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Stainless Steel Bearing Series with High
Corrosion Resistance

by S. Tanaka, H. Ito, M. Oohori

The performance standards of stainless steel bearings are always being raised throughout various
industries. Stainless steel bearings must be compact in size, lightweight, have high-speed capability,
low noise, and must be maintenance free.

To meet the demand for higher-standard products, NSK developed three new bearings. With the
ES1 product, we have brought the coexistence of longer bearing life technology and high corrosion
resistance into a single package that, until now, has not been available with conventional stainless
steel. The SUS-GUARD and ESA products combine the properties of non-magnetism with high
corrosion resistance. In this report, we will describe the various features of each bearing.
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Development of a Hybrid Ball Bearing with Q
Advanced Materials under High-temperature )
and High-speed Conditions m -
o0 oo oo od

by Koichi Hachiya, Kenji Yamamura, Toyohisa Yamamoto,
Masanobu Ymamazoe, Hideto Yui

-~

o

oo oo

In Advanced Material Gas-Generator (AMG) Project, we have developed a bearing that can be
operated under high-temperature and high-speed conditions. The bearing consists of advanced
materials, such as balls made of silicone nitride, rings made of newly developed high-speed steel, and
a cage made of C/C composite. In addition, tripentaerythritol ester oil was selected for the lubricant.
Initial performance tests revealed that the selected materials and lubricating oil function sufficiently for
bearing usage. Finally, the bearing was operated normally at 4 million dN and 30000 for 10 hours.

1.0000 4. 00000000

2.0000 41 0000000000 OODODOOO
21 00000 42 OO0

22 00000 43 J0OO0OOoood

3.0 00 5.0 0O O

gobooobOoobOoooooocooocbooooo

1. 0000 00oDoo00o0ooooooooooooooooog
0ooooooooooooooooooooog 000000000o300040000000020000
O00oDo00oooooDoooooooobooon O dNO 30000400000 020000000000
Oo0o0oooooooooooooooooooon oo000ooooDooooooooooooog
Oo0o00oo0ooooooooov4oooooooo od
O0momooooooooooooooon NSKOOOOOOOoOOooOOoOoooooooooo
O AMGO Research Institute of Advanced Material Gas- oooDoooooooooooooooooooon
Generator0 019930 0 0 000000000 OO0O oooDoooooooooooooooooooon
Oooooo20000000500000NOxO00OO ooooooooooooooooooooooog
0000000000000 0D000DO0OODOO0O 0ooooooooooooDoooooooooon
000oooDooopDoooooooz002030000
000000000000 00o0oooo goodddddooooooooooooooo

goooooobooobooooooooboo

NSK Techwical Journal No. 674 (2002) 11



NSK

2.0000

21 00000

00000000000 000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000
00000000000000000000000
000000000000 000MS5M® 4Cr-4Mo-1V-
0.8C000000O00O000040000000000
0000000000000 00000000000
000000000000000000000000
0000000 00000000000000000
0Q
000O0OMS00000000000000000
000000000000000000000000
0'o
00000000000000000000000
0000OMSOOODOOO00O000M0000000
00005000000 00800HVO 00000 MS00
000000000000000000000000
000000000000000003000040000
000000000000000000000000
00000000000000000000200
0000000000000 0000000000
13000 00000000000000000000
00000 3x10000000000000000
000000000000000020000000
0000000000000 3x100000000
000000000000000000O0MS000

1200
1000 oooao
800 |.

