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Fiber Orientation Effects on the Acoustic Emission Characteristics
of Glass Fiber-Reinforced Composite Materials
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Abstract The effects of fiber orientation on acoustic emission(AE) characteristics have been studied for the
unidirectional and satin-weave, continuous glass-fiber reinforced plastic(UD-GFRP and SW-GFRP) tensile
specimens. Reflection and transmission optical microscopy was used for investigation of the damage zone of
specimens. AE signals were classified as different types by using short time Fourier transform(STFT) : AR
signals with high intensity and high frequency band were due to fiber fracture, while weak AE signals with
low frequency band were due to matrix and interfacial cracking. The feature in the rate of hit-events having
high amplitudes showed a process of fiber breakages, which expressed the characteristic fracture processes of
individual fiber-reinforced plastics with different fiber orientations and with different notching directions. As a
consequence, the fracture behavior of the continuous GFRP could be monitored as nondestructive
evaluation(NDE) through the AE technique.

Keywords: acoustis emission(AE), unidirectional, satin-weave, AE event-rate, AE energy, short time Fourier
transform, microscopic examination
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Fig. 1 Dimension of single-edge-notched specimen
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Fig. 3 Results of propagation velocity measurement
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Fig. 4 Schematic of AE measurement system
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Fig. 11 Microscopic photographs of notched SW-
GFRP[45%]s (a, b) and SW-GFRP[90s]s (c, d)
specimen

weba] X AwR Qexel Afaee A4
Tgel wge] MM Jepdtha AAAW, FE
Ar e E=7kole AEAREES olUAZE HashE e
Ao Azbdrh agARt gdo el Y
e I 70dMs oA AE/\}”EHL A q =7t AA
Zrbebed], ole MEA BAE o€ Adye &
AA Afabeo] TAEHA Fhol AP WE
o7 AZtE

Table 16 =3 9% 9% A+ g
o) mpm4gzt AEEAS #e 9o 49
Rk

B

2z

I

A3

Table 1 Fracture process and AE characteristics
for notched composites
Fracture process AE
1. Main crack initiation Minimized amplitude & event -rate
Dual peak distribution,
UD-[0] 2 Fracture mode change vl peak distribution
T high cvent-rate .
3. Shear crack propagation Low amplitude AE
1. Until crack initiation Few AE
2. Crack propagation Low amplitude AE
UD-90], propag p
High litude AE.
3. Fractures of bridged fibers gh ampittue
Jow event-rate
1. Until crack initiation Low amplitude & low event -rate
UD-{+45/-45]¢ Low & high amplitudes
t ls 2. Crack propagation & delamination “ Bf ampiituces,
high event-rate
1. Until crack initiation Low amplitude, low event-ratc
Dual peak distribution,
2. Fracture mode change ’
UD-[0/90] oo low even race
Low &b litudes.
3. Shear cracking & delamination ou & high amplitudes
low event-rate
. L Minimized amplitude & event -rate.
1. Main crack initiation
SVV.[45|T dual peak distribution
2. Crack propagation Increased amplitude
SW-[90] Same as above Same as above
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