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Technology of High Reliable Bearings for Wind Turbine Gearboxes
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by T. Watanabe

Wind power generation is widely recognized as a growing industry for renewable sources of

energy. Since the late 1980s, NSK has been supplying all types of bearings used in wind turbine

gearboxes as an all-round bearing manufacturer. In recent years, bearing reliability has become much

more critical with the rapidly increasing size of wind turbines.This article describes features of bearings

for wind turbine gearboxes and provides details regarding bearing selection with a focus on the speed-

increasing gearbox, which is commonly used in a wind turbine with an induction generator. In addition,

we will discuss the NSK technologies that have contributed to the improvement of bearing reliability in

wind turbine applications.
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Annual Wind Power Development
Actual 1990-2003 & Forecast 2004-2008
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Fig. 1 Annual wind power development: Actual 1990-2003 & Forecast 2004-2008
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Fig. 2 Schematic view of gearbox
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Table 1 Types of bearings for gearbox components
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Fig. 3 Relationship between bearing size and wind turbine
capacity
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Fig. 4 Relationship between P/C and wind turbine capacity
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Fig.5 Example of STIFF calculation (deformation of shaft)
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Fig. 7 Torque histogram
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Table 2 Maximum contact surface pressures of bearings
for gearbox components
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Fig. 8 Life test results of tapered roller bearings with
contaminated lubrication
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Fig. 9 Concept of cage design
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Bearing Technologies for Centrifugal Pumps
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by H. Ishigurod M. Yamada

There are a large variety of pumps in the world. This article covers the basic structure and operating

conditions of centrifugal pumps, which serve a wide range of applications. Additionally, this article will

describe the function of bearings and the technologies that have been developed to meet performance

requirements of centrifugal pumps.
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Fig. 1 Pump classification according to operating mechanism
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Fig. 3 Cross-section views of a standard deep groove ball
bearing and a high-load capacity deep groove ball
bearing
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Fig. 4 Cross-section views of a standard angular contact ball
bearing and a high-load capacity angular contact ball
bearing.
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Table 1 Boundary dimensions and basic dynamic load rating

of deep groove ball bearings
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Table 2 Boundary dimensions and basic dynamic load rating
of angular contact ball bearings
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Fig.5 Process of surface initiated fatigue

43 00OODOOO

coooooobooooboooooooooood
gobooooooooooooboooooogoo
goboooboooooooooocbooocbooooo
gobooooooooobooooboooooooo

4
o
o0 ol
o o>
>
X 50
-
= Standard
u bearing steel
c
(0]
S 10
[0
o
’
)
’
I I
1 10 100 1000

Life, h

Test conditions
Test bearing 6206
PO CO 0.32
3000 min""

Contaminating debris
Hardness: 540 HV
Diameter: 740 147 p m

06 OOODOOOOOOO

Fig. 6 Rolling fatigue life of 6206 under debris contaminated lubrication
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Table 3 Bearing types and specifications for pumps
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Fig. 8 Cross-section view of anti-creep bearing

cooooooooooboocoobobocooboooo
oosoom

44 00 0O O

0000000000000000 API610™ O
coooooooOooooboocooboocooboooo
coooboooooooo,oocoobooooocooo
coooooooocoobocooobocooboooo
cooooooooOoobooooooooooogon
coooooooocooon
o1ibooboobooocbooboboooboooboboooo

gooooooooooboooboboooboooo
goooooooboooboooboooooboooo
g
o200000000C0cbOO0ob0bOOobocbOOobocbooon
gooooooooooboobobooocboooo

cboooobooooboooboooboooobooooDoo
oboooboooboooboobOoobooooDo
oooooooo

O300000000oobO0oo0ooooooOoonbDOoonono
cboooboooboooboobooboooobo
oooo

45 0000

coboboboooooooooboocobooooooon
ooooo3ooooooOooOoOOO0OOOboOobooo

5, 0000

coobobooooooooboboobooooooon
goboooooooooooooooooooon
od

gbooooooooobodoboobooobooooondg
b oooooooooocoobooooobooooo
goboooooooooocoooboooooboboooon
gbobodobobobobooboob ooooooo
000000000000000000ONSKOODO
goboooooooooooooooooooon
goboooooooooboooobooooood

gooo

10 00 00000 ODUO00OO0 ODoot DoooOoUoooooOOTrO
0" NSK Technical Journal 6500 19890 1-11
2000 DOO
“0000000000000000D0000” NSK Technical Journal
6270 1971011 1-8
30 American Petroleum Institute Centrifugal Pumps for Petroleum, Heavy
Duty Chemical, and Gas Industry Services APl STANDARD 610.