600 |
M50

oo,0Hv

400

200 |

O L 1 I 1
0 200 400 600 800

oo,o0o

01 DOoooooooMsoOOoooooooog
Fig. 1 Relationship between temperature and hardness

12 NSK Technical Journal No. 674 (2002)

ooooooooooooobobooon
ooooo0OoooO0oobOobOoooOooooMmson
oooooooooooooon

22 00000

0D000000000D04000000000000
0D00000000000000000000000
0D00000000000000000000000
0D00000000000000000000
00000000000000000000000
0D00000000000000000000000
0D00000000000300000000000
0D00000000000000000000000
0D00000000000000000000000
0D000000000000040000000000
0D0000000000000000000000
1000000000000000050000000
0D00000000000000000000000
0D00000000000000000000000
0000000000000
000000000000 MO000000o0on
000000000000 MO00000000O
0D00000000000000000000000
0D0000O000SBNA0 00000000 0nonono
0D00000000000000000000000
oo*o
00000000000040000dr036000
0D0000000000000000000000
0D00000000000000000000000
0D0000000000000000000000

cobooooooboboooocoobooooooogoon

ooooooooMsoOOOODOOOOOOOO0OO
ooo

—-©— 0000
050

90 [

50

0200881888 E0(
)

oooooo,0o

S
O—ro
v

goo
gooooqg

1 10 100 1000
0 0Ox 10° Stress Cycle
02 0O00OOOOODoOOd

Fig. 2 Rolling contact fatigue life under high temperature and
contaminated lubrication



NSK

oooo
Dﬂﬁiii///mmmmmmmmm
[ T ]
e oooo
— e = -
T’ ’iIE‘ 0oooooo
|

|
1 %? ooooooo
A L ooooooon
I :
|
|
|
|

| \j $/T/DDDD
i loe——

03 DOoooooooooo
Fig. 3 Test apparatus for evaluating properties of solid lubricants

0=CR 0=CR 0=CR

gH gH CH:
9 i i i Q
RCOCH/f?*CH/*O*CH/ —C—CH;—0—CH;—C—CH.OCR

0=CR 0=CR
) 0 5P4E

9 CHz (T‘H'/ 9
RCOCH:?%*CHz* O*CH:*C‘*CHzOCR

CH: CHz
o o
0=CR 0=CR

R:Alkyl
DiPE

05 OOoooooooooo
Fig.5 Molecular structure of tripentaerythritol ester,
dipentaerythritol ester,and 5-ring polyphenylether

00000000000 0300040000drd 160
003000 0000000000000000000
000000000000000000000000
O0000000000OMSOOOO0000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
Doo000O0O0000O0C/c00000OnnnmO
000000000000000000000000
ooooh

3.0 00O

oboooobooobooobooobobooonooon
coooooooooobooooooododMIL-L-
23699 D0 0OOOOMILOOOOOOOOOODOOO
cobooooooooobocoooboooboooo

oooood SisN,  [SisNy| N6O
i m SiN. [ N50|N50

GrWS, [-O-—-O-
D | A | &
hBN _[{1--[F

gooogo

siaf=fs)slsis]s]s
Hm

U m

oooocooo

04 0ODOODODODODOODO
Fig. 4 Lubrication properties of solid lubricants

100 I
— - MIL
X — _ _ 5P4E
2 s DIPE
T 10 PSS
g S | |- THPE
S e .
g \\hl\-l\\\_\ : ~N
o e
0.
100 150 200 250 300

oo,oo

06 O00O0O00OOOOoOoOood
Fig. 6 The viscous properties of the test lubricants

goboobooooooooboooooo,oooon
goboooo,bobocoboooocobooooooooon
ubooooobobooooobobooooooons
00000000005P4E00000000000
gboooooocoooooboobOoboooooobooon
goboooooooooooooooooboooon
oobooooooooooboobooobooooo
O00000000000000000O5P4ED
0000000000000 000MIL-L-23699 00
gobooooooOoooooocooboooooooono
gobooooooobooocooooooooboooon
OOOooObDiPEOOSBOOOODOOODOOODOOS000
goboooooooboooooooooooboooon
goboooooooboooooooooooboooon
goooooobooooooocooboooooon
OTriPEOOS000O0000O0O0O0C0OO0315000

NSK Technical Journal No. 674 (2002)

