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Coupling Effect Analysis and Test Spectrum Compilation of Environmental and Mechanical Reliability Testing for
Mechanical Products
Yaopiao Zhang
Gathering Technology (Huizhou) Co., Ltd.

Abstract: Mechanical products serving in complex working conditions are continuously subjected to the coupled effects
of environmental and mechanical loads. Single environmental test or independent mechanical reliability test cannot fully
reproduce the actual failure mechanisms, resulting in obvious deviations between test data and engineering practice. Aiming
at the common industrial problems of traditional reliability tests, including single test condition, insufficient coupling failure
characterization and poor universality of test spectra, this paper systematically analyzes the coupling mechanism between
environmental factors (temperature, humidity, corrosion) and mechanical loads (vibration, impact, fatigue). The superposition,
synergistic and antagonistic rules of product performance degradation under multi-field coupling are clarified. Based on
measured engineering load data and coupled failure characteristics, a multi-condition compilation method of mechanical
reliability test spectrum is proposed. The standardized procedures include data preprocessing, coupled load decoupling,
spectrum fitting, amplitude grading and time series reconstruction. Experimental verification shows that the compiled coupled
test spectrum can accurately reproduce the actual service failure modes of mechanical products. Compared with the traditional
single test spectrum, the proposed method improves the test accuracy by more than 28%, which effectively supports precise
reliability evaluation, structural optimization and life prediction of mechanical products. The research findings can provide
technical support for standardized reliability testing and realistic working condition simulation of high-end equipment.

Keywords: mechanical products; environmental testing; reliability testing; coupling effect; load characteristics; test spectrum
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