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Abstract: In order to solve the problems of traditional finite element modeling such as black box
operation, high computational cost and lack of independent intellectual property rights, an analytical model
for vibration fatigue life prediction of fiber reinforced composite thin plate under basic random excitation
based on classical laminated plate theory, random vibration theory and Miner's linear accumulation
damage criterion was established. Based on the stress modal method, the stress frequency response
function of the fiber reinforced composite plate was deduced, and the random vibration equivalent stress
power spectral density function of the structure was obtained considering the random excitation. Based on
the probability density function corresponding to the Dirlik, Bendat and Benasciutti-Tovo frequency
domain models, the corresponding vibration fatigue life was solved successfully. In addition, the
correctness of the model and prediction results were verified by using ANSYS and nCode software. It was
found that the deviations of life calculation results obtained by this model and the above commercial
software were less than 14.8%. However, the calculation efficiency was improved by about 17% to 33%.
Therefore, the model can provide an idea and a tool for predicting the vibration fatigue of anisotropic

composite sheet under random excitation.
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Fig. 1 Theoretical model of fiber composite plate under basic

random excitation

AR 12 1 N B B D17 1), HLEF 27 1) 5 B AR
AR 2R x Bl R A6
12 KX ER

H T 21 4k 1 0 52 5 AR 2 O R RRJZ A 2,
BN DR CES RN A LT e 0t e e S A S N AT Y
Mo FUTHT S A% I ifp R B, KR 30 /)N 18 12 0 M B i
(i A% 5 S F

u(x,y,z,t) =uy (x,y,1) _ZM
O0x
v(xy.zn = v Gy —z% (1

w(x,y,z,8) =wy (x,y,1)

Khu, v wilERR NAEE — S ALEE 5 uo. v wo
FRFEM TR ; ¢ AR ]

MR Hh AR HR 48 v] S0, IE B AR e A BY N AR
Yyen Yutb H 0, e =y, =y, =0, H1 W AE F 5
KR, MR E — SR AR ] 2R Ky

& = % _ 62W0
T ox T o
ov BZWO
Sy = a—y = — ayz (2)
ou 0v 0%w,
y,xy = =

_8_y+a__ Zaxay

LT HETT 10 B2 R, K S5 B R A
HRR T
E =E,(1+in)
E,=E,(1+ip) (3)
GTZ S G;Z (] +iT]12)

K EHE; 53 SR VAT 48 4 D7 1) A AR BL2F 457
] & SRR i, G, 0ER 1-2 P TN I B V) AR A
i, E ERIG, iMCRE B R E) . ES RN
PIAE R G, 1 S8, my . moflim ok MRS RE T,
iR ET . 1T ER R 518 1. 2 J7 ) 42
FITARS LE Ry, 2 7 AR I 35108 1. 2 J7 1] J
AR AR EE R v

XF T 1E 38 4% 1) S RE, B RE 32 5l 1) 4 1

(O8] Q;l QTZ 0 &
ol=len o o fla| @
T 0 0 Q Ys
Horhoy N I3, Ok W EE R 5L, Q’{lzﬁ,
g E o B
12 = 21 — 1 —V12V2] ’ 22 1 —V12V2] ’ 66 12°

*
v, =y, 2
21 7 V12 s ©

El



50 it o= s o M %38 %
ML Y 1) 5 AR AR R x BT 1A —%E K z(1) =Ze" (8)
FOWE, RS -R B AR AR BB IZ AT b Z I, w9 i %
BEVR AR A T IS - AR AR N T AE T, K 525 MR T A2 B S A A
— Q_Tl Q_?z Q_Te ) . %?ﬁjﬁlig%ﬁ‘rﬁ‘@j]q (1), HRik R
[ Oy } = QTz Q_Zz Q% [ &y ] (5) dzy () 2 it
O-xy QTG Q_;() Qgﬁ y,¥)7 q (t) = —pl’l d[2 = hZ (9)
K Oy il W B R B, kA O S R A fIR BE I HEAR ¥ i) i S 3185 T 37 Ay
k2 wo (x,,8) =e“W (&, (10>
ﬁfh?ﬁ%ﬁﬁ%ﬂ%%&)ﬁ, AR 5 S5 R A W (g, AR R, TR N
— B [ VAR, U S50 (4 T R R I A o
51 fz 56 12 D}, Dy, Dl() W(f’n) =ZZ“'""”"’(§>‘1"('7) (D
l fz ng Q2(, ] ]’l D12 D22 D26 (6) et et
6 % 6 Dis Dy Dy K Ma,, H 7 E RE, p, (& (m=1,2,--- ,MDFI
3Dy 5 R, H Rkt 4, () (n=1,2,--- NYHIERZRZ I, H A RE
; DLSCHR 18]
D; = %Z ) G-z ij=1,26 (D HE— 2, LR AE R, T 3RA 454 i Bk 3

