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Free vibration of GPLs/Al composite with an array cutouts
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Abstract: In this paper, we propose a general displacement field function method, which consists of the highly freely chosen basic
function and a series of undetermined weighted coefficients to study the free vibration characteristics of GPLs/Al composite plate
with an array cutouts. This general displacement field function method can solve the boundary constraint dependence when choos-
ing the displacement field function to obtain the analytical solution in classical plate theory. There is a linear correlation between the
weight coefficients. The system of linear equations is constructed based on the boundary constraints, thus the fundamental system
of solutions can then be determined. By changing the system of linear equations as well as the fundamental system of solutions, the
type of boundary constraint can be easily transferred. This proposed semi-analytic method not only solves the problem of assumed
field function dependence on boundary constraints in the classical solution, but also has the superiority of fast conversion of bound-
ary conditions. Meanwhile, by introducing the scatter integral method, a much more efficient and robust method is obtained other
than the continuous integral method on the study of free vibration for the structure with an array cutouts. In this paper, we study the
free vibration of GPLs/Al composite plates with a single and array cutouts. From the natural frequency and modal analysis, it is
found that the generalized mass matrix and stiffness matrix of the open structure decrease synchronously when the cutouts distribut-

ed uniformly, and its free vibration characteristics tend to that of the complete plate.
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Tab.1 The effect of ni on the vibrational modes when m=n=10
ni i 52 ni Iéi 7
Fmmmmmmmmmmmmmo - TV
iy e il @ Ay oo —~—
BRGSO ) 2,1 2,2) LD 1,2) 2,0 22
5 6 *
(1,3) 3.1 23) (.2) a3 S0} (2]) G,2)
(1,4) (CAY) (3.3) (2.4) (1.4) (CAY) 2.4 “4.2)
_________________ | | R mmm—— - - - o)
(1,1) 1,2) @ TR T (L1) (1,2) 2,1) (2,2)
7 ‘ 7
(1,3) (3 1) 2.3) (1,3) @3.,1) 2.3) (3,2
T
(1,4) [¢R)) (3.3) 2.4) 1.4 4.1 @, 4.2)
o S -
1,1) (1,2) 2,1) 22) (L1 (1,2) 2,1) 2,2)
8 8
(1,3) 3,1) 23 (32) 1,3) (€R)) 2.3) (3,2)
(1,4) 4,1) (3,3) 2,4) (1,4) 4,1) 2,4) 4,2)
Fz2 m=n=108F,ni BUEXT B B 351 X K % D F3 m=n=208},ni EX BB XK
Tab.2 The effect of ni on the natural frequencies when Tab.3 The effect of ni on the natural frequencies when
m=n=10 m=n=20
& A # 4/ GHz [ A # % / GHz
WRFME BS 10 9 7 6 &M BE 20 19 17 15 14
1 18.92 13.21 13.21 13.21 1 17.47 13.21 13.21 13.21 13.21
2 42.44 33.03 33.03 13.32 2 39.18  33.03 33.03 33.03 33.03
3 42.60 33.03 33.03 13.32 3 39.32  33.03 33.03 33.03 33.03
4 65.22 52.85 52.85 27.93 4 60.23 52.85 52.85 52.85 52.85
5 80.52 66.06 66.06 33.03 5 74.24  66.06 66.06 66.06 66.06
6 80.61 66.06 66.06 33.03 6 74.31  66.06 66.06 66.06 66.06
i 32 i 52
7 102.67 85.87 85.87 52.85 7 94.75 85.87 85.87 85.87 85.87
8 102.84 85.87 85.87 66.06 8 94.90 85.87 85.87 85.87 85.87
9 132.85 112.28 112.28 66.06 9 122.25 112.28 112.28 112.28 112.20
10 132.90 112.28 112.28 85.87 10 122.29 112.28 112.28 112.28 112.20
11 139.80 118.88 118.88 85.87 11 129.03 118.88 118.88 118.88 112.28
12 154.78 132.08 132.08 112.28 12 142,60 132.08 132.08 132.08 112.28
1 26.48 26.48 27.25 13.35 1 25.17  25.17 25.30 24.57 24.25
2 53.85 54.95 50.88 24.26 2 51.30  51.50 50.43 49.60 4947
3 53.85 54.95 50.88 49.58 3 51.30  51.50 50.43 49.60 4947
4 79.56 81.75 73.22 49.58 4 75.67 76.07 73.93 7295 72.95
5 98.09 98.09 101.87 73.22 5 92.26  92.26 92.82 89.85 88.64
6 98.47 98.47 102.22 88.64 6 92.68 92.68 93.23 90.28  89.06
I E Eikg
7 122.98 124.11 123.43 89.03 7 115,71 11591 115.37 112.26 111.19
8 122.98 124.11 123.43 111.45 8§ 11571 11591 115.37 112.26 111.19
9 155.98 160.88 143.16 111.45 9 147.43 148.21 144.08 141.98 112.34
10 155.98 160.88 143.16 141.94 10 147.43 148.21 144.08 141.98 141.87
11 165.51 165.51 163.70 141.94 11 154.60 154.60 155.62 150.36 141.87
12 179.89 186.12 164.27 148.76 12 169.71 170.71 165.47 163.21 148.25
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®4 DBEHEXHEEAER (10 nmX10 nm) 5] 12 EAH
Tab.4 The first twelve natural frequencies of a SSSS
10 nm X10 nm graphene

