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ABSTRACT

A new non-destructive fatigue prediction model of the composite laminates is developed. The natural
frequencies of fatigue-damaged laminates under extensional loading are related to the fatigue life of the
laminates by establishing the equivalent flexural stiffness reduction as a function of the elastic properties of
sublaminates. The flexural stiffness is derived by relating the 90°-ply elastic modulus reduction, and using the
laminate plate theory to the degraded elastic modulus and the intact elastic modulus of other laminate. The
natural frequency reduction model, in which the dominant fatigue mode can be identified from the sensitivity
scale factors of sublaminate elastic properties, provides natural frequency vs. fatigue cycle curves for the
composite laminates. Vibration tests were also conducted on [90,/0,]; carbon/epoxy laminates to verify the
natural frequency reduction model. Correlations between the predictions of the model and experimental
results are good.

71549 1. M2

Ew {;_:}?:}o) gi_‘c—___ 731%19] %1'}‘6]74]“}!: %{?}‘ZHEE 7}]_@_ 2}?-]]9] %;g.{?_}_ '?}_i ?_]-}_05'
E E£4o] ZAste BERY GYAS e e T j
e > =} i U uTE B °

o N Aole g o thokal B]_z.}-rﬂ]ﬁ)\} mm?“ e o 3 b3 i =)
P s og ARA 71 Hy L™ 1 den dARA o 74z PHE o]Ldn

max . =2 - o T - -
E/(N) : B2A AE39 Y74 Atk dutHos EFdAge &4 3} £,
m LB HEBRo ugo|y A =24 3%, A4 Bg 2893 459 273 2y
C | T = i - ~

L cBgAg 5H9 Ho B 59 474 Fo 29E e BAs
E°, E® : E.%HP—] 0° 9,]. 9()9%~ g-)gl;q]_f‘,: °“}‘1 ‘:H“?‘T'E_“Q] 3}‘:’_}% O]% 7‘5@"%3] 5—‘%@] 7]?_‘
@th 29B2 od A% AL I + As

AL TG Aotk dAAXNY B v HHA}

*» ZRAFI e S AT g
- T3
# LG Az}



BaEe ¢AY 2YE AE 98 9 33
el 2t wgEA PR R
QuHoz Az AP ARYE A
(vesidual strength degradation model)-2 7
(stiffness degradation model)®l H] & oen 7
2 Bde ;g
23e WA Bl 4o

N,

-~
==
Nt

)
o Ao M
_u_mrlozd,
& ofv @
éémg
de ool dr
ﬂ,u Mg

L o) ot &
L X

2 o ox o
o
Ny
e

i

o
Y
yo

°

o
o]§ Lotr:
2gA=
g5t Mz
g z%zi_,] A3
o nz} gt

A3

WEE@
J}E ol
II.,, oX

=}

Al
=

1

=

oek

2.

0!

L.
=

PEXSEFENEL]
85 AHL IA F

20T

% A%7) A

29
$4 9% U2 4L vE BRAR A%

2ol 8 ASE Lol s d Wz A8e 5
9ge F4 Qo s
olu) Slel 2

g
z] TE2
£ @3 ((Resin)o] 37% T
H/ ]1,\] iﬁ,&:}lE? [90,/0,), & A&
& gy=2 Azsgio. 2 A
ASTM D-3039/D-3470 o u}2} clo]
AAE=Z 7tg, AE, FA7 242 20mm,

2832 Imm 7F HES Ao 32
AYL FAR=AA AT FE FS
7}8}ad Shimadzu A}] Servopulser FB[ & A&t

F8aqich ojd I FuFE 3Hz E, &FF
H-Age] QWA= A A HohsEe u)-
€ 4707, 06, 05 2 JIeich AF 24¥2 @

@Az ol Sas9T

Lol
32 ox ¥° M

WY 24 72¥L 9= §F I
EdAg 2 ?»&"ﬂ/ﬁ A7e =
5015}. A Agd gl drEe
90°5 oA ZRASt] EH] FFH
"1"4 AA= Asts] Uzid. gy 9
Bl 90°FoAA EA AL AU 3
T A AAlste] F 2 Ato]E 9 FFEA HR A}
o]0l F7tddl wet AN F wgom A
s i
243 Astek 32 Abo] 29 HAFatolel BWAE
3 Zol &4 A9 Foz yehd 5 it

:c[

e
E

do r2, fa ol oox N

[3

o

ulo

1 dE.(N)
dN

2
T inax

E;,(I—E,(N)/Em)] G-h

(-2

Z
2]

Bz AEHo 3144 A9

dfi(N)
an

E»(0)]»
E (0

N

Sl



N (3-4)
f( Y~ E,o
olg} go} z7|o] WAsE G v FI
o] M2 &4 T8 2dolnz Bz HE
9 2 FEL {AFF Th ZE2E o sld
q4&g £ A
4, Z3t ¥ DFE
[90,/0), AT/ ZA EFAT HFH g
A AT e 4% A% 2¥L E4 &3
39tk ¥4 AFE 61.49GPs, 9F AEE
845MPa ojt}. *‘xﬂ BEE 38 FHYdM AL 381
N B3 s (3-1¢ A EME EdA

Ae B cg} b g 799 1 Ax: 27
14618x10°, 3.7544 o|t}, 28 1S 4 (3-1)9 H=
&4 28 U 54 £4 Aol

-18
-16
-14
-12
>10 © 591.96 MPa
8 o 507.39 MPa
-6 A 422.83MPa
-4}
-2
-4 -5 -6 X -7 -8 -9
Fig. 1. Regression analysis for the fatigue damage
model of equation (3-1)
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Fig. 2. Normalized flexural stiffness of equation (4-1)
compared with the extensional stiffness for
three different stress levels
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Fig. 3. Predicted natural frequency reduction for 0.5
stress levels compared with the experimental

results for three vibration modes
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Fig. 4. Predicted natural frequency reduction for 0.6

stress levels compared with the experimental
results for three vibration modes
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