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Analysis and optimization of vibration and acoustic characteristics of
carbon fiber composite plates

LIU Chengwu, GUO Xiaobin
(School of Mechanical and Automotive Engineering, Fujian University of Technology, Fuzhou 350118, China)

Abstract; The influence of the changes in structural geometric parameters and laminate parameters on the vi-
bration and acoustic radiation of the carbon fiber composite plate was investigated herein. Through the finite el-
ement/boundary element method, the characteristic parameters of the vibration and acoustic radiation of the
carbon fiber composite plate was calculated, and optimization analysis was carried out in order to reduce the
vibration and noise of the structure. The study shows that the radiation noise of the structure can be reduced by
increasing the number of reinforcing bars and ply layers. [ 0°/90°/45°] attains the lowest radiation noise out
of the three ply angles. At the first wave crest, the value of the acoustic radiation power after optimization is re-
duced by approximately 4 dB compared with that before optimization. The results can provide theoretical basis
for reducing structural radiation noise.

Keywords: carbon fiber composite plates; vibration acoustic radiation; acoustic radiation power; radiation ef-
ficiency; optimization
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Fig.1 Finite element model of carbon fiber

composite plate
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Fig.2 Surface vibration velocity of carbon fiber composite

plate under acoustic vibration of 0~200 Hz
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Fig.3 Acoustic pressures at the first six fields
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Fig.4 Comparison of sound radiation effects between

unreinforced and reinforced carbon fiber composite plates
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Fig.5 Influence of the number of reinforcing bars on

the sound radiation of carbon fiber composite plates
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Fig.6 Influence of fiber direction on the acoustic

radiation characteristics of carbon fiber composite plates
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Fig.7 Influence of different layering numbers on the

acoustic radiation of carbon fiber composite plates

A 147 451 5 B S B, 755 — BBt A A 14 fin 40.76
Hz, 2y 1 58 BB WSO AL Tl 75 i S Bl 32 0 A2
A, 75 HR SR N FEE A 0~ 600 Hz, 7E AR
b N AT MR I 53 A i MRS R 3R T 4R 5
AT KA Virtural. Lab 8 SR04 RT S
BRI D ARG IE 8 PR

135 —a— fRALHT
130 —e— fifL)E
125
120
115
110
105
100
95
90
85 |
80 |
75|
70|
65 I 1 I 1 1 ! 1 1 1 I 1 |

0 50 100 150 200 250 300 350 400 450 500 550 600

flHz

8 MLATERST A IhERR

Fig.8 Radiated sound power levels before

L /dB

L L L B B B i |

and after optimization



5 6 ] KUK, 55 - BREFAEE A A RRAR A 2 A S A i 523

®2 RUBERIAMTAE TR R M T R AR A A LR AT R, L
Tab.2 The first six frequencies before and ARA R 56— B Ik 0 Ah 75 3 R 48, P Ak s A
after optimization ALRETID T K% 4 dB,
[ Sitew /Hz Jitr /He
AN\
1 29.19 69.95 S zﬁlb
2 53.52 139.63 1) Jinfii e B AR Btk 27 4 52 6 4 1R 1Y) % S 1t
3 75.21 209.60 7 5 BRIV M a8 550 55 i B R IR 45 AL I 7R R A, 3
4 81.72 210.85 FhEEIE AR, [0°/90°/45° ] F 2 fA FEAE 45—
5 101.24 288.97 S P Ak 5 S et e s A 5 388 TN iR 2 BB S R MR 45
6 118.70 299.74 FEJ ) i S M 7

2) Ak S5 B 2T 24k 545 A R I A5 A8 1 5 A 9

HIE 8 TTH AL S e e s Akt Rmas SR, BRI e B0 D B AR 1 % A A H 3k
WV (E 10 A 3, B2 AL G g it PRAVTTHE . — ISR Aab 45 56 75 T R R 11K 4 dB,
KIS, BAEMIFRIG N AL G B gcn] SRR IR B

S 2k

[1] E@E, X, 2% E6ME2EGR3I1# MR XM ST )]. B/ ZEGM 8L, 2018(12) : 36-40.

[2] LEE S, KIM M, PARK C, et al. Effect of fiber orientation on acoustic and vibration response of a carbon fiber/epoxy compos-
ite plate; Natural vibration mode and sound radiation[ J ]. International Journal of Mechanical Sciences, 2016, 117, 162—173.

[3] SHARMA N, MAHAPATRA T, PANDA S. Vibro—acoustic behaviour of shear deformable laminated composite flat panel u-
sing BEM and the higher order shear deformation theory[ J ]. Composite Structures, 2017, 180 116—129.

[4] 22k, RTEA. EEMEUZAWRNEZ LTS5 mnasmi[ T]. JRsh S5 epds, 2001, 20(2) ; 86-88.

[5] Emfh. W4 E SRR IR IR S ECE R ST [ D], Bri . LW K24, 2019.

[6] FEZ, Rk, RRIERME T EAWEMNSERTFIRZmMT]. B AR, 2016, 35(2) ; 144-150.
]

[7] sk, TRoKBA, TkaE, S5 0L X 8 YR AR R 2 75 4 SRR R A 52 A3 BT [ ] D01 B T2 B 2 4l (SRR
fi2), 2016, 29(6) : 48-51.

[8] W%z, ZR/RHE, MR, B APIRIHLE G5 2tk BB S [ T]. R, 2019, 38(3) ; 333-344.

[9] BRb e, sy, SETF L E A RS - AR 5E (1], B &Mk, 2012, 29(3) . 203-207.

[10] BLRE . LR s i M BHEARSE M MG AP e M — IR R B[ D] 3% . BT R, 2016.

(REHE: FE)



