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Recent trends in the machine tool technologies are surveyed from
the view points of high speed and high performance machine tools,
combined multi-functional machine tools, ultraprecision machine tools
and advanced and intelligent control technologies. The machine tools
are bases of manufacturing industries and they are strategically

important products for Japan. The views of the author towards the
technical developments in both hardware and software are introduced
together with the world wide trends in the relevant fields.
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Development of a New Grease Lubrication System for Machine Tool Main Spindles
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Sun-Woo LEE
Masatsugu MORI
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NTN has developed a new grease lubrication system for main spindles of machine tools which
features heat-induced base oil delivery from a grease chamber installed next to the bearing. The
lubrication system does not require any external additional lubrication device. Experimental results
demonstrate high-speed rotation of an angular contact ball bearing with an inner diameter 4 100 mm,
that is 1.8 million in the dmn value for definite position preloading and 2.0 million for constant pressure
preloading. NTN’s new grease lubrication system can thus be an alternative to the air-oil lubrication
technique while keeping the maintenance-free advantage of the conventional grease lubrication
method, and it will contribute to achieving a higher performance of machine tools as well as to
improving customer’s work environment and reducing environmental burden.
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High-Speed Tapered Roller Bearing for Machine Tool Main Spindles
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Tapered roller bearings which essentially feature high stiffness are intended to support main
spindles of machine tools, where new geometrical and air-oil lubrication structures are needed to
overcome their difficulty in high-speed operation. Power loss minimization of the bearings are
attained by fully lubricating the rib-roller end contacts as well as by reducing lubricant supply to the
roller-race contacts to enable high-speed rotation. The mechanism is specified by a ribbed cup,
multiple nozzle holes penetrating the rib for air-oil supply and a resin cage riding on the outer-ring
spacers. According to the idea, NTN has experimentally produced an air-oil lubricated tapered roller
bearing with an inner diameter 100 mm, and the prototype successfully operates at a maximum
speed of 1.25 million in the dnn value which is beyond previously reported records within the

category of air-oil lubrication.
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Minimum Quantity and Cooling Jet Lubricated Angular Contact Ball Bearings for Machine Tool
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MQCJ lubrication angular contact ball bearing has the jet lubrication that installs cooling inner ring
and a best minimum quantity lubrication mechanism for raceway. It was developed so that super-
high-speed-up and high rigidity of machine tool applications may coexist, and it was succeeded in

practical use by the high speed driving of dmn 3.6 million in fixed-position perloading. It is introduced

the outline of development by this text.

This new jet lubrication was named MQCJ lubrication (omission name of the initial of Minimum

Quantity and Cooling Jet).
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Limiting dmn value of sealed high-speed Angular contact bearing BNS type is dwn140 < 10%.

This time, the speed-up of dnn170 X 10* (The world highest speed level)was enabled by optimized
internal design and new grease. New grease improves the Running-in operation for main spindle
bearing. It corresponds to the small machining center and tapping machine by making it to the series

up to the small diameter size of ¢ 20mm bore.
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Development of Aerostatic Bearing Spindle for Precision Machine Tool
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Main issues of aerostatic bearing spindle in precision machining region are increase in stiffness
and reduction of thermal displacement of work position. To meet such demands NTN has developed
new aerostatic bearing spindle for precision machining by review of bearing part design, cooling
mechanism, and material selection. Result of performance evaluation test of the prototype air bearing

spindle is described here.

1. FU®IC

WHRERPDVDL - FEDFEMAICHL, IF
KEL > AEOBERROEER 2O LS LD
BIKHOENTVD. CDKDIF/NEDIFTE I xR
B9 DBBEEMIEICIE, BEIAIMZZRVER
I7AEY RUVDEEASNTHD, £EMZGE L
SEBEHIC, TFAEY FILDOERIEEEEELZ
BRICRIRT DHNENDD.

