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Abstract

This research proposes a process design of injection molded microcellular plastic gears for enhancing the
fatigue strength/durability and accuracy of the gears applying thermodynamic instability to microcellular
foaming process. To develop the injection molded plastic gears by way of microcellular process, it is
absolutely necessary the following two process design. The first is microcellular foaming process for
enhancing the strength/durability of plastic gears. To be microcellular process succeeded, based on the
microcellular principle, mechanical apparatus is designed where nucleation and cell growth are to be
generated renewably. The second is the counter pressure process which is mainly for improving the tooth
surface roughness and the accuracy of microcellular gears. For the former process, screw, nozzle and gas
equipment are newly designed, and for the latter, counter pressure by nitrogen gas is intentionally brought
about into mold cavity when injecting plastic gears. Based on the proposed process design, using gear mold,
experiments of injection molding show that, in internal space of plastic gears, microcellular nuclear cells less
than 5um in diameter have been generated homogeneously via electron microscope photos.
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Table 1 Specification of microcellular plastic gear

Spur gear specification Unit Gear  Cavity gear
Module [mm] 0.8 0.816
Number of teeth - 56 56
Face width [mm] 5 5.1
Pressure angle [deg.] 20 20
Addendum modification
coefficient N 0 0
Fillet radius [mm] 03 03
Corner radius of tooth tip [mm] 03 03
Pitch circle diameter [mm] 44.8 45.713
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Table 2 Measurement data of the gear outer diameter

Spe:ime SGear MGear CGear CGear CGear CGear CGear CGear
No. M0% CP1.5s CP2s CP2.5s CP3.5s CP4s CP5s

1 46.10 4608 4607 4609 46.10 4614 4618 46.16
46.11 46.10 4608 46.10 46.11 4613 46.17 46.15
46.10 46.09 46.09 46.10 46.10 46.15 46.18 46.15
46.11 46.09 46.09 4609 46.11 46.14 4620 46.16

5 46.12 4608 4608 4610 46.11 46.14 46.18 46.17
Average 4611 4609 46.08 46.10 46,11 4614 46.18 46.16

Shrinkage
rate[%)
*notes) SGear : Non-microcellular plastic gear
MGear: Microcellular plastic gear without counter pressure
CGear : Microcellular plastic gear with counter pressure
M0% : Foaming magnitude 0% of the MGear
CP(Number)s : Counter pressure time of the CGear
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Fig. 9 Electron microscope of the microcellular plastic
gear with counter pressure. (Size is below Spm.)
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Fig. 10 Comparison of the roughness measurement data
to microcellular gear(MGear) and microcellular
gear with counter pressure(CGear)
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