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Research on Ultra—high Rotary Bending Fatigue Strength of
Flexible Bearing Steels for Robot Harmonic Speed Reducer

Liu Ye, Gui Yulin, Yin Qing, Wu Xiaolin, Miao Xinde
(R&D Institute, Jiangyin Xingcheng Special Steel Works Co., Ltd., Jiangyin 214429, China)

Abstract: The flexible bearing steel with long fatigue life using for robot harmonic speed reducer has been successfully de-
veloped by applying EAF process technology. The ratio of scrap to hot metal was controlled more than 80%. This paper
compared the metallurgical quality of flexible bearings and traditional rolling bearings in terms of non-metallic inclusions,
austenite grain size and carbide banding structure, the fatigue strength of steel used for flexible bearing and traditional roll-
ing bearing under 107 cycles was tested by the method of rotary bending fatigue test. The O content of steel used for flexible
bearings of robot harmonic reducer was less than 0. 000 4%, the Ti content was much less than 0. 001%, non-metal inclu-
sions of class A sulfide<]. 0 grade, non-metal inclusions of class B and D oxide <0.5 grade. The size of the maximum
spherical inclusion was less than 30 wm. The test results show that the flexible bearings have ultra-high purity. By increas-
ing Al and N chemical composition in the smelting process, the austenite grain size was 10 grade in the flexible bearing
steel, much higher than 8.5 grade in the traditional rolling bearing steel. The proportion of carbide banding structure of
7.1 and 7. 2 grade was higher than that of traditional bearing steel in the means of extending the high temperature diffusion
time. The ultra-high austenite grain size and the decrease of the width of carbide banding structure showed that the flexible
bearing steel had an ultra-high structure uniformity. In addition, the rotary bending fatigue strength of the flexible bearing
steels was 1 016 MPa, its fatigue life was slightly higher than that of the traditional rolling bearing steels.

Key Words: Harmonic Speed Reducer; Flexible Bearing Steel; Grain Size; Non-metallic Inclusions; Rotary Bending Fa-
tigue; Ultra-high Cycle Fatigue
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Fig. 1 Composition of the harmonic speed reducer
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Table 1 Chemical composition of 1* flexible and 2* traditional rolling bearing steels %
uE g EETE C Mn S p Cr Al N Ti 0
1* TR EAF-LF-VD-CCM-%L#l  0.97 0.35 0.0005 0.012 1.51 0.021 0.0058 0.0005 0.00035
2* fg i E MR BOF+LF+RH-CCM-4L  0.99 0.34 0.0003 0.013 1.46 0.016 0.0022 0.0010 0.00046
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Table 2 Rating of non—metallic inclusions in 17 flexible

and 2* traditional rolling bearing steels / rating

A B C D

"N Y% mz Wz @z Mz AR ME AR
0 0.5 0 0.5 0 0 0.5 0.5 0.5
0 0.5 0 0.5 0 0 0.5
B 0 1.0 0 0 0 0.5
! 0 0.5 0 0 0 0.5 0.5 0.5
0 1.0 0 0 0 0.5 0.5 0
0 0.5 0 0.5 0 0 0.5 0.5 0.5
0 1.0 0 0 0 0 0.5 0.5 0
0 1.0 0 0.5 0 0 0.5 0.5 0.5
o 0 0.5 0 0.5 0 0 0.5 0.5 0.5
0 0.5 0 0.5 0 0 0.5 0.5 0.5
0 1.0 0 0 0 0 0.5 0.5
0 0.5 0 0.5 0 0 0.5 0.5
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Fig. 2 The size of maximum spherical inclusions in bearing steel is predicted by EVA method: (a) 17 flexible bearing ,
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Fig. 5 Typical carbide banding microstructure in the bearing steels: (a) 7.2 grade , (b) 7. 4 grade
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structure in the 1% flexible and 2* traditional rolling bearing

steels.
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Fig. 7 Metallurgical microstructure of bearing steel: (a, b) 1* flexible bearing ; (¢, d) 2 traditional rolling bearing
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Inclusion analysis at the fatigue fracture of bearing steel: (a ,

b) blocky MnS inclusion in 1* flexible bearings ; (¢ , d)
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fracture site of 100Cr6 bearing steels between the 17 flexible

bearings and 2” traditional rolling bearings
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