NTNTIE, BEREMZZNALUTHET A AID
[REGHREEPHRT « AVBRBEXREICAVLSNSE
BEDI7 ALY NLZERFICODEDHIELTND.
S, oMz EC, EED DSHEEFINLIER
IT7REY RIVZRFE U,

2. THRAI7AEY RILDOFRE

I7AEY RIVFE—RMICET(TRT KDIC, Ok
HOFEFOZEXFFIDBDY v—F)VEhs2, &
M7ZEXZFTH—HDAT X bz, RE)FDACT—
RE—%, BEgEAOO0—Y U Iy I1—Y THEES
NCWL%. BEEEESH umMDZESROESIICKD
TERZ(CR U CIEEIODIRRE T RSN, E—4 &0
—5UIYO—-FICDVWTCHIEEMSY A TZ KA LT
WD . BEESICH U CRE(IIHEMDIRAE T olEnd =
SHIDEICLD, BEITHT DEREENZ/I\E )
A, BEBRELOEGHEZRIELTVS.

MIHATZAEY RILICBWVTIE, BERNEER
([CINA, WM ZSHDAOMZER, NLICHEL
WO ZEIRS DicbDE ML E—Y, ZLTD—2
ZINES ORDEZEF v v IBENREICHED. R,
E—I P TORAICH T D HHEBEEDRER
R, IOCHRBEBEALVAEY RILEFERETIN
DREBENEL DD, YHIMPLI -5 b= X Mhi#
RICEAT D EZBLY—)UIBDRE(CTSS .

“BRERSEES JOFIMIVIZTUVIR

-32-



T e TR T 22 RILOBASE

Uy —7 )V

RS A Sz
ACH—IRE—%

O—4sUI>3-—%

LY
ok

s :%—%_

EXFvvIH
JrEA S — LB

E1

AT A MR

I 7Y RLDESE

Structure of air spindle

3. BMEREY RILOL#x

SOAEUNI#BI Y AEY RILOAE (BiE
B) ZRI1ICEEDD.

MEEF, TOBDAEY RILDRELEHREE,
10,000r/minfgEToHhofcht, £EI(F20,000r7
min& Ufc. FCNTHEEZEERT HcHIC, RE=
BRIV AEY FILEEZEDNRRO GEER UIRNIE
B) &, TRLOEGRICSIFDF vy 7EOHADE
ZE)7Z 1 umU RIS D ENREE SN,

K1 FoHR
Specifications
BabEnEE 20,000 r“min
WEHRKED 0.49 MPa
SI7 LI 45 N/um
7F27 VRl 227 N/um
NRRO 79?)[} 0.010umIATF
ZHFT7)L | 0.010umBT
FryIENEZRS | EBEEE 1 umMT

4. MIEATIT7 AEY RILOEE

@ LAY ESHEEDREIR
MIEAT7 AEY NLOEEZR2(C7R9 . it
ZBHBDID, IJv—FILERERA SR MR ORI®
DAEFFICEEBEL TS . SHICEREEZERIRT &I
HIc, Iv—FlEROEAEEZREELT, B
DI INERZE Sl ALECEDHEEIFRICK D CTHRE
JoEXREZAIGIT S EEBIC, MROEMIEDG

-33-

R,

@ & BMLD DR

EEBDE ML IbE, AEY RVHESAEDIY
IO MEZMIIg &fcsh, E—Fz2EERDEIIC
£D, BED2MED ML 7ZERUT.

® UK, J—352 bR

D—UZEET DICHDEZETF v v IHH#EICEULT
(&, RROZRERID DR EBNCABICEBL,
FrvIBHOI—5Y MRIERAUCIEETD, #
REBICADICKWMEEL UTe. &z, UHEInYI—3
V MROMZNDEANZR T2, FFEMDT Y
— VSRR LUz, CNRBEE#EEEES (\DI D)
EDOBITRVRE7ZERIT. TOREN SEMRZESZE
HEET, UHEIPI - MROB#RICEAT DD
ZB<BDTHS.

