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Analysis of the Rotational-angle Difference between Gears on Gear Noise
under a Transient State Using the Hilbert Transform
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Kouzi OHARA Fukuo KITAGAWA Naoya KATO Koichi SHIMIZU

The authors developed a useful analysis method of the gear- rotational-angle under a transient state with a more
practical accuracy, because the conventional method could not be used under a transient state. Under the transient
state the gear revolution speed was changed from 600 to 2000 r/min in 0.35 s. A key technology of this method
was that transient signals of gap-sensors that detect the movement of gear teeth were transformed to quasi-
steady signals using trigger pulses which were received with each revolution, and then analyzed using the Hilbert
Transform.

This technology contributes to the development of gears which balance low-noise with durability, by clarifying
the gear-rotational-behavior in an actual state of operation. From the analysis of gear noise during acceleration of
the gear-rotational-speed, it was found that the fluctuations of the rotational-angle difference between gears was
larger than the rotational-angle equivalent to the backlash, and the fluctuations related to fluctuations of the gear-
transfer-torque.

It became clear that the gear noise during acceleration is generated by worsening gear meshing-performance due
to the elastic deformation of gear teeth caused by the gear-transfer-torque.
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Fig. 1 Hilbert Transform method for steady operation

Table 1 Specification of gap-sensors

Sensor-1 Sensor-2
Detection range (mm) 96 ¢10
Linearity distance (mm) 1 2
Resolution ( £m) 0.5
Range of frequency (kHz) from 0 to 20
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