

during adsorption of the molecules tothe surface of the 

nanomechanical resonators. Arlett et al. [21] reported 

micro- and nanoscale biosensors specially cantilevered 

configuration of surface-stress and dynamic mode 

mechanical biosensors with particular focus on fast 

mechanical biosensing in fluid by mass- and force-

based methods and challenges by nonspecific 

interaction. Eom et al. [22] reported the issues of 

special relevance to the dynamic behaviour of microor 

nanoresonators and their applications in biological or 

chemical detections and physical models of various 

nanoresonators such as nanowires, carbon nanotubes 

and graphenewere discussed to design resonatorbased 

applications for special purpose such as single 

molecular detection. 

Chopra and Zettl, [6] reported mechanical measurement 

of BNNTs, where the amplitude of thermally-induced 

vibration of a cantilevered BNNT was examined at 

room temperature inside transmission electron 

microscopy (TEM) and the elastic modulus of a single 

BNNT was estimated to be 1.22-0.24 TPa. Ciofani et 

al. [23] exploited the use of BNNTs in the 

nanomedicine field and reported that BNNTs are more 

suitable for the development of sensors and transducers 

for the detection of biological entities, due to their 

chemical stability. In the present study, to find out the 

mass sensitivity limit of BNNT reinforced polymeric 

composite and its suitability as a mass detector for 

many mass sensing applications, different masses were 

attached at three different positions i.e. at the end, at the 

middle and at one-third position from fixed end of 

cantilever configuration and analysed. 

The resonant frequency of a BNNT reinforced 

composite for cantilevered (cantilevered) boundary 

condition with attached mass varying from10
-3

fg to 1 fg 

is analyzed. SWBNNT is taken as a thin walled tube of 

outer diameter 1.34nm and thickness of 0.34nm, for 

different aspect ratios as well as for different volume 

fractions of BNNT in composite. FEM simulation 

results are compared with analytical approach and are 

found in good agreement with later for its suitability for 

analysis of wide range of applications of BNNTs based 

composites. 

 

“2. Vibration Analysis of SWBNNT 

Reinforced Composite” 

 
The continuum models based on beam as well as shell 

have been used extensively for carbon 

nanotubes(CNTs) [24-26]. This motivates to use the 

continuum model of BNNT reinforced composite, for 

obtaining analytical expressions to relate the resonant 

frequency of attached mass using a rod based on the 

Euler Bernoulli beam theory [27]. The equation of 

motion of free vibration can be expressed as: 

𝐸𝐼
𝜕2𝑦

𝜕𝑥2 + 𝜌𝐴
𝜕2𝑦

𝜕𝑥2 = 0    

 (1) 

Where, E is Young's modulus, I is the second moment 

of the cross-sectional area A, and ρ is the density of the 

material. Depending on the boundary condition of the 

BNNT reinforced composite and the location of the 

attached mass, the resonant frequency of the combined 

system can be derived. 

The fundamental resonant frequency can be expressed 

as: 

𝑓𝑛 =
1

2.𝜋
  

𝐾𝑒𝑞
𝑚𝑒𝑞

     

 (2) 

Where, keq and meq are equivalent stiffness and 

equivalent mass of BNNT reinforced composite with 

attached mass. The end condition namely, cantilevered 
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is being considered in this paper. The additional mass is 

assumed to be attached at the free end, at the middle 

and at one third position of cantilevered beam. 

“2.1 SWBNNT reinforced composite with 

attached mass at different positions from fixed  

end for cantilevered configuration” 

 
Fig.1 shows cantilevered configuration of SWBNNT 

reinforced composite nanomechanical resonator, in this 

caseconsidering added mass M giving a virtual force 

atthe location of the mass so that the deflection 

underthe mass becomesunity. For this case 

harmonicmotion and kinetic energy of single walled 

BNNT composite,equivalent stiffness (𝐾𝑒𝑞), velocity 

along the length of single walled BNNT composite, 

K.E. of the constraint and equivalent mass(𝑚𝑒𝑞) can be 

obtained as :- 

Equivalent stiffness,𝐾𝑒𝑞 =
3𝐸𝑎𝑣 .𝐼

𝑙
   

  (3) 

Consider a constraint whose one end is fixed and the 

other end is free as shown in Fig. 1. 

Consider the cantilever with mass M at different 

positions fromthe fixed end. 

