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Influence of tooth profile error in gear rattle
(2nd report; In the case of multi-step gear system)

by
Takashi HAMANO™*!, Yutaka YOSHITAKE *?, Hironori TAMURA *3,
Kozi SHINKAWA **, Akira HARADA *° and Atushi KOBAYASHI *¢

Gear rattle of multi-step helical gear system is treated. Mesh stiffness variations and tooth profile
errors are considered within the system. The effects of mesh stiffness variations, the ratio of static
torque to dynamic one and tooth profile errors on the rattle are studied by a highly accurate numerical
analysis called the shooting method. As a result, the followings were made clear. (1) Because of the
tooth profile errors, the amplitude of resonances like gear noise becomes large and the vibration
becomes chaos. These resonances are confirmed in some regions. (2) The phenomena which generate
when the constant torque is smaller than the amplitude of variational torque in some extent are similar
to those of single step gear system, the displacement amplitude of one-sided impact rattle is affected
by tooth profile error, but that of both sides impact rattle is not affected so much.
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Table.1 Parameters of helical gears with
intermediate shaft

1st gear 2nd gear
Driving | Driven | Driving | Driven
Number of teeth 36 38 36 38
Module(mm) 2
Helix angle(deg) 30
Pressure angle(deg) 20
Pitch diameter 83.14 | 87.76 | 83.14 | 87.76
Face width(mm) 15
Whole depth(mm) 4.5
Total contact ratio 2.579
Average of mesh
stiffngess(N/m) 2.496x10°
Inertia moment | >3 7 | 9375 | 457.4 | 958
(kg+mm?)
Damping ratio 0.05 0.05
Stiffness of
intermediate 6.872x10°
shaft(Nm/rad)
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Table 2 Parameters of tooth profile error

1 2 3 4 5 6
Ej [pm] 2 1.36 0.2 0.2 0.12 0.16
6il°1 -198 | -184.5 | -261 189 -22.5 225

Composed stiffness
7 ==== st teeth stiffness

- -2nd teeth stiffness
3rd teeth stiffness

0.5 tet,

Fig.3 Composition of mesh stiffness
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Fig.4 Natural modes
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