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Abstract In this study, we propose a gear fault identification method based on adaptive-noise complementary
ensemble empirical mode decomposition to solve the problem associated with the identification of gear faults.
Initially, we used a fiber Bragg grating to extract the gear vibration signals, and uniformized the spectrum of
vibration signal by adaptively adding Gaussian white noise to eliminate the mode mixing caused by the empirical
modal algorithm. Subsequently, we used the correlation coefficient and the kurtosis value to obtain comprehensive
evaluation indexes for selecting the effective components and extracting the features of the effective components.
Finally, we used a support vector machine to identify the gear faults. The experimental results denote that the

proposed method can be used to effectively identify the states of gears, including normal, mild-wear, severe-wear,

pitting, cracks, broken teeth. Furthermore, the gear state identification accuracy is more than 90% .
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Table 1 Numerical table of three evaluation indicators
Indicator IMF1 IMF2 IMF3 IMF4 IMF5 IMF6 Mean
P 0.0194 0.7055 0.7251 —0.0021 —0.0190 0.0025 0.2386
K 27.0810 1.5490 1.5683 4.1677 2.9263 1.4472 6.4546
T inax 0.5254 1.0929 1.1372 —0.0089 —0.0555 0.0036 0.4491
S output
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FBG2 T# O ]
gearbox 6#[[
of lathe A4 input
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O ]
o ] | 5#
computer " output
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fiber optic .
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B3 o Rl A I & B4t B 5 1 a7 I
Fig. 3 Gearbox fault detection platform Fig. 4 Simplified structure of lathe gear box
*2 hRSHEE
Table 2 Gear parameter table
Gear 1+ 2% RE=2 4 5% 6% (&=
Number of teeth 80 20 80 20 40 25 60
Reference diameter /mm 80 20 80 20 40 25 60
Module 1 1 1 1 1 1 1
Angle of pressure /(%) 20 20 20 20 20 20 20
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Fault type identification result of 3 # gear

Method

Rate of identification /%

Normal Mild wear Severe wear Pitting Crack Broken teeth
EMD-+SVM 73 60 80 87 90 93
EEMD-+SVM 82 77 85 90 91 96
CEEMD-+SVM 89 90 93 92 91 96
ANCEEMD++ BP 85 90 92 89 92 97
ANCEEMD-+SVM 93 92 94 95 97 99
R4 A# WRR RN 45
Table 4 Fault type identification result of 4 # gear
Rate of identification /%
Method
Normal Mild wear Severe wear Pitting Crack Broken teeth
EMD-+SVM 66 70 71 85 87 90
EEMD-+SVM 71 65 80 89 92 94
CEEMD-+SVM 88 87 90 92 92 94
ANCEEMD- BP 90 87 84 87 93 96
ANCEEMD-+SVM 96 93 90 99 95 99
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Fig. 8 IMF components and their frequency domain distribution under normal condition.
(a) IMF component; (b) frequency domain distribution of the corresponding components
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Table 5 Fault type identification result of 6 # gear
Rate of identification /%
Method
Normal Mild wear Severe wear Pitting Crack Broken teeth
EMD+SVM 78 83 85 80 86 91
EEMD-+SVM 81 83 88 84 87 96
CEEMD-+SVM 84 87 91 93 95 94
ANCEEMD-+ BP 84 74 90 89 93 95
ANCEEMD-+SVM 99 95 96 93 97 98
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Fig. 9 IMF components and their frequency domain distribution under broken condition.

(a) IMF component; (b) frequency domain distribution of the corresponding components
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