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Improving Rolling Contact Fatigue Life of Bearing Steels Through Grain Refinement
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It is well known that yield strength can be improved by reducing the ferritic grain size (i.e. Hall-Petch’s Law) and that

through a reduction in the ferritic grain size an increase in a steel’s fatigue life is observed. However, the specific effect

of grain refinement on rolling contact fatigue life has not been thoroughly investigated. The primary obstacle in

researching hardened steels (which possess a martensitic structure) has been the difficulty in obtaining small, uniform

grain sizes. Recently, some new methods for the grain refinement of hardened steels have been discovered. One such

method is called “Ausforming”, which induces a large deformation at temperatures over Acl. Unfortunately, this

remarkable method is as yet unavailable for practical manufacturing. Keeping this in mind, we set out to develop a

specialized heat-treatment process. The main objective was to obtain a grain refined martensitic structure within JIS-

SUJ2 (SAE52100 equivalent) bearing steel, produced by a standard manufacturing process, while at the same time

minimizing productivity loss. Thus far, we have succeeded in creating a prior austenite grain size of approximately 5 y m

in diameter (half that of the conventional grain size). It is believed that the packet or block size of the martensite

decreases proportionally with that of the prior austenite grain size. As a result, during RCF testing, the grain refined

SUJ2 material demonstrated a fatigue life that was twice as long as carbonitrized steel under both clean and debris-

contaminated conditions. In addition, the grain refined SUJ2 material was superior in fracture strength and aged

dimensional stability. Therefore, it can be concluded that the grain refinement of existing bearing steels could prove to

be very useful in greatly extending fatigue life.
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Dynamic Analysis of Cage Behavior in a Cylindrical Roller Bearing
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It is important to understand time-varying behavior and stress of a cage for an advanced design procedure of rolling
bearings, and a dynamic analysis tool is required for that purpose.

Hence, we introduced a commercial software "ADAMS (MSC. Software)" for virtual prototyping of a mechanical
system. The environment provides a set of high-performance numerical integration solvers to resolve equations of
motion as well as high-level visualization functions of the numerical results.

In this report, as a milestone for the development of dynamic analysis tools of various types of rolling bearings, we
developed a code on ADAMS that can simulate a real-time behavior of a cylindrical roller bearing assuming that the
motion of all the bearing elements is planar. Also, with regard to the cage behavior, we made a comparison between
numerical and experimental results. The results show that interaction forces between the cage and the rollers traveling
around the exit of the load zone have a major influence on the cage motion.
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Precision Bearings "ULTAGE" Series for Machine Tools

00O 0 * Futoshi KOSUGI
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Recently, machine tool manufacturers have placed increasingly demanding performance specifications on the

bearings used in their products. Machine Tool Bearings are required for high speed, high efficiency and high

precision. In recent years, dry machining technology, which does not use oil in the machining process, is also

becoming an important factor in the improvement of working conditions.

NTN has been pursuing high dmn values and high precision of bearings for the main spindles of machine tools and

concentrating on technology for improvement of working conditions. This report introduces ULTAGE Series for

machine tools that have been recently developed not only for high speed and high precision but for harmony with the

environment.
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Bearings for High Speed CT Scanner

KK F 4G Yosuke OYA

EERESRDIFCRICERZED TVDHCTRF v+ D%
BEB (A bUER) AEZ OV TCFEMLRD KURE
BROMHE - FRZIKRI DI EICKD, BEREGLRZT
BEICT B LAICABEERSERDER L. DR
RMZOBREZENTD.

The Industry of Medical Instruments is steadily growing because of an aging society.

In particular, the CT(Computed Tomography) scanner, which can be an effective tool for medical examination and
inspection of patients, has attracted a attention as important imaging equipment.

To ensure smooth rotation of the gantry part of the CT scanner, a super slim large size angular contact ball bearing is

used.

This article introduces development of the gantry bearing for higher speed rotation with a lower noise level.
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Integrated Sensor Bearing Unit for Axleboxes
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Constant monitoring of axlebox bearings , which are some of the most important components of rail vehicles,

contributes to the reliability and safety of railways. In addition, railway companies today desire to reduce components

and to simplify maintenance procedure for reduction of maintenance cost.

To meet this demand , we have developed a sealed double row tapered roller bearing with an integrated sensor. This

sensor is incorporated into plastic housing which is attached to the oil seal case on the shaft end side. This sensor can

detect temperature , rotating speed and rotating direction.

This report introduces laboratory test results for performance of the temperature sensor and impact- and vibration-

resistance of the speed sensor.
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Specification of sensor unit
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Bearings for Wind Turbine
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In 2002, worldwide electricity production was about 31,000MW. This is a 270 increase over the previous year.
In the past few years, the wind turbine generating system, which emits no carbon dioxide, has gained widespread

acceptance as the cleanest and most environmentally friendly energy. The technical trend for wind turbines is to

increase reliability and efficiency while reducing the cost of operation. The bearings, which are one of the most

important components for wind turbines, require designs that optimize reliability and economic efficiency while

considering the characteristics of this applications.

