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Latest Trend in Machine Tool Spindles and Bearing Technology

by S. Nishibata

In recent years, function-related requirements of the main spindle in machine tools have included

higher operating speeds, greater rigidity, and more accuracy. While meeting such requirements,

machine tools are also required to be ecologically sensitive to global warming and must promote

preservation of the environment. Machine tools on display at the 21st Japan International Machine Tool

Fair (JIMTOF2002) confirmed this growing trend. In order to meet the demand for products that

respond to such a wide apectrum of requirements of high functionality and environmental friendliness,
NSK has developed the ROBUST series of precision bearings and the High Rigidity series of double

row cylindrical roller bearings for machine tools. Both of these series for machine tool applications are

supported by significant improvements in analytical technology, new materials, ceramic roller

elements, engineered plastic cages, and newly developed lubrication.
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Ultra High-speed Spindle for Machine Tools

by S. Sugita

Compared to the 1990s, the overall demand for faster machine tool spindles is on a decline. One

reason for the decline is that achieving higher speeds has become increasingly difficult. However,

machine tools for aerospace, and die and mold industries continue to require even greater high-speed

processing, in addition to greater precision, multifunctional capability, and environmentally

friendliness. One of the latest developments at NSK is an ultra high-speed spindle that uses 40 000

s 01

min- ' rolling bearings for machining centers. This spindle achieves a d,n value of four million, which

is the highest speed in rolling bearing spindles. In this article, we will introduce our ultra high-speed

spindle and some of the technologies related to its development.

1. 0000

2. 400000000000
21 0000
22 0000

1. 0000

000000000000001990000000
000000000000000000000000
000000000000000000000000
0000OUPODOOOOOOOOOOOOOOOOO
000000000000000000000000
000000000000000000000'00
000000000000000000000000
000000000000000000000000
ooooooo

NSKDOOOOODODOOOOOOOOOoOOoOOo
00000000000 0dw 40000000004
0000000000 00000000000000

oooooooboooooboboobooog

3. 00000n
31 000000000
32000000000
33 000000
34 000D000O0O0O0O
400000

goboooboooooooooooooooooon
goboooooooooo

2.4000000000D00

2.1 0000

cobobooooooooooocoobooOoooon
goboooooooooocoooOooooobooon
goboooooooooocoooOooooobooon
boooooocooooobooboboooocoobooon
goboooooooooo

cooboooooooooboocOoboooOooooon
000000000000 Os8sdBO O, 40 000min” 'O

22 00O

o1Coobooooo1ooocooooo

NSK Technical Journal No. 676 (2003)

11



12

NSK

01 00O0OO0O0DOOoOOoOooogoo
Table 1 Spindle specifications
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Fig. 4 Schematic view for Super lean lubrication unit
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Development of a Motor Spindle for Machine Tools Using
Grease Replenishment Lubrication

i

by M. Aokid Y. Morita 00 00

Since the JIMTOF 2002, competition among makers for faster high-speed machine tool spindles
has not intensified. The focus of machine tools seems to have changed to the ecological and
environmental issues. NSK has thus developed a new spindle with a built-in motor that adheres to four
concepts:

- Increased rotational speed with grease lubrication

- High rigidity and cutting performance at any speed

- User-friendly and maintenance-free

- Trouble-free operations

We developed a grease lubricant replenishing system for our machine tool spindle in order to
achieve these concepts. Features of this spindle include:

- Continuous replenishment of grease lubricant

- Six position-preloaded bearings (Bore diameter: 70 mm)

- All-in-one spindle with various support equipment

- High-reliability

NSK machine tool spindles are doing well in the marketplace with unprecedented performance.
Product specifications are as follows:

- Spindle taper #40 /HSK-AB3

- Maximum speed 20 000min" ' O

- Bearing bore diameter 70 mm

- Grease lubrication.

