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Characteristics of AE Signals of Matrix Cracks in Composites
Due to the Different Specimen Shapes

H.J. Bang, S. W. Park, C. G. Kim and C. S. Hong
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ABSTRACT

As the concept of the smart structure, monitoring of acoustic emission (AE) can be applied to inspect the
fracture of the entire structure in operating condition using built-in sensors. The objective of this study is to
find the characteristics of matrix crack signals in composites due to the different specimen shapes. To detect

matrix crack signals, we performed tensile tests by changing the thickness, width and length of the specimen.

For the quantitative evaluation, time frequency analysis such as short-time Fourier transform (STFT) was

used to characterize the matrix crack signals from PZT sensor. The experimental result shows the distinctive
signal features in frequency domain due to the different specimen shapes.
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Table .1 Shape variables of the tensile test specimen.

32 AEEA ¢ A

Fig. 3 & A9 7 wgd 02 2739 s
M, A Qo) R E& 747} 100 mm, 20 mm =
FAANZD Aeiel A 90°F HF FE 12 o)A 20
zoz WA AL 2AFY ANEE STFT €
28 A7-Fu4 B4 Azo|th Peak o HA
AEE RAFE ol a2 350 I 430 KAz
Zuke) peak ©) AHF) F7be) wetk zbz 280 I
340 kHz 23¢9 @& F34 WFOR o]FFH F

& RAFET

Flg 4 9 A ¥ ] watol g ® T8 d=,
A#Ee Hojet FZ 2 AAAZ A
ol A 90°%F HF 9 "% 4 oA 20 o2 W3



A Ao Astolnh. A= Figd 3
300 3 430 kHz <X ¢ peak ©f FA7} E71ge)
whe} 280 T 340 kHz o W FHFZ o|5YE
w2 & 7 AU o] Yolx FA wse] thE
e odM= e vkt e ZAaE dles
AEHo 2 AN B2Agde] st A5
FAZE iU Fibg oMol peak o HA
7t o2 o)FdTE AL & F o

FAFsHA

R

A
5

[] 0 15 2 2 h!

[
Tene ims)

& 1)

400 +
3 ' .
£ 300 .
ol L]
g
§
3
8 =0
=
]
3
4

100

ol — } S NN
4 B 12 18 0

Peak frequancy (kHz)

Fig. 4 STFT of the matrix crack :thickness change 2

-41-

F
9l

g 5= AW o] wge] W RAZY A5
E4g Ushls 23Z, 90029 3% 49 A

Hel dolg 77 20 Z3 100 mm & 2T e
NA AlFe Z w E 20 oA 40 mm B Z7HANZ
A59 STFT ZFo|tt. A Zo] 71 o
2} 280 ¥} 340 kHz
300 3 360 kHz <
gJA¥ & Utk

=8 FHF peak o] Zzh

& FAFE oERASE

nay (Vo )

Inter

e

3]

L—a“vw,m,a-.v»w,mm
1 5

Peak frequency (kHz)

Fig.

ey (kHZ)
8 84 8

Fraque

&

§

&

5

[

10

Peak frequency (kHz)

w {(mm)

5 STFT of the matrix crack : width change 1

i

e e e -

30
w {mm)

Fig. 6 STFT of the matrix crack : width change 2



ANE Zeo Wzt 93 ® e A Ju=
Fig6 2 90°3-9 A3 T AU Uolg A% 4
23 200 mm 2 0% FEfolA B T w E
20 oA 40 mm B F7FANZ BS99 Aol o
A$E Fig. 5 9 vl AR NHe Zo] 7}
goll wte} peak o Fu EAZ 70, 140, 300 kHz
A 2%7—} 100 160, 360 kHz &} 1F %2 ol &5
F Utk

1
Tomt fums)

3

8

Peak frequency (kHz)
8
i

8
:
I
1

|
160 180
1 {mem)

140

Fig. 7 STFT of the matrix crack :length change 1

400 |-

s

H

Peak fraquency (kHz)

g
T
i
|

o

Fig. 8 STFT of the matrix crack :length change 2

-42-

Fig. 7 2 A¥9 Ao] Wgle e 2igd A
s9ste) A%4E 90059 HE 9 AHY &
Z+7zb 4 A3 20 mm B DA AEjdA AH o)
14150 oA 200 mm & F7HA2 399 Ao
o 2HoZRE & F AKo] AW Zojwg
o] A9 300 3 420 kHz 23 2) peak & A|HZo]
7} Bold o|FoE off# ¥yl glgs U
itk = g ZojHsld w2 ZI=Z Figs
90°%9 HF 49 A#He 2 A7 20 A
mm & 1A% oA AlHHojE 100 oA
200 mm 2 Z7HAZ AS-9 Ao, wiasiAz
120, 280, 340 kHz T A peak 2 A|H Zojdiz}
ojFx o} 7Y Wl gles ¢ F Uk

R o 4

4, Z E
B3 F2EY AFA ¥ AHPE FBI
A% AFEA ANHY e wE B3z
%27] REFg ol et AT A ENS
dolr gttt AF AW FH, o] Z&
asiA g et E‘f_}*ﬂ%}‘ 2AFE HEAFo
peak 9 $X+= AW YA mEk W
AL €. ol [.935W
DEATE A AEH FA7) S84 F
F G peak o A= AFy gige=
o] &3},
2)5111%}"3 YA AH Zo] FUEFE FuE
Ao Me] peak ¢ X IFFH gz
l gt}
ARG do] F7HeE TF T peak & 9 A H S}l
Ao Fgg v A 3},

—_

k)

= 71

7L JEV|eUt AdEeE SHAAFAE
A}‘ﬁ% FHAT7FATFANEAIG (Z1 A 2 471 &)
) 2 ZANFATE Aoz 2dHo 335
ﬁ*qq

m
e

l-___l,__'l__?__

(1) C. S. Hong, H. J. Bang, H. K. Kang, and C. G.
Kim, “ Real-time damage detection for smart
composite materials using optical fiber
sensors,” Proc. of the 13" International
Conference on Composite Materials, Beijing,
China, ID. 1509, June 25-29, 2001.

(2) D. U. Sung, J. H. Oh, C. G. Kim and C. S.



Hong,“ Impact monitoring of smart composite
laminates using neural networks and wavelet,
“  Journal of Intelligent Material Systems and
Structures, Vol.11, 2000, pp180-190.

(3) Julius S. Bendat and Allan G. Piersol,
Engineering Applications of Correlation and
Spectral Analysis, 2 ed., Wiley Interscience,
1993.

-43-