13



NSK

goboooooooooooon
oo0oO0OTrPECOO6OO000OO0O0O0ODOS3000
00000 Mmm*s000000000000000
goboooooooooooon
O700000000CO0DOO0OO0O0O300000O
gobooooooooobooooboooooogoo
gOo2oo0-0O0O0oso0O0O0OooOMILOODOO1O00O
oooooooooooosoonooooooonoo
oMiLOOOOODzoo0DOOOO0O0O0O0O08OO0O0OO
gobooooooooobooooboooooogoo
gobooooooooobooooboooooogoo
o0Ooo00ooooo0O0oocooo0oboO00o0oDbiPEO
SPAEDDOODOOODODODOODOOO
oooo9ooOooooooonooobooooDo
gobooooooooobooooboooooogoo

o 3

o

Te)

[

S 24

N

©

1.8

|

=

O o

E 0.6

O Tl ¥ TriPE

g ¢ {)—MIUZOO%)
g ol

S0 10 20 30 40 50

Slide/Roll ratiod O O

07 0OO0O0O0OO0O0OOOOOOOMILOO=1000000
00000040m/s0 Pmax(2.0GPal) 0 0 0 0 0 03000
Fig. 7 Typical traction curves for various lubricants

w

—e— DIPE
—x— TriPE
—o— 5P4E
—o— MIL(2000)

ooood

N
o

N

gooooMILODOOOooooooo
o

030 020 010 0 10 20
O00000d0s

09 0oooooooooooooo
00000040nysO Pmax0 2.0GPald O 0O 0 0O 0O 3000
Fig. 9 Traction coefficient after oil shut-off

14 NSK Techwical Journal No. 674 (2002)

00000000000 000000
00000003000 0000000000000
00D000000O00D0O000O0DOOOOOO ™™g

4. 0O00OO0ODOO

000000000000 00000000000
000000000000 000000000000
0D00O00030000de04000 000000000
Dooooooooon ™o

41 0000000O0O0OOOOOOCOO0O

obooobooobooobooboboooonogn
ooooooo 4b000000000000000
ooboOoooteooocOoooOobo1ooooonono
cooooonoobooonoooobooooo

-O-5P4E
-@- DIiPE
¥ TriPE
-O- MIL

1, at 40m/s-1.0 GPa-2000J )

Maximum traction coefficient

(MIL

08 ODOOO0OOoDoooboooon
00000040nys0 PmaxO 2.0GPall O O 0 0 0O O 2000 3000
Fig. 8 Influence of temperature on maximum traction coefficient

® 160
® 100
tc?o
N
w

010 OoOOooOO
Fig. 10 Test bearing geometry and dimensions



NSK

01 OOoOoog
Table 1 Lubricant and Materials of Bearings

Type A ‘ Type B Type C ‘ Type D

ooo M50
000 | MSONL | 000 MSONIL | DDD
ooo SAE4340 ccooooog
oog oooo
ooag oooooooooooooooono
02 O00O0O0O
Table 2 Test conditions
ooood min®’ 040 000
dn0 mm min"’ 04.0x 108
oooo | 0300
oooo 0 0150
oo 1/min 3.0
ogooooog kN 7.0
ogooooo kN 0.2
Q000 N 2.50 Type A BO CO
10.0 (Type D)

oooooooO0ooOooboOoooboz2000000000
coooooooooobocoooboooboOooon
cooooooooooboocoobobocooboooo
ooooo0ooooO0o0oDOboO0ooboO0o0O012000000
cooooooooooon

42 JO0O0O

0200000000000 000O0O0O00O0O0CO
OooOOoOoOo300000000000000Type AO
BOCOOODOOODOOODOOOOoOooDoOoOOOOOO
cobooooobooboooocooobooooooo
ooooooooooooooooooooonsoodn
and40000000COCO250000000D00O

