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Analysis of fatigue crack growth behavior in composite-repaired aluminum plate

Woo-Yong Lee, Jung-Ju Lee

ABSTRACT

An analytical study was conducted to characterize the fatigue crack growth behavior of pre-cracked aluminum
plates repaired with asymmetric bonded composite patch. For single-sided repairs, due to the asymmetry and the
presence of out-of-plane bending, crack front shape would become skewed curvilinear started from a uniform
through-crack profile, as observed from previous studies. Therefore, for the accurate investigation of fatigue
behavior, it is necessary to predict the actual crack front evolution and take it into consideration in the
analysis. In this study, the fatigue analysis of single-sided repairs considering crack front shape development
was conducted by implementing three-dimensional successive finite element method coupled with linear elastic
fracture mechanics (LEFM) concept, which enables the growing crack front to be directly traced and modeled
in a step by step way. Through conducting present analysis technique, crack path of the patched plate as well
as the fatigue life was evaluated with sufficient accuracy. The analytical predictions of both the crack front
shape evolution and the fatigue life were in good agreement with the experimental observations.
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Fig. 1 Configuration of analysis model.
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Table 1 Material propetties for the aluminum plate, composite patch
and adhesive layers
Young's modulus Shear modulus Poissor's ratio
(GPa) (GPa)

Ei Ex E; G2 G Gy Vi Vi3 ¥n

Plate 71.02 - - - - - 032 - -
Patch 1340 103 10.3 55 55 32 0.33 033 0.035

Adhesive 276 - - - - - 032 - -




70 o] §-8-0] B

m

SRR G H R

Ho g FH3}7] Y3le] 3219
A+ S|4 718 (successive analysis technique
dl, Fig. 3¢ EA1E 3 71262 oo 2o

dA, =29 S §slel 2od A dAE Fo oF
F¥ g (key parameters)oll 9% HElgsmulol zEaAls
dolth. &, ABAQUS V6.39] parametric shape design 7]%&
o] g3te], dEATS olF= HEAFT YPvtoz 20d
HoEE gEd R4 249 g0 FAHHE §80A
AF 2y dugEe

o] %wzm 1N VA qeE Falel

O = [e] &
fr3ta s Bdg o] 43

N
' NIO
2
o
ol
ol
32

J%% G¢ Zon w& Ioﬂ ke
g3 22L& #A7 Uk

J=CG=—+ 2

E2 FH e A9 (modified elastic modulus)EA] HHL
H(plane stress)F ]l M= E=E, W WH B (plane strain)
FEANE E=E(1-V)9 BAZL e, oW Est v 7}
7y LAl 2 E9bE H|(Poisson’s ratio) ©|T}.

el A )2FYH Lol FEAG 9 7 dHENAY
SAA=ASF % -L} Parxs %4"&#—‘3 = v 4
=, dHEE FAHE 7 HHEH A

=

e
pias
S

EH

2 Z¥(local normal increments
a5 e FZAelE 5 A4

& 4 9
( m
AK! .
AP = L Addd, i=1, 2, 3)
AI<I'I:'II3X
: )
AN = Aan4ax (4)

C(AK(ja) m

4714, M= zadvel 24 94 % ¥
A% 2, AR o) washe A el

CoF me 77t ZHE”A"]E}
o] AREHH $jg] 2

_N,
=
4
e
o,
o
of\
Mz
~ ol
&>
2
5
o
Ed

7
u}%zi, Fang 7

_,d
il
2
oo rfr 4

- cubic spline A
ERESIE PR

T

action of J- integral

—r° _-cubic spline curve
p advanced | g 3 I %
i1h node p’,,;"o position L \Sudvanced

| pusition

o

re-arranged 7
nudat position

current current

crack from crack front  crack Iront

& next step

¥ Re-arrange nodal positions
on the new ¢rack front

v Cubsic spline approximation
dN using advanced positions

& _ k. K, =IE

¥ Auto mesh generation based

AKX, o
on the re-arranged positions

Ay =] = -Aumw i=12.
A"m.n i

Fig. 3 Successive technique for fatigue crack development analysis.
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