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Tribological Behaviors of Multiplex Plated Stainless Steel Rollers in High Vacuum
Akira YOSHIDA, Masahiro FUJII and Tomoki HARANO* (*Anan National College of Technology)
Proceedings of the International Tribology Conference Nagasaki 2000, Vol.Il, pp.1421-1426, 2001

Two-cylinder test was carried out under non-lubricating condition in high vacuum to investigate the
wear and friction behavior of electroless Ni plating and multiplex plating based on electroless Ni-P
alloy plating. Ni-P alloy plating (Ni-P), two kinds of multiplex plating, that is Ni-P with PTFE
particles (Ni-P+PTFE) and Ni-P with BN particles, were employed. The initial friction coefficient of
Ni-P plating roller with ¢0.2um PTFE particles was the smallest in all test rollers. The friction
behavior of Ni-B plated roller was the most stable in all test rollers and so, the surface profile was
the smallest. In case that the elastic modulus of plated layer is smaller than that of substrate, the
calculated shear stress in plated layer has the maximum value at the position near the boundary
between the substrate and the layer without frictional force. The calculated shear stress around a

PTFE particle was larger than that around a BN particle in the plated layer.

Fatigue Life Assessment of Surface Hardened Sintered Rolling under Sliding-Rolling Contact
Condition

Akira YOSHIDA, Yuji OHUE*, Masanori SEKI (*Kagawa University)

Proceedings of the International Conference on Mechanical Transmissions ICMT2001, pp.472-477,
April 2001

To assess the surface durability of sintered machine elements, the fatigue lives of 28 kinds of
sintered rollers under a sliding-rolling contact condition were estimated by using the Paris's law
based on the fracture mechanics. The fatigue tests were conducted using two cylinders testing
machines. 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

and the pore size became longer. It could be clarified that the fatigue lives of the sintered rollers



depended on the pore diameter, the distance between pores and its hardness. It was important to

take the pore distribution into consideration to assess the fatigue lives of the sintered rollers.
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Study of Optimum Disperased Particle Size for Wear of Multiplex Plated Surfaces
Akira YOSHIDA, Masahiro FUJII and R.S.Dwyer-Joyce* (*University of Sheffield, UK)
Abstracts of Papers 2nd World Tribology Congress WTC2001, p.521, September 2001

Twin-disk tests were carried out under non-lubricating conditions in high vacuum to investigate the
wear and friction behaviour of multiplex platings based on electroless Ni-P alloy. Two kinds of
multiplex plating, which are the Ni-P plating with PTFE particles and the Ni-P plating with BN
particles, were employed. The wear rate of both plated layers with BN particles and with PTFE
particles increased with increasing content of dispersed particles. The wear rate of the layer with

PTFE particles was greater than that with BN particles. The influence of elastic modulus and



radius of dispersed particles on stresses in the plated layer was investigated with FEM analysis.
The maximum values of Mises stress and maximum shear stress in the plated layer increased with
increasing friction coefficient, with increasing particle content and with decreasing elastic modulus
of particles. The radius of the dispersed particles hardly influenced the maximum values of Mises
stress and maximum shear stress in the plated layer. The wear behaviour obtained in the

experiment could be well explained by the calculated stress field.
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Effect of Shot Peening on Surface Durability of Plasma Case-Hardened Sintered Powder Metal
Rollers

Akira YOSHIDA, Yuji OHUE* and Masanori SEKI (*Kagawa University)

Proceedings of the JSME International Conference on Motion and Power Transmissions
MPT2001-Fukuoka, Vol.l, pp.193-198, November 2001

The machine elements of sintered powder metals are generally cheaper than those of steels, while
the machine elements of sintered powder metals have a disadvantage in fatigue strength. Therefore,
the purpose of this study is to investigate the influence of shot peening on surface durability of
sintered powder metal rollers under a sliding-rolling contact condition. The test rollers with 30 mm
and 60 mm in diameter were made of partially alloyed powders which were compacted and sintered.
After a finishing grinding the surface treatments of the test rollers were plasma case hardening and
shot peening. The shot peening conditions differed in shot velocity, shot diameter, shot hardness
and peening time. The compressive residual stress, the hardness and the surface roughness of all
rollers increased and the pores near the surface of those were deformed by the shot peening.
However, in the case of the test rollers with 60 mm in diameter, the pores not only in near by the
surface but also at the depth of about 2000um were deformed by the hard shot peenings. The
surface durabilities of the only mild shot-peened rollers with 60 mm in diameter were higher than
that of the unpeened roller in these experiments. The failure mode of the rollers was mainly
spalling. The spalling cracks propagated from the sharp notches of the pores deformed by the shot



peening. A further important point is that the failure depth agreed almost with the depth where the
amplitude A(tyz/HV) of the ratio of the orthogonal shear stress to Vickers hardness became
maximum. It can be considered that the shear stress below the contact surface of the shot-peened
rollers increases, since the increase of the surface roughness by the shot peening results into the
increase of the frictional force between the rollers. Therefore, the result of this study clearly shows
that the mild shot peening without sharp deformed pore and too large surface roughness should be

selected in order to improve the surface durability of the sintered rollers.