We conducted grease drain testing, heavy-cut testing, coolant resistance testing, and bearing
endurance tests, to confirm the effectiveness of our spindle design. All tests showed favorable results.
We supplied this spindle to several customers, and received positive comments regarding product
performance and customer satisfaction.

1. 0000 33 000000000004
2. 00000 34 0000
21 0000000000 4. J000O0O0O0O0OO0Oooon
22 0000000 41 00O
3. boooooooooono 42 0000
31 00000000000 5. 0000000000000
32 o 70mmO 0000 6000 6. 00O0ODO

oooboOoooobooooooB1OOO

16 NSK Techwical Journal No. 676 (2003)



NSK

1. 0000

goboooooooooboooobooooood
cooboooooboomooooooooooOooon
coooooooooobocoobobocooboooo
coooooooooobocoobobocooboooo
coooooooooobocoobobocooboooo
coooooooooobocoobobocooboooo
coooooooooobocoobobocooboooo
000000000000000ONSKOOOOOO
0000000000000000ONSKODOODOO
cooooooooooboocoobobocooboooo
ooo

2. 00000

21 0000000DOO

211 00000000

goboooooooooboooboooooooag
00000020000 0JIMTOFO O #4000 0
20,000min”' 0000000000000 DOOOOO
20020 0JIMTOFD OO O0ODOOOOOOOOODOO
oOooDoOoDOboOooOooozoooDbOOoOOoOOOO
cooooooobOobooooooooooogon
cooooooooooboocooboboooboooo
cooooooooooboocooboboooboooo

goboooooo

oobooooood

gobooooooooooooobooooooa

212 00000O0OOOOO

coobobooooooooobooooooooon
goboooooooooocoooooooboooon
ooooooooooMQLOOOoOooOoooooo
goboooooooooooooooooooon
oo

213 0000000000

coboboboooooooooooooooooon
goboooooooobooooooooooooon
goboooooooobooooooooooooon
goboooooooobooooooooooooon
gooooooooooood

214 000000DO0O0OOO

coobobooooooo@mooooooooood
goboooooooooocooboooobooOoon
goboooooooooocooboooobooOoon
goboooooooooocooboooobooOoon
goboooooooooocooboooobooOoon
gobooobooobooooboooboooocbooooao
od
gooao
goooocooo
ooboooooood

cooooooboooooo

gobooogooon

ooooooood

01 Oo0oOooooooooo
Fig. 1 All-in-one spindle

NSK Technical Journal No. 676 (2003)

17



NSK

gobodoobooooboooooood
gobooooood
gobooooooooboooobooooood
goboooboooobooooooooooooon
goboooboooobooooooooooooon
goboooboooobooooooooooooon
gooooooolooobobooooooooo
oo

215 0000O0O0OOO

coboooooobobooooobooooooonod
gobooobooooooooooooooooon
goooooo

cooooooboooooooooooooooa
gobooobooooooooooooooooon
oooooooosgoooooooooooono
gobooobooooooooooooooogoon
gobooobooooooooooooooogoon
gobooobooooooooooooooogoon
gobooobooooooooooboogo

22 0000000

oooooooooooo 270000D000O
goboooooo” oboooboooooooo
goboooooooooocooboooooooo
gooooo
gobooooooboogono
gobooooooooooooon
goboooooooooon
gobooooooooooooon
4000000000 00O0DO0DOOCO0OOO0
goboooooooooboocooboooooooo
oobooooood

3. 000pbooonooonbogn

gobooooooobooooooooooooon

01 0000000

ooooo

cooooooooooo

Oe70mmO0O000 6000
oooooooboooooao

ooooao
o40000000000D000000O0O00DO000
oooo

31 00000000000

oooooooooobobooooon der17000
00000000000 DO0000000ODO0O#400
20,000min”'0 0010 0000 00000000000
cooobooooboooobooooboobooobooooo
000000000ONSKOOOOOOOD0OO0000
oooooooood

