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Ultrasonic detection signal denoising method for internal defects of metal gear

Yang Mengran'  Yao Zhenjian' Wang Chenchen® Lyu Li'

(1. School of Electrical and Information Engineering, Wuhan Institute of Technology, Wuhan 430205, China;
2. Changcheng Institute of Metrology & Measurement, Aviation Industry Corporation of China, Beijing 100095, China)

Abstract: Aiming at the problem that the internal defect detection signal of gear is easily disturbed by noise and it is difficult to extract
the defect feature information, an ultrasonic detection signal of gear defects denoising method based on dynamic local entropy and
adaptive decomposition is proposed. The empirical mode decomposition is used to decompose the ultrasonic detection signal of gear
defects adaptively, and the pre-processed signal is obtained. The local entropy distribution of preprocessed signal is calculated by
dynamic local entropy theory, the defect echo interval is determined with the local entropy threshold, and the defect echo signal is then
obtained. The defect echo signal is denoised based on the empirical wavelet transform, and the signal smoothness is improved through the
quadratic polynomial least square algorithm. The final denoised result of the ultrasonic detection signal of gear defects is obtained.
Simulations and actual measurement experiments are carried out to verify the denoising performance of the proposed method. The
simulation experiment results show that for simulation signals under different SNR conditions, the mean SNR of the proposed method after
denoising is 21. 34 dB, and the mean square error MSE is 0. 000 2 V. The denoising effect of the proposed method is significantly better
than EMD and Wavelet Transform. The mean SNR and mean square error of the two methods are 10. 43 dB, 12.56 dB and 0. 001 9 V
and 0. 001 4 V respectively. In addition, the proposed method has better denoising effect and stronger robustness under different SNR
conditions. The experimental results show that the proposed method can remove the complex noise interference in the ultrasonic detection
signal of metal gear defects, and effectively improve the quality of the ultrasonic detection signal of metal gear defects.
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Fig. 1 Local entropy calculation diagram

AEUES KA B R AT BEAN R, S T 7 3
JEy TSI VA R T o A ARG T A 5 O M oL R v A R e
Xt SRR AT LR M I — AR AL PR BB FEAE 0~ 1 2 [A],

S0 —min(S,(0)

Sl = (5.(1)) = min(5.(1)) )

RIS (1) PETE RS, FES i RIEES h(t)
h(o) B RAG AR R H (e, b, ) L Bht, AR RS
SR BN R [t ) T [t stad) o WERSTR
PR EE H e AR [t T [t ] TRTRGEE
INFEET H, B, HRARFRICHE t(p) () 15

tH(p) <tp,(p=1,2,-,P) (5)
t(q) > t,(g=1,2,-,0) (6)
H,,. =2.5%h,,, (7)

Ho P Q2R Xl R 20 (5) RN (6) M AL

S 1(p) ,i(q) Hu,, BOBEES R B B e/ IME
XF I IR AL CAE £ 1L s BITDCTE] (2,2, R TIUAE
PG A5 5 SR 5E3 [l gl Y PR B X ST 45 1 ke s A P A )
55 (b st ) VR BRBE 135 X 8] £ K AT LA Rk
ol T T H R 2 1 iU 5 R R B s S 38U
LLEMES R,

SR ARIE BRI [0 358 DX R] 4 A B, XoF G5k o [0 351X [ g
FIAh FEAL B IXIA) (1 st ) 224000 S5 TS R 174 ]

0 BRI I (1, = Tt + ) JEHT
SR (13 DX ] A5 B J 0, n &1 2 B s o AR ke s [
W DX ) %5 V7 e ke g ) 75 R DT 5 w (o) 04T X ) 431
PEIUERFA TS «, (1)

JRIERI

P12 fl i [l 3g DX i) 2 s A

Fig.2 Schematic diagram of defect echo interval determination
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