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Dynamics of Micro-Parts on Micro-Parts Feeder with a Saw-tooth Surface

Atsushi MITANI(Sapporo City Univ.), Naoto SUGANO(Matsushita Elec. Indus. Co. Ltd.),
and Shinichi HIRAI(Ritsumeikan Uinv.)

Abstract— This paper investigates the dynamics of micro-parts on a micro-parts feeder using a saw-tooth
surface that can realize unidirectional feeding with simple planar and symmetric vibration. When a saw-tooth
surface is applied for vibratory micro-parts feeder, two contacts occur by the relative position between the
saw-tooth surface and a micro-part: slope contact and point contact. Micro-parts move in one direction by
the driving force according to the contact between the micro-parts and the saw-tooth surface. We formulate
the driving force at each contact and dynamics of micro-parts with adhesion force. We then conduct the
numerical simulation using derived statics and dynamics. We compare the experimental and simulation

results to examine the derived dynamics.
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Fig.1 Ceramic capacitor 2012
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(a) convexity (b) saw-tooth model

Fig.2 Contact model
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(a) point contact (b) slope contact

Fig.3 Two contacts between a micro-part and a saw-
tooth
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Fig.4 Statics of each contact condition
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Fig.5 Contacts of a convexity and two saw-teeth
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Fig.6 Cross-section of the fabricated surface
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Fig.7 Identification of maximum static friction
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Table 1 Maximum static friction

depth [mm] 0 0.001 | 0.003 | 0.005 | 0.007
u(dy) 098 | 0.87 | 064 | 0.71 | 0.65
depth [mm] | 0.009 | 0.01 | 0.03 | 0.07 | 0.09
wu(dy) 0.70 | 0.62 | 0.58 | 0.61 | 0.57
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Fig.8 Adhesion friction model
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Fig.9 Model of adhesion force on saw-tooth
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Fig.10 Experimental and simulation results
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