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Abstract

This paper investigates the improvement of accuracy and fatigue life of the developed counter pressurized
microcellular gears of polyacetal. It is shown that the fatigue life and operational characteristics of the counter
pressurized microcellular gears are more improved than conventional injection molded plastic gears by the
dynamic gear durability test. For the cases of test gears, conventional injection molded gears(SGear) and
counter pressurized microcellular gears(CGear) are manufactured. Durability test is performed on both
conventional injection molded gears and counter pressurized microcellular gears. Accuracy variation and
operational characteristics on fatigue life, wear and tooth surface temperature of CGear and SGear are
compared and represented. Operational characteristics of the proposed counter pressurized microcellular gears
show a good result in this research. The durability limit of counter pressurized microcellular gears is also
obtained, and represented by a function of unit load as well as by a function of K-factor.
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Fig. 1 Components of the gear test rig

Table 1 Specification of experimental equipments

Component Specification
AC motor 0.75kW/1710rpm
Inverter 0~120Hz

Max. torque 9.8Nm
Max. rotational speed 7500rpm
Max. torque 25Nm
Max. torque 25Nm

Torque meter

Brake
Controller
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Table 2 Rolling test results for normal load
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counter pressure 4sec
Fig. 2 Rolling test results for normal load
P./b=11.4N/mm (7; =1.2Nm)
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Table 3 Results of the fatigue life test

Applied load Failed m;t&l:z;(if cycles,
Normal Unit
T[?\;:‘n';e load Load [ﬁf:ﬁ); SGear CGear
3 [Nmm] | [N/mm’]

3 28.5 335 1.2 3.2x10° 4.9x10°
2.5 23.8 27.9 1.0 6.1x10° 1.22x10*

2 19 22.3 0.8 1.5x10 1.0x10°
1.5 14.3 16.7 0.6 2.79x10° | 3.92x10°
1.2 11.4 13.4 0.48 107* 10"°
0.9 8.55 104 0.36 107° 107°

Note) ® Test gears were not failed but wear occurred in tooth profile

at number of cycles N=107
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SGear U, =W,/b-m=-16.51log(N)+91.3 N<10* (2a)
U =W, /b-m=-244log(N)+31.4 Nz210' (2b)
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=W, /b-m=-3.49log(N)+39.54 Nz10* (2d)
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W, u+l
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(b) Microcellular plastic gear with counter pressure

Fig. 10 Variation of tooth surface temperature at various
loads
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(b) Overload breakage

ol

(a) Fatigue breakage

(c) Crack

Vg

(e) Plastic deformation

& v

(d) Melting

Fig. 11 Photographs showing classification of the final
damage of molded plastic gear

Ilmm i

(a) Non-microcellular
plastic gear

(b) Microcellular plastic gear
with counter pressure

Fig. 12 Photographs of deformation of tooth profile(test
condition ¥=3.52m/s, P,/b=11.4N/mm (7;=1.2Nm),

N=1x10 cycles)
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(a)Non-microcellular
plastic gear

(b) Microcellular plastic gear
counter pressure

Fig. 13 Comparison of the deformation of tooth profile
(test condition F=3.52m/s, P /b =11.4N/mm(T;

=12Nm), N=1x10 cycles)

----- - Non- mlcrocellt;lar genr(SGear) 1
Microcellular gear with ‘

Lady counter pressure{CGear)

| I mm i
Material : Acetal / Acetal

Pitch line velocity : 3.52[nvs| /
Unit load : 13.4{N/mm] !

02

Wear depth [mm]

0.2

Fig. 14 Variation of tooth profile(test condition V=3.52m/s,

P./b =11 AN/mm(T;=1 2Nm), N=1x10’ cycles)
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