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Evaluation of Dynamic Performances of Sintered and Steel Spur Gears by Wavelet Transform
Akira Yoshida and Yuji Ohue

Proceedings of the 4th World Congress on Gearing and Power Transmission, Vol.2/3, pp.1537-1548,
March 1999

In this study, an induction-hardened sintered spur gear was compared with an
induction-hardened steel spur gear in terms of dynamic performance using a power circulating gear
testing machine. The dynamic performances, which were tooth root strain, vibration acceleration of
gear box and sound pressure near gear box, were measured at rotational speeds of 1600 rpm to
10000 rpm. The tooth root strain was analyzed at a time-frequency domain by wavelet transform.
As the experimental results, the dynamic performance of the sintered gear was superior to that of
the steel gear. Especially, at a rotational speed of 9000 rpm, the dynamic load of the sintered gear
was about 0.8 times as high as that of the steel gear. The dynamic load does not include the
information about the time, since the dynamic load was defined as the ratio of the maximum
dynamic tooth root strain to the maximum static one. It can be considered that the information at
the time-frequency domain of the tooth root strain is effective to discuss the damping
characteristics of the material. Therefore, the tooth root strain was analyzed at a time-frequency
domain by the wavelet transform. The wavelet transform is a kind of method on the time-frequency
analysis. It was clear from the result of the time-frequency analysis of the tooth root strain that the
damping characteristic of the sintered gear was superior to that of the steel gear.
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Akira Yoshida, Masahiro Fujii, and Tomoki Harano

Tribological Behaviors of Surface Modified Spur Gears in High Vacuum

Proceedings of Tenth World Congress on the Theory of Machines and Mechanisms \ol.6,
pp.2530-2535, June 1999

To the machine elements operated under severe conditions such as high vacuum and
non-lubrication, new materials and surface modifications have been developed and applied for the
purpose of reducing the friction and wear. In order to investigate the friction and wear
characteristics of surface modified spur gears made of stainless steel JIS SUS440C in high vacuum,
gear tests were carried out under non-lubricating condition in vacuum to be on the order of 104 Pa.



In addition, the tribological behavior of the spur gear test was compared with that of the
two-cylinder test. We employed here the electroless Ni-P alloy plating, sulfurizing and Sn plating
with thermal diffusion as the surface modification treatments to the test gears and rollers for
resisting wear and corrosion. The thickness of the modified layers were about 16 um in Ni-P alloy
plating, about 12 um in sulfurizing and 10 um in Sn plating. The friction coefficient of the surface
modified gears was smaller than that of the non-coated gears. The initial friction of Sn plated gears
increased under low pressure and low rotational speed conditions, where wear particles were
transferred onto the friction surface. After Sn plated layer wore uniformly, the friction coefficient
was the smallest by the lubricating effect of thermally diffused layer of Sn. The sulfurized layer
contributed to the reduction of initial friction. However the friction behavior of sulfurized gears was
the same as that of non-coated gears after the sulfurized layer wore completely. The friction
behavior of Ni-P plated gears was the most stable in all the test gears. On the other hand, the wear
amount and the tooth profile error of Ni-P plated gears were the largest of all the test gears. The
initial friction in the two cylinder test was greater than that in the gear test in the cases of
non-coating, Sn plating and Ni-P plating. However, where the sliding distance was large enough,
the friction behavior in the gear test was similar to that in the two cylinder test.

Akira Yoshida and Masahiro Fujii

Tribological Characteristics of a-Sialon and Al203 at High Temperature

Proceedings of the International Conference on Advanced Technology in Experimental Mechanics
'99, Vol.2, pp.521-526, July 1999

The effect of environmental temperature on tribological characteristics of a-Sialon and alumina
Al203 was investigated in a temperature range from room temperature to 1273 K in air and
nitrogen. In the case of Sialon, the effect of the environmental temperature on the friction
coefficient was not clearly observed, but the wear volume tended to increase with increasing the
environmental temperature. In the case of Al20z, when testing in air at temperatures below 673 K,
both the friction coefficient and the wear volume increased with increasing the environmental
temperature, while when testing in nitrogen, the wear volume decreased with increasing the
temperature. Tribological characteristics were affected by the formation of SiOz in the case of Sialon
and by the humidity of the environmental atmosphere in the case of Al20z in a temperature range
from room temperature to 673 K.

Evaluation of Surface Durability of Sintered Machine Elements under Sliding-Rolling Contact
Condition Based on Fracture Mechanics

Akira Yoshida, Yuji Ohue* and Hiroshi Ishikawa* (*Kagawa University)

Proceedings of the International Conference on Advanced Technology in Experimental Mechanics
'99, Vol.2, pp.453-458, July 1999

In order to evaluate the surface durability of sintered machine elements, the fatigue lives of 28
kinds of sintered rollers under a sliding-rolling contact condition were estimated using the Paris's
law based on the fracture mechanics. The fatigue tests were conducted using a two cylinders testing
machine. The stress intensity factor for the mode Il under a condition of Hertzian contact was
calculated using FEM. The value of the stress intensity factor became larger as the crack length
became longer, and the value of the stress intensity factor range was independent of the crack angle.
It could be clarified that the fatigue lives of the sintered rollers depended on the pore diameter and
the hardness. It was obvious that the pore distribution has to be taken into consideration to
estimate the fatigue lives of the sintered rollers more precisely.
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Pitting on Gear Tooth Flanks
Akira Yoshida
Japanese Journal of Tribology, Vol.43, No.2, pp.139-149, 1998

Basic factors related to pitting, that is, the tooth surface fatigue damage, were reviewed and
recent studies of these factors were presented. Factors influencing the pitting development are
numerous and a unified theory that explains the phenomena and its application to a design are not
simple tasks. However, the theoretical explanation of different phenomena related to the
development of pitting and many comprehensive studies in the future are essential for the
establishment of effective equations for designs based on theory and experiment. The importance of
studies of the tooth surface fatigue failure will continue growing because of the tendencies to make
machines more compact, conserve energy, and reduce the environmental load. It has not been
mentioned in this work but an increase of the pitting strength of the tooth surface by different
treatments will become an important problem.