This report introduces special characteristics for wind turbine bearings and a method to optimize wind turbine

bearing design.
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NTN has developed a new ceramic coated insulated bearing that uses a single-layer spray-coated ceramic.

Applications for this bearing include electrical wind turbine generators, general purpose motors, and traction motors
for trains.

NTN recently established the MEGAOHM series of insulated bearings. The MEGAOHM series, includes multi-layer
spray-coated ceramic insulated bearings, the new single-layer type, and the PPS resin coated type.

The new single-layer ceramic coated insulated bearing is introduced below.
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New High-Capacity HWTJ Type Pressed Cage and Needle Roller Assemblies
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Needle roller bearings offer compact size, large basic load ratings, and high rigidity compared to ball bearings.
Because of these properties, the use of cage and needle roller assemblies assists our customers with size and weight
reduction of their products.

In recent years, customers have called for bearings that have ever-increasing capacity. In response, NTN created a
new high-capacity pressed cage and needle roller assembly as the HWTJ Type. Compared to the standard design, the
number of rollers was increased by 20 to 30% and basic load rating by 20 to 35%. This bearing series satisfies the
requirements of large basic load rating, long life under severe operating conditions, and high rigidity.

This report introduces the structure and the performance of the new high-capacity HWTJ Type pressed cage and
needle roller assembly.
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Premium Shell
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The drawn cup needle roller bearing has an outer ring which is precisely drawn from a thin steel plate. Of all bearings
with outer rings, drawn cup needle roller bearings have the smallest section height, which enables space and cost

saving.
NTN has applied this technology to many applications.

NTN's next generation Premium Shell bearings are standard drawn cup needle roller bearings to which NTN has

applied of NTN that concentrates this technology.
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Hydrodynamic BEARPHITE Unit for HDD
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Hard disk drives are used mainly as storage systems in personal computers, and it is expected that consumer usage
will continue to grow in the near future. In order to increase the storage capacity on hard disk drives, the Non-
Repeatable Run Out (NRRO) needs to be decreased. In addition, requirements for shock endurance and low noise
have led to the rapidly increasing use of hydrodynamic bearings for hard disk drive spindles.

Hydrodynamic bearings are suitable because of their compact size and rotational accuracy.

NTN has long been working on the hydrodynamic bearings to solve these HDD problems, and mass production of

the BEARPHITE unit began last year. The details of this bearing are explained below.
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NTN has developed a High Angle Active Link that can control movement with two degrees of freedom. This

equipment consists of a constant velocity joint(CVJ) with a power unit. This system is expected to be used for robotic

joints and as an optical platform.

This paper introduces the advantages that the constant velocity joint has over a parallel link mechanism and some

considerations on its link positions obtained by analytical study of ADAMS(a dynamic modeling software package).
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Improvement of Magnetic Flux Leakage Durability of Integrated Sensor Bearings
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A recent trend in manufacturing is to utilize electric controls to simplify machines and ensure better reliability of these

machines.

Because of this trend, there has been an increasing need in the marketplace for bearings with sensing functions. A
bearing with a rotation sensor that uses a magnetic encoder system is currently available. However, when using this
sensor bearing near equipment that generates a magnetic flux such as a motor or magnetic clutch, the sensor may

operate incorrectly due to magnetic flux leakage.

Therefore, magnetic flux leakage needs to be minimized and mechanisms to improve magnetic flux leakage
performance are needed. We have successfully enhanced the function of the integrated sensor bearing by optimizing
the mechanical structure through magnetic field analysis. An overview of this process was introduced in NTN Technical
Review No. 69. In this paper, an electronic technique for further improvement of magnetic flux leakage is introduced.

1. 0goo

oobooooboooobooobooooboo
oboooooooooboobooooooooooboo
gbooooobooooobooooobooooooboo
goooooooo

oobooooooooboboboobooobooooog
gbooooobooooobooooobooooooboo
gbooooOobooboobooooobooooboo
oboooooooooboobooooooooooboo
gbooooobooooobooooobooooooboo
gbooooOobooboobooooobooooboo
oboooooooooboobooooooooooboo
gbooooobooooobooooobooooooboo
gbooooOobooboobooooobooooboo
00000000000 OOONTNODODDOODOOO

ooeoUrfFiddldOIOOODOOOOOODOOOO
goboobOooboooobOooobOoooboooono

gbooobooooboooboooooobooooo
gboooooooobooooboboboobooooo
good

2. DO0O0ODOO0ODOO

0100000000000 0ooogoooogon
gobooobooooooobooooboooonog
gooobooooobooooboooboobooog
oooobooooboicoooooooobooooo
goooooooooooaoo

gbooooobooooboboooNOOosoon
ooooooooobooooboobooboooo
gbooooooooboboooboboboobooooo

