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Reducer-Integrated Motor Using the Principle of Strain Wave Gearing System

FI EER*T, /INFR OHERE*?, FZFHA &h*S
(Tatsuro TERAKAWA)  (Masaharu KOMORI)  (Yuya MORITA)

Abstract

Industrial robots need motors with small size, large torque, and high precision. The electromagnetic motors connected
with reducers are generally used, but they often become large. On the other hand, the motors integrated with reducers
can output reduced rotation directly and then achieve downsizing. However, driving parts have to receive load torque in
the reducer-integrated motors proposed in the past and it is difficult to hold large torque or to gain high stiffness. To solve
this problem, a reducer-integrated motor using the principle of a strain wave gearing system is proposed in this research.
In the proposed motor, high-stiffness internal gears support the load torque applied to the motor. This paper first explains
the structure of the proposed motor and discusses its characteristics. Next, we analyze numerically the tooth tips
interference in order to show the structural condition for the proposed motor working properly. The prototype of the
proposed motor is developed and an experiment is conducted. The result verifies the fundamental effectiveness of the

proposed motor.
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Circular spline, C/S

(output) Flexspline, F/S

Wave generator, W/G (input)

Fig. 1 Principle of movement of a strain wave gearing system
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Fig. 2 Structure of the proposed reducer-integrated motor
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Fig. 3 Movement of the contact points and rotation of C/S-S
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Load torque
of C/S-S

Fig. 4 Torque applied to F/S by C/S-S and C/S-D
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(a) C/S-D (b) FIS
Fig. 5 Length of each part of the approximated trapezoidal teeth of C/S-D and F/S when a pitch of
C/S-Dpis1
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Fig. 6 Simulation result of teeth arrangement of F/S, C/S-S, and C/S-D
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Fig. 7 Parameters for an analysis of the tooth tips interference between F/S and C/S's
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Fig. 8 Radial and circumferential distance between the tooth tips of F/S and C/S's over the position
of the tooth of F/S when the reduction ratio R is 81
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Fig. 9 Possibility of tooth tips interference between F/S and C/S's
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Fig. 10 Overview of the proposed reducer-integrated motor prototype
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Table 1 Properties of the proposed reducer-integrated motor prototype
Width 450 mm
Entirety of prototype | Depth 450 mm
Height 150 mm

Model Harmonic Drive Systems Inc.,

Strain wave

gearing system

FR-50-80-2-G

Outer diameter of

170 mm
C/S-S and C/S-D
Inner diameter of F/S | 122.4 mm
Reduction ratio 81

Linear solenoid

Model

Shindengen Mechatronics Co., Ltd.,
6EF AWG. No. 20

Input power

128 W

. Model KEYENCE Corporation, LK-G150
Laser displacement -
Resolution 1 pm
sensor - -
Sampling period 1 ms
Supporting part

Pushing\ part

Linear solenoid

\
<4

ZaNZ

Linear guide

Connecting part

Fig. 11 Force transmission from linear solenoids to F/S through linear guides, connecting parts,
and pushing parts
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Fig. 12 Experiment result: output rotation angle over time
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Fig. 13 Errors in experiment results
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