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Application of envelope spectrum characteristics based on
LMD to roller bearing fault diagnosis
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Abstract: Most roller bearing fault vibration signals are always multi-component ampli-
tude-modulated and frequency-modulated (AM-FM) signals, however, the selection of cen-
tral frequency of band-pass filter needs to be determined with experience in conventional en-
velope analysis method, which would bring demodulation error. To target this problem, a
roller bearing fault diagnosis approach based on LMD (local mean decomposition) and enve-
lope spectrum characteristics was proposed. Firstly, by using LMD method, the vibration
signal of roller bearing can be decomposed into a set of product functions (PF) whose instan-
taneous frequencies owned physical sense and each of which was a product of an envelope sig-
nal and a purely frequency modulated signal. Secondly, spectrum analysis can be used di-
rectly to envelope signal and then the envelope spectrum can be obtained. Finally, the am-
plitudes ratios in different characteristic frequencies of envelope spectrum were defined as the
envelope spectrum characteristics, which served as input parameters of support sector ma-

chine classifier to classify working condition and fault patterns of roller bearings. The
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analysis results demonstrate the effectiveness of the proposed method.

Key words: local mean decomposition; modulation feature; roller bearing;

envelope spectrum characteristics; fault diagnosis
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Fig. 1 Acceleration vibration signal of a roller

bearing with outer-race fault
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Fig. 2 Decomposed results of a roller bearing
vibration signal with outer-race fault
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Table 1 Identified results of the roller bearing signals based on LMD envelope
spectrum characteristics and SVM (support vector machines)
SVM1 SVM2
71 72 Vs H H
1.9621 L6341 0.8485 1.2034 (+1D
1.4828 . 5826 1.3610 1.1684 (+D
2.5863 . 8463 0.8811 0.9633 (+D
1.4423 L1613 0.5407 1.0373 (+1D
0.6147 . 0986 1.0996 0.5549 (+D
9.7422 L9132 14. 4324 —0.8924 (—D 0.7052 (+1D
3.3452 . 2526 2.1049 —1.3647 (—1D 0. 8648 (+D
15.3733 L2872 4. 7777 —0.9133 (—D 0.7626 (+1D
3.1884 . 0388 2.1717 —0.9004 (—D 0.7111 (+1D
15.4054 . 3229 7.7791 —0.9409 (—D 0.8381 (+1D
0.3911 5658 0.5503 —1.0780 (—1D —1.0232 (—1D
0.3829 L5187 0.1759 —1.5863 (—1D —1.0074 (—1D
0.4946 L4243 0.4477 —1.2039 (—1D —1.0180 (—D
0.2348 L4732 0.3459 —1.7132 (—D —1.0231 (—D
0.2768 L4990 0.3650 —1.5876 (—D —1.0270 (—D
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