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Whine Vibration in Gear Drive
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Abstract

The vibration of meshing gear system is originated from teeth deformation, teeth contact ratio,
profile error, etc. The gear vibration is classified as whine vibration during meshing and as rattle
vibration during idling. In this study, the whine vibration is investigated under the assumption of
piecewise linearity of elastic stiffness due to the variation of meshing. Numerical, theoretical and
experimental investigations show the existence of the superharmonic components of the second
and the third order. consistently It can be concluded that the superharmonic components in whine
vibration of meshing gear is originated from the stiffness variation. It also shows that the higher
order harmonics are reduced on the increase of motor speed.
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Fig. 1 Model of meshing gear
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Fig. 3 Variation of stiffness

Fig. 4 Geometrical relationships of teeth contact
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Table 1 The design parameters of gears
E,=E, 2.068 x10° N/mm?
Poisson’s ratio vi=v,=0.3

Gears radius r,=40 mm, r,=60mm

No. teeth Z,=32, Z,=48

Damping ratio £=0.082
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Fig. 5 Frequency components of driving gear at the
speed of 400 RPM. (Numerical analysis)
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Fig. 6 Frequency components of driving gear at the
speed of 500 RPM. (Numerical analysis)
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Fig. 7 Frequency components of driving gear at the
speed of 600 RPM. (Numerical analysis)
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Fig. 8 Frequency components of driving gear at the
speed of 700 RPM. (Numerical analysis)
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Fig. 9 TFrequency components of driving gear at the

speed of 900 RPM. (Numerical analysis)
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Fig. 10 Frequency components of driving gear at the
speed of 1000 RPM. (Numerical analysis)
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(1) Strain gauge

(2) Powder clutch

(3) Torsion bar

(4) Flexible Coupling
(5) Driven gear

(6) Gap sensor

(7) DC motor

(8) Driving gear

(9) Powder clutch controller
(10) DC motor controller
(11) Hand tachometer

Fig. 13 Schematic diagram of the experimental appa-
ratus
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Fig. 14 Frequency components of driving gear at the
speed of 400 RPM. (Experiment)
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Fig. 15 Frequency components of driving gear at the
speed of 500 RPM. (Experiment)
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Fig. 16 Frequency components of driving gear at the
speed of 600 RPM. (Experiment)
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Fig. 17 Frequency components of driving gear at the
speed of 700 RPM. (Experiment)
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Fig. 18 Frequency components of driving gear at the
speed of 900 RPM. (Experiment)
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Fig. 19 Frequency components of driving gear at the
speed of 1000 RPM. (Experiment)
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