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Fig. 1 Four-pole representation of an acoustic system'”
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Review of reciprocity measurement theory and applications
for ship mechanical-acoustic systems

PENG Tao"*, XU Rongwu'"*, ZHANG Jiarui", YAO Zhenyu"

1 Institute of Noise and Vibration, Naval University of Engineering, Wuhan 430033, China
2 National Key Laboratory on Ship Vibration and Noise, Wuhan 430033, China

Abstract: With the increasing demands for ship stealth performance and onboard comfort, the precise quantifi-
cation of vibro-acoustic characteristics in complex ship systems is critical for optimizing structural acoustic de-
sign and reducing radiated noise. Traditional vibro-acoustic measurement methods are constrained by spatial
limitations and coupling interference in ships, while indirect testing technology based on the reciprocity princi-
ple offers a novel approach to address these challenges. This paper systematically reviews the theoretical
progress and engineering practices of reciprocity testing for ship mechanical-acoustic systems: First, it intro-
duces the historical development of reciprocity testing theory and the current status of engineering applica-
tions. Next, it analyzes and summarizes the key technical challenges hindering the industrial application of
reciprocity testing, focusing on error-influencing factors and low-frequency high-power acoustic sources.
Then, the "relative accuracy" reciprocity testing concept is illustrated through a case study of ship radiated
noise directivity testing. Finally, the paper provides an outlook on critical issues requiring urgent resolution in
the engineering application of reciprocity testing for ship mechanical-acoustic systems.

Key words: mechanical-acoustic systems; reciprocity principle; vibro-acoustic characteristics; transfer
function; radiated noise; acoustic measuring
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