Let M1 = Mass of beam per unit length; 𝑙 = length of 

beam 

𝑀𝑏 = 𝑀1. 𝑙 = 𝜌𝑒𝑞. 𝐴𝑒𝑞. 𝑙= total mass of cantilever. 

The inertia factor due to mass of beam= 
33

140
𝑀𝑏  

 
“Fig. 1 Effect of inertia of the constraint in transverse 

vibrations.” 

 

v = Transverse velocity of the free end 

Consider a small element of the constraint at a distance 

x from the fixed end and of length𝛿𝑥, the velocity of 

this element is given by: The velocity of small element 

is given by: 

𝑑𝑣 =
3.𝑙.𝑥2−𝑥3

2.𝑙3
𝑣    

  (4) 

Kinetic energy of the element thus can be obtained as: 

∆𝐾𝐸 =
1

2
. 𝑀1. 𝛿𝑥.   

3.𝑙.𝑥2−𝑥3

2.𝑙3
𝑣 

2
  

 (5) 

Therefore the total kinetic energy of the system is 

obtained by integrating above equation 

𝐾𝐸 =  ∆𝐾𝐸
𝑙

0
   (6) 

𝐾𝐸 =
𝑀1.𝑣2

8.𝑙6
  9. 𝑙2. 𝑥4 − 6. 𝑙. 𝑥5 + 𝑥6 . 𝑑𝑥
𝑙

0
(7) 

                      =   
𝑀1
8.𝑙6

𝑣2  
33

35
𝑙7 =   

1

2
  

33

140
𝑀𝑏 𝑣

2     (8) 

If a mass of  
33

140
𝑀𝑏 is placed at the free end and the 

constraint is assumed to be of negligiblemass, then 

Total kinetic energy possessed by the constraint 

 =   
1

2
  

33

140
𝑀𝑏 𝑣

2            (9) 

Hence, the two systems as represented by equations (8) 

and (9) are dynamically same. Therefore, the inertia of 

the constraint maybe allowed for by adding
33

140
 of its 

mass to the beam at the free end. 

Voigt upper bound and Reuss lower bound model (V-R 

model) [28] is used in this paper for calculating the 

average Young‟s modulus of composite. For this it is 

assumed that aligned fibres (BNNTs), and fibres and 

matrix are subjected to the same uniform strain in 

thefibre direction, Voigt got the effective modulus in 

the fibre direction (𝐸𝑒𝑞𝑙 ) as: 

𝐸𝑒𝑞𝑙 = 𝐸𝑡𝑉𝑡 + 𝐸𝑚 1 − 𝑉𝑡                                 (10) 

Where, 𝐸𝑡and𝐸𝑚are Young‟s modulus for BNNT and 

matrix (PMMA) material respectively. 

Reuss applied the same uniform stress on the fibre and 

matrix in the transverse direction, and got the effective 

modulus in the transverse direction 

(𝐸𝑒𝑞𝑡 ) as: 

1

𝐸𝑒𝑞𝑡
=

𝑉𝑡

𝐸𝑡
+

𝑉𝑚

𝐸𝑚
=

𝑉𝑡

𝐸𝑡
+

(1−𝑉𝑡)

𝐸𝑚                               (11) 

Where,𝑉𝑡is the volume fraction of fibre in the two-

phase composite system, and subscripts “t” and “m” 

respectively refers to the fibre (tube) and matrix 

material. Equation (10) is the parallel coupling formula, 

and it is also called the “rule of mixtures”, whereas (11) 

is the series coupling formula, and it is also called the 

“inverse rule of mixtures”. 

The volume fraction of BNNT in composite can be 

obtained by using the relation: 

𝑉𝑡 =
𝑛.𝜋(𝑟𝑜

2−𝑟𝑖
2)

3√2

2
𝑎2−𝑛.𝜋.𝑟𝑖

2
                      (12)                                                                                        

Where, n=no. of BNNTs in composite 

 𝑟𝑜 and 𝑟𝑖= outer and inner radius of BNNT 
a = side of hexagonal RVE 

For calculating average young‟s modulus of composite 

(𝐸𝑎𝑣 ), it is assumed that: 

𝐸𝑎𝑣 =
𝐸𝑒𝑞𝑙 +2𝐸𝑒𝑞𝑡

3
                                        (13) 

Equivalent density (𝜌𝑒𝑞 ) 
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𝜌𝑒𝑞 = 𝜌𝑡𝑉𝑡 + 𝜌𝑚(1 − 𝑉𝑡)   (14)                                                                          

Where,𝜌𝑡  and 𝜌𝑚  are mass density of tube and matrix 

materialsrespectively. 

