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Detection and Sizing of Fatigue Cracks in Thin Aluminum Panel
with Rivet Holes
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Abstract The initiation of fatigue cracks in a simulated aircraft structure with a series of rivet holes was detected
by acoustic emission(AE), then the crack length was determined by surface acoustic wave(SAW) technique. With
the initiation and growth of fatigue cracks, AE events increased intermittently to form a stepwise incremental curve
of cumulative AE events whereas the crack length increased more or less monotonically. With the SAW technique
employed, the crack sizing for 13 different cracks including some short cracks was performed. With the reference
to the measurement by traveling microscope, cracks in the range of 1~8 mm long were reliably sized by the
SAW technique. Although it was impossible to size the short fatigue cracks in the range shorter than 1 mm, the
SAW technique still appeared practically useful for a range of crack lengths often found in aircraft structures.

Keywords: Acoustic Emission(AE), Short Fatigue Crack, AE Source Location, Surface Acoustic Wave(SAW),
Crack Sizing
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Fig. 2 A schematic diagram of experimental setup
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Table 1 Results of crack sizing by SAW technigue
in comparison with the measured by
traveling microscope

Crack No. SAW(mm) Microscope(mm)
1 * 0.30
2 * 0.60
3 * 0.62
4 1.47 1.17
5 1.39 1.20
6 1.57 1.21
7 1.22 1.26
8 2.06 2.12
9 2.65 2.48
10 357 3.50
11 4,98 497
12 542 511
13 7.46 7.28

2 Hol sizingd] F¥=7t F¥h ¥HA 1~2 mm
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Fig. 12 Comparison of the crack lengths
estimated by SAW technique with the
measured by traveling microscope

Fig. 12& Table 12| Z#E adez vehd AL
2 7#EHE 494 1371X)9] dataZRE HiAls
Moz T3 HAXMY s&7E 09975, dHZPL
01584031 RMSL 3e 0.15050]t}. o] A2 HE
SAWe 93 W2 FA sizinge P4 AAEG
o & FS YeEa d&S ¢ F vk 294
A *e sizingo] E7FsRE FELOIE Av A
%t SAA | ggo] A FAIH Aok

4.8

ot

}g7] RE BEARY dTaEs R
AA2024-T3 dttoll N S3FHES ol &3ty FH=F
dg ©A 3, SAWE ol&sle] #d9 AVE &
A% A g9 & A28 dAoh

1) FA27d AFe AFTFHI d58 I
2 YA old] FylElE 74 AE T4
AL 5EFY FdAolAN tgHoz FF
3 F7hsle Add ez vehdt

gul7y FH FIEAE HZAHAA HE
AlE o] Eole = SAWE] fIXs} oA =]
£ 7]% datas} viwsle] @Ee WAHARE
#erg 4 gl welA SAWE o] gste] M
79 F99 #EgAs} 7bs3tith

F4F94 10 MHzRl HEARE ARS8t 1~
8§ mmzole] Fgo| tist] SAWE o]&3
sizinge] 7Fgdtch 53] #g9Zol7t 3~5 mm
o ) &EE SAWAIE O Hao] 71 §ol3)
A, sizinggt Ao a7t HAE YEpytth
1 mmo]&te] ol tld sizing2 oA
WAt E SAWZIE 9 ouA7E Wi W] ekt
Fed FEo] HA E7hset
Aok

a3 =
= SN
1=

¥ I

2

%

®)

@

Qe FFolnz

k=14
=n

2|

p-R

Ly

A7 200203% FxAshde] shed 7
o] 9sbe] 2915 91-2-(R01-2000-000-00295-0)

H#uES

[1] D. M. Granata, P. Kulowitch, W. R. Scott

and J. Talia, "Acoustic emission waveform



Hl o} AALeEE) A A 27 WA 13 (2007 24) 47

2]

(3]

4]

(6]

]

(8]

acquisition during fatigue crack growth,"
Review of Progress in QNDE, Vol. 12, pp.
2183-2190, (1993)

K. Ono and J. Y. Wu, "Pattern recognition
analysis of acoustic emission from fatigue of
2024-T4  aluminum,"
Emission VIII, Japanese Society for NDI, pp.
237-242, (1996)

7. Shi, J. Jarzynski, S. Bair and L. J. Jacobs,

"Study of acoustic emission from incipient

Progress in Acoustic

fatigue failure," Review of Progress in QNDE,
Vol. 18, pp. 395-401, (1999)

I. M. Daniel, C. G. Sifniotopoulos and J. J.
Luo, "Analysis of acoustic emission output
from propagating fatigue crack,” Review of
Progress in QNDE, Vol. 17, pp. 579-586,
(1998)

D. H. Kohn, P. Ducheyne and ]. Awerbach,
"Acoustic  emission during fatigue of
Ti-6Al-4V: incipient fatigue crack detection
data
methodology," J. of Materials Science, Vol. 27,
pp. 3133-3142, (1992)

A. Berkovits and D. Fang, "Study of fatigue

limits and  generalized analysis

crack characteristics by acoustic emission,”
Engineering Fracture Mechanics, Vol. 51, pp.
401-416, (1995)

J. and H. Krautkramer, "Ultrasonic testing of
materials," Springer-Verlag, Berlin,
pp- 304-307, (1990)

Don E. Bray and Don Mcbride, "Nondestructive

Germany,

testing
Canada, pp. 255-256, (1992)

techniques,” John Wiley & Sons,

[9] S. Vanlanduit, P. Guillaume and G. Van Der

(10]

1)

(12]

[13]

[14]

using ultrasonic surface waves,"

Linden, "On-line monitoring of fatigue crack

NDT & E

International, Vol. 36, pp. 601-607, (2003)

W. Hassan and W. Veronesi, "Finite element
analysis of Rayleigh wave interaction with
finite-size, surface-breaking

Ultrasonics, Vol. 41, pp. 44-52, (2003)
S. Baby,

Pardikar, "Ultrasonic sizing of embedded

cracks,"
T. Balasubramanian and R. J.

vertical cracks in ferritic steel welds,"
Theoretical and Applied Fracture Mechanics,
Vol. 40, pp. 145-151, (2003)

S. Grondel, C. Delebarre and J]. Assaad,
"Fatigue

crack monitoring of  riveted

aluminium strap joints by Lamb wave
analysis and acoustic emission measurement
techniques,” NDT & E International, Vol. 35,
pp- 137-146, (2002)

K. J. Lee, O. Y. Kwon and Y. C. Joo, "An
improved AE source location by wavelet
transform de-noising technique,” J. KSNT,
Vol. 20, No. 6, pp. 490-500, (2000)

J]. ¢ Kim, O. Y. Kwon, S. J. Kim,
"Detection of fatigue damage in aluminum
thin plates with rivet holes by acoustic
emission,” J. KSNT, Vol. 23, No. 3, pp.

246-253, (2003)