1.3 Rz 77550k eFi £

Tonaxs B K3 RE Unmon P13 A3 5 3 48020 e KA
Womas B350

B2 52 2 AR = 7 1) 2% B Rl 0 L T = 222 [ Wodnd a2
/ﬂz}zﬁ, ;H\:%%ijjitji’ max — xay
1 NERAY OwW W LAY
Umax = EIL [D”(W) +2 12 a 5 ay Dzz( ayz ) +
LW W\ W (0P
4(D‘6 o TPy ) 8x8y+4D66( 6x6y) }dA (13)
Wons = phZe [ [ Wexdy A g, 2w (17 h ORI, TEE )R,
S SRS Y 1 R AR L e PR AR RIS
L= T+ Wy = U (15) B BafLASIAO L, PR

i X 2 2R K, O D S 05 T2, D

oL
0d,,

ik, RIS AT B Bl R
(K+iC—w2M)a -F

A K CHIM 3 57 R WL BE G [ | BHLE 2 o o
%Eﬁ,a=[1111,012,”’,amn]Tj‘j’fl*&mE,Fj?/%ﬁﬂl%jj

=0 (16

an

TEHRy G,y DX R I wo Cx,y, )0 A, AR PE(2)
R e, & My, FEA(4) F1xX(6), nl k15
NI E SIS

(o Qfl sz 0 Ex
[U”}: o 0L o |l (18)
Oy 0 0 Qiﬁﬁ Yy

W AT — PRGN S o, o Fllo ME TR 4548
F14 45D R S, B

EM §N m<f) D] 0[P (g, ()
MXxN amn{Qll p q n ]+Qi1‘2 [p é‘: q.\n ]}
=1

n=

H, (w) =-z

0y?
19

r=

W, — w? +2iww,{,



513 Vo ELAE: R RPLIR T 27 4 5 A A WA IR B 57 A i TR 51

N PRGYRC)) 0%[p,, (&) q, ()
MxNZZ“m"{Qﬂ [p fq 77]+Q£2 [p fzq n]}

m=1 n=1

0y

H, (w) =—z

r=1

0% [p, (£ q, () ]
f ¢
MxN Z;Z;aan“ 0x0y
H, (o) :—222 mel =

W, — w? + 20w,

2D
P w, N8 r B RS XT NE AY [EAA ARAR, £h 5 B
FZSBJE b, HRk =R
1 TCa,
&= 4n a'Ka, 22

K a, e r BB (RS 1) 1
14 EHNNIWERIEZE

M 4 BE LR 2l B ie, &2 & MEARAE 2z [n) 32 21| 2
filt it AL 9Bl o, JEG N7 g e 7 Y By 3R 3 2 B B
G,, (WA FEIRN

Goy () =H' ()G (W H () (23)
PG ()T 2 [0 4R 3l Ik S (Y 2y A3 % %,
H;, Cw) B R B ¥, LRIk 0

H,(w =|H,.H,. H,| Qb

TR HIB T3 1 1 Ji& 22 77 10 7 7 AR 25 1498 5

n) 4y M, 75 115 Von Mises I 7 Xt 7 119 Ty %
il 2% B PG, ()P,

G, (w) =tr[AG,, (w)] (25)

A A R BOE R, U L SCER [20].
1.5 EFHEHWN

N T IS % 525 AR T J 98 5 7 iy T

W, 1 TG, (RN £ B i i A
A, = jw "G, (w)dw (26)
0

3 rm, R AR 1 L

51 A Palmgren-Miner £k 1 £ 22 461 475 #fi JU) 21,
FEPGIR I 138 B2 AR LI DL R, ADRE 9% 97 5140 &
¥ D R H

“n,
D:j0 N &%)

S n S IV 7 0 8 s I B S PR AR R4, N R )

W (A s BRI L . — GO T, 2 D= 1,

R EEE e A 55 R
T B AL 2 A7 5 SE A IS TR] ¢ i, 2544 00 55 45
Pfinial, et D TRy

Q0

W, — W+ 2iww, L,

D:varf:p(l\f) ds (28)

R p Cs) S N 7 8 B 9 A 2% 285 1 pR B, v, o A6
i 1] P N T A AT R TR
e 15 52 45 v Al 4 102 g -7 i it 4 A ek ) i
Pag, HAA MR
#N,=C, (29)

2 kTN C o 525 ARG 7 (R BA I 55 i 88
e, T HE TR ) - 2R i RS 2 5

R 9% 55 F3fi 1

_ &

vaj:s”p(s)ds

T UL R, 75 B, 773 T Dirlik),
Bendat®' Fil Benasciutti-Tovo = it i A5 AU %ot fij
) MR 5 985 . PR B 7oK i o

2 HFRITE R IEIIE

TR BT A 525 AR AR Bl 05 F i il
W7 2 0 IE W, (] ANSYS Bk R 87 1% sh
P07 PR TS AY, AR A5 1V 7 A R B o
i A2 nCode FAE Y, LEAH R BRI 2544, 64T
W 95 F AT L S ERIE . LA TCS500 ik £F 4 /35 4
R R A A B 9 0 G, LA T — it 24 B AR
TR, R i SRS 230, 50, 1.8 mm,
MM E, = 121 GPa, E, = 8.6 GPa, YR EG,, =
4.6 GPa, TA M Hovy, = 0.27, %5 i 91 490 kg/m?, H:
RRTFRIEASH 3, BI[C0°/90°),/0°/ (0°/90°) ,], 3k
H9JZE. FIH ANSYS B4 7 g 57 i A5 BR oo AR 7Y
mE 2 fios .

30

tdz

i #3/MPa
324.36(FKAH)
288.33
252.29
216.26
180.23
144.20
108.17
72.134 \
36.102 b=y Ul
0.070315(f%/MH)

B2 A RoTER

Fig.2 Finite element model of composite thin plate
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