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Abstract: In order to study the propagation characteristics and energy attenuation modes of different
acoustic emission (AE) modes, a method for extracting surface shear waves and internal longitudinal
waves of wood AE signals was proposed based on the wave theory. The AE signal energy attenuation

model was established. First, according to the ASTM-E976-2015, the AE source was generated on the
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surface of the sawn timber of Pinus sylvestris var. mongolica Litv. by breaking the lead core, and the AE
raw signals of the surface transverse wave and the internal longitudinal wave were collected at different
positions with the sampling frequency of 500 kHz. Then, the wavelet analysis method was used to
reconstruct the AE wave-form from the original signal; the propagation characteristics of the surface
shear wave and the internal longitudinal wave of the wood AE signal were investigated. Finally, an
exponential function fitting method was used to construct the energy attenuation model of surface shear
waves and internal longitudinal waves. The results showed that the AE energy of both the surface
transverse wave and the internal longitudinal wave exhibited a significant exponential decay law when
propagating in the wood; there were big differences in frequency distribution and propagation rate. In the
initial stage of propagation, the surface transverse wave was mainly distributed in the two middle and
high frequency bands centered at 80.0 kHz and 113.3 kHz. As it propagated on the surface of the wood,
the high-frequency signal quickly attenuated to the low-frequency signal. The internal longitudinal wave
was always in a relatively low frequency band, and its average propagation velocity was about 4.6 times
that of the surface transverse wave.

Key words: acoustic emission; Pinus sylvestris var. mongolica Litv. sawn timber; surface transverse

wave; internal longitudinal wave; wavelet analysis; energy attenuation model
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Fig.1 Schematic diagram of surface shear wave and
internal longitudinal wave extraction test
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Fig.2 Schematic diagram of surface shear wave energy

attenuation test
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Fig.3 Schematic diagram of internal longitudinal wave
energy attenuation test
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Fig.4 AE signal reconstructed by surface transverse wave and internal longitudinal wave
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Tab.1 AE signal propagation rate

IG5 At /ps v/m's”! At/ps V,ms™!
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4 340.0 1176.5 94.0 5319.1
5 364.0 1098.9 96.0 5208.3
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Tab.2 Average energy of surface shear waves and internal longitudinal waves at different sound source distances

e B B KM AR/ (VEs) P e B/ (V2+s)
d/mm S1 S2 S3 S4 S1 S2 S3 S4
30 1125.62 285.93 87.62 33.51 1080.28 321.89 109.37 29.92
40 981.94 257.28 54.74 32.07 1011.77 278.15 100.17 27.43
50 833.96 221.96 48.18 31.20 928.56 218.16 93.60 26.55
60 734.87 193.92 47.35 30.67 891.15 212.61 84.36 26.10
70 594.42 169.88 43.97 28.92 853.16 200.75 80.61 25.69
80 516.92 145.34 41.49 25.79 818.83 189.86 74.94 24.59
90 430.26 125.32 38.17 24.70 700.97 204.20 71.15 22.92
100 356.17 114.97 36.71 28.36 578.58 154.57 69.08 21.21
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