*MOob0bob0 cooooboooox=ooooog boboo

-74-



N 00000000000000000

gooicooooobooooooooooooolcd
gboocooooooboooobooboobooooo
gboocoboooobooooboooobooolc
oboboobDOobDOoooOoO0OO0ONDOFFODODOO
ooooooooosooNODOOOOOoOoooo
ONOOFFOOOODOOOOODOOODOO20000
obooooooobOoboooboboboOooosod
gboocooooooboooobooboobooooo
gbooobooooboooobooboobooog
ooo

oboooooog

oooooao

b

oooooooa

gooooooooo

01 00OooOoooooobooooooo
Sectional view of integrated sensor bearing
(Conventional design)

3. 0booogo

gboooboooboooboicocobooooooogon
20000000000001ICOLOO0OOObOODOOn
oobooboooboooo

gooooboooooboobooboooooboooobooon
gboocooooooboooobooboobooooo
O000OveOO01/20Vvw/20 0000000000
ooooooOooobDoobomoz20b000000
gbooooicoboooobooooobooboobooooo
uobO0oooobO0o0ooobO0oooobO0OoooNO
OFFO0 000000000 0ObOO0Ob0O0On0OoODO
OOoOoooooooTe/Th0O0O0S0000000200
goooooboomm

obooobooobooooobooboooooDboon
obooobooobooooobooboobooobooon

-75-

ooooobooooboooz20b000000000
ooooooooobooooboboooboomo2
oboooboooobooooboooobooboood
oooooooooboooooboooboobooog
oboooobooooobooooboooboobooog
oo

VH
oooooo
ooooo

VH/2

00000G L —I L
1

TP

Tn

02 0O00DO0oOoOooOoOooOOoOOOO
Hall element and digital output voltage

4, ODO0ooooOoobooo

ooooboooooboobooooooooboo
oboooboooooboooobooooboobooog
goooboooobooooboooooboood
ooooooooobooooboooboobooog
oboooboooooboooobooooboobooog
goooboooobooooboooooboood
oobooooDoooDo

4.1 00
ooooboooooboobooooooooboo
obooboo3gboooobooz20b0000000o0on0oa
ooooboooooboooboboooboood
180° 0O0O0ODOOOO0OOOODOOODOOODOO
oboboobobooboboob2000000000
goooboooobooooboooooboood
obobooboobooboboiliboobooboobooDg
ooooooobobobobooooooo200000
ooboobooboobooooooood



NTN TECHNICAL REVIEW No.710 20030

goooooo

AOO0O0O

gopoooo

03 00000
Schematic view of sensor

4.2 00O
o4000000000000O0040000012
gbooooOoboooobooooobooooboo
oboboz000000000000000000
gboooobooooobooooobooooooboo
gooooooooooo
oobooooooooboboboobooobooooog
gbooooooooboboooboooboobooon
gbooooOobooboobooooobooooboo
oooobooboboooboooboboboooooon
gbooooobooooobooooobooooooboo
gbooooOobooboobooooobooooboo
oboooooooooboobooooooooooboo
gooobOooooooobooooooooboooo
gbooooOobooboobooooobooooboo
oboooooooooboobooooooooooboo
gooooogd
ooboooobooboobobooboooooog
gbz2000000000000000000000
gooobOooooooobooooooooboooo
goboobOoooooobobbooooooboboog

Oovw/20000000000000000DOOO0OO
gboocoooooobobooobooboobooooo
gooobooooobooooobooooooo
s500000000D0000000DO0DbO04.4
obboooooobooobOoobOoobooonn

4.3 0000

gboooooooboobooooobooooon
5000000000000Y0000004000
gooAOBOCOOOOODOOOODOOOODO®G
gboocooooooboboooboobooboooo
gboocooOoooobooooboooboobooooo
J0o0000000ooO0O0OxDOoOoooog ATOO
gboocooooooboboooboobooboooo
O000e 000000000000 00000O0
oooobooooOobOooooboobooboooo
gboocooooooboboooboobooboooo
gbz2000000000000000000000
oooobooooOobOooooboobooboooo
gboocooooooboboooboobooboooo
gooao

Ve

oooooo

oooaso® O

ooooo

cooocoooo
oobooooooo

04 0000000042000
Schematic view of detector circuit

-76-



N 00000000000000000

ooooooooooo

)

