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Outer Gear Sets Micro-Fabrication by Two-Photon Polymerization
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Abstract The micro-fabrication process of the homemade two-photon polymerization fabrication system is
introduced, and the formability of the external gear set is studied at different exposure time. The two—photon
polymerization micro—fabrication of the outer gear sets are realized in the photomer3015, and the microstructure
of the gear sets is analyzed through scanning electron microscope (SEM). The results show that with the increase
of exposure time, the formability of the gear sets is better. When the exposure time increases, the total fabrication
time also increase. When the laser power is 0.3 mW and the exposure time is 10 ms, the two—photon polymerization
micro—fabrication of the outer gear set with the tooth thickness of 2 um and a resolution of 1.0 pm is successfully
manufactured.
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Fig.1 Schematic diagram of TPP micro—fabrication system
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Table 1 Specifications of laser and modulator

Peak Average Repetition Pulse ) Optical input/output
Laser Optics—modulator
power /W power /mW rate /kHz energy /nJ polarizations
Nd:YAG Acousto—-optical
200 26 130 200 Linear
micro-laser modulator
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Fig.2 Gear set CAD figure
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Table 2 Basic geometric parameters of gear set (unit: pm)

Pitch Reference
Addendum Dedendum  Tooth Tooth
Name Addendum Dedendum diameter center
diameter diameter pitch thickness

distance

Small gear 8 9.6 6
0.8 1 2.512 1.256 20

Big gear 12 13.6 10
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Fig.4 Planning process of gear set. (a) CAD model; (b) slicing contours; (¢) scanning paths
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Table 3 Outer gear set experimental parameters under different exposure time

Serial Lateral voxel Voxel overlap Layer Exposure Total machining
number size /um ratio /% thickness /um time /ms time /s
1 0.1 30 0.3 4 521
2 0.1 30 0.3 6 717
3 0.1 30 0.3 8 900
4 0.1 30 0.3 10 1085
5 0.1 30 0.3 12 1123
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Fig.5 SEM photos of outer gear set under different exposure time
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Fig.6 Relationship between exposure time and total machining time
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