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Abstract

Bearings are essential mechanical components widely used in various mechanical systems, and extensive research
has been conducted on vibration-based condition monitoring and health assessment. Envelope Analysis (EA) is one of
the most widely used techniques; however, the low-speed bearings limits the stable extraction of health indicators
using conventional EA. This study proposes Mechanism-guided Envelope Analysis (M-EA), a health indicator
extraction method tailored to low-speed bearings based on the vibration mechanism induced by bearing faults. The
proposed method performs envelope demodulation after determining the band-pass range using the fault characteristic
frequency. Comparisons with conventional EA using simulation data representing low-speed bearing vibration showed
that M-EA extracted the fault characteristic frequency component more clearly and reliably produced a health
indicator that increased monotonically with fault progression.
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