0000000000000 TypeDOOOOO
coosooooooobOoobocoobootooooOon
coooooooocoobocoobobocooboooo
OOOoOOOO0OO0OOType AOD DOOOOOOOO
coobOooooocoobooooooOoboOooooa

43 00000000

431 00000

OooooooMeoNiLOOOOOOO0OO0 Type A
OoooooOoooOoooOoo TyeBOOOOOO
Ooo0o0oo0oooooo130000Type AOO
oMeONILOOOOOOMwmOOOOOOOOO0O0O0

20000
Dmoooopd @ooood I
booood
¥ 1 ;

0000B 00—
s
DDDDDDDDD(—I

¥ : et
goooobo oooooog
0000Dmo00mo00nmd oo

011 oooo
Fig. 11 Testrig

L

Oil I
012 000000000
Fig. 12 Under-race lubrication for bearing

dno Y 0 4.0x 10°

i 2 ooooP oscono
N 00000000 7.0kn
g 0000 03.01/min
0 15 00000 O25hours

O

}

o /

O 1

= L

O /

S 0.5

O lj;

= |
Type A Type B
(M50NiL) (ooo)

013 00oO0O0o0Oooooooo
Fig. 13 Wear depth of inner ring raceway results

OOType BOOOOOOOOOOOOOOOOOO
OoooooooooOCOType DODOOOOOM0OO
gboooocooobooocoshboboobobocooon
gboooos5ymbOooooooogotoonboon
gobooooooooooooooooooboooon
gbooooooooobooosocooddrb4000000O
ooooooooooooooooooboooao
MeONILOOOOOOOOOOOOOOO0O00000
oooooooMsoNiLOODOOOOODOO

NSK Technical Journal No. 674 (2002)



16

NSK

400 - 00000 000000007.0kN [
OooooM |0000 03.0min
3007 ——[000010
O
]
o 200
D A A A A A
100 & &4
O 1 1 1
1.0 2.0 3.0 4.0 5.0
dndx 108

014 anO-00
Fig. 14 Temperatures of outer ring, exhaust and inlet oil (O Type DO

015 00000000 Type DO
Fig. 15 Photo of tested baring 00 Type DO

432 00000

Type COODOOOODODO30000drO400000
oooOo2s5000000000C¢CCo000OooOoOng
gobooooooooooooboooooooo
00o0oooooooooo0o TyeDOOOOOO
oooooooocooooooooooooooo
ooooooOo1s00m@oooonoooonType A
O0000000SAE43400 0000000000
ooooo0oooooooo2s5000000000
gobooooooobooooooboogoo

goooooooooOoOoOocCccCcooooooon
goboooooooooboocooboooooogoo
gooooccooooooooooooooooo
ooooooooooooc¢coooooooooa
gobooooooooobooooboooooooo
gobooooooooboooobooooooono
gooooo

433 0 0O O

Type DOOOOODOMOOO0O0O00O0O0O0O0OOO
goboooooooooboocooboOooooooo

NSK Technical Journal No. 674 (2002)

400 A ——00@reA) Maunn  03.0x10° 00003000
==00CypeAU| |0000000D07.0kN 0000 03.0¢min
350 F| —— 00 (TypeD) £ =
00 (TypeD)
300 +
O

= poooooo
0 250

oooo oooao

O
0 200 (TypeA)  (TypeD)

150

'IOO 1 1 1 1 1 1
030 0 30 60 90 120 150 180
oooood,s

016 ODOOOOOOO
Fig. 16 Bearing temperature rise after oil shut-off

O0oo0o0O0oo0oooooooooooo0soonOdn
O 40000001000000000000000C0
cooooooboooobooooboocooboooo
goosooooOoOooOooOoOoonooooDoooO
coooboooobooooboocoobooboooboooo
cooboooobooooboooboocOooono

