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Planetary Gear with Backdrive Switching Capability by Vibration: Study of
Vibration Elements Suitable for Switching
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Based on the theory of gear efficiency, static analysis was conducted,
revealing that the backdrivability depends on the difference in the number of teeth between the
fixed gear and the output gear. Furthermore, through the analysis of the dynamic model, the
following findings were made:(1) In terms of terminal velocity, it is possible for the system to
continue accelerating when the difference in the number of teeth between the fixed gear and the
output gear is small and the dynamic friction coefficient of the tooth surface is large. In the
experimental setup developed in this study, even with a tooth count difference set to 1, continuous
acceleration was observed.(2) The required vibration force increases as the applied load, vibration
frequency, and amplitude increase.

Therefore, by estimating the vibration force based on the proposed dynamic model in relation to the
results of (2), I found that the estimated vibration force roughly matched the results of the
dynamic model.
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ETP (Miki Pulley: ETP-A-15-B)
DC (MABUCHI RS-735, :8.5:1)
(CUI-DEVICE: AMT102-V)
Su40C

___1 Excited part

Encoder Load
(a) Developed device. () Behematic disgram,
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Item Value n|Z Zi| p A | Backdrivability
Module 1
Gears Pressure angle [deg] 20 1149 50| 255 | 1.34 Seldom
Material S45C 50 49 | -24.5 1.34 Seldom
Motor Model MABUCHI RS-735
Actuator J—— 1 2150 52| 13 | 0.668 Always
mphitude [mm] 52 50 | -12 | 0.668 Always
Distance L [mm] 50
3149 52 | 8.84 | 0.445 Always
52 49 | -7.84 | 0.445 Always
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0.368 Nm 5 Hz DC
(Kikusui: PWR401L) 3.6V 0--145s
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(a) Vin = 3.6 V (w,, = 32.9 rad/s). (b) Vin = 6.2 V (@, = 64.9 rad/s).
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(c) Vin = 8.8 V (wy, = 98.3 rad/s).
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