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Fracture Analysis of Toughness Fracture Failure on
Flexspline of Harmonic Reducers During the Service

Mu Xiaobiao', Zhang Yongqi®, Gao Minyan', Yang Guoqiang', Zhang Chaolei’®
(1 Beijing CTKM Harmonic Drive Co., Ltd., Beijing 101318, China;2 School of Materials Science and Engineering,
University of Science and Technology Beijing, Beijing 100083, China)

Abstract: The reasons of the fatigue failure of flexspline are analyzed by observation analysis, observation and hardness
determination of fracture morphology of microstructure. The results show that the micro-structure of the flexspline of the
failed harmonic reducer are tempered troostite, and there is more severe grade 3 banded structure on the flexspline . Al-
though the 4. 42 wm micropores caused by MnS and Al,O, inclusions exist, they are not the main cause of breakage due to
its small size and number . Meanwhile the overall grain size of the sample, especially the grain size at fracture crack, is
coarse, and the grain at the fracture crack is thicker and more uneven. the grain size at the fracture crack is 1. 4 times that
away from the fracture grain. The coarse grain assembly leads to smaller grain boundary area, which not only leads to more
uneven plastic deformation, but also more prone to stress concentration, which causes primary cracks, and is difficult to
hinder crack expansion, resulting in fracture failure of the sample. Therefore, the primary austenite grain is the main cause
for fatigue fracture of flexspline. The grain refinement can be achieved by circulating heat treatment or adding normalizing
pretreatment.
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Table 1 Chemical composition of 40CrNiMoA steel %

C Si Mn Cr P S Mo Ni
0.41 0.24 0.74 0.81 0.011  0.009  0.17 1.46
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Fig. 1 Flow diagram of the heat treatment process
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Fig. 2 Sampling location of the failure flexspline (a) Macro-

scopic morphology; (b) Sampling near the fracture of flex-

spline; (c) Sampling at the barrel wall of flexspline
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Fig. 3 Microstructures of the failure flexspline : (a , b) microstructures of different position under 500 times field of view; (¢) mi-

crostructures under 2000 times field of view; (d)analysis of the inclusions near the fracture
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Fig. 4 Banded structure images at different positions : (a) longitudinal section of the barrel wall, (b) transverse section of the bar-

rel wall, (¢) longitudinal section of the crack at the fracture
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Fig. 5 Observation diagram of the structure near the fracture : (a) microstructure at the fracture of the flexible, (b) morphology of

fracture toughness and dimples by SEM
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Fig. 6 Original austenite grain size at different positions : (a) near the fracture surface, (b) stay away from the fracture, (c)crack

at the fracture
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Table 2 The size and grade of the grains at different posi-

tions
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