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Unique Fatigue Failure of Spherical Roller Bearings and
Life-Enhancing Measures . :

Part 10 Unique Fatigue Failure of Spherical Roller
Bearings

by T. Uedall K. Ueda

It is well known that, in general, fatigue flaking of rolling elements can be classified as either
subsurface originated flaking or surface originated flaking. Subsurface originated flaking is usually
associated with good lubrication conditions and long bearing life. Surface originated flaking occurs
when lubrication conditions are poor, resulting in relatively short life."® However, in the case of
spherical roller bearings, surface originated fatigue failure can sometimes occur when the bearing is
operating under good lubricating conditions. Consequently, spherical roller bearing life is relatively
short compared to other bearing types. In this paper, the mechanism of surface originated fatigue
failure of spherical roller bearings will be clarified. We will also discuss how tangential force generated

by rolling friction between rolling elements and raceways severely affects bearing life.
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Outer Ring Creep of a Bearing

by J. ZhanO Y. Sakajirid H. Takemurall K. Yukawa

ooooo

ooooo

In recent years, advances in automobile and machine technology have led to an increase in the
usage of rolling bearings in a compact space under conditions of high speed and heavy load. The result
is a greater likelihood that outer ring creep may occur in certain applications. Conventionally, the
phenomenon called outer ring creep was considered to be an effect of rotating load, where the outer
ring slightly rotates in the opposite direction of the inner ring. However, there are many cases where
outer ring creep has occurred even if the direction of load remained unchanged. Theories surrounding
the mechanism of outer ring creep have proven inconclusive for conditions where the direction of load
remained unchanged. NSK conducted tests and analyses to better understand the many factors related
to outer ring creep. Our conclusion is that outer ring creep, which develops under conditions of non-
rotating load, is a result of localized strain and rippling deformation that is generated with the passing
of each rolling element. Our investigations, which are discussed below, further clarify how the amount

of clearance, outer ring thickness, and the number of rolling elements influence outer ring creep.
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Method of Evaluation Fretting of Extra Small Ball Bearings

by K. Sakagamild T. Maruyama ‘.-

o0 ooo*xooo og*x

oo od

Fretting is one of the primary factors leading to damage in machinery components. There are two

types of fretting in the bearing interior that are caused by vibration. Although many measures to

address vibration, systematic solutions to solve the problem of vibration-induced fretting, and

guidelines for determining the extent of related damage, continued to remain elusive. It has proven to

be quite difficult to thoroughly understand the fretting mechanism and even more difficult to develop

preventive measures. In this report, we will describe steps taken to recreate fretting in small diameter

bearings operating under oil lubricating conditions and will describe a method used to evaluate the

extent of fretting damage accurately using what we call a damage evaluation index. In addition, we will

describe the research that we conducted to better understand the relationship between the damage

evaluation index and two parameters: oscillation level, kinematic viscosity.
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Latest Developments in Thin-Film Lubrication
Technology for Vacuum and Clean Environments

oo orx

oo d

by D. Kinno

In this report, we will discuss the latest developments in thin-film lubrication technology for

vacuum and clean environments. Specifically, we will focus on the structure and characteristics of

NSK's newly developed lubricant-film treatment called E-DFO, which takes advantage of DFO thin-film

lubrication technology. We will present evaluations and test results of E-DFO treated ball screws and

linear guides that revealed a twentyfold increase in durability and a nearly 50% cut in outgassing and

contamination in comparison with conventional DFO treated applications.
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Development of Nano-Positioner
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by N. Tanaka

NSK has developed a Nano-Positoner that incorporates a specially designed ball screw fixed-end

bearing unit, which provides mechanical rigidity, and integrates it with a piezoelectric element, which

provides ultra-fine positioning. In this paper, we describe the structure and operational characteristic of

the NSK Nano-Positioner. The Nano-Positioner combines a ball screw and stepping motor for rough-

motion control, and a piezoelectric element for fine-motion control. NSK's Nano-Positioner is capable

of a maximum speed of 72 mm/s and a resolution of 5 nm. NSK's combination of these capabilities

achieves step positioning on a 5 nm scale and positioning accuracy within a range of + 15 nm in 30 .
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Fig. 16 Positioning accuracy of a CD series Nano-Positioner (forward & back)
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Development of Ultrahigh-Speed Planetary

by S. Urakamil J. Liud Y. Matsumoto

Planetary pinion needle roller bearings for automatic transmissions are apt to generate high stress

and frictional heat due to not only rotational motion around the shaft but also revolving motion around

the sun gear. Caged needle roller bearings, which provide superior rotating and revolving performance

in comparison to full complement roller bearings, have been adopted in recent years for their low-

torque and high-speed capabilities. In recent years, the number of gears in automatic transmissions

has increased, which means that demand for higher rotating-speed capability of the needle roller cage

and pinion shaft has also increased. To meet this demand, NSK conducted various analyses and

extensive testing in order to develop an ultrahigh-speed planetary needle bearing. In this paper, we

present our latest technologies that have resulted in the development of ultrahigh-speed planetary

needle roller bearings.
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Fig. 4 Load condition of planetary pinion needle roller bearing
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Fig. 5 Behavior of planetary pinion needle roller bearing
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Fig. 7 Strengthened cage structure
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Fig. 8 Optimized cage structure
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Development of Thrust Needle Roller Bearing
with Wear-Resistant & High-Strength Cage

oo oo
by S. Masudall H. Takemural Y. Shimizu

Thrust needle roller bearings are often found in gearsets mounted between gears, and the
housing and the rotating shafts in an automatic transmission. The location of where a bearing
is to be mounted largely determines what type of bearing will be used. Customers also prefer
bearings in a unitized design, which facilitates greater ease of handling and installation.
However, unitized bearing assemblies must allow for some eccentricity during operation, such
as that which is found in a torque converter. Here, challenges exist in regards to preventing
excessive wear and fatigue failure of the cage. To resolve such issues, we applied two
measures: 1. Improve wear-resistance and fatigue-strength using a special heat treatment
process applied to the cage; and 2. Expand bearing internal clearance of thrust needle roller
bearings fitted with raceway ring that has a curved lip along the entire outer circumference.
This report introduces NSK's thrust needle roller bearing matched to a wear-resistant and high-
strength cagel NSK HYTEC™ BearingO for use in eccentricO off-centeringd applications.
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Fig. 4 Mechanism of cage wear and fatigue damage
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Fig. 7 Surface-wear test result
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Newly Developed Conductive-Grease Prelubricated Bearing Series
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Fig. 1 Newly developed conductive-grease prelubricated bearing series
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Fig.2 SEM image of carbon black

48 NSK Techwical Journal No. 680 (2006)

01 000000000000
Table 1 Newly developed conductive-grease prelubricated
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Fig. 3 Endurance test results of newly developed conductive-
grease prelubricated bearings under ambient
temperature conditions
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Fig. 4 Endurance test results of newly developed conductive-
grease prelubricated bearings under high-temperature
conditions
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