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Vibration analysis of boron nitride-reinforced nanocomposites embedded in
elastic medium considering surface and electric field effects by using higher-order
modified strain gradient theory

Ahmad Ghasemi-Ghalebahman®, Elham Cheloeian

Department of Mechanical Engineering, Semnan University, Semnan, Iran
*P.0.B. 35131-19111 Semnan, Iran, ghasemi@semnan.ac.ir

Keywords Abstract

Free vibration ) This paper investigates free vibration of a smart sandwich composite polymeric micro-panel blend of polyvinylidene
Smart polymeric nanocomposite  fluoride reinforced with boron nitride nanotubes under an electric field resting on an elastic substrate using first
Higher-order modified strain  order shear deformation theory. The distribution of nanotubes in the polymeric matrix is assumed uniformly. The

gradient theory Winkler springs and Pasternak shear layer are used for modeling the elastomeric substrate and the higher-order
BOTO”_“”_”de nanotube modified strain gradient theory is implemented to investigate the effects of size. First, using the microstructural
Electric field modeling technique, the constitutive equations of the nanocomposite are extracted for a representative volume

element, and then the stress-strain relations are obtained in terms of mechanical and electrical terms. Also, the
equations of motion are derived using the Hamilton principle, and finally using the method of variational calculus
and extracting the mass and stiffness matrices, the natural frequency of the micro-panel is obtained. The results of
this paper show that by increasing the aspect ratio and reducing the volume fraction of nanotubes, the panel's
hardness decreases and the natural frequency decreases. Further, various parameters such as the stiffness of elastic
medium, the effect of electric field, different modes, aspect ratio and other factors are investigated. A comparison is
also made between the classical, modified coupled stress, and higher-order modified strain gradient theories.
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equationl: factor(du)sy — factor(u) sx
— factor(6w) sy =0

equation2: factor(6v) sy — factor(6v)sk
— factor(6w)sy =0

equation3: factor(6w) sy — factor(6w)sk
— factor(6w)sy =0

equation4: factor (&px)w — factor (5%‘)51( (26)
— factor (&px)aw =0

equation5: factor (&pg)w — factor (&pg)aK
— factor (&pg)aw =0
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u(x, 6,t) = ug sin(a,,0) cos(B,x)et

v(x,0,t) = vy cos(a,,0) sin(f,x)e®t

w(x, 0,t) = wy sin(a,,0) sin(B,x)e'®t @7
ox(x,0,t) = Pxg sin(a,6) cos(B,x)et

9o (x,0,t) = @g, cos(a,0) sin(B,x)e'"
el YU Lailgy jo a8
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[27] el o0 81 1 Jgom 43 PVDF 5 CNT (¢ b5l clasis

(CNT) ouisS co 85 9 (PVDF) ais; oole oly> 1 Jguz
Table 1 The properties of matrix (PVVDF) and reinforcement fiber (CNT)

Properties SWCNT PVDF
C11(Gpa) 5825 2.815
€y, = Cy1(Gpa) 1019 1.081
C22(Gpa) 7304 2.815
Cas = Cs5 = Cos(Gpa) 1945 0.8671
e31(c/m) 0 -0.13
q31(N/Am) 22 0
dsz(m/V) 0 —46 x 10712
N33(c/Vm) 0 0.106 x 10~°
Us3(Ns?/c?) 0.25 41 x 1077
pm(kg/m3) 1400 1780

sl o @) "2 USE" 52 Jsaz o oyt ol gl

@lisee glo cozx> doyo lil a4 (s (WS B pwyp a2 Jeuz yo
oo glbd agly L6 ey a2 S o e Canl odl a3 lo
S g Sl 58,5 a5 50 b g dglgil T o a5 oy alol 2l
el 0ads jelate (So SN Glase 1 28,5 I 0 o

a=0.0384m, L=0.0192m, 6 =mrad
K, =10°N/m®*, K, =10 N/m,
m=1, n=1

alizee slo oz 2o yd 10 amd LulS 8 aulie 2 Jaus
Table 2 comparison of natural frequency in different volume fraction

b 8 b 8 oIy
(pol> 1) [18]
7.7542 7.6766 0.12
9.2243 9.1827 0.17
11.9428 11.9250 0.28
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Fig. 3 The effect of aspect ratio changes on dimensionless frequency in
presence and absence of elastic medium and electric field
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Table 4 The effects of changes volume fraction on dimensionless
frequency in presence and absence elastic medium and electric field

