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Lightweight Design and Fatigue Life Assessment of the
Gear-Box Body Coupling System in High-Speed Heavy-
Load Gearboxes

Ningbo Li
Nanjing High-Speed & Accurate Gear Group Co., Ltd., Nanjing, Jiangsu

Abstract: High-speed, heavy-load gearboxes serve as core transmission components in advanced equipment such
as wind power systems and rail transit systems. Under extreme operating conditions, weight control and fatigue
reliability represent critical design challenges for enhancing equipment performance. This study focuses on the gear-
box coupling system by developing a multi-objective lightweight design model that incorporates both gear structural
parameters and box topology variables. Constraining the model with structural strength and dynamic characteristics,
it achieves synergistic optimization of mass minimization and transmission efficiency maximization. The paper
further analyzes how lightweight design affects load transfer patterns and stress distribution in critical areas of the
coupled system, establishes fatigue life assessment methods for both gears and the gearbox under coupling effects,
and compares the lightweight performance and fatigue life characteristics across different design approaches.
Keywords: high-speed heavy-load gearbox; gear-box coupling; multi-objective lightweight design; fatigue life
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