x5 MBOBEEHERAESE(10 nomX10 nm) 7T 12 EH
Tab.5 The first twelve natural frequencies of a CCCC
10 nm X 10 nm graphene

. R Gl
i s 0
o ST B, R
BT BT

(1, 1) 23.1400 249171 24.5658 6.16

1, 2)s%(2, 1) 46.9260 67.6672 50.1211 6.81
(2, 2) 70.4805 99.6683  73.9255 4.89

(1, 3)8(3, 1) 82.8536  143.1377  89.8550 8.45
(2, 3)8(3, 2) 107.2780 167.8438 112.7219 5.07
(1, 4)sk(4, 1)  129.9146  249.6375 143.7973  10.69
(3, 3) 145.6631  224.2537 150.3618 3.23

(2, )4, ) 155.2559 270.6687 165.4743 6.58

A7 43 %/ GHz

Wi .
m. ) BT R ks BE/%
B BT Tk
(1, 1) 13.1950 13.2143  13.2137 0.14
(1, 282, 1) 33.0011 33.0357  33.0320 0.09
2, 2) 53.4409 52.8571 52.8476 -1.11
(1, 3)=k(3, 1) 65.6698 66.0714 66.0565 0.59
(2, 3)8(3, 2) 87.1055 85.8928  85.8677 1.42

112.3213 112.2785 1.45
118.9285 118.8804 -2.81
132.1427 132.0834 -0.95

(1, 4)8%(4, 1) 110.6689
(3, 3) 122.3142
(2, H)ak(4, 2)  133.3478

[ 72 1 S0 B H R PR Bh 28 ML g .
wm”i;/,ﬁl 3m4+2(2> m2722+3(L) n4)
(31)

b

FSHIH TP E R (CCCC) i+ 10 nm
149 07 T BRL 2 A0 S8 0 = 0 O 1% IR 12 B A 0 %
H 28 5 AT DL, 28 Mg B A A AR A T B A e
55 5 3% B 22 R RO S HUR AR SC T ¥ 1 25 SR W)
B AFAR T, 7w B A A T L A A A S L) A
X L R i S L RO L AR SO i RS £
R TE I A 5 BN S 003k T S pR BRI 3 [
RO, I A [ A A R R I AR S i i 22 BR
il 75 6.5%0 £3.5% 0 Bl W, M0 28 B i S 4 158 25
33.9% PR, AR SCHE Y 0 — M 37 R BRI
TE T 31 53 %503 0 [l ik LA 4 50 (E A 40y 3k i T F 5
KB