Observation of Crack Propagation Behavior in Steel Roller under Sliding-Rolling Contact for
Evaluating Its Fatigue Life

Akira YOSHIDA, Yuji OHUE* and Masanori SEKI (*Kagawa University)

Proceedings of the JSME International Conference on Motion and Power Transmissions
MPT2001-Fukuoka, Vol.l, pp.211-216, November 2001

In order to assess the sliding-rolling contact fatigue lives of surface-hardened sintered rollers from
the view point of linear fracture mechanics, the crack propagation behavior was investigated under
a sliding-rolling contact condition. The surface-hardened rollers which have three kinds of artificial
defects were fatigue tested, and the crack propagation rate was measured. The stress intensity
factor was calculated using the finite element method. The crack propagated from the hole was
almost parallel to the roller surface. Therefore, it could be said that the crack propagation under a
sliding-rolling contact condition was in the mode Il. The parameters m and C in Paris's law were
obtained from this experiment. Using those parameters, the fatigue lives of the surface hardened
sintered roller were estimated. The estimated fatigue lives were almost the same as the
experimental ones. The fatigue lives of the sintered rollers depend mainly on the pore distribution
and the hardness. It could be considered that the cracks of the sintered rollers occurred from many

mean pores and propagated from one pore to another pore.

Effect of Surface Modified Layer on Rolling Fatigue Strength

Akira YOSHIDA and Masahiro FUJII

Proceedings of the JSME International Conference on Motion and Power Transmissions
MPT2001-Fukuoka, Vol.l, pp.249-254, November 2001

Surface modified rollers and ball bearings were fatigue-tested under pure rolling contact conditions.
Electroless Ni-P alloy plating and sulfurizing treatments were employed. Failure mode of all rollers
and bearings was spalling/flaking due to subsurface cracking. Fatigue lives of both rollers and
bearings were improved by surface modifications. The influence of elastic modulus of a plated layer
on contact pressure and subsurface stresses was examined under line contact and point contact
conditions. The contact pressure and subsurface stresses were reduced by the soft surface modified
layer, especially at the edge of the contact width under the line contact condition. The conformity

due to wear of the plated layer led to the reduction of the contact pressure and the subsurface



stresses. The reason why the rolling fatigue strengths of surface modified rollers and bearings were
higher than those of the non-coated ones would be due to the smaller contact pressure and the

smaller subsurface stresses by the smaller elasticity as well as the conformity of the plated layer.

18

Masahiro FUJII
Influence of Surface Modification on Rolling Contact Fatigue Strength
Tribology at Twelve, University of Sheffield 2001.2.2

* *
39 No.015-1 901 311 -312
2001.3.6
* *
39 No0.015-1 902 313 -314
2001.3.6
39 No0.015-1 907 323 -324
2001.3.6
39 No0.015-1 908 325 -326
2001.3.6
39 No0.015-1 909 327 -328

2001.3.6



No.01-11 213 81 -84
2001.4.3

Akira YOSHIDA, Yuji OHUE, Masanori SEKI (*Kagawa University)

Fatigue Life Assessment of Surface Hardened Sintered Rolling under Sliding-Rolling Contact
Condition

Proceedings of the International Conference on Mechanical Transmissions ICMT2001, pp.472-477
2001.4.5

2001 (), No.01-1, F-0332 165 -166 2001.8.30

Akira YOSHIDA and Masahiro FUJII
Study of Optimum Disperased Particle Size for Wear of Multiplex Plated Surfaces
Abstracts of Papers 2nd World Tribology Congress WTC2001, pp.521 2001.9.6

Ni
13 21 69 -72 2001.9.29
* *
13 30 101 -104 2001.9.29
2001.11.9
* *

3D14 447 -448 2001.11.8



Akira YOSHIDA, Yuji OHUE* and Masanori SEKI (*Kagawa University)

Effect of Shot Peening on Surface Durability of Plasma Case-Hardened Sintered Powder Metal
Rollers

Proceedings of The JSME International Conference on Motion and Power Transmissions
MPT2001-Fukuoka, Vol.I, pp.193-198 2001.11.15

Akira YOSHIDA, Yuji OHUE* and Masanori SEKI (*Kagawa University)

Observation of Crack Propagation Behavior in Steel Roller under Sliding-Rolling Contact for
Evaluating Its Fatigue Life

Proceedings of The JSME International Conference on Motion and Power Transmissions
MPT2001-Fukuoka, Vol.I, pp.211-216 2001.11.15

Akira YOSHIDA and Masahiro FUJII

Effect of Surface Modified Layer on Rolling Fatigue Strength

Proceedings of The JSME International Conference on Motion and Power Transmissions
MPT2001-Fukuoka, Vol.l, pp.249-254 2001.11.17

pp.35-42
2001.12.21

46 4 43 44 2001 4




2001-242009

13

2000-54298

12

29



