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ABSTRACT

Creating an appropriate design for gear strength in a
planetary gear set requires that manufacturing errors be
grasped statistically and that the distribution of torque
to the planet gears due to manufacturing errors be
projected. This article describes the derivation of an
expression of relation between manufacturing errors and
the torque applied to planet gears in a common n-planet
planetary gear set. As aresult, a formula expressing the
distribution of torque to the planet gears could be
obtained. Tests were also conducted to verify the
relational expression, and its validity was confirmed. In
order to project the distribution of torque, it was
necessary to estimate the stiffness of the planetary gear
set in the relational expression. Those stiffness values
were calculated by numerical analysis using a 3D finite
element model (FEM) to which the plan values and
material property values were entered. The accuracy of
the estimated stiffness values was verified by testing, and
it was confirmed that the stiffness values could be
estimated with a high degree of accuracy. Given the
above, the distribution of torque to planet gears due to
manufacturing error in a common n-planet planetary gear
set could be estimated with a high degree of accuracy
using only estimated data obtained by desktop methods.
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Table 1 Planetary gear set specifications

Term Sign Value

Number Sun gear Zs 30

of teeth Planet gear z, 23
Internal gear Z, 78

Normal module M 1.3

Normal pressure angle o 20 deg
Helix angle B 20 deg
Center distance a 37.1 mm
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Fig. 4 Layout of test rig
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Table 2 Pin hole displacement of test carriers

Pin hole displacement
um
Carrier Planet 1 Planet 2 Planet 3 Planet 4
dx dy dx dy dx dy dx dy
A -1.5 40.2 0.5 -9.2 1.7 -3.3 -2.5 -5.4
B -25.9 -2.0 -30.5 -8.6 -24.6 -16.5 -17.9 91.1
C -11.6 25 -23.6 89.9 89.5 -20.9 1.0 -108.8
D -20.4 3.0 -19.8 3.1 -19.1 54.4 -20.1 4.2
Table 3 Projected error of test carriers
Projected error
um
Carrier Planet 1 Planet 2 Planet 3 Planet 4
EF‘l EPz EP3 EP4
A -21.8 21.8 -21.8 21.8
B -3.3 3.3 -3.3 3.3
C 7.7 -7.7 7.7 -7.7
D 24.0 -24.0 24.0 -24.0
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Fig. 5 Position of strain gauge
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Fig. 6 Strain of internal gear for carrier with
vanishingly small pin hole displacement
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planet gear torque for carrier with
vanishingly small pin hole displacement
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