ol

A K* B &

IR By H 30 OD [ B (R 2 RS O B GR FR AT
2

(13) 13

%* . 7]‘( S

Theoretical Analysis of Rotational Transmission Error

of Strain Wave Gearing

Takeshi ISHIDA, Teruaki HIDAKA and Shuiping HUANG

Abstract

Strain wave gearing which is a compact mechanical device producing high mechanical advantage and

speed reduction, has been used to accurately position the arms and wrists of robots. In this paper, the

cup type strain wave gearing is transformed to an equivalent engagement model, in which a lot of tooth

pairs can engage at the same time. Tooth deformation of flexible spline in circumference which are

caused by the coning of flexible spline and accumulative pitch errors of the circular spline and flexible

spline are taken into account in the model. Based on the equilibrium of the static forces on the model,

the rotational transmission errors of strain wave gearing are calculated and compared with the measured

results.
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Fig. 1 General view of strain wave gearing
Table 1 Dimension of the strain wave gearing
Flexspline | Circular spline
Tooth profile involute
Type of gear spur gear
Module m 0.4mm
Pressure angle a 30°
QOutput torque 310Nm
Placement of teeth | external internal
Number of teeth z 256 258
Diameter of
addendum circle 102.01mm 101.98mm
Diameter of
dedendum CirCle 10082mm 10322mm
Pitch arc
thickness of tooth 0.57mm 0.57mm
Diameter of
neutral circle 2r, 99.50mm
J 0.93mm
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Fig. 3 Torsional stiffness characteristics of the

strain wave gearing

Table 2 Coefficients of torsional stiffness

K, (Nm/rad) K; (Nm/rad?)
No.1 6.91x10¢ 3.17X10*
No. 2 3.20X10* 2.22X10"
No. 3 15.69 %104 5.10Xx10'°
No. 4 11.48 X104 2.83X10'
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Fig. 4 Accumulative pitch errors of the strain
wave gearing

Table 3 Furior coefficients of accumulative pitch
errors No. 3
AvJAs | As AL TA A | A [ Ag| A |Ay

A,
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sion errors for strain wave gearing
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Fig.12 The engagement model of the cup type

strain wave gearing

Fig.11 The engagement state of the cup type strain wave gearing
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Table 4 The maxium value of rotational trans-

mission errors

No. 1 No. 2 No. 3 No. 4

Caleutation o 476 | 0.504 | 0.549 | 0.360

Experiment | o 404 | 0 468 | 0.520 | 0.280
(min)
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