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ARTICLE INFORMATION ABSTRACT

Original Research Paper High ratio of strength to weight in carbon/epoxy composites causes to their applications in several
Received 16 September 2017 structures, especially aerospace structures. In addition, to enhance the reliability in such structures,
Accepted 09 Novemher 2017 investigating damages in composites is essential. One way to detect defects in composites is to utilize

Available Online 15 December 2017 - - A p - - -
vatiable Online 25 December the acoustic emission approach. Thus, the objective of the present research is to find failure mechanisms

in open-hole laminate composite specimens with [05/90,/0,] layup under cyclic loadings at different

Keywords: . N . . L ‘ . .

Composite, Acoustic emission displacement amplitudes, using the acoustic emission. First, the standard specimen was examined and
Fuzzy clustering elastic waves due to failures in the specimen were detected by acoustic emission wide-band sensors.
Pocket wavelet transform Two methods have been utilized to detect the failure percent, including Pocket wavelet transform and

Low-cycle fatigue Fuzzy clustering approaches. Results from these methods were compared to micro-structure images by

the scanning electron microscopy. Obtained results in this research indicated the appropriate efficiency
of the acoustic emission approach to detect the type of failures and their percent in laminate composites.
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Fig. 6 Frequency range of AE signals for a) pure matrix and b) pure
fiber
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Fig. 7 Tensile test for pure resin and pure fiber
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Fig. 10 Energy distribution of packet wavelet transform components of
first-cycle of specimen no.2 (frequency of 200 mm/min and
displacement amplitude of 6.5 mm)

S s S50 oo sl 51 S0 o 4 bgaye (6551 @95 10 S
6.5 MM sl>al> als 5 200Mmm/min 6,138 L wilS )3) 2 0)leds diges glal

Srge b Gogy b Dy il Gl JiSew Jolos mls 3 Jguar
Table 3 Result of acoustic emission signal processing using wavelet
packet

) GLIl e (%) e sle 5l GLI il (1) oyl S 3

sdd 4L g dd g

3339 %3 393 %3 347
v oy 2 = vy Ty 23

19.1 20.9 18.7 17.7 50.9 53.7 54.9 441 30 254264382 7
27 20.829.4 31 431 472 398 419 299 32 30.8 27.1 6.5
28.329.7 29.6 25.8 42.3 39.7 404 47 29.430.6 30 272 6
29.6 33.7 32.3 22.7 41.4 384 408 452 29 27.926.9 321 55

3
A\

26 44.4 29.6 4
‘_aJ

455 oled o o lii |y Lol sl BT 51 ol s 11 IS ases
o9y b ol Sledlbl « Lol sl 5IUT gy Jawgs am LialS 51 e
o dw 4 S sl g5l Jlogl g diged jo isd (ganabes 53
Gl (e e 51 BLI ooz 5 G ile S5 o BLI caSl) Lol
G baye slajeme jo bosls a5 wwo g0 lid 1) a5 5)50 (gamadies
O Il (551 by, 5o aileads may il)ly (i b oy sla)lon
il asia (13 Jge ) Bus b 3,5 mariee (bl S 2 55 50
odls laie a4y wil Soop badys ST I S jo 4 S Hleosls e
05l il Ak ol
S5 & yaste Sluogas gl g ool attin dlss 4w I S »
Sl adgd 5o 4 by pe (uilS 2 @95 Sloogas al 5l (S il
o ol 095 @ e S8 Jlake SO gl sols ye a5 Sl

AhgS 4 0l [amin 0,5 ey |y adigS o S8 mje5 loged Glg e

441

Fig. 8 Packet wavelet transform component of first-cycle of specimen
no.2 (frequency of 200 mm/min and displacement amplitude of 6.5
mm)
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Fig. 9 Frequency distribution of packet wavelet transform components
of first-cycle of specimen no.2 (frequency of 200 mm/min and
displacement amplitude of 6.5 mm)
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Fig. 12 Fuzzy C-means clustering of AE signals of specimen no.2
(frequency of 200 mm/min and displacement amplitude of 6.5 mm)
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Fig. 13 Frequency distribution of clustered AE signals of specimen
no.2 (frequency of 200 mm/min and displacement amplitude of 6.5
mm)
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Table 5 Comparison of damage percentage result of fuzzy clustering
and wavelet transform
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Fig. 16 Picture of fractured zone of specimen no.3 after fatigue loading
and fracture (frequency of 200mm/min and displacement amplitude of
6mm)
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Fig. 17 Picture of fractured zone of specimen no.4 after fatigue loading
and fracture (frequency of 200 mm/min and displacement amplitude of
5.5 mm)
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Fig. 14 Picture of fractured zone of specimen no.1 after fatigue loading
and fracture (frequency of 200 mm/min and displacement amplitude of
7 mm)
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Fig. 15 Picture of fractured zone of specimen no.2 after fatigue loading
and fracture (frequency of 200 mm/min and displacement amplitude of
6.5 mm)
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Fig. 19 SEM picture of specimen no.1 (frequency of 200 mm/min and
displacement amplitude of 7 mm)
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Fig. 20 SEM picture f sf)ecimen no.4 (frequency of 200 mm/min and

displacement amplitude of 5.5 mm)
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Fig. 21 SEM picture of specimen no.4 (frequency of 20 mm/min and
displacement amplitude of 5.5 mm)
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Fig. 18 SEM picture of specimen no.1 (frequency of 200 mm/min and
displacement amplitude of 7 mm)
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