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Monitoring and identification of microscopic damage during fir loading based on
empirical modal decomposition and wavelet packet energy entropy

Zhao Dong MaRongyu Yu Lichuan Zhao Jian Liu Jiahui
(School of Technology, Beijing Forestry University, Beijing 100083, China)

Abstract: [Objective] Microscopic damage is a primary contributor to wood fracture. The intricate porous
laminar structure of wood makes the damage process complex, posing challenges in fully comprehending the
microscopic damage information within the acoustic emission signal of wood fracture through a single signal
processing method. This limitation results in inadequate and incomplete identification information. This
study introduced a signal processing approach that combined empirical modal decomposition (EMD) and
wavelet packet energy entropy to discern the various types of microscopic damage occurring during the
loading process of fir (Cunninghamia lanceolata) using acoustic emission nondestructive testing.
[Method] Three individual damage tests, namely uniaxial compression, double cantilever beam, and

parallel tensile were conducted on fir as the study object. Acoustic emission signals were acquired,
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monitored, and analyzed throughout the loading processes. The wavelet packet thresholding method was
employed to eliminate noise from the acoustic emission signals recorded during the damage tests.
Furthermore, the EMD method, coupled with correlation coefficient calculations, was utilized to isolate the
intrinsic mode function (IMF) components, which can fully reflect the characteristics of microscopic damage
in fir. Subsequently, Fourier-transform-based peak frequency analysis and wavelet-packet energy entropy
analysis were executed on the IMF components to extract the features associated with the microscopic
damage in fir. [Result] (1) The combination of EMD and wavelet packet energy entropy effectively
determined the type and composition of signals corresponding to microscopic damage. (2) Acoustic emission
signals of different microscopic damage types corresponded to distinct wavelet energy entropy intervals:
buckling and collapse of cell wall (0.69—0.99), delamination (1.57—1.78), and fiber bundle breakage
(1.92—2.27). (3) The accuracy of the method was verified by macroscopic fracture and scanning electron
microscopy experiments. [Conclusion] The combination of EMD and wavelet packet energy entropy can
avoid the influence of modal stacking in acoustic emission signals, and resolve the hard problem of
recognizing complex microscopic damages in wood. This approach offers theoretical basis for the early
diagnosis of fir wood fractures.

Key words: wood microscopic damage identification; acoustic emission; wavelet packet transform; energy
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Tab. 1 Correlation coefficients between the IMF components of the single damage test and the original signal
?i%fjp% IMF1 IMF2 IMF3 IMF4 IMF5 IMF6 IMF7 Resi dﬁﬁ?:n%onent
AR 4E Uniaxial compression 0.2270 0.888 5 0.133 8 0.0170 0.008 0 0.003 9 0.002 8 0.004 5
X Double cantilever beam 0.9459 0.3756 0.034 8 —-0.001 5 0.000 5 0.000 2 0.000 2 —0.001 1
RS Parallel tensile 0.8394 0.496 8 0.200 6 0.092 3 —0.001 8 —0.003 0 0.000 8 —0.003 2

F2 BHRHAR IMF2EMNRESZENEXRYRE/NEEEE

Tab. 2 Correlation coefficients between the IMF components of the single damage test and the original signal,

and their wavelet packet energy entropy

AEfES IMF 1A% 23 IMF 1 BE B4 IMF2AH 2R R 5 IMF2fE B4
AE signal Correlation coefficient of IMF1 Energy entropy of IMF1 Correlation coefficient of IMF2 Energy entropy of IMF2
UCl1 0.363 2 1.869 2 0.923 2 0.699 8
uc2 0.2270 2.656 9 0.888 5 0.732 4
ucs3 0.567 3 1.9258 0.8617 0.796 2
uc4 0.338 2 2.1592 0.853 7 0.8357
ucs 0.480 8 22873 0.733 2 0.984 3
DCBI1 0.9459 1.576 9 03756 0.987 3
DCB2 09121 1.770 1 0.394 8 1.059 5
DCB3 0.9258 1.693 8 03551 1.0326
DCB4 0.9299 1.749 8 0.3299 1.0342
DCBS5 0.924 5 1.705 2 03376 1.004 7
PT1 0.8394 2.046 3 0.496 8 1.6399
PT2 0.901 3 1.929 2 03192 1.4839
PT3 0.880 5 2.169 7 0.416 1 1.4556
PT4 0.863 8 2203 4 0.424 7 1.590 3
PT5 0.859 5 22647 0.418 6 1.4179

7: UCT ~ UCS 43 AR i R 4538 1 ~ 55 DCB1 ~ DCB5 43 ARG SRR 258 1 ~ 55 PT1 ~ PTSr HIARRSHIMBHAMIRLR 1 ~ 5. Notes:
UCI1-UCS represent the uniaxial compression test 1—5. DCB1-DCBS represent the double cantilever beam test 1-5. PT1-PTS5 represent the parallel

tensile test 1-5.

R3 AEHEIG G FEBX M HIEE TR

Tab. 3 Peak frequencies corresponding to different types of microscopic damage

TiH LB Je 5 453 75 (DEE V] JZ T LFYET R
Item Buckling and collapse of cell wall Microcrack damage Delamination Fiber breakage
UL 35i% Peak frequency/kHz 20 ~ 80 90 ~ 140 150 ~210 250 ~ 350

VE: 1L 5] B 3% CHk[14]. Note: the table is cited from reference [14].

it o AN ik B e 506 8 B2, IMIF2 e B A5 A2
0.69 ~ 0.99 2 [A], H1 [l 4 AT &1 IMF2 X} U B AR
N 47 kHz, %V AE A0 A T B RE i it 5 35 35 4 47 1
FRAE AT YU (35 3), KB IMF2 6% RAE S I 40
PRGN B R AR 11 B B i i 5 B B 4, AR AE o B
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