@ FHEIIR
FBESAHZ(EEADNNSVNCEFETH DD,
SREESEDHEIC(E, MRRE TOIUADIERTIC
KORBMNMERCTELEL. Fle, SEDOHAEAEY R
VT, E=YDEADERBE LR U TKRELLS.
CDfesh, E—YEBRUMREBD/\ DI 2 T72KA
BEEL, ASAMHRZD—JOEWMIEICECE U,
Iolc, BRAERM CEBRZEBMI OFCLD, F
AICKDAZEZIGEIL, F vy TEOUEZE Lz
S<HATVD. EBIC, E—YEEFOARAICS
HHDEEER ZHIGd dlcdHDiamz=RIT Tz,



NTN TECHNICAL REVIEW No.74 (2006)

I7y—)LAsAHtEO

[EIET:

L IR gEE—s
AT R Nz

Bk
KT vy N

I>v3—%

EH2 MI#EAIYAEY RILOEE
Structure of the air spindle which we developed

5. AEY R)VEHbEER

SI7 VRN

RO

BIEALY RILICEBROD—o =2 BELI=—D PEVUTILEN |
— O EEBUICRET, BETMRBET o . TN e s
) 7 S
DEE IS HES B IHEME S AL, B3I DA%
MIMUB CATEUE. £fe, Yvy (CERHEH) K3 &N, ZAAENE
&, O—%UIYI—YDZHES (1)UL EEE) A measurement position
BHEOZE) %=, JVUVAIWwINIVZIICRK>TAEL
_ 2 _ AregE 5 \
fo. IEHBRUIRN (NRRO) DAIEHERZR2, Vv %0 NRROFERE
5 (OEEREE) AE/RRZRICRT. HEHNDS A measurement result of NRRO
RERFE CRFIFRERMEONTND. [T NRRO, nm NRRO, nm
Ffe, BEER/EDOFHME LT, ALY RILHER r/min SY7I TEITI
“ - . N 1000 SW5) 3.75
c — |- E = =3
\'C%?JJ:bTkaD‘bE?)Jb, EO,OQOr/mlntE.-JL o0 oo s
BAIERERZR Y. QEFHIBICH > TH2.5 um(F S 15000 3.75 3.75
PMEOD A (BBDE[BE) [CEMIDELUTVDH, 20000 3.75 6.25
S5~10#8ULIEETIE, D—IUBDZEEF0.6 u
MEECHD.
K3 VvIVAERR (F=—D0—TEH)
A measurement result of jitter (A dummy))
[EIERES:SS JwHE B E
(r/min) (nsec) (%)
500 213.0 180.1 190.9 205.5 195.0 0.00018
1800 82.1 727 68.5 84.3 67.6 0.00025
5400 BEks) 28.2 279 31.8 26.5 0.00031
10000 20.8 21.2 17.4 21.2 18.8 0.00035
15000 14.1 122 11.5 13.6 14.3 0.00036
20000 9.3 10.3 10.9 10.8 10.2 0.00036

-34-



T e TR T 22 RILOBASE

E—4AFHI7  20L/min

T—% - @i%5HEIK - 2.5L/min (23T

20000r/min : E##E

)

4
3
Mrwu¢1 um
E 2
3
o
&
" 0
0 10 20 30 40 50 B0
-1
2
BaErE o
B4 T—INMITUBEDOZLAIE (EiERU)
The measurement of a work position)
6. MNIEAER 7. FEYH

TABNDY NMIBBERRE(ICATL Y ALY ML7ZR
FBEUC, MEIDFEMNLZITL), HEICOLTEHE
Ufc. T/ A=NLISADEEHZONS C L7ZHE

BT,

®4 TA Ay bhTOEES (FEiNI)
Precision of cut side

IS E¥EEE (Ra) | 1HEFEHES (Ra)
1000 r/min — A 3.127 nm 1.675 nm
20000r/min — A 2.672 nm 0.819 nm
20000r/min —B 2.386 nm 2671 nm

A 13ED2.0 mm/min
B %bH4.0 mm/min

E—5DEMULIE, S ANER, BEENREZ
BOAATE, IITHAI 7 AEY BLZRFEL, REY
NIVER TOFHMELERD RO TEBR(IC K > TRAM
ZHESR LT,

BESHEZIL, 7/ A=A =5 DBEHEED
O ABECH D, WERNTNCTIE, JU—VERIET
ERTNORERE PHFERRSKEFDHGRZHID
([CREZBATEC. SEDORFEICLDOT, MIEA
I7AEYRILEWVD, NTNICE o THRCIEDEF(C
FEXHERD T «—)U RZLIFSENTEESE
Ad. SRIETSEHNIHBERD L, LEME DR
KICHILT Bfch, HBEMA EESRIEEVNDREZ K
DEVLNIVTEKTHEEHIC, RAMDE CHY
BaEHTWLEZL.