NSK Technical Journal No. 678 (2005)

13



14

NSK

Jubguobogubgubtgdn

oo ogx ‘

od od

Trend of Bearing Technology in Iron and Steel Industries

by T. Ohira

Ensuring stable operations and highly efficient production have been important issues faced by the

steel mill industry over the years given that it is an equipment-intensive and core industry. Universal

demands of long life and high reliability are required of bearings used in iron and steel works. The

severe operating conditions of bearings in these industries include exposure to fine iron powder (iron

oxide), water, and high temperatures. The operating environment also includes heavy loads, shock

loads, high vibration levels, and rapid acceleration and deceleration cycles. Such operating conditions

are rarely found in other industries. NSK has been developing bearing materials and bearing designs

aiming to extend operating life and further improve reliability of bearings in order to respond to

customer needs. The focus of this article is on bearings for continuous casting mills and rolling mills

and the severe operating conditions in which they must operate.

1. 0000
2. 0000000000
21 000000000

1. 0000

cooboooobooooboooooooOooooa
gobooooooooobooooboooooooo
gobooooooobooooooboogoo
coooboooobooooboooooooOooooa
oO0197000000000000C0O0O0O0O0000
0o1Moooooboboooooboooooooon
gobooooooobooooooboogoo
coooboooobooooooooooboOooooo
gobooooboooobooooooooooooon
gobooooboooobooooooooooooon
gobooooboooobooooooooooooon
gobooobooooOoooooobocbooocbooooao
g

2. 0000o0obooooo

cooooooboocoobooooooboOooooo

gooooooooooooMrFOOO

NSK Techwical Journal No. 678 (2005)

22 000000000000

3.0 00

coobooooboocooboocooboocooboooo
coobooooboocooboocooboocooboooo
oooooisoooooooooooooooooo
coobooooboodoobooooooooobooooo
oo

200 <10
180
160
140
120
100
80
60
40
20

0
1950 1960 1970 1980 1990 2000

t

ooo,

20040

01 ooooooo'
Fig. 1 Transition of crude steel production volume'?




NSK

01 NSKOOOOoOoOooooooo

Table 1 Chronological development of NSK bearings for iron and steel works
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Fig. 3 Segmented drive rolls for continuous casting machine
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Photo 1 Damaged outer ring raceway
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Fig. 6

Failure process of spherical roller bearings in
continuous casting machines
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Photo 3 Cylindrical roller bearing with aligning ring
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Table 2 Technical needs for each steel production process and solutions
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Grease Replenishment System for Machine Tool Main

Spindles—Fine Lub II

by S. Azumi

In recent years, environmental issues have exerted stricter anti-pollution pressures on industry

across the globe. This has drawn attention to technologies that conserve natural resources, prevent

environmental contamination, reduce noise pollution, achieve maintenance-free performance, and

improve overall working conditions.

NSK's grease replenishment system for machine tool main spindles uses an external pump that

intermittently delivers exact amounts of grease to the bearing interior. This grease replenishment

system extends bearing life for use in high-speed applications. Furthermore, high-speed applications

running in the range of dmn value 1.8 x 108 can take advantage of this system, which has been the

mainstream realm of oil-air and oil-mist lubricating systems. This grease replenishment system

protects the working environment by eliminating stray oil mist or leakage, and saves energy by

reducing the large demand for continuously compressed air of oil-air and oil-mist lubricating systems.
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Fig. 1 Cross-section views a grease-replenished bearings
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Table 1 Test results showing temperature variations of a
grease-replenished bearings
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S3 Ball Screws: Super Low-Noise Ball Screws for

Automation Equipment
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by T. Kajital E. Hayashi

NSK has combined proprietary ball screw technologies to develop an extremely quiet, high-end