For mass lesscantilever and a load of M attached at 

distance of „a‟ from the fixed end, the frequency can be 

obtained as: 

𝑓𝑛1
=

1

2.𝜋
  

2.𝐸.𝐼

𝑀.𝑎2 𝑙−
𝑎

3
 
 =

1

2.𝜋
√𝐴         (15) 

And the natural frequency for a massed cantilever is; 

𝑓𝑛2
=

1

2.𝜋
  

3.𝐸.𝐼

 
33

140
ρeq .Aeq .𝑙 𝑙3

 =
1

2.𝜋
  

140.𝐸.𝐼

11.𝜌𝑐.𝐴𝑐.𝐿𝑐
4  

=
1

2.𝜋
√𝐵          (16) 

Natural frequency for mass attached at distance of „a‟ 

from fixed end can be obtained by using Dunkerley‟s 

Empirical formula as: 

1

𝑓𝑛
2 =

1

𝑓𝑛1

2 +
1

𝑓𝑛2
2                                                     (17) 

1

(𝑓𝑛)2 =
4.𝜋2

𝐴
+

4.𝜋2

𝐵
= 4. 𝜋2(𝐾1 + 𝐾2)                     (18) 

Where 𝐾1 =
1

𝐴 
and𝐾2 =

1

𝐵
, 

𝑓𝑛 =
1

2.𝜋√ 𝐾1+𝐾2 
                                                   (19) 

 

“3. Modelling and Analysis of BoronNitride 

nanotube reinforcedComposite.” 

 
With the emerging field of nanotechnology, there 

seems a greater need than ever to be able to carry out 

computational simulations. This is because the material 

and devices related to the nanotechnology are often on 

the atomic scale and thus extremely difficult and costly 

to fabricate & manipulate. With the increasing 

computational power over the past few years and 

improvements in theoretical methods and algorithms 

and finite element techniques, the capability of 

simulation has greatly expanded. In this paper, 

continuum mechanics approach has also been used. 

 

“3.1 Continuum Mechanics (CM) Approach" 
 

In spite of the constant increase in the last several years 

in computational speed, storage availability and 

improvement in numerical algorithms, MD 

computations are still limited to simulations of the 

order of 10
6
 atoms for only a few nanoseconds [29]. 

The simulation of larger systems or longer times can 

only be achieved by other methods, typically, 

continuum  methods. In continuum methods, however, 

mechanical simulation methods completely discard 

variations over lengths on the order of the atomic scale 

as well as the atomic structure of the CNTs. Several 

advanced methods were developed towardscontinuum 

simulations and were applied to CNTs. Some of these 

methods are reviewed in [29] and include the quasi-

continuum method [30-31], which incorporates 

interatomic interactions into an adaptively refined finite 

elements model through a crystal calculation, and the 

equivalent-continuum model [32], in which a 

representative volume element of the chemical 

structure of graphene was substituted with equivalent-

truss and equivalent-continuum models. The basic 

continuum shell model was also shown to describe the 

mechanics of CNT accurately when proper parameters 

are chosen [34]. Finite elements (FE) analysis 

packages, such as ABAQUS were implemented to 

produce results which are very similar to experimental 

observations, such as the rippling of nanotubes at large 

deformations [33].The similar concept is applied here 

for modelling and simulation of BNNT reinforced 

composites. 

In this paper, BNNT reinforced composites has been 

modelled using SOLIDWORKS.The hexagonal RVE 

and long BNNT inside the RVEhas been taken with 

following parameters; 

Side of hexagonal RVE=6.5 nm, Aspect ratio (L/D) 

=500 and 100, No. of tubes =5 and 10, Outer diameter 

of tube =1.34nm, Inner diameter of tube =0.66nm. 

Models of BNNT reinforced composites are analysed 

using FEM based technique with ABAQUS software. 

The different parameters used in the analysisof 

composite are described in table (1). 

 

“Table 1:- Parameters taken for analysis.” 

Properties For  matrix 

material 

For BNNT 

Density 1.18gm/cm
3
 2.28gm/cm

3
 

Young‟s 

modulus 

3GPa(For 

PMMA) 

1180GPa 

Poisson‟s ratio 0.35 0.25 

 

For mass sensitivity analysis, the different values of 

mass varying from 1fg to 10-3fg are attached at various 

positions of composite for cantilevered boundary 

condition. 

