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Acoustic Emission Charactenistics and Fracture Behaviors of GFRP-Aluminum
Honeycomb Hybnd Laminates under Compressive and Bending Loads

Ki-Ho Lee’, Ja-Uk Ju’, Nak-Sam Choi '

ABSTRACT

This paper investigated acoustic emission (AE) characteristics in association with various fracture processes of
glass fiber reinforced plastic skin/ aluminum honeycomb core (GF-AH) hybrid composites under compressive and
bending loads. Various failure modes such as skin layer fracture, skin/core interfacial fracture, and local plastic
yield buckling and cell wall adhesive fracture occurring in the honeycomb cell wall were classified through the
fracture identification in association with the AE frequency and amplitude analysis. The distribution of the
event-rate in which it has a high amplitude showed a procedure of cell wall adhesive fracture, skin/core interfacial
debonding and fiber breakage, whereas distribution of different peak frequencies indicated the plastic deformation
of aluminum cell wall and the friction between honeycomb walls. Consequently, the fracture behaviors of GF-AH
hybrid composites could be characterized through a nondestructive evaluation employing the AE technique.
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Fig. 1 (@) Epoxy resin specimen for vending test and (b) adhesively
bonded specimen under tensile test.
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Fig. 2 Aluminum honeycomb core specimen for thickness-wise compressive
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Fig. 3 Curing cycle of GF-AH composites.
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Fig. 4 (a) GF-AH hybrid composite square specimen for thickness-wise
compression test, and (b) rectangular specimen for three point
bending test.

Table 1 Mechanical properties of component materials in a GFAH hybrid

composite plate

. Young's Poisson's Yield Stress
Materials  \roqulus(GPa)  Ratio(o) (MPa)
Composite
skin layer 235 0.17 424+12.6
Core layer 1.69x10° 0.99 0.7+0.3
Al material 70 0.33 190
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Fig. 5 Load and accompanying AE amplitudes versus displacement of
an epoxy resin specimen under bending test.
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Fig. 6 Load and accompanying AE amplitudes versus displacement of
an aluminum/epoxy/aluminum specimen under tensile test.
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an aluminum honeycomb core plate under the thickness-wise
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Fig. 9 Deformation and fracture of an aluminum honeycomb core plate
at a displacement of 0.6mm in Fig. 8
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an aluminum honeycomb core in Fig. 8

53 DAE AFSE DS doje] Ao sga
Fig. 5-Fig. 704 418 vhel o] o|ZA] wAle] 4}
B2 WAUOR sz ABE FAFTE )o]o]180-280kHz
7] whol, 90-130kHz9] AFT4: thellAE AL A
Hol 4 AF0)E SR Aslo] FalwA WASE A4 %
3} A g57re) vkl o) wAld Ao sAsd,
E3E, 150-260kHzo] 5ubr o g o] ARA}=7} 50-907 A=
2 A0l ZFog Hol AEEEYS] gRELS, A% Figh
o oAl WAR % Fig7e] ofEA HEAC] shEAle] o
AsHe AES] F47He 110-200kHzo] Atske] A1E Aol
oA ARLA7E BAsHon v B wHHe] 7w
Aoz Az,



28 o|7]% - A -

st LA bR A2k

1000
[ 600

800 A
I 500

600 1 I a00

400 I 300

Load(N)

Frequency(kHz)

200 " I 200

- ) "
| S NP R | L 100

0 T T T
0 1 2 3

Displacement(mm)
Fig. 11 Load and accompanying AE peak frequencies versus displacement
of an aluminum honeycomb core in Fig. 8.
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Fig. 13 Deformation and fracture of a GF-AH hybrid composites plate
at a displacement of 1.8mm in Fig.12. (a) overall view by
photo, (b) enlarged view by FE-SEM.
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Fig. 14 Load and accompanying AE amplitudes versus displacement
of a GF-AH hybrid composite plate in Fig. 12.
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Fig. 16 Load and accompanying AE amplitudes versus displacement
of a GF-AH hybrid composite plate under three point bending
test.
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Fig. 17 Fracture processes of a GF-AH hybrid composites plate under
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