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Structural Health Monitoring Using Wavelet Packet Transform
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ABSTRACT

In this research, the structural health monitoring method using wavelet packet analysis and artificial neural network (ANN)
is developed. Wavelet packet Transform (WPT) is applied to the response acceleration of a 3 element-cantilever beam
which is subjected to impulse load and Gaussian random load to decompose the response signal, then the energy of each
component is calculated. The first ten largest components in magnitude among the decomposed components are selected as
input to an ANN to identify the damage location and severity. This method successfully predicted the amount of damage
in the structure when the structure is subjected to impulse load. However, when the beam is subjected to Gaussian random
load which can be considered as ambient vibration it did not vyield satisfactory results. This method is applicable to
structures such as machinery gears that are subjected to repetitive loads.
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Table 1 Result of test cases (Impact load)

di d3
-0.255 11.387(12) 0437
1.382 3.108(2) 0.482
-0.569 24.468(24) 0.159
-0.238 -0.394 25.638(27)
-0.488 31.054(32) -0.294
19.319(16) -1.032 0.193
0539 6.151(6) 0.429
26.579(17) -0.455 0.026
-0.177 34.658(36) -0.645
4.076(4) 1186 -0522
40.788(32) 6.734 1.456
7.346(8) -0.59 -0.623
-0.326 -0.241 16.531(17)
0429 6.716(8) 0.68
26.874(18) -0.426 0011
20.339(22) -0.973 0.113
0.018 -0.201 28.055(28)
0.408 6.335(7) 0538
0.212 36.645(37) -0.8%6
39.903(29) 4.807 1792
-0.258 -0.426 24.797(26)
6.161(6) 0.028 -0.63
-0418 25.416(27) 0327
-0.445 14.359(16) 0615
-0.683 20.739(21) 0.295
-0.032 8924(9) 0529
-0.277 -0414 21.784(22)
-0.701 10.667 2.183(8)
-0.249 -0.259 16.248(16)
-0435 28.127(28) -0.002

Table 2 Correlation coefficient of each test case (Impact

load)
| Run # | Element 1 | Element 2 |Element 3

1 0.9196 0.9810 0.9584
2 0.9258 0.9781 0.9182
3 0.9903 0.8978 09792
4 0.9626 0.95% 09755
5 0.9123 0.89%61 0.9180
6 0.9773 0.9817 0.9786
7 0.9610 0.9935 0.9587
8 0.9072 0.9149 0.9484
9 0.9910 0.9819 0.9962
10 0.9904 0.9792 0.9627

Mean 0.9537 0.9564 0.9534
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Table 3 Result of test cases (Random load)

di a2 d3
22.820 -2.22112) 0.179
9413117 -2.214 1.002
-0.999 3.129(11) 2.280
0828 31.906 0.321(7)
-1.358 0.111 3.042(8)
20.757(34) -2.221 0311
-1.163 1.490 2.835(28)
8.320 ~0.854(14) 0.073
39.348 0.639 -1.655(17)
-1.306(9) 0493 2.960
2.843(12) 16.311 0.192
14.558(14) -2.219 0.649
-0524 3.157(6) 1.812
-1.265 0.839 2.886(18)
8821 5682(37) -0.302
34.646(1) -2.097 -1.130
-1.359 0.150(2) 2924
-1.497 3643 40.137(23)
2.708 39.284 -0.328(1)
-1529 -2.038 42.150(22)
-1.508 2.065 40.959(12)
-0.276 14.432(7) 1.203
-0.356 14.078(24) 1.266
-1.339 6.426 -0.847(16)
-0.887 4516(38) 2.060
-0.148 13.750(28) 1.146
20.813(36) -2.221 -0.370
-1.047 1.508 12017
-1.363 0415 2.374
-1.124 2.071 2513

(Random load)

Table 4 Correlation coefficient of each test case

Run # | Element 1 | Element 2 |Element 3
1 0.4540 0.1398 0.3920
2 0.4982 0.0802 0.6090
3 0.1726 0.1991 0.4292
4 0.5297 0.0737 0.6529
5 0.1783 0.1709 0.6317
6 0.2627 0.0316 0.5004
7 0.3655 0.1418 0.6768
8 0.3262 0.1215 0.6290
9 05154 0.0982 0.6095
10 0.5572 0.1509 0.6188

Mean 0.3860 0.1208 0.5749
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