434 00000000000

0140 Type DO ODDOOOOOOOOODOOOO
00000000000 00O0O000O0O00ooOn
000000000000000000000000
Oooo150000

00000000000000000000000
00000000000 OType DOODOOOOOO
O0OType 00O0OD00OOOOOOOOOOOOO
000000000 Type DOOOOODOOOO Type
00000000000000000000

00000000000 0022000de0 3000 O
000 7.0kN0000O000O00OO0OOO0OO
3000 000000000000000000000
000000000000000000000000
00000000160 0000000000000
0000000000000 0000000000
3000000000000000000000000
000000000000000000000000
000000000000000000000000

5. 0 O 0O

AMGO OOOOOO0O0O0DOOO0OO3000040000
00000de0 304010°00000000000
coooooooocooboocoooboooboooo
coooooooocooboocooobocooboooo
coooooooboooboomooooooboboooon
goooooooccooooooooooooono
coooooooboocoobooooboooboooo



NSK

ooooooooooobooooboooobooooon
oooooooooooboocooboboooboooo
ooOooooosocoobobobaeb4000000OOO0
oooooooooooboogn

AMGOOOOO0O0OO0OO0OOO000OoooooooO
coooooooooobocooboboooboooo
coooooooooobocooboboooboooo
coooooooooobocooboboooboooo
coooodgo

oood

1) 00 0DO000O0 DO00OO0O0D0 000D 0ObOo0OoO oooooo
000o0000o00o1996-50 p.152.

2) 00 0O0O0O0OO0 0O0OO0ODO0O0O DOoOoOoOoOoOoOooooooOoo
[0 1994-500 p.249.

3) Yui, H., Aramaki,H., Yamamoto,S., Yamazoe,M.,* DEVELOPMENT
OF A BALL BEARING FOR ADVANCED GAS-GENERATOR,”
Synopses Intern. Tribo. Conf.[0 20000 p.260.

4) 00 0O0O0O0O0 0O0O0O0O0 OO0O0OO0O0 O0OO0OO0OO0O Ooooood

000000000000 1996-100 p.324.
Hachiya,K., Yui,H., Shoda,Y., Yokoi,S., Naka,M.,“ Evaluation of

Tribological Properties of Synthetic Lubricants under High

Temperature and High Speed Conditions,” Lubrication Eng., 54, 2

00 199800p.935.

6) Yui, H., Aihara,S., Yamamoto,S., Yamazoe,M.,* The Performance of
Hybrid Ball Bearings under High-Temperature and High-Speed
Conditions,” Proc. Intern. Gas Turbine Congress 1999 Kobe [ 19990
p.1017.

5

NSK Technical Journal No. 674 (2002)

17



18

NSK

oottt gboun
oot

oo oo

OO0 oo*ooo gox
2

ad

oo oo

Research of Touchdown Bearings for Turbo Molecular
Pumps

by Y. Ohura, S.Sugita

Recently, high vacuum environments are required for various highly technical and precision
industrial areas. A turbo molecular pump is a high vacuum device, designed to achieve approximately
10"% Pa. A turbo molecular pump consists of several components including a high-speed magnetic
bearing. In the event that electric power is cutoff from the magnetic bearing for any unexpected
reason, load capacity is immediately lost. The rotor and the stator then make contact with each other
resulting in complete failure of the pump. In order to protect the pump and magnetic bearing,
touchdown bearings are incorporated into the pump design. NSK investigated the shaft behavior of the
pump, and by determining the amount of load applied to the bearing, we pointed out some important

points for a more durable and thermal stress resistant touchdown bearing.
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Electroconductivity Grease Bearing for Business Appliance
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by H. Nakamural T. Shoda 1
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There is an increasing need of electrically conductive bearings for plain paper copiers (PPC) or laser

beam printers (LBP). NSK has developed and started marketing bearings filled with either ECS or ECZ

conductive bearing grease for environments operating under operating temperatures up to 1000 . In

addition, NSK has developed bearings filled with a new type of ECZ grease, which provide enhanced

durability and reliability over former ECZ grease products. NSK's new ECZ grease has half of the

volume resistivity (resistance change with time is small) of former ECZ grease products. Also time,

