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Fig.1 Structure of a harmonic drive
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Fig.2 Operational principle of a harmonic drive
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Fig. 3 Energy loss of a harmonic drive
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Test data from transmission efficiency testing under different loads
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Fig.5 Comparison between transmission efficiency computation results (mean and its 80% confidence interval, surface) and

testing data (black dots) under different loads
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Fig. 6 Transmission efficiency margin and its 80% confidence interval under different loads
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Fig. 7 Belief reliability of transmission efficiency under different loads
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Belief reliability modeling and analysis for transmission efficiency of

harmonic gear

CHEN Wen-bin"?, LIXia()—yangl'z, TONG Bang-an'?, L1 Yun’, KANG Rui"*
(1.School of Reliability and Systems Engineering, Beihang University, Beijing 100191, China;
2.Science and Technology on Reliability and Environmental Engineering Laboratory, Beijing 100191, China;
3.Beijing Spacecrafts, China Academy of Space Technology, Beijing 100094, China)

Abstract: Based on the principles of reliability science and the belief reliability theory, the belief reliability modeling and analysis
for the transmission efficiency of the harmonic drive are proposed. Considering the power loss during the transmission of harmonic
gears, the theoretical model for the transmission efficiency of harmonic gears is constructed, where the multiple external factors
that affect the transmission efficiency, including lubrication methods, load torque, rotating, and environmental temperature are
considered by introducing an agent model. The transmission efficiency margin model is constructed by calculating the distance be-
tween the transmission efficiency and its threshold. The uncertainty analysis and quantification are conducted and the belief reliabili-
ty model for the transmission efficiency of the harmonic drive is constructed, where the probability measure is employed to describe
aleatory uncertainties. The unknown parameters in the transmission efficiency model are estimated through maximum likelihood es-
timation method using transmission efficiency testing data to achieve the combination of the theoretical model and testing data. A
case study of XB40-100 harmonic reducer is used to illustrate the practicability and efficiency of the proposed method. The results
show that the proposed method can combine the testing data with the theoretical model effectively and calculate the transmission ef-
ficiency of the harmonic reducer accurately under the given lubrication method, load, rotating speed, and temperature conditions.
The belief reliability analysis results reveal that it is conducive to improve the transmission efficiency margin and its belief reliability

by increasing the load torque, reducing the rotating speed, or increasing the environmental temperature appropriately.
Key words: harmonic gear; belief reliability ; transmission efficiency; performance margin; uncertainty
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