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Linear Positioning Method of Acoustic Emission Source of Wood Fracture Based on

Wavelet Spectral Whitening and Adaptive Wavelet Reconstruction

LI Xiao-song, DENG Ting-ting, WANG Ming-hua.,LI Ming"

(College of Mechanical and Manufacturing Engineering . Southwest Forestry University s Kunming 650224 ,Yunnan ,China )

Abstract: Aiming at the issue of localization of acoustic fracture (AE) signal source of wood,a linear posi-
tioning algorithm of AE source based on wavelet whitening and signal correlation analysis was proposed.
First,in order to obtain the AE signal, the study used a universal testing machine to perform the three-
point bending load test,collecting the AE signal generated when the test piece breaks at three positions at a
fixed distance from the surface of the test piece and set the sampling rate to 500 kHz. Then,in order to rea-
sonably compensate the high-frequency part of the loss of the AE signal during the propagation process and
improve the signal resolution,a wavelet spectrum whitening algorithm was proposed. In order to reduce the
influence of noise signals,an adaptive wavelet reconstruction algorithm was proposed. Finally, through the
signal correlation analysis method,the propagation time difference of the signal reaching each sensor was
calculated,and the AE source positioning was carried out by using the time difference linear positioning al-
gorithm. The experimental results showed that during the process of wood fracture,the AE signal propaga-

ted through the wood surface and the interior of the wood. Due to the different propagation media,different
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propagation speeds were resulted When using three kinds of AE signals of original, wavelet spectrum whit-

ening reconstruction and adaptive wavelet reconstruction to locate the AE source,the positioning results of

the AE source on the wood surface were 11.3%,2. 6% ,and 3. 7% ,and the positioning results of the AE

source inside the wood were 10. 7% ,2. 9% ,4. 5%, respectively. The reconstruction algorithm of the AE

signal directly affects the accuracy of the AE source positioning algorithm based on the time difference. In

particular,the use of the wavelet spectrum whitening method can significantly improve the resolution of

the AE signal and the accuracy of the calculated time difference,thereby improving the AE source positio-

ning accuracy.

Key words: acoustic emission; Pinus sylvestris var. mongolica ; wavelet spectrum whitening method; adap-

tive wavelet reconstruction method; signal correlation analysis method
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Fig. 1 Schematic diagram of the position of the three-point bending load test sensor
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Fig.2 Time domain diagram of AE signal in the period from 40 s to 60 s
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Fig. 3 Amplitude and frequency diagram of AE signal propagating on the surface of wood
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Fig. 4 Amplitude and frequency diagram of AE signal propagating inside wood
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Table 1 AE signal propagation speed on or inside the wood

(m-s

» ; ; ;
5 vy vy vy v vy vy

1 949.3 1134.6 1229.5 4571.4 4687.5 5357.1
2 1171.9 1171.9 1171.9 5000.0 4411.8 4411.8
3 1111.1 1119.4 1329.5 5555.5 4411.8 4166.7
4 967.7 1153.8 1239.7 4285.7 4687.5 4687.5
5 1153.8 1127.8 1153.8 4838.7 4687.5 5357.1
6 1

7 >

8

9

1111. 1171.9 1250.0 5357.1 4687.5 4687.5
846.5 1145.0 1381.0 4411.8 4687.5 5000.0
1111.1 1162.8 1250.0 5357.1 4687.5 5000.0
1063.8 1171.9 1274.3 5000.0 4 838.7 5 000.0

10 1453.8 1153.8 1470.6 4166.7 4838.7 4687.5

F2 AEESEAMGESES S, HEENE
Table 2 The propagation time difference of the AE signal

reaching the sensors S; and S,

Fe At Aty Nty VAN AN AV
1 392 334 312 100 82 82
2 348 338 286 74 82 94
3 208 338 308 100 86 74
4 428 360 328 90 84 90
5 422 348 306 80 84 80
6 324 368 332 80 84 92
7 398 368 336 76 84 94
8 402 342 324 76 82 92
9 316 350 312 94 84 84
10 358 342 306 74 84 92
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Table 3 AE source location results on wood surface

* * *
v v o X

0y Rl

== - - - oy T O
Jmes D) Jmes ) /(mes D /mm /% /mm /% /mm /%

1 1020.4 1197.6 1282.1 —214.4 7.2 —192.3 3.8 —198.9 0.5
2 1149.4 1183.4 1398.6 —190. 4 4.8 —194. 6 2.7 —182.3 8.8
3 1 388.9 1183.4 1298.7 —157.5 21.2 —194. 6 2.7 —196. 4 1.8
4 934.5 1111.1 1219.5 —234.1 17.0 —207.2 3.6 —209.1 4.5
5 947.8 1149.4 1307.2 —230.8 15.4 —200. 3 0.1 —195.1 2.4
6 1234.6 1087.0 1204.8 —177.2 11.3 —211.8 5.9 —211.7 5.8
7 1 005.0 1087.0 1190.5 —217.7 8.8 —211.8 5.9 —214.2 7.1
8 995.0 1169.6 1234.6 —219.9 9.9 —196.9 1.5 —206. 6 3.2
9 1 265.8 1142.9 1282.1 —172.9 15.3 —201.5 0.1 —198.9 0.5
10 1117.3 1169.6 1307.2 —195.8 2.0 —196.9 0.2 —195.1 2.4

R4 AMAMAEREMER
Table 4 AE source location results in wood

s 2=) o'’ o'’ oy zy’ o xy' on’ xy' oy’
Jmes ) /(mes ) /(mes D /mm /% /mm /% /mm /%

1 4 000. 0 4 878.0 4 878.0 —242.7 21.3 —191.2 4.4 —198. 2 0.9
2 5 405.4 4 878.0 4 255.3 —179.6 10.1 —191.2 4.4 —227.2 13.5
3 4 000.0 4 651.2 5405.4 —242.7 21.3 —208.7 4.3 —178.8 10. 5
4 4 444, 4 4761.9 4 444, 4 —218.4 9.2 —195.8 2.0 —217.5 8.7
5 5 000.0 4761.9 5 000. 0 —194.2 2.9 —195.8 2.0 —193.3 3.3
6 5 000.0 4761.9 4 347.8 —194. 2 2.9 —195.8 2.0 —222.3 11.1
7 5263.2 4761.9 4 255.3 —184.5 7.7 —195.8 2.0 —227.2 13.5
8 5263.2 4 878.0 4 347.8 —184.5 7.7 —191.2 4.4 —222.3 11.1
9 4 255.3 4761.9 4761.9 —228.2 14.0 —195.8 2.0 —203.0 1.5
10 5405.4 4761.9 4 347.8 —179.6 10.1 —195.8 2.0 —222.3 11.1
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