NSK has developed bearings filled with high-temperature conductivity grease (ECF grease), which has

the same volume resistivity as the new ECZ, but is durable under harsher operating temperatures up to

2500 .
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“ ACOUS NAVI™”

Bearing Noise Digital Analysis System

“« ACOUS NAVI™

oo oo*ooob gorx

by Y. Muto, T. Miyasaka

oo oo

The causes of abnormal noise in bearings cover a wide range and are complex. Performing noise

analysis and determining the cause requires dedicated sound and vibration analysis equipment that is

operated by highly skilled technicians. Due to a shortage of such equipment and personnel, NSK was

hard pressed to meet worldwide requests for sound analysis in a timely manner. Our ACOUS NAV

|TM

system now enables us to perform sound analysis and diagnosis of abnormal bearing noise free of any

specialized equipment or highly trained specialists. The basic functions of this system are presented in

this report.
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SPACEA™ Series0YS Bearings for Vacuum Environments
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Fig. 1 Structure of self-lubricating cage type, YS bearing for vacuum environments

goboooooooobooooooooooooon
goboooooooobooooooooooooon
goooooobooooooodp/cr 5SO000000
0o000o0oooooooooooooooooDoyYS
gobooooooooobooooboooooogoo
goboooooood

o1ibooooooood
ooooovysoDooooooooooooooo
o100 oobocobocobi00dnmax
00000000000000000C0O000O0AO
goboooooooooooooooooooon
gboobooooooobooooomooooogn
gbooooooboooooboomobooooooon
uoboomoboboomoooboooooobon
goooooobooooooooooboooooooooon

gooooooo oooO oooooo

090

gooooysooooOoOoooOoOoooOoOooo

N L, —— =

oooo P/ oo
w

‘} oooo
\t
2 - B
) AN
MARRRRRE R
oooo Mos:00OO | OOODOMS: O OMoS: | MoS: < 0ooooqg
o |oooooo oooooo | D0000WO0DINMIBI0ND 00000/ |=-0000d

0ooooo
Doo

ooooo
000006080
DDDDDDDDDDDDD
0000 O 1200r/min
0 I:I 00 1074Pa

104 109 106

107 108 10°

ooooooooog, oo

02 0J0O0oO0OOvysSOOoOoOoOoOoOoooOoOooooooOooooooooooo
Fig. 2 Comparison with self-lubricating cage type, YS bearing for vacuum environments and conventional solid-lubricated bearings

NSK Technical Journal No. 674 (2002)

31



32

NSK

d20000000000000O0C000O0O0O0O
oooooooooysOoooooooooooo
ooooooooi1ooooooooooooooo
gobooooooooooooboooooooo
gobooooooooooooboooo

020000000000
oooooysoooooooooooooooo
oO03joooooooooooooooooonoo
gobooooooobooooooomoooooo
oooooooossooooon
4000000000000 O0O00O00000O0
oooooooooysOoooooooooooo
ooloooooooooooonoooooonoon

os3oooono
cooboooobooooboooooooooood
gobooooooooobooooboooooogon
gobooooooooobooooboooooooo
gobooooooooobooooboooooooo
gobooooooobooooooogoo

oooooo ooo

03 ODoOoooooooooo

QOO
00'
00

2.0 00

0ooooysSoooooooDooooooooo
goooobobobobbbboooooooooboosboo
gobooobbooboobbooboooboon
gooboobbooboobbooboooboon
O00ooooooocvDOOoOoooooooooon
goooobbobbbbbbobooooooooooo
gobooboogooog

0oooooooySooooooooooooo
gobooobbooboobobooboooboon
gboooooooboobobobobooooogo
gooogd