-
EA BRI

L TElnEESE
JOYIRIVIZFU VIR

BE @3
ISR
J059 MNIVIZTUI IR

55 M=

L TElnEE S
7059 RNIVIZFU VIR

-35-



NTN TECHNICAL REVIEW No.74 (2006)

[ TR AR EmET 1

BE7 ¥ 15E8= 79U/70U5 1 J

BEY Y -—XTHATS UANILVOSRE, REM, SMltZRR

¥ R
o ZiEE IPAAIER HKdwn15073

JU—XEB  &Kdun 957

e R&EM 10%Em7v T
BV FIUTIEE 2~3BFrv T
—0— —&— ULTAGE (7 x./—)UtREfRIFE8)
—O— —A— ULTAGE (HEIKU 7 = REfERSER)
O A fERER GRUP S REREREER)
50
O 40 Fi
% 30 = SESEEL
i
IIJJE 20 SH=
& s A~ asEso] B a
= 10 s
"
0 2 AT ‘t =] A =] he- -4
0 2000 4000 6000 8000 10000 12000 14000 MAARB R RAR ST e DARIE
C#mERE min~!
L Il | 1
0 50 100 150
donfE X 104
[F8RsRMF]
[ULTAGE] 7020UCDB <HBOT—I\FAR>
(TR
HWBRE ks L B, (T2 LB8] BRmOLE - s
[;cggg;%1 5° } [JU—RHB] @MZABANDT)-AHANES
HAHEFHERSE | 150N (EMBTEAT) .
EEETSE TIFPAAILERE E2(a) FHKRFREES (R S EBMATED)
I78 20NL /mir; New resin cage (section of the ball pocket)
Z4)UHHEE | 0.03mL/5min/1¥ 3w b
JHAE ISO VG32
SERE Hh, 5L
1 SEREEgmaR (T771)UES)
High-speed test (air-oil lubrication)
<K&y MERMPEDH T FH >
(Z7 7 )LEE]
BEROHNES
[FU—28]
\? IV —RFEFIEREDY A £
A =
N W . E2(b) FEREEE (9H8R)
4 == o s 00
o TEHEM T8, HBERE & New resin cage (appearance)

-36-



] TR EEN

¥ R

7 IVEER7 ¥+ 1S5 E#HZ HTAUS AT

PEIT7IVEERT VF 1 SEHRZTHRESLANILD

=R, &

o SRt ITVZAAIiEE HEARdwnl255
(SHUEKLLE25% UP)

JU—REE

(SHUEKLLEB0% UP)

HElidemn 1 OOE

35 1 —o— HTAD20UA AHIEL
30 || —e—HTAO20UA %#15D
—/\—HTAO20A SHEL
25 [ —a— HTAOR0A AHHB 0 /2/

SNEmEE LR T
o

10
: T e
0 — ¢
0 2500 5000 7500 10000
EEmEE  min’!
| | | | | |
0 25 50 75 100 125
nfiE X104
(starseet] cdonfll 10
HTAO20UADB
g [a:30° ] | HTAO20ADB
(¢ 100X ¢ 150x22.5 % 251))
CERRE ~10000min-!
AR TES 880N
HBTE IT7A4A)UEB
4asmem 0.03mL/1>3 “J_|\
T4 3w SERRESmMIN
T RE 40NL/min
NEmE ob, L

K1 BEERER [« 0 307, I7FA)LEE]
Results of high-speed test (air-oil lubrication) ( « :30°)

A &

o TFitTeE 75&

by = o =]

&=,

-37-

Sl =S

B 8

o SIEMBG CORE _LF 2 Uz AERERE
TERDIRH

o SHEB(CHIT MM Zm £ U EwTE
7N

o JU—TUHBER, BRUIL7FAILEBE
DEBMERZF HCRY 7 = NMElgRTE R
FresDErE A & DEAERTEIR

«

TEADFN

gEFERELL UL,

H2 EERORN
Flow of lubricating oil



NTN TECHNICAL REVIEW No.74 (2006)