I e aR TE R e D FP I P de g ol
s Sl pss el S, el

0.01 0.682 0.675 0.6558
0.05 111 1.105 1.089
0.1 1.473 1.47 1.459
0.15 1.762 1.76 1.753
0.2 2.002 2.001 2.004
0.25 2.234 2.232 2.227
0.3 2.443 244 2431
0.35 2.621 2.62 2.618
0.4 2.801 2.798 2.793
0.45 2.9635 2.962 2.958
0.5 3.11 3.117 3.12

2 Polymer Composite

(lodsdz) = (176 x 10710176 x 1071°.176 x 1071°)

X C)L" J‘}S A 65
(lo‘ll‘lz) = (0‘0‘176 X 10—10)

(todsdz) = (000)

slalglail g ais; oole ylgic 4 ‘\.\.1‘)915 Ol b s tEle oles
)l 3 Jgaz )0 Wigei (s penly CjoralS 0allS Zus plyie 4 e i
[29,28] cul ouis

WSS (555

PVDF 3 BNNT (5 tsle claxie 3 Jgus
Table 3 BNNT and PVDF structural specifications

Sy (Sl ole> BTV gl
C,1(Gpa) 2035 238.24
Cy,(Gpa) 2035 23.6
Cs3(Gpa) 2035 10.64
C,,(Gpa) 692 3.98
Ci3(Gpa) 692 2.19
C,3(Gpa) 692 1.92
C44(Gpa) 672 2.15
Cs5(Gpa) 672 44
Cee(Gpa) 672 6.43

e3,(C/m?) 0 -0.13
es,(C/m?) 0 -0.145
e33(C/m?) 0.95 -0.276
e24(C/m?) 0 -0.009
e15(C/m?) 0 -0.135
11/e 1250 125
22/ 1250 11.98
/e, 1250 11.98

Sl a3y g 155 1 s0lad S el 6 "3 UK s
S e 151 sad (5,3 Jgl el s el o0 gy il
Sro S Gl 5l pgs Sl o 098 5 o SV e
Sase lesan 3l pges el s el s Llod StV s il s L
O go d Jlosl i Slasiin ol ond (g SVl iy 5 (S 25l
25l 225

K, =107 N/m3 , K, =10* N/m

! Poly Vinylidene Fluoride
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Table 6 The effects of elastic medium on dimensionless frequency in
different volume fraction

ezheys m @l p pam gl pam g
e O3 SR f ypa> 6y s jgi>

0.05 1.09 1.092 1.15
0.1 1.46 1.463 1.484
0.15 1.75 1.752 1.772
0.2 2.05 2.06 2.034
0.25 2.23 2.236 2.255
0.3 243 2.433 2.46
0.35 2.62 2.623 2.67
0.4 2.79 2.794 2.821
0.45 2.96 2.965 3.012
0.5 3.11 3.117 3.15
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Fig. 5 The effect of changes in aspect ratio and volume fraction on
dimensionless frequency
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Table 5 The effects of changes angle of the panels on dimensionless
frequency in the different volume fraction

B TS glad aysl; Sw o 8
(a>,9)

0.3 30 0.3833

45 0.8436

90 1.822

180 2.307

270 2.402

360 2.44

30 0.675

0.5 45 112

90 2.312

180 2.97

270 3.087

360 3.124

0.8 30 0.715

45 1.22

90 3.002

180 3.771

270 3.893

360 3.93
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Fig. 4 The effects of changes aspect ratio on dimensionless frequency in
the different angle of the panels
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Table 7 The effects of different modes on dimensionless frequency in
different aspect ratio

olal Zos m=n=1 m=n=2 m=n=3
5 4.98 6.77 7.73
10 1.85 2.98 4.05
15 1.42 2.55 3.67
20 1.33 247 3.6
25 1.3 2.44 3.58
30 1.29 2.43 3.57
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Fig. 6 The effect of volume fraction changes on the dimensionless
frequency for different theories
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