BSS series ball screw. The name S3 (pronounced S-cube) comes from the three S's in "BSS-Super

Type." This ball screw is approximately 10 dB quieter than conventional ball screws with a shaft

diameter ranging from 15 mm to 32 mm, and a lead ranging from 10 mm to 25 mm. The S3 Ball Screw

has been developed for automation equipment operating at high speeds with a light load.
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Development of New Series of Megatorque
Motor® for High Speed and Precise Positioning

by Y. Igarashild H. KonishiJ S. Kobayashi

Direct drive motors must meet increasing demand for higher speeds and strict high-performance
requirements. NSK has developed new Megatorque Motor series that meets such strict requirements
for high-speed and high-precision performance of direct drive motors. This article describes an

overview of functionality and technologies of the PS series of Megatorque Motor.
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PS series of Megatorque Motor®
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Table 1 Specifications of the PS series of Megatorque Motor®

Hooon PS1006 PS1012 PS1018 PS3015 PS3030 PS3060 PS3090
oooo
goood [mm] ¢ 100 @ 150
0oOooo (] 85 110 135 85 | 102 | 13 | 170
gooogod [mm] ¢ 35 ¢ 56
0oooooo [NOm] 6 12 18 15 30 60 90
goooooo [NOm] 2 4 5 10 20 30
0ooooo [s] 10 10 8 5
gooooooogd [0ogdhnl 2,621,440 2,621,440
gooooooo [ (O)] 30 30
000ooooooo [kgOm?] 0.0024 0.0031 0.0038 0.011 0.014 0.019 0.024
ooooo [kg] 2.7 3.8 4.6 6.8 7.7 11.0 13.8
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Table 2 Torque and dimensions of PS1006 and convent-
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PS1006 6 NOm @ 100 mm 85 mm
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Fig. 1  Carrier arm and stock table of CD/DVD production lines
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Fig. 2 FEM model and magnetic flux density distribution chart
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PUOSTR| 6| 1 |35 | 12 |194| 8| — [M2x04x 15| 5 | — | — 5132| 15 (23x33x08| 25| 210| 520| 775| 2 1 1
PUO7AR| 8|15 | 5 | 17 |23.4| 12 8 [M2x 04x 24| 65| — | — 7147 |15 |24x42x23| 35| 375/1090(1370| 5 3 3
PUOITR [ 10 | 2.2 |55 |20 | 30 | 15| 10 | M3x05x3 | 7.8 | — | — 9 |55| 20 | 35x6x45 |45 | 600/1490(2150| 10 6 6
PUI2TR[ 13| 3 |75 |27 | 35| 20 | 15 |M3x 05x35/ 10 | — | — | 12 | 75| 25 | 35x6x45 | 6 800(2830|3500| 21 | 11 | 11
PUTBAL [ 16 | 4 |85 |32 | 43 | 25 |20 | M3x05x5| 12 |9 3((3.3)| 15 | 9.6 | 40 | 35x6x 45 | 7.6 |1000|5550|6600| 50 | 26 | 26
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PEOSAR (6.5| 1.4 35| 17 |24.1| 13 | — |M25x045x 15 5.1 | — | — | 10 | 4 | 20 | 3x5x 16 — 150| 690| 1160| 6 3 3
PEO7TTR| 9| 2 | 55|25 |31.1] 19 | 10|M3x05x28| 7| — | — | 14 52| 30 | 35x6x32 | — 600(1580| 2350 17| 7 7
PEOITR | 12 | 4 6 | 30 [39.8] 21 | 12| M3x 05x 3 8| —| — | 18|75|30 | 3bx6x45 | — 800|3000| 4500{ 37| 17 | 17
PE12AR | 14 | 4 8 |40 | 45| 28 | 15| M3x05x4 | 10 | — | — | 24 | 85| 40 | 45x8x 45 | — 1000|4350 6350 71| 29 | 29
PE15AR | 16 | 4 9 | 60 |56.6| 45 | 20 |M4x 0.7x 45| 12 | @ 3|(3.3)| 42 | 9.5 | 40 | 45x8x 45 | 23 | 9.5|1200|7600|10400|207 | 59 | 59
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