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ABSTRACT

We conducted an acoustic emission test for the loosened bolt diagnosis of tubular steel towers.

Signal processing techniques and machine learning were applied to acoustic emission signals to con-

firm the classification possibility of the bolt fastening strength. Consequently, a clear difference be-

tween the fastened condition of the bolt and the loosened condition was observed; however, signals

with different bolt fastening strengths were not classified. In this process, it was confirmed that the

bolt fastening strength was classified up to 74.3 N-m using a band-pass filter. In conclusion, we con-

firmed the performance possibility of the loosened bolt diagnosis through acoustic emission signals.
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Table 1 Operating specification of AE sensors

Operating specification

Peak sensitivity, ref V/(m/s) 96 dB

Peak sensitivity, ref V/ubar -25dB

Operating frequency range 200 kHz ~ 900 kHz

Temperature range -35°C to 75°C

-20 100
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Fig. 2 Operating frequency range of AE

(b) Impact point (180°)

(a) Sensmg point (0°)
Fig. 3 Experimental location on the AE test
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Fig. 4 Moderating of bolt fastening strength

Table 2 Case of experiment

Case Tightening strength
Case 1 0.0 N'm
Case 2 243 N'm
Case 3 51.8 N'm
Case 4 74.3 N'm
Case 5 150.0 N'm
Case 6 300.0 N'm
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Fig. 5 Raw data result of AE signals
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Table 3 Signal statistical & figurative features

No. Features
Time domain
1 Peak
2 Root mean square
3 Kurtosis
4 Crest factor
5 Clearance factor
6 Impulse factor
7 Shape factor
8 Skewness
9 Square mean root
10 Sth normalized moment
11 6th normalized moment
12 Mean
13 Shape factor2
14 Peak to peak
15 Kurtosis factor
16 Standard deviation
17 Smoothness
18 Uniformity
19 Normal negative log-likelihood
Entropy domain
20 Entropy estimation value
21 Entropy estimation error value
22 Histogram upper bound
23 Histogram lower bound
Frequency domain
24 Frequency center
25 Mean square frequency
26 RMS of frequency
27 Variance frequency
28 Root variance frequency
29 Frequency overall
30 Frequency RMS overall
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Fig. 6 Feature selection process based on GA
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Table 4 Precision of raw data SVM test
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Table 5 Result of classification by section

Frequency range Accuracy
0 kHz ~ 60 kHz 60 %
60 kHz ~ 120 kHz 75 %
80 kHz ~ 140 kHz 80 %
120 kHz ~ 180 kHz 70 %
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Fig. 9 Result of band-pass data classification (80 kHz
~ 140 kHz, 6 cases)

Table 6 Precision of SVM test at 80 kHz ~ 140 kHz
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Fig. 10 Result of band-pass data classification (80 kHz

~ 140 kHz, 5 cases)

Table 7 Precision of SVM test at 80 kHz ~ 140 kHz

Case Precision
Case 1 100 % Case Precision
Case 2 100 % Case 1 100 %
Case 3 100 % Case 2 100 %
Case 4 100 % Case 3 100 %
Case 5 20 % Case 4 100 %
Case 6 80 % Case 6 80 %
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