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Laws of energy distribution in different frequency
bands for hiast vibration sgnals

LING Tong-hua L1 Xi-bing
(School of Resources and Sfety Engineering, Centrd South Universty , Changsha 410083, China)

Abstract :By examining condderable anmounts of blag vibration data, which have diginct characterigics of
sort-duration and abrupt change in sgnal sructure including its pectrum, these characterigics are attributed
to typical non-gationary random sgnal. According to a vas amount of nonitoring data from blast engineering ,
this pgper makesfull use of the characterigics that wavelet packet analyss has high resolvability and locaiza
tion, and invedigates the lavs of energy digribution for blag vibration dgnas in different bands by wavelet
packet analyss technique , some laws are concluded that the energy digtribution of blagt vibration sgnd varies
with blag conditions during the propagation. The results show that energy didribution for different frequency
bands has close rlation to blag conditions, and blag vibration Sgna has wide dominant frequency band that
can be divided into many sub-bands. This method is éfective for gudying the mechanism of blag vibration
damage and blag saigmic dfect in its entirety , ecially , for congituting velocity-frequency criteria.

Key words :mechanicsdf exploson; blag vibration ; wavelet packet analys's; energy digribution ; non-gation-
ary random sgnal
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Table 1 The range of frequency bands of recongructed sgna by
wavelet packet codficient fl Hz
Sio Si1 Si2 Sij-1 S|
1 0 625.000 625.000 1 250.000
2 0 312,500 312,500 625.000 625.000 937.500 937.500 1 250.000
3 0 156.250 156.250 312.500 312.500 468.750 1093.750 1 250.000
4 0 78.125 78.125 156.25  156.250 234.375 1093.750 1171.875 1171.875 1 250.000
5 0 39.063 39.063 78.125  78.125 117.188 1171.875 1210.937 1210.937 1 250.000
6 0 19.531 19.531 39.063 39.063 58.594 1210.937 1230.469 1230.469 1 250.000
7 0 9.766 9.766 19.531 19.531 29.297 1230.469 1240.234 1240.234 1 250.000
8 0 4.883 4.883 9.766 9.766 14.649 1240.234 1245.117 1245.117 1 250.000
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Table 2 The blagt condition of measuring ' 3
points 3.3
a 3 A4 0 200 Hz
/m / kg L kg
1 23.6 84 484 2456,7,9 91.93%,98.94 %,
2 57.5 84 484 24567,9
3 23 6 170 1200 2456789 97.16% 99. 14 %( 200 Hz
4 57.5 170 1200 2456789 ),
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Fig. 1 The velocity vstime curves of blag vibration & 4 measuring points
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Fig. 2 Gonnon waveet functions of blag Vitration anayzing
2X10?2 (a)
1X1072} h
0 SPPUY SN EN S 1 1
4%107? S| (N ()
2X107°%¢ l
, Lo N
oF oLl AL . . .
3X%102 ©
2X1072f
1X1072F
0 1 1 1 1
2X%107? @)
1X1073F M !
0 300 00 600 1000 1200
JSMHz
@— Lb®— 20— 35—
3
Fig. 3 The energy digribution of frequency bands for the blagt
vibration dgnals a measuring points
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Table 3 The percentage of energy for blag vibration sgnds at different frequency bands n/ %
I Hz 1 2 3 4 | Hz 1 2 3 4
0 4.883 0.030 0.161 0.026 0.151 102.540 107.420 1.250 0.021 0.291 0.285
4.883 9.766 0.080 0.009 0.027 0.012 107.420 112.300 0.270 0.152 0.062 0.029
9.766 14.648 0.330 0.163 1.940 0.347 112.300 117.190 0.550 0.410 0.542 0.219
14.648 19.530 0.440 0.013 0.385 0.175 117.190 122.070 1.650 3.261 1.718 6.065
19.530 24.414 3.870 9.342 7.445 3.272 122.070 126.950 2.030 4.972 0.768 4.720
24.414 29.297 10. 200 8.183 13.380 13.420 126.950 131.840 0.150 2.555 3.315 0.746
29.297 34.180 5.100 0.304 3.898 1.722 131.840 136.720 1.500 2.221 0.873 2.038
34.180 39.063 10. 000 1.592 3.989 10. 800 136.720 141.600 0.110 1.650 0.479 0.594
39.063 43.945 0.600 1.560 1.163 6.104 141.600 146.480 1.510 0.648 0.693 0.723
43.945 48.828 2.360 1.554 1.695 2.000 146.480 151.370 1.710 0.522 2.879 3.341
48.828 53.711 3.680 0.546 8.476 4.691 151.370 156.250 1.070 1.495 0.413 0.736
53.711 58.5%4 7.240 2.810 3.943 3.970 156.250 161.130 0.010 0.003 0.020 0.002
58.594 63.477 2.680 11.420 8.692 7.403 161.130 166.020 0.010 0.003 0.021 0.002
63.477 68.359 22,200 34.660 13.730 17.810 166.020 170.900 0.020 0.003 0.018 0.001
68.359 73.242 1.990 1.891 7.488 2.570 170.900 175.780 0.240 0.003 0.014 0.002
73.242 78.125 4.230 6.063 7.326 4.678 175.780 180. 660 0.020 0.004 0.053 0.007
78.125 83.008 0.460 0.176 0.391 0.027 180.660 185.550 0.090 0.009 0.035 0.002
83.008 87.891 0.330 0.241 0.186 0.044 185.550 190.430 0.270 0.003 0.020 0.002
87.891 92.773 0.150 0.089 0.245 0.026 190.430 195.310 0.030 0.004 0.038 0.002
92.773 97.657 0.660 0.064 0.188 0.014 195.310 200.200 0.390 0.027 0.044 0.006
97.657 102.540 2.440 0.157 0.293 0.384 200.200 1 250.000 8.070 1.058 2.842 0.864
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