3.2 A HAOREGREFEWERIRD

ol IF E B R A SR L SRR R 3k
£ 10 nm B B A 8804, LLEH L FE O, I
H A RSE R 10/13 nm % T35 1 b 7e %o [ 2 i 5%
LY G =Bl I 5 3k 22 T 0 A A 55K A 25 1 3
G AR BE R S B2 AT (1 1 [ A 4
RIYFEI . 2650 T I T34 8 2 R JC MW AS 5
RS SC 3k W A4 o0 FE T A SR B R 12 B A
R, RG] v g H A SR RN O vk 0 T 25 A
Bl — 30, Z 3 Tom 25 18 R R 3 UGB T AR SO
RS G . H MR, SR gL L
RO TG I A 4 0B B PLAH L, — T T AR S 1 R
Tl ihy B2 B G A b AU ET 5 30 B A SE Y
G [ 1 8 B DA T O 7 S ik A 3R, A8 25 T S BB
075 v A Ta) i 5 24 BRI R R T BT AR S
D5 VA AE T A AL B b HL R S M s 5 —
XoF T AR A R0, 4 5 AR UL o R AR AL 3R

F6 MifEiXHZEAZE(10 nm) H.0F O(10/13 nm) 7
12 M BB E
Tab. 6 The first twelve natural frequencies of a SSSS 10 nm

square graphene with a square cutout (10/13 nm)

B Wﬁ%ﬂ%/GHz ‘ v

(m, n) S-Sk ENyIR7S

(1,1) 13.1653 13.1325 -0.2491
1, 2)#(2, 1) 33.1860 33.0300 -0.4701

(2, 2) 54.2031 52.6282 -2.9056
(1, 3)=k(3, 1) 65.2799 65.7165 0.6688
(2, 3)8(3, 2) 88.3782 85.8530 -2.8573
(1, 44, 1) 109.9323 112.2496 2.1079

(3, 3) 124.5802 118.8215 ~4.6225
(2, )54, 2) 134.1927 131.4207 -2.0657
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AR T AE 106 i o Eoh S Im ANk i A A
15/ R 2 A MBI e S B R T TR . 3R 8%
26T RS LA F GPLs/ALE A M EHR (0.5 m X
0.5 m><0.01 m) H.0FF 11 (0.05 m) B AT 12 B [# A 5t
AT PR ICRIAR SC o i % L 25 R, 3 B K 224X
21k 2%, BRI B E T A SO B AT AT PR AT B
B AT DL 1 ) i RS O L L R
7 = EANE 1R A4S A BT RS BT E R
X, ZHFEZEZRZR P0G O, A SO H
B AR AR P IF 1 AR BT DR AR AR AN T T
FAE TG0, R A i< RoRFE AR P AR A
1A B 2 OF 104 PR 2 02 DL T 1 i B el
25% AT EE , ARSI BT BB T B A 880 /Al

RT FEMBTM1I RESHAEFNKRFNEERBES
MR N F RS H
Tab.7 Mechanical properties of GPLs/Al composite with
an addition of 1% (mass friction) GPLs
THFALE W R E/GPa
0.3029 76.7285

/(g em?)
2.6577

&®8 X GPLs/AIE FH #K (0. 5 mX0.5 mX0. 01 m)H

(B FFA (0. 05 m) BFIET 12 By Bl A a2
Tab.8 The first twelve natural frequencies of SSSS GPLs/
Al composite plate (0.5 mX0.5 mX0.01 m) with

a central opening

A (m, n) W?$ﬁ$/GHZ wE/%
AT YIRS

1, 1) 199.49 202.57 1.5439

(1, 2)8%(2, 1 504.20 510.72 1.2931
(2, 2) 797.63 810.56 1.6211

(1, 3)5(3, 1) 1002.0 1011.17 0.9152
(2, 3)5(3, 2) 1302.9 1325.77 1.7553
1, )84, 1) 1694.6 1731.57 2.1816
(3,3) 1799.8 1838.39 2.1441

(2, k4, 2) 1984.8 2019.63 1.7548
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(a) BEIFO(1x1) (b) BFHFO 2X2)
(a) Odd-numbered cutouts (1x1) (b) Even-numbered cutouts (2x2)
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Fig.1 Schematic diagram of a rectangular plate with an array

cutouts
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Fig.2 Natural frequencies of SSSS GPLs/Al composite
plate (0.5 m><0.5mX0.01 m) with an array rectan-

gular cutouts, of which area ratio is 25%
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Fig. 3 The first five natural frequencies of GPLs/Al compos-
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ite plate with cutouts, of which area ratio is 25%
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Fig.5 Natural frequencies of CCCC GPLs/Al composite
plate with an array rectangular cutouts, of which area
ratio is 25%
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Fig.6 Natural frequencies of SFSF GPLs/Al composite
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