 

 “4. Result and discussion”  
Continuum mechanics based analysis iscarried out by 

considering BNNTs as a thin shellhaving outer 

diameter 1.34 nm and thickness of 0.066 nm.The other 

conditions like different L/D ratios(100 and 500) and 
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varying volume fractions of BNNT in composite (6% 

and 12%) have also been taken for analysis. 

In the present study, the resonant frequencies of the 

cantilevered BNNT reinforced composites due to 

varying mass attached at the end, centre and one third 

position are analysed. The Euler–Bernoulli theory with 

cantilevered boundary conditions is used for the 

dynamic analysis of BNNT reinforced composite with 

attached mass. Two different cases are considered for 

the present study, first the effect of the varying position 

of attached mass on the resonant frequency of BNNT 

reinforced composite and second the effect of varying 

the value of attached mass. Mode shapes as result of 

analysis are shown in figures (2-7). 

 

 
“Fig.2:Base position of BNNT composite.”                  

 

 
“Fig.3:First mode shape of BNNT composite.” 

 
“Fig.4:Second mode shape of BNNT composite.”  

 

  

    
“Fig.5:Third mode shape of BNNT composite.” 

 

 
“Fig.6:Fourth mode shape of BNNT composite” 

 

 
“Fig.7:Fifth mode shape of BNNT composite.” 

 

The comparisons in continuum mechanics based 

analytical results and FEM results of the resonant 

frequency for different attached masses varying 

from10-3fg to 1fg for cantilevered configurations of 

SWBNNTs reinforced composite are shown in Table 2 

to 5. 

“Table 2: Comparison of FEM and Analytical results 

for L/D=500 and6% volume fraction.” 

Positio
n/Mass

(Kg) 

One Third Centre End 

FEM 

Solutio

n 

Analyti

cal 
Solutio

n 

FEM 

Solutio

n 

Analyti

cal 
Solutio

n 

FEM 

Solutio

n 

Analyti

cal 
Solutio

n 

1E-21 3E+07 
2.94E+

07 
3E+07 

2.92E+
07 

2.9E+0
7 

2.86E+
07 

1E-20 
2.9E+0

7 

2.82E+

07 

2.9E+0

7 

2.68E+

07 

2.3E+0

7 

2.28E+

07 

1E-19 
2.2E+0

7 
2.09E+

07 
1.9E+0

7 
1.67E+

07 
1E+07 

1.06E+
07 

1E-18 
1.1E+0

7 

8.92E+

06 

826821

5 

6.27E+

06 

3.51E+

06 

3.56E+

06 
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“Table 3:Comparison of FEM and Analytical results 

for L/D=500 and 12% volume fraction.” 
Positio

n/Mass

(Kg) 

One Third Centre End 

FEM 

Solutio
n 

Analyti

cal 
Solutio

n 

FEM 

Solutio
n 

Analyti

cal 
Solutio

n 

FEM 

Solutio
n 

Analyti

cal 
Solutio

n 

1E-21 
4.3E+0

7 
4.04E+

07 
4.3E+0

7 
4.01E+

07 
4.1E+0

7 
3.93E+

07 

1E-20 
4.1E+0

7 

3.87E+

07 

3.9E+0

7 

3.69E+

07 

3.3E+0

7 

3.13E+

07 

1E-19 
3.1E+0

7 
2.87E+

07 
2.7E+0

7 
2.30E+

07 
1.5E+0

7 
1.46E+

07 

1E-18 
1.5E+0

7 

1.23E+

07 

1.1E+0

7 

8.62E+

06 

508022

0 

4.90E+

06 

 

“Table 4:Comparison of FEM and Analytical results 

for L/D=100 and 6%volume fraction.” 
Positio

n/Mass

(Kg) 

One Third Centre End 

FEM 
Solutio

n 

Analyti
cal 

Solutio

n 

FEM 
Solutio

n 

Analyti
cal 

Solutio

n 

FEM 
Solutio

n 

Analyti
cal 

Solutio

n 

1E-21 
7.51E+

08 

7.21E+

08 

7.3E+0

8 

7.02E+

08 

6.85E+

08 

6.38E+

08 

1E-20 
6.39E+

08 

6.04E+

08 

5.6E+0

8 

5.15E+

08 

3.96E+

08 

3.53E+

08 

1E-19 
3.43E+

08 

3.03E+

08 

2.8E+0

8 

2.17E+

08 

1.69E+

08 

1.25E+

08 

1E-18 
1.39E+

08 

1.04E+

08 

9.3E+0

7 

7.15E+

07 

541065

40 

4.01E+

07 

 

