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( A Pattern Recognition Method of Fatigue Crack Growth on Metal
using Acoustic Emission )
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Abstract

Acoustic emission-based techniques are being used for the nondestructive inspection of mechanical systems used in
service. For reliable fault monitoring related to the crack growth, it is important to identify the dynamical characteristics
as well as transient crack-related signals. Widely used methods which are based on physical phenomena of the three
damage stages for detecting the crack growth have a problem that crack-related acoustic emission activities overlap in
time, therefore it is insufficient to estimate the exact crack growth time. The proposed pattern recognition method uses the
dynamical characteristics of acoustic emission as inputs for minimizing false alarms and miss alarms and performs the
temporal clustering to estimate the crack growth time accurately. Experimental results show that the proposed method is
effective for practical use because of its robustness to changes of acoustic emission caused by changes of pressure levels.

Keywords : acoustic emission, fatigue crack growth, neural network, Gaussian mixture model,

temporal clustering
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Atk AAMIF AA2eA AEE AlTe] ZZA 7L 2}
o|7} 40 psec ©13tE Ue A% 2ol obd notch
oA LA 2o F Aosted Ay Algsg

ZFEE OBE AL, SFLE ASER
TE 84 R 1% Zol HAIY. 10kHz~2
MHz9) A ZE 5 MSPS(Mega Samples Per Second)
gov FIEE 3o A ZLo)E 5kE
WA 5120709 AEZolY &3
3FRL, pre-trigger® AH&-3
FEE 640709 ME o=
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Table 2. Parameters for the fatigue tensile test.
N Stress | Stress
A3# | Force| Stress -
IS : Interval | cycle |Threshold &%
No. | [KN] |ratio (R) [MPa} (Sine)
1 50 0.1 125~125 | 10Hz 60 5
2|1 70 01 175~175 | 10Hz 70 2
«10* Cumulative counts
8 ‘ : ,
2 6f
c
>
8 4t
2
= 2t
=
£
3 of
2 15 2 25 3 35
fatigue cycle = time [sec] %10
(a) 50KN, R=0.1
Cumulative counts
15000 : ,
[2)
£ 10000+
=1
8
£ 5000},
g ]
>
E 0
Q ] s
-50005 2000 4000 6000 8000 10000
fatigue cycle = time [sec]
(b) 70KN, R=0.1
a8l 13 AE xHol mE FHIIRE $of EX
Fig. 13. Distribution of cumulative counts for each

experimental condition.
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Table 3. Configuration of data for simulation.
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Table 4. Recognition accuracy of crack initiation.
Without With
oo | CMSDELTA | With M5 ) cyvseDELTA
Cond.| Test Miss Test Miss Test Miss
No. | accuracy aizlt? accuracy aﬁlt‘gl accuracy aiglt?
[%] [%] [%] [%] [9%] (%]
100 (best) 980 (best) 982 (best)
1 |80.2(mean) 145 |77.2(mean) 99 |738(mean) 10.3
34.1(worst) 33.7(worst) 33.8(worst)
92.3 (best) 806 (best) 923 (best)
2 |835(mean) 125 |77.1(mean) 112 {85.2(mean) 94
71.8(worst) 72.1(worst) 78.1(worst)
72.3 (best) 90.2 (best) 906 (best)
3 [57.1(mean) | 502 [83.3(mean) 126 |86.9(mean) 84
38.1(worst) 76.7(worst) 76.1(worst)
774 (best) 81.1 (best) 814 (best)
4 |590(mean) | 369 |781(mean) | 232 |799(mean) | 181
459(worst) 74.3(worst) T1.8(worst)
95.2 (best) 93.1 (best) 92.2 (best)
5 186.2(mean) 117 |63.7(mean) 77  |&.1(mean) 77
61.2(worst) 41.2(worst) 61.2(worst)
300
250}
£200t
-
=1
o150}
(8]
$100
2 so}
E PR —
S 0
6] . target
-50+ [ 1 1 [T non-crack
100 1 1 I 1 L L " 1 crECK
“'2000 4000 6000 8000 10000 12000 14000 16000
Time (sec)
a8 14 ogetd miEelA(with CMS+DELTA) Znie|
o
Fig. 14. Recognition result of crack initiation (with
CMS+DELTA).
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Table 5. Recognition accuracy of the MLP when the
crack grows.

Without . With
et | CMS+DELTA | With CMS | cyiaiDELTA
Cond.| Test false Test false Test false
No. accuracy aﬁ{? accuracy allggn accuracy ai?t?

[%] (%] [%] [%] [9%] [%]
845 (best) 834 (best) 80.8 (best)

1 |708(mean) 148 |72.0(mean) 169 |71.6(mean) 143
41.6(worst) 42.6(worst) 40.6(worst)
56.4 (best) 574 (best) 505 (best)

2 |50.0(mean) 458  |475(mean) 457  |46.6(mean) 46.1
41.6(worst) 42.6(worst) 41.2(worst)
54.8 (best) 544 (best) 54.7 (best)

3 |533.4(mean) 146 |53.3(mean) 45  |54.3(mean) 43
51.0(worst) 52.6(worst) 53.5(worst)
75.1 (best) 755 (best) 74.0 (best)

4 |67.0(mean) 382  |687(mean) 389 167.8(mean) 344
58.5(worst) 52.9(worst) 59.5(worst)
709 (best) 69.2 (best) 78.1 (best)

5 |56.2(mean) 283 |580{mean) 283 |61.0(mean) 267
46.2(worst) 49 6(worst) 51.6(worst)
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Table 6. False alarm rate and miss alarm rate of GMM.

alarm 50KN, R=0.1 70KN, R=0.1
rate |#ldata|#2data |#3data | #4data |#5data | #6data | #7data
false 0 0 0 0 0 0 0
miss 2.2 0l 9.7 920| 82| 619/ 671
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Table 7. Percentage of the first frame detected as class
3 by the combined method.

Test 50KN, R=0.1 70KN, R=0.1
Condition

No #ldata | #2data | #3data | #4data | #5data | #6data | #7data

1 10 10 10 10 10f | -

2 - - - -] 10l 10

3 T

4 10| 1o 71l 96l 420 - -

5 10 10 61l 14 10 42 10
SponE mEAEE 43 ¥ As & F A%
HERE AYHE Az FY21M g5E AER
A AR dolHd wet vl&o] tEA vehte e
2 $ gloy, F#239 & nEXES MLP9Y 4
3 HAASEE AAYTEHCE F@A #E4 9
BF GAQ FYL3NAE AA ARFEEY BEER
ot gEol Fea3e M F drht W AF3] <14
AR R b

== target

i classt by MLP

wu class3 by MLP

- class3 by GMM
™= class3 by decision

- = L - . L L L ' rule
87 08 09 1 11 12 13 14 15
Time (sec) x10°

4 ML
R HEOLHE b BEel

Cumulative counts
o -

a7 15 #EME mEelA(with CMS+DELTA) Zxte|

Fig. 15. Recognition resut of crack growth (with
CMS+DELTA).
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