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Torsional Stiffness Analysis of a Cycloid Reducer using Hertz Contact Theory

S. Y. Lee, ). S. Park, H. J. Ahn, and D. C. Han (School of MAE, SNU)
ABSTRACT

The cycloid reducer has very high efficiency, high ratios, high stiffness and small size, in comparison with a
conventional gear mechanism, which makes it an attractive candidate for limited space and precision application such
as industrial robot. There are several publications on analysis and design of the cycloid reducer, however, it was
assumed that the contact stiffness of pin rollers and cycloid disk is constant regardless of their contact geometry.
Moreover, the torsxonal stiffness of the cycloid reducer couldn't be calculated due to the assumption. In this paper,
we present a new procedure of calculating torsional stiffness of the cycloid reducer using Hertz contact theory. First,
conventional force analysis of the cycloid reducer is briefly reviewed. Then, iterative numerical calculation procedure
of the contact stiffness is proposed based on the Hertz contact theory where the contact stiffness depends on the
contact force. In addition, total torsional stiffness of the cycloid reducer is estimated considering its rolling element
bearing stiffness. The torsional stiffness of the cycloid reducer is dominated by the rolling element bearing stiffness
since the contact stiffness of the cycloid disk is too large.
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Fig. 1 Cycloid reducer RV-40E (TS-Corp.)[4]
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Fig. 2 Contact forces between cycloid disk

and pin rollers
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Table 1 Specification of RV-40F
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Table 2 variables of contact cylinder

Parameter Value
Radius of housing (r4) 64 mm
No. of pin roller (7,) 40

No. of teeth (Z.) 39
Eccentricity (e) 1.3 mm
Radius of pin roller (r,) 3.0 mm
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Fig. 3 Line contact between two cylinders
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Here, + is convex and - is concave

Cylinder 1 | Cylinder 2
Radius R; Ry
Young's modulus E, E;
Poisson's ratio 12 Vg
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Fig. 4 Radius of curvature of cycloid disk tooth
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Table 3 Torsional stiffness of bearings

Clearance=0.01 mm Stiffness K (N/m)
1.39¢+8

2.41e+8

Needle bearing (Kneedte)

Taper roller bearing (Krper)
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Fig. 14 Schematic of reducer torsional stiffness
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