The Japan Soci ety of Mechanical Engineers

HABRE S E (CHR)
76 % 763 & (2010-3)

475

#w3 No. 09-0787

ZERBERDOEFIBIRRIZEITS
EREh b L0 DERED DEE*

O Caa R N M N~ 3 = 3
Mo = F K| R

Effects of Higher Harmonics of Driving Torque
in Gear Rattle of Multi-Step Gear System
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Gear rattle of multi-step helical gear system is treated. Mesh stiffness variations and higher
harmonics of driving torque are considered in the system. The effects of higher harmonics of driving
torque are studied by numerical analysis. As a result, the followings were made clear. (1) In the
resonance region of lower mode, when the frequency of driving torque is nearly equal to the one
which is the natural frequency of higher mode divided by some integer, the response contains the
higher mode and its amplitude of acceleration becomes large. However this phenomenon is not so
affected by the higher harmonics of driving torque. (2) First harmonic of driving torque generates
higher harmonic resonance and higher harmonic of driving torque generates the main resonance,
hence the interaction of these two resonances makes the amplitude of the resonance large. (3)
Because of interaction of higher harmonics of driving torque and mesh stiffness variation, resonances
like gear noise occur with many side-bands in low frequency region, and the region of the rattles
becomes wide. (4) Gear rattles in the case of small constant torque are almost chaos, and chaos by
intermittency is recognized.
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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 | 8776 | 8314 | 8776
Face widthjmm] 15
Whole depth[mm] 45
Total contact ratio 2.579
Average of mesh 3
iffnessN/n] 2496 % 10
etiamomment | 535 | 775 | 4574 | 958
[kg-mm’]
Damping ratio 0.05 0.05
Stiffhess of '
intermediate 6.872X10°
shafifNm/rad]
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