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Abstract

Fiber metal laminates (FML) are composites laminated by fiber reinforced plastics (FRP) and aluminum alloy.
GLARE, one of the FML laminated by Glass Fiber Reinforced Plastics and aluminum alloy, has been applied to an
upper fuselage panel in an Airbus A380. The precise stress distribution of the out of plane components has not been
discussed around the contact hole boundary, though several papers applied the three dimensional (3D) finite element
method (FEM) to GLARE for delamination failure analysis. This paper applies 3D-FEM to a GLARE pin joint and
obtains the characteristic stresses near the contact region. Effects of material properties and plasticity on the
distribution and magnitude of stresses are discussed together with previous results of Carbon FML obtained by the
present authors. It was found that within the practical range of material properties and loading stroke, their effects on
the stress distribution are small and that the magnitude depends on them. A model that relates the out of plane
normal stress 0 ZZ with the longitudinal stiffness of FRP is presented, which explains well the several numerical

results.
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Table 1  Elastic mechanical properties of
GFRP, CFRP and AL-alloy
Mechanical GFRP CFRP Al-alloy
properties (0° layer) (0° layer)
Exx. GPa 10.20 9.5 70.0
Eyy, GPa 31.85 150.0
Ezz, GPa 7.14 9.5
G, GPa 2.14 3.5
vxy 0.105 0.0167 0.300
Vyz 0.139 0.263
Vzx 0.02 0.263

E: Young’s modulus, G: shear modulus, v: Poisson’s ratio

Table 2 Work hardening relationship of AL-alloy :
o, as a function of €,

£, o, (MPa)

0 344
0.002534 391
0.003509 394
0.005458 398
0.007441 399
0.009423 400

g, equivalent plastic strain, c,: equivalent stress at g,
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Fig.4 Contact front: (a) AL & AL-GL (b) 0° & 0°-GL
and (c¢) 90° & 90°-GL

$=0.16 mm, x=0.3 TP GLARE, CFML @ ¢ ,053 7%
Fig.5 \oR ¥, ¢ ,OEANEIL, GLARE, CFML &biZ 60°
i BT, R fEY GLARE THE ¢ ,=0.007, CFML {3 ¢
,=0.012 LItV Fe, HALEEEE T ¢ ,VELTVS (¢ 2
0.0007~0.0001 &%) fEiRI%. GLARE, CFML &HiZ 90°
(LEREHFETTHD,

Fig.8 IO MBTD ¢ % 6 DBEEL Tp &/ 7 A—HIZ
BoCRd, &, iXMILEICETDALAEIEROHTRO
BHE (B ROFHE) Thd, §=0.12 mm LT ¢ 2
AT D, AL-GL, AL-CM &biZ, u BIKREVE ¢ | 1VNE
{725, Ffz. §=0.16 mm EFETIT AL-GL & AL-CM TK
TIEOTARVDS, T OH% AL-GL DEENRKEIARY, §
=0.3mm T ¢ ,Id AL-CM {ZH~T 5 FIRR AR XD,

33 MUK Ho LLLIZoDHH

IO; 007
0.0056
0.0042
0.0028

0.0014

0.012

0.010

0.008

0. 006

0.004

0.002

Fig.5 Equivalent plastic strain g, for 6=0.16mm, p=0.3:
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