BRI - RFWEIIMNEC 2852

REMENAEC2#MZICHENT, ERmOSaAFELSHEZ
MR L DD, tHREELUANILOEEEZRIE

B R

—_—

EERE T7AAIEE &KRdwnl755
(SHIERLES0%E )

JU—XEB  &Adun1007
(SftiektE20%m L)

90| - pamm HSRTES 1T
o5 (PEEK(R3325) (e B

(O] o = {tRm SHERSURIFES 5
% 15 | -'?-I'-
i __"é:.‘l'r"‘”/
E [ _—r B 8
" | =
N -
£000 6000 6000 10000 12000 14000 16000 o NERLZETDEE L, BICHFRFzRICDWLWTK
EEHEE  min’! _ i
- | B RE LETE S
50 75 100 125 180 175 200
dmﬂ{E X1O4 [
(EBRSRAF)

- —
[BIS4E HSRT64 4 7 (PEEKIRISS) | -L — ' AL

[ERm BHEIERRER]
o EF A X - NN3020K

(¢4100x% ¢ 150x37) it RS
o DERRE : ~16,000min"! fiekam
(dmn=1907) H2 ERmEMFEBHSRTESY AT
o IAHBTEE Oum Conventional design and new design (HSRT6 Type)
o hE :0.02mL/20min (VG32)
o TVE - 3ONL/min TJU—=RT w b
o S\ fEmA] iisls)

1 I7FAIVERBMREAERRIER
Temperature rise test results (air-oil lubrication)

B &
o TEMTE 75& 3 {RISREsN

Drawing of the retainer

-38-



I, I e e R

EEY—INE—F A RUELRELEH

IV —AFABHEREETHR COEER( LRI !

S S
BERR BT

® fzﬂi’%‘%ﬁ'l&/’i\%@%?ﬁi@%ﬁf%ﬁ)ﬂ B2X X, BIXXY =X
PAVMAAN e ga =t oo
. BEEEMTU—2R mn{lE Iy
o XVUFFIRTY— S NIZN=1D% PSS
L TU—ZHNEERE mRRFmIU—2
- REEAE
- FmlE3ELLE
SRR _ERR " SR it A SH R
100 =
—o— RRRITE 4
O 80 [0 BIMRESR 5000
& . < 4000
ﬂ & 3000
gy 40 -
ﬁ ) | ﬁ 2000
B e — 1000
o I I )
3000 0000 2000 12000 s SHTRIRISEMP-1 JU—2 || BRmssvE1 JU—2
EEHRE  min' dﬁﬁ:S%%} BRI SRS e AITEIRE
o | 6308 mfIEEET—IL o | 6209 TRZEES —)L
WEES | (4, 40mmx  90mm x 23mm) HREE | 45mmx o 85mm X 19mm)
JU—R | mRFESREFEICME-1U—X BEEE |5 :n=11.11Tmin", 7% : n=13,333min"
SEE | 130T (EHERER)

-30-



NTN TECHNICAL REVIEW No.74 (2006)

A -RIBICPE LV "INy S—IE88H="

BEZ COEMZPIEHZRET DMEREAELL,
INy T —V7%R3TI CITHAHGHETEE |

B R
[A - RIRICPE LV (RIERIDEES) |

O EHZIRE T DD DIFFERDAET
&b, KB EETHOHIRDEIEE

O TFRED LUFHHDFFEEENTE

@ HHDFEHERFRE

B &

o M RMEICHEFMEICT SNIEARMY ZE
UIcREY BIUl%ZZER

o HENZESUEMERIEE T « LA THRBIRE LT
e

o [HEERELHAR &, 15[

(EROBSEH| | R |

Xj R

o iZ ¢ 50~ ¢ 100055
CHEBTER)

A &
o TRits=EE 75&

-40-

TR ATEHS



I, I e e R
BEERATAEY R

TN Y Z T FHICHG ST RFFHEZET#HMZ AE Y RIU

B R

XYV RVYFHMICEIIFRIREL T v F XY b4 T (FRALIEEMDAER)
o BEEZEREZDERAICKD 150,000 min' DX, SfEEOEZERE

o [H—FEURELDTvrv ]| RAICLDERE, SEEFvrv+T

o (KRS, BRMR, R

RSEERE] 150,000 min! T 0.6kW
T4 =HEEFEEE—% AC200V

7FIF7)IL 40N K 1~2 L/min

anEsE
I 7):20N BREIER o 1R
7L 1.8N/um TEEFAK REFEH (¢6)

& I
SI7I):T0N/ um AT 0.49 MPa

AEY RIVES 5kg (v UR<) WMTZEUHES 90 L/min (A.N.R.)

