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Abstract

Engine noise is a critical factor affecting the NVH performance and user experience of vehicles. With the development of lightweight
and complex powertrain systems, noise issues have become multi-source and high-frequency. This paper analyzes the formation
types, propagation paths, and structural coupling patterns of engine noise based on acoustic mechanisms, proposing an integrated
diagnostic method that combines signal identification with structural optimization. By employing vibration signal analysis, short-
time Fourier transform (STFT), and wavelet packet decomposition for sound source localization, combined with finite element
simulations and experimental validation for modal optimization and material improvement, the results demonstrate that this method
can accurately identify typical noise sources such as piston pin knock and valve train impact, reducing noise by approximately 28%
and improving fatigue life by 16%. This provides an effective technical pathway for engine NVH performance optimization.
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