7

ooooooo

=

ooboooobooooooog

=
NNNNNNNNNN N NN

05 Oooooooooo
Magnetic flux leakage durability test equipment

'H_'*'J' ik ——
ooo L]'_»‘-J—_A-J_Lﬂ_j—__‘r
| i
aovom e
cono
Al O
L oy
'l..- . |" e TPIFRNE S| S 4 _!.I. il i \uﬁw _":L'r i
i ' L r ! Id kT f I} r i
PO CENELY IS R T R VR Y
BO O
B T T NS A TR TEeY
R 1 G0my

obobobooooobogbgATo

Tk TE

=

M = —
coo

B
§

\J o

fhil  Roney

gooo

06 0000000
Waveform of detector circuit

4.4 0O000OODOO
gboboobozb0b00b00000000D000
ooooooooobooooboobooboooog
gzooo0og
gboocobooooboobooooobooooo
ooooooooobooooboobooboooog
gboocooooooboooobooboobooooo
gbooobooooboooobooboobooog
ooooooooobooooboobooboooog
gboocooooooboooobooboobooooo
ooboooboooooon

i 1
SR R L

AOO
¥

e e
y e o

el

o | |J "
v

byt ooy 1T

LY o v
goooor

BOO |

P P

gb0oob00o000O0400ATO

700
O
o 600 I
E 500
g 400
0 300 et
O
200
= —— (00000l
e —=—-QQooo2
. —=_000002]
0
2 il o} 1 2

-77-

O0O0O0O0OkATOO

07 0O00OOO0ODOOO
Influence on reference voltage



NTN TECHNICAL REVIEW No.710 20030

5 0000000004

oobOoboooboooobooboobooooboo
obobooboobDoooooooo20000000
gbooooboobooboooooboooooboo
gobooobooozoooboOooobooooogoa
ooo3booobobooobooobooooosonQ
gboooooboooboobooooobooooboo
gbocoooboooobooooobooooboo
obobobobooboooi1oo0ooooboooboooo
gooooo

01 ODOhooboooo
Sensitivity test condition

00000 0oDoooooogo]o oooooooooo
10 oo gog
20 100 good
30 200 oog
goog gooooicoo gooog
O 9
o 8
5 7
o 6
o 5
0 4
a
O 3
o 2
a
1
z 1 e ) —
1 2 3 gooo
goooo

08 ODoOOOoOO
Magnetic flux leakage durability

51 00000000000000
osUoooboOoOooOo200000000ooDo
gbooobodoboooboboooboooboabooo

gboooboooo3gooboooobooooboooboon

gobooooosboobboooboboobooon
gbobooboooboboboobooboobooboon
gbobooooooboooooooiloboooooo

O9kATOOODODOOOOODOOOODODOOOOD

gbobooboooboboboobooboobooboon

gooobOoooobOooboooooboos3ounon
goboooobgoog

-78-

52 0000000000000D0O

goboobooooboobooboobobooobon
100o03000o0ooobobooooenonooonoo
obooobo2000000000000002000
gbooobooboobooboobooboobon
OO0000x9kATODOODOOOOOO=x 15000
oboooboooooboobooboooz2000300
oooooooooboboOooso0+ 150000000
OOo0ooOo0DoOO0i1kATOOOOOODOOOOOO
goboooooood

80

70

60 -

R

30 { =002 f

d . 003

20 L " L M n L 2 L
-10 -8 -6 4 -2 0 2 4 6 8

O000kATOO

50

40

goooooocoono

oo1

100

09 OOoOoOoooooooo
Impact on duty ratio



N 00000000000000000

6. 000U

gboocoboooobooboooobooooo
ooooobooooobooooboobooboooo
gbobooboboobobobooobooogosoood
gbooobooooboooobooboobooog
oooobomobobooooobooooooDbo
gboocoooooobooooboobooboooo
gbooobooooboooobooboobooog
ooooobooooobooooboobooboooo
gboocoooooobooooboobooboooo
ao

gooobooooboboobooooboooon
gboocoooooobooooboobooboooo
gbooobooooboooobooboobooog
oobooooooooon

gooo
1) 0000000 O000O0NTN Technical Review
No.69 (2001)

oooao

F il =
goooo goooo goood goooo
ooooooag goooood gooooo oooooo
oooood oooooo ooooo oooog

-79-



NTN TECHNICAL REVIEW No.710 20030

[0O00 ]

oouoogooogn

Introduction of Grinding Swarf Recycling
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NTNOOOOOOOOOOoOooOooooooooooo
oobooOooooooobooooooooooooon
obooobooooboooobOoboobooooooon
obooooooOobOoboooooobooboooon
ooooOoooooooooooooboooooooon
obooOooobOooobooooooboooooooon
oooooOooooooooobooocboooboooo

ubmoboooboboomoobooboobooban

NTN has developed a system to recycle grinding swarf. Recycling has already begun.
NTN has also started a new company, UNI TOP, which will supply briquetting machines and support recycling of

briquettes.

UNI TOP will contribute to society by reducing the environmental load of grinding swarf.
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