 

“Table 5:Comparison of FEM and Analytical results 

for L/D=100 and 12%volume fraction.” 
Positio

n/Mass
(Kg) 

One Third Centre End 

FEM 
Solutio

n 

Analyti
cal 

Solutio

n 

FEM 
Solutio

n 

Analyti
cal 

Solutio

n 

FEM 
Solutio

n 

Analyti
cal 

Solutio

n 

1E-21 
1.01E+

09 

9.90E+

08 

994681

792 

9.64E+

08 

8.87E+

08 

8.77E+

08 

1E-20 
8.63E+

08 

8.30E+

08 

729371

264 

7.07E+

08 

4.93E+

08 

4.84E+

08 

1E-19 
4.56E+

08 

4.17E+

08 

320672

320 

2.98E+

08 

1.75E+

08 

1.72E+

08 

1E-18 
1.71E+

08 

1.43E+

08 

115357

952 

9.82E+

07 

558986

56 

5.51E+

07 

 

Tables 2 and 3 represent the comparative results for the 

resonant frequency due todifferent masses attached at 

different positions of composite for constant L/D ratio 

of 500 and varying volume fraction of BNNT (6% and 

12%) in composite, respectively. The systematic 

analysis of wide range of the applications of 

BNNTs,e.g., nanoresonators, nanosensors, actuators 

andtransducers, the simulation results based on FEM 

are compared with thecontinuum mechanics based 

analytical approach andfound in good agreement with 

later methodology.Similarly, the comparison of FEM 

and analytical results are described in Table 4 and 5 for 

L/D ratio of 100. 

Figure 8and 9 represents the variation in frequency due 

to varying volume fraction of BNNT in composite for 

L/D ratio of 500 and 100 with attached mass of 1.0 fg 

at end, centre and one-third position of composite. It is 

clear from the Fig. (8 and 9) that the resonance 

frequency increases with increase in volume fraction of 

BNNTin composite. This is due to fact that with 

increase in volume fraction there is increase in stiffness 

of the composite, through which the excitation 

rises.The reverse phenomena is observed in Fig. 10 and 

11, which represents decrease in resonance frequency 

with increase in L/D ratio for fixed volume fraction of 

BNNT in composite. 

 

 
“Fig.8: Effect of volume fraction on frequency for L/D 

ratio of 500.” 

 

 

 

 

“Fig.9: Effect of volume fraction on frequency for L/D 

ratio of 500.” 
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“Fig.10: Effect of aspect ratio on frequency for volume 

fraction of 5%.” 

 

 
 

“Fig.11: Effect of aspect ratio on frequency for volume 

fraction of 5%.” 

 

 
 

“Fig.12: Effect of resonance frequency with varying 

mass attached at different position” 

 

The variation in resonance frequency with attached 

mass is represented in Fig. 12 for L/D ratio of 500 with 

6%volume fraction.It is clear that frequency decreases 

as the value of attached mass on composite increases. 

Also, the effect of position of mass can be seen in 

Fig.12, which clearly demonstrates that as the attached 

mass moves toward the fixed end of composite, the 

resonant frequency increases. 

 

“5. Conclusion” 
The following conclusions can be drawn from the 

analysis as; 

1. This work has analyzed the modelling of 

cantilevered BNNT composite using a Finite Element 

Model. This analysis explores the variations in resonant 

frequencies of BNNT composite caused by the changes 

in mass as well as the position of mass attached at 

composite. The mass sensitivity of BNNT composite 

mass sensor can reach 10-3fg, as there is a clear 

frequency change but after this there is no significant 

change appears in the frequency. 

2. It is also concluded that as the L/D ratio of 

composite increases, resonant frequency decreases. But 

there is an increase in resonance frequency with 

increase in volume fraction of BNNT in composite. 

3. It is also evident that the resonant frequency 

decreases with the increase of attached mass and as the 

attached mass moves toward the fixed end, the resonant 

frequency increases. 

4. The FEM simulation results and the trend are found 

in good agreement with present analytical method, 

which confirms the validity of the current FE model 

and indicates its suitability for use in the further 

investigation of the SWBNNT composite as a mass 

sensor. 
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