3. 0000

TOODO0000000000000000000
00000000 O00YSooooooooo™oo
000000000000000000000000

I:IDDEID goooood

Fig. 3 Structure of spacer joint type, YS bearing for vacuum environments

oooo
oooooo

1
30000 12000

ooo

300

oooo p/C, OO0

I
I
| ‘ 3
104 100 109 107 108 100
gooooooooa, oo
04 0J0OOO0OYSOODOODOODODOOOOOOOOOOOO
goooooo

Fig. 4 Comparison with spacer joint type, YS bearing for
vacuum environments and conventional silver coated
bearings

NSK Technical Journal No. 674 (2002)

ooo, 0o

1000

T
YSOOooOoooooo l
500 oooooo ,
I [ ooooo I
]
0000 oooO0O0 B lvsooor
0000op CVDOOO I8 looooooa
100} 10| Lt
DDDEE OoOoO0oO0OoO0n :Q—@
0000 !
[ SEEFEEEE i
O 1 1 1 1
1008 1006 100¢ 1002 1 B 102 104 106
00ooO, Pa |

05 0000O0vYSOOooOooooooooooooooo
Fig.5 Application range of YS vacuum bearings in
semiconductor manufacturing process



NSK

[SR[s)

00 OooooooooOoOoOooooo™o

New Type of Rolling Element Linear Motion Bearing“ Translide
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Dimensions
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TS20AN 30 3 44 87 | 32 36 Mb5x 0.8x 8 50 27 11 700 14 200 146 | 102 | 109
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High Lead Precision Rolled Ball Screws
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Table 1 Combination of stroke and ball screw lead.

ooopg 0000 00000 (o)
(mm) |50 100 200 300 400 500 600 700 800 900 1000 1200 1400 1600 1800

McHos | 2 | ' ' [Eooooo
MCLO6 10 | | [ Jooooo

20 | |

5 | ]

MCHO09 10 | |

20 | |

10 | [ ]
MCH10

20 [ |

oooooooo

oooooono

02 Oopoooooo
Fig. 2 Optional components

0000060mmIMCHOOO OO O O86mmO OO
MCH100 O 0 00 100mm0 030 000 MCHoeO O
oooooooooooMcLosD D 4000000

2. 0000

o1cooboocooboogo
goboooooooooboobooobooooooa
coooooooocoobocooboboooboooo
goooMCcMOOOOOOOOOOOOOOOOO
oboooosgsbooooooooooooboooboo
coooooooOoooobocooobocooboOooo

oobooocoooooooocoobooOoooooono
oobooocoooooooocoobooOoooooono
oboooooocooooobobooboooooobooo
MCHO6D DD DO ODOO0OO0OO0O0OOOOOMCLOBO O
goooocoolwooooobobooobocoooon
goooocooo
oz20000000o0bcOoon
oooMCMODODOOOOOOOMCHOMCLO O
00000000000O0ONSK KI®oooooo
ooboooooooooocooboooooboo
NSK K1® 00oooooooooooooon

NSK Technical Journal No. 674 (2002)

39



NSK

gobooooooooooooboooooooo

3. oogoooboouoooooobooon
goboooooooooboooobooooooon

OONSKOOOOoOOoOoooOo gogboooboobbooobooboboooboo
g3000000oooooo gobooobbooboobobooboooboon

0000000000000 ooooDoooooo O0o0DoDoooooooooooDoMCHODOOO
000000ooopooooooOo0D™ooooooo goooobobobobbbboboooodoooooo
0000000000000 oOo0ooDooooDooon MCMOOOODOOODOODOODODODODODOOoOOOoDOooDOoOo
J00000D0o0oooooobOog2000 gobooobbooboobobooboooboon

goboobobooboooooo

40 NSK Technical Journal No. 674 (2002)



NSK

[SR[s)

Do OOoOoobpbOOO

High Speed Direct Drive Rotational Motor
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Fig. 2 Torque-Speed characteristics
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