311 0000000 Ooogon

coboooobooobooo1oooooboobooon
cooooooo
coobooooood
cooooooboooboogoo
cooboboooooooooocOooooOoooon
cooooooboooboogo
cooooooooooo
coooboooooboooobocooboocooboooo
coooogooo
coobobooooooooooooo
coobobooooooooooooo
cooobooooobooooboooooboooobooooo
cooobooooobooooboooooboooobooooo
coooooooooobooooo

uobooooooboooobooooboooooooa
coobooooboooobooooooooobooooo
coobOooobooooboooooooobooooo
coboooooobOoboooooobooooooogon
coooooooooooobocooooono

Table 1 Comparative table of lubrication method

oooooo oooooo ooooo
ooooood o ooo o ooo X oooooo
oooogo o oo o ood X oo
ooooooooooo o oo o od X od
ooooo o ooo o ooo X oo
oo o ooo o ooo X ooo
gooogo o oo X oo o oo
goooooo o oo X oo o oo

18 NSK Techwical Journal No. 676 (2003)



NSK

ooooooo pooooboogo

oooooo
DDDDDDDD\ o o
DDD@ : H

|
T
oooooo

ooooooodd

F— = o e e W e Il |

oo

02 ODO00O0DOOoOo0OooOoOoooo
Fig. 2 Grease replenishment lubrication system

03 Oooooooo
Fig. 3 Automatic grease replenishing unit

gobbodooboooooooooobobooooboooo

312 000O000O0O0000O000
00000000000 000.0100.03em®*0 000

o1coobooooo oboooooooobobooooocooocooo

d200000bO0OO0oO0obooOooooooooo goooooobObObOO0Ob0OO0oO0oooooooooao
oooooooooooooooooooooooo 20000min"'00000000000O00O00O0OO0
coooooooooobocooboboooboooo 00o0O0o00o0O0oOoOoooocoOooooooooon
coooooooooobocooboboooboooo 00o0O0o00o0O0oOoOoooocoOooooooooon
coooooooocoobooooo gboboboooooobooboobobooooo

NSK Technical Journal No. 676 (2003)

19



NSK

goboooboooobooooooooooogon
goboooboooobooooooooooogon
oooo3noooooOoOooOoOoOboOobobooboooo

0200000000
cooooooboooooooooooooood
goboooooooobooooboooooogoo
goboooooooobooooboooooogoo
goboooooooobooooboooooogoo
gbooooobooboo40bOobOoooooooon
goboooooooobooooboooooogoo
oooooooooorooo0ObOOOOoOOOO
goooocooo
cooobooooooooboooooooooood
oOoolooooDbOOOOOOOOOOOOOOO
goboooooooobooooboooooogoo
goboooood

32 o70mmO 0000 edOO

0000000000 20000min”'000000

cooooooooooo
321 0000

200000000000 000O0CO0O0O0O0
coooooobooooboooobooooooooo
coooooobooooboooobooooooooo
O0oo20000min”'0 0000000000000
O0e70mmO000000O0OC0OOODBBOOO
g400000000000000000 ¢ 55mm0O
DBOOOO200000000600000C000O
oooo

322 000000

goboooooobooooboooboooooood
OooooOoo0oooboO0ooooooooDooOoosd
0000000000000 0020 000min®' 000
000000000500ecm¥min0 00000000
0000000000O0o0o10000min”'00000
coooooooooooooooooono

gooooooo

ooooooo

e %—é—

\r
|\
|

’/ \

oooo

04 O0OO0OOOOO
Fig. 4 Grease drain mechanism

02 0OOOO 03 0o0Oooo
Table 2 Bearing specifications Table 3 Cutting test results
ooo ooo ooooo S50C

oo 70BNR19O O OO 55BNR190 000 oooao oooooo
ooo oooooooo oooooooo ooooo (min” ") 1200
oooo @ 70mm @ 55mm ooooo (mm) 70
dmn 1700 1350 oooao (mm/min) 3600
ooo DBBO40 OO OO DBO 200 goooo (cm®/min) 504
ooog oooooooo ooboooobg goooo oo