* DUV VEEEE. BIEEIHED S 14mmOiIE CDIE

-41-



NTN TECHNICAL REVIEW No.74 (2006)

[ X]

ESZHSUJ20;

SRE(CLIBRFICHIF D FRTEESE

The Atmosphere Control Method for JIS-SUJ2 on Carbonitriding Processes

&5(c, B

KA 753* Chikara OHKI

BRI O LBZHSUI2DRRELIECH T DEREBAX N =X LDHE 2T TL)
. BRYBFETORBREEPMADHICKD, BREAICKIFTREDEE, KU, N—
AHAZERDEEZRSHIC LT,
REARDEEDET, HenEDRACH > TEMT DT EDah ofe.
RE(CIEHEDZERBAX N ZZXLDRERRAXNZ AL EFKRTH D ERE
LU, RBRERZEE(C UM ERRED MO TAEERELR.
REEATR, BATEREMVESTERICBVTCRABICLKERTS. TNICkD,
SUJ2DRRE(IVER D UV TR EERINZH#II T2 LN TESR.

ZDER, ZRBARIR, ROWNHaDEDIENM,

FTATECKDE

We have been investigating the nitrogen penetration mechanism into bearing steel JIS-SUJ2 on
carbonitriding processes. In the course of carbonitriding experiments under various conditions and
EPMA analysis, the influences of carbon activity and base gas components on nitrogen penetration
behavior were examined. As a result, the nitrogen penetration content of steel increased with the
increase of undecomposed NHs partial pressure and with the decrease of carbon activity, and Hz

partial pressure.

Besides, assuming that the penetration mechanism of nitrogen is same as that of carbon, a
calculation method was developed in order to estimate nitrogen concentration distribution profiles. It
was confirmed that the nitrogen concentration distribution profiles predicted by our method agreed
well with the experiment results under various conditions. Hence, a development of the new
atmosphere control method for JIS-SUJ2 carbonitriding processes was achieved.
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The analyzer for the atmosphere measurement

SRR AENR A T
ggﬁgg CO/COMiAE SES BEARONRLE
FEAHREAG HeO TS % KB
VAT Y OofA &N % I IZTBRDEET
AEEHASIE ot % AEER
AAIOR NI T4 | RHBNHAERNE | MEBEREE(F+UF  AUDL)

plIE=ES BRAHE
ZFI e B A
v [ B J_I |
o
! .
! AR LT
C AT | L YL
L
Bl
. i FAF AN
il il | A
|| g e IRl o
L R M2 ~—2 R AR
B B (A TEARARYANDSOH#EE, 6B ¥ XAT70O0—3JY
B1  EERRIFAE O0—3, C: HADEALR)
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B4 ZFRABOER
099 | 0.26 | 044 |0012]0.006] 0.08 | 146 | 003 | 0.15 The definition of nitrogen penetration content
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2.3 REDEHFEDTER
BRRELDEFOFASOERLERE LT, K&K
BANREZRET DRRDEENDSD. KK TDR
RDESDETEICF, BoudouardinzBUL\D T &
[CL, 2OF@ERILRZR (1), (2), (3) [TRT.

{CY+CO2E2CO v Boudouardfi:
P2
ay= 0 (1)
Ky * Pcop
]{1 =exp< RTGT > ........................... (2)

AGP=172500-1756 - T

CCT, ac: REDEE, K1 FEEH, R HR
EH (8.31441J/ (mol - K)), T #FEE (K),
AGY  FEERBARIRIVFY, Pco, PooldZENZE
nco, Co=DnE (atm) THB.

EEDEEL, a>1EEDTEFEDELREN. U
ML (1) TRENDELDIC, DAFTHK CIFEE
FaDBEEUTTKDRELEDFTