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The effects of structure parameters of laminated composite plates with different

fiber orientation on the sound power

WANG Xianwei WU Jinwu
(School of Aircraft Engineering, Nanchang HangKong University, Nanchang 330063, China)

Abstract In this paper, the effects of the structural parameters of laminated composite plates with different
fiber orientation angle on the sound power were investigated which can provide a theoretical basis for the
design of the low noise. The dynamic response of laminated plates was obtained by using layerwise finite
element model. Based on the acoustic radiation mode, the laying form of the fiber, width-depth ratio and
elastic modulus ratio on the plate structural parameters, the sound power of the laminated composite plates
with different fiber orientation angle were then discussed. The numerical simulations results show that the
effects of the panel orientation angle and width-depth ratio on the sound radiation power of the laminated
composite plates are significant. Firstly, the sound power change of laminated plates with same laying angle by
changing the elastic modulus ratio is not obvious. Secondly, the laminated composite plates with the smaller
width-depth ratio have bigger space on the acoustic power reduction and more easily reduce it by changing the
angle of the laying. In addition, from the point of view of acoustic radiation power reduction, as a structural
component, symmetrical laminated plates have more advantages than the unidirectional laminated structure
and anti-symmetrical laminate can obtain lower acoustic power at the same laying angle.
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Fig. 1 Physical model and coordinate diagram of

laminated plate

JEERE LR 37 7] Kom

2n+1
Ulx,y,z,t) = Z u;i(z,y, 0)¥(2),

i=1
2n+1

Viz,y,z,t) = Z vi(x,y, )¥;(2), (1)
2Zn:4:1

Wi(z,y,z,t) = Z wi(x,y, )V (2),

i=1
R () H,U(x,y, 2, 1), V(z, y,2,t), W(x,y, 2, t) 7353
RN, y, z TR, n AERZEES 2n + 1 93 E
o ui(x,y, ), vi(x,y, t)s wi(z,y, t) AH P ANHEF
A by TN, W, (2) tddE T 580, HBUE N

Ul(z) = i (2),
1—1
iz) = {@é )(Z); Zi-1 < 2 < %,

71 £ 2 < 29,

(2)

o4 (2), 2 < 2 < Zig1,

wzn+1<z) = @%n('z)y Zop € 2 < 22n+1,

FHorpr 2 ARGRER kNG ER AIALHR, [FIRE @14, 000 70

BT

#P(2) =1 - 22/hy, (3)
0§ (2) = z2/hyj, 0< 2z < hy, (4)

X (4)H, by BRIZERIEE § ANERERERE, 22
FRRE )R ER AL bR ARG A PR o E e, (1)
wi(x,y, 1), 0i(x,y, t), wi(z,y, t) TRRA

wi(w,y,t) =Y Ni(z, y)urT(t),
k=1

vi(x,y,t) = ZNk(x7y)va(t)v (5)
k=1

wi(,y,t) =Y Ni(w, y)wrT(t),
k=1

Hor, m AERITHEICT R Ni(z,y) AR R
FKiE, g, vg, wp ABERTCT R kLT 2, y, 2 2455,
T(t) At Tal ek E. R PY T MU T 5T
20 (5) AT U R B Rk A A (1), AT 1S
BT RBUEE N
N = [Ni1,Ni2,- -+, N, Nsg],
1=1,2,3, k=1,2,---,8, (6)

y
|

Ni ik
Ny, = Nidik . (7)
Nioix



146

A7 %

2016 & 3 A

FR 4 3 ) 20 - AR G R, B o B AR R
B = [By1, B, -, By, Bsg],
1=1,2,3 k=1,2,--- 8,
HH TR B;; WICHR [11].
M, y, 2 PR RS MR IE AL AR AR A 0,
TE SUNEF Y R A S CLDUZ JZ A i et # i,
JE AR AR 0 A G TE S P 2 B . e O

(8)

TRAADR 2 2y, H1 0 RN JE & B0 5 R AR I 21
ey Ko RBER 1S o iz S M, tha kil
TR ) 1 AN E N IE . BRI DY 2 R A R
ILF4E 75 KRN 6 = o, 0°,90°, —ave 1ZZ BRI
FiciE N a/0°/90°) — o ARSCHE HE AT TREH L
LT YA T 3 B (0] B Bl s (6], X FREH B
[0/ — 0], SRASFREGVE, Fili A 0 75 0° ] 90° Vi [ .

Y
2

ﬁl

—

x

(b) 6=0°

(c) 6 =90°

x
(d) 6= —a<1

B2 2F il G T U

Fig. 2 The structure of fiber orientation angle

IRYE I N7k 30, 22 SRS M AT AR A 1A
FE O, 55 4 JR I 7 - AR R R AT RIE N
[o'] = D[], 9)
Forbr D Ay el 9 FERE B o SCAR 50 A I PR R
RN . BRI B 1D 5, oo R K
AT BHERE M AT RN

K = /// BTDBdzdydz,
v

M = ///pNTNda:dydz,
\%

C=aoK + M, (10)
Hrr, o, B3R B R AR 7o BRI 4514 5 5)
JITIREN

MX +CX + KX = Fye'*!, (11)

3 (11) H Fy D g MEAR e B, B A 45 R 7 T
Jil 70N BT A% i 52 HOR A

X = Xgpe'“t, (12)

For X 7y a7 1 5 B 1 T AL A% i S F)  EL )

a7, 4 20 (12) AR (11), B8 2 I R] 15045 31 45 M Fr Ar

TSI A

Xo=[(~w? + iwa) M+(1+iwB) K| ' Fy. (13)

3 FRHERTS

BARBNT AR TR S0 T8 A T 55 KW FR R
b BRI w [ Lo 25 (W) AR A P o 7 37 o T
N ps FEN o PRBNAR M 73 i J A S5 AR # .
R REAN BT K I /N T K. R EITTE
1) S PEE A BSO PEE [) A U (w) o AT R A T W (w)
ARy 12

- U W' R-UW)

X(14)h, HRESHOILI L E. RAE M Jysexs
PROIE € 56 B, 0 RAE P 3E AT 5 AEAH 4 fi#,  AD
R=Q A Q" TERREE, HFAEMENN
NIEHL xR RAE ] O QB A AR GRS
FEEAZ 12, ph 5 (13) A sR 45 44 2% v 3 B 1) =
U(w) = iwXo, KiEFAEERE U (w) i A (14),
HINIECE LRI I E S (A ()P

W (w) (14)



#5354 2 M FHZE L AFREHRAE T E SRS HO0 5 D35 147
120
4 BWENRSHL = e
115} o s ~
LA\ = T300 Bk 241 4 /3 H = G RO Bl B & S 110}
RGBS BRI TR. £EEEMEES Et sl
T AN fai W& BURD 70, WU AL E S 0 o =
b (v = 0.5 X L, yp = 0.5 x Ly) 555 %5 100}
®

(z2 = (7/9) x Lz, y2 = (13/18) x Ly). M@iTit5
ANFEE BT 2K 58 5 BRSPS U 8 SR AR A 0
£ 0° 31 90° Vi BT B 75 4 56 D2, 73 M AS IRl e A
FE 1) 2 B A 15 5 206t 7 R T AR AR R

x1 EAMREAWMESH

Table 1 The parameters of composite laminates
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Fig. 3 The effect of different laying modes on first

natural frequency
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Table 2 The comparison of acoustic power of eight-layer plate under

different excitation
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acoustic power under the middle point force
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