20  NSK Techwical Journal No. 676 (2003)




NSK

33 000000000004

gogbogooboobbooobooboboooboo
gooooobbobo1bbbbotoooooooooboo
goboobobooboooboo

331 000000000

gogboogoboobboobobooboboooboo
goboobbooboobbooboooboon
goboobbooboobbooboooboon
goboobbooboobbooboooboon
goboodboboobuoobobooboooboon
goboodboboobuoobobooboooboon
goboodboboobuoobobooboooboon
gobooboogn

332 0000000000000

gogbooogoboobbooboobobooboo
gobooobboobuoobobooboooboon
gobooobboobuoobobooboooboon
gobooobboobuoobobooboooboon
gobooobboobuoobobooboooboon
gobooobboobuoobobooboooboon
gobooboooboboobooboo

333 0000000

ooboooooooooboooboooooog
oooooooood
ooooooooooooon
oooooooooooboooood

O0s O0O0Ooooooo
Fig.5 Rotary union

goboooooooooboooobodgno
goboooooooooooooooooooon
goboooooooooooooooooooon
goboooooooooooooooooooon
goboooooooooooooooooooon
ooooooo
gboooobodooooboobooboooooson
oobooOobDo7oMPaOOOOOOOOOOOOO
gobooooooooooocooboooooooon
goboooboooobooboboooooooooon
MQLO OOOoOooooooooooooooooo
gobooooooooobooooooooo
oboooOoooooooOoobOboe0OOOOOO
goboooooooooooooboooooooon
goboooooooooooooboooooooon
goboooooooooooooboooooooon
goboooooooooocooooooobooooon

34 0000

cobobobooooooooobobocobooooooon
gobooobooooooocoooooooooon
gobooobooooooooooooooooon
goboooooooooooooooooooon
oboooooooooooooboooomooon
goboooooooooocoooooooboOoon
oobooooood

341 0000O0OOOOO

cobobobooooooooboocoboooooooon
goboooooooooocooooooobooboooon

NSK Technical Journal No. 676 (2003)

21



NSK

goboooooooooooobooooooogon g1noooooo

goboooooooooooobooooooogon gem4000000O0O0OCONDDOOOODOOO
goboooooooooooobooooooogon coooooooboooobooooobocooboooo
goboooooooooooobooooooogon cobooooooboobooooooooooogn
goboooooooooooobooooooogon 2000000000000O0O0CO00O0OO0OO0O
gboooooooooobooboobooooooon coooooobooooboooobooooooooo
A000000000000000000O00000 OooooOoooooboOooooosoooobooon
gooogoo cooooooobooooboooooooobooooo

ooooo

T
12
51

i

ooooooog

U ooooo

oooo

06 40000¢°
Fig. 6 Quadruple seal

ooooooo gooooooo

e S— R ﬂ
E g o}
—_— al n-n o |~
5 4
,EE,
no no
[yd) g
33 iz}
C )
| |
~
™

|

|
)
¢ 300

oooooo

07 0000O0OO00OOOOOOO
Fig. 7 Coolant test equipment

22 NSK Technical Journal No. 676 (2003)



NSK

cooooooooooboooboboooboooo
cooob40000000000000O0DOOO
oooooooooooboocooboboooboooo
oooooooooooboocooboboooboooo
oooooooooooboocooboboooboooo
ooooogo

gobooooooooobooobooooood
coooooooooobocoooboooboooo
coooooooooobocoooboooboooo
cooooooood

02000000

coooooboooooooooooooooon

/MPaUD OO OOOOOODOOOOOOOOOO0O
cobooooobooooooooobooooooaro
cooooooooooooocoooogn
goboooooooooboooobooooooa
cooooooooooboocoobooboooboooo

342 00000

goboooooooooboooboooooooad
cooooooooooboocoobooboooboooo
coooooooooobocooobocooboooo
2000000000 O

o1nooooood
gsoooOooooOooDOoOoOoOooboonooon
coooooooooobocoooboooboooo
gooos3oocoobOboboOoOoooOoboOoOoooDooboOn
coobooooboooobooooooo

02000000000
gbooooooboobooooOombsmmbOn

goOOoOoobso002000NO000000O0O0O0O0O0O

0000020 000min?'0000000O0O0OOODO

Bs

000002 000NO D020 000min”' 0000000
TINOImO ¢ 20mm O O0O0O00O000O0O00O00OO
oOooDoOoooooO rtiooNOO200000000
ooo9oooO0oOooOooOooooOooooboon
gobooooooobooooobooooon

343 00000O0ODOO

cooboboooooooooboooooooooon
gboooooooooooboboboooooobooon
gobooooooooooooboooooboooon
gobooooooooooooboooooboooon
gobooooooooobooooooooo

cooboboooooooooboooooooooon
obobooooooogzoooboooobobooboon

4. J0OO0O00oOoOoboooo

41 0000

40 000000000O0DO0O0O0O0O00OO00ODO0
oo0o0oO0oO0o0oo0Oo00oooo0oo02000L0000
SU0D0D0D00D0DO0O0200015 000min”'0
20 000min”"' 00 040000000000000DO
0000000000 #400HSK-AG3D 000000
oobooooooooooon

42 0000

01000000000 OO0OO0O0OO0OO0O0O0O0O0
O00LODDOO0e 230mmO SO 00O @ 210mmO O
goboooooooooooooooooooon
goboooooooooooooooooooon
OoooLoooosSooogdde 1770mmO 000
goboooooooooooooooooboooon
goboooooooooooooooooboooon
gooo

Bs

20 000

0000min”!

od

5min

oo
Bmin

08 Ooooooooo

Fig. 8 Rapid acceleration/deceleration cycle

NSK Technical Journal No. 676 (2003)

23



NSK

04 0000
Table 4 Specifications
oooooooo S/15000 S/20000 L/15000 /20000
gooo
gooo gooooooo oooooboood
gooo ooooo goooo
goooo 15 000min"" 20 000min"" 15 000min" " 20 000min""
gooo ooo ooo
gooo
gooo ® 210mm @ 230mm
00 120kg 170kg
gooooooo M12x 60 M12x 60
ooooopPcb @ 240mm0 O @ 260mm0 O
goooooooog
goood o 112S/20000iB a 112L/20000iB
gooo 11/18.5kW0 O O /10min 18.5/22kW0 O O /25%0
goood 60NImO 15%0 118NOImO 25%0
gooo
gooo NSK 70BNRO O O O NSK 70BNRO O OO
oo NSK 55BNRO O O O NSK 55BNRO 0 0O O
gooo
gooo gooooo goooog gooooo gooooo
gooooo NSK MTE NSK MTE
gooo
gooooooooo 3umdod 3umO0O
Jo0o0ooooosood 100 mO O 100 mO O
oooo V3 V3
gooooobooooooog
JIS 0O0O0oooooo4oT | coooooodgop oooooooo4dor ooooooodor
OooooDIN Oo0O0oO0O0ooOO#40 go0o0oOO0Oo0o#40 OO00OO0O0000O#40 goo0oOoOoD#40

Os O0OOoooood
Table 5 Spindle efficiency

oooo oooog ooog

oo 2u m 3y m
oooooooo

oo 7y m 8y m
ooooooo 90N/U m 90N/p m
oooo/aon 20 000min” ' O 0.8/1.2u mP-P 0.9/1.8u mP-P
ooooo 74dB 76dB

0 00 0-20 000min” '00| 3.9s 3.2s
ooooo -

0 00 20 000min” ' - 00| 4.1s 2.5

oooog 00150 0o130
ooooooooooo

oo oo170 0oi180d

15 000min" '0 33u m 28p m
oooozooooo =

20 000min- 'O 59y m 60p m
goooo 50L/min (Normal) 50L/min (Normal)

24 NSK Techwical Journal No. 676 (2003)



NSK

s &
= &
i ] 9 oooog
<4 oo
60 0oogooo T
- / noooon
O
O
0 / -
40
2 000N
oo 1 500N
1 000N [
20
10min
500N
i o] 1863 16 18 18 2 18: 32 18 48 1853 11: 11
09 0O0ODOO0OO0OO0O0OOO
Fig. 9 Radial load test results
6-14.0 THRU sOoo00 |0o0o0o
L 670 800
L1 235 235
L2 190 320
N ™
ol o L3 110 110
s o
L4 135 135
D1 210 230
D2 265 285
L1 L2 L3 L4 Ds | 170 170
. D4 240 260

010 00000 mmO
Fig. 10 Boundary dimensions

5. b0 oobooobooobooon

goboooooooooboooboooooood
50000040000000000000000O00
coooooooooobocooboboooboooo
coooooooooobocooboboooboooo
coooooooooobocooboboooboooo
cooooooooooon

6. DO DO

coboboooooooooboocobobooOoooon
goboooooooooocoooooobooooon
goboooooooooocooooooobooooon
oobooooooooooon

cobobooooooooobobooboooOoooon
goboooooooooocooooooobooooon
oobooooooooooboobooobooooo

cobobooooooooobobooboooOoooon
ooboooooood

NSK Technical Journal No. 676 (2003)

25



26

NSK

Juobguogubgun

oo gox
00 OO

Development of High-Speed and Low-Noise Ball Screws

by M. Kato

NSK has developed and marketed the HMC-B02 series of high-speed and low-noise ball screws for

machine tools. In addition to the features of less noise emission, lower vibration, and better tone

quality, new ideas in designing the ball recirculation mechanism and other components have

contributed to development of an innovative product that ensures 1.33 times higher speed than

conventional ball screws for machine tools.

The HMC-B02 series is the best solution for extremely high-speed applications for which linear

motors have been dominant.
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Numerical Analysis Technology on NSK Linear Guides for

Machine Tools

oo o=

by J. Matsumoto

This paper introduces the application of numerical analysis technology for NSK Linear Guides

focusing on rigidity and running accuracy, which are vital factors for machine tools. This paper contains

the followings:

010 We have developed a computer analysis program of roller guides, which takes into account of

the roller race way contact characteristics and structural deflection of the slider and the rail. The

calculation results are well agreed with experimental ones.

020 The level of vibration caused by passage of rolling elements can be estimated quantitatively

by our numerical analysis technology, has contributed to our new product, NSK Linear Guide HA

Series. The experimental results show that the level of ball passage vibration of the HA Series is

approximately one-third that of conventional products.
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High-Speed Precision Angular Contact Ball Bearings [1 Spinshot™1I[
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Fig. 1 Spinshot™Il and conventional oil & air lubrication
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Fig. 2 Principle of Spinshot™T lubrication system
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Super Precision Sealed Angular Contact Ball Bearings
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Sealed Angular Contact Thrust Ball Bearings for Ball Screw Support
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High Performance Cylindrical Roller Bearings
O Double Row Cylindrical Roller Bearings, Ultra High-Speed Single Row

Cylindrical Roller Bearings[]
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Fig. 2 High rigidity series double row cylindrical roller bearings
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Table 1 Types of ultra high-speed single row cylindrical
roller bearings
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In this paper, we will discuss NSK's approach to electrical power steering (EPS) design by utilizing
information related to road surface conditions. Information regarding varying road surface conditions
includes both pertinent information and ineffective information of which can be separated according to
frequency. These frequencies can effectively utilized in designing an EPS system, more so than with a
conventional hydraulic power steering system. NSK has achieved a means of combining EPS design
with information based on road surface conditions to create a robust EPS system. Furthermore, this
approach works quite effectively when nonlinear mechanical characteristics are minimized. For this
purpose, mechanical element designs such as a reduction gear, rack and pinion, and torque sensor are

also described. The feasibility of our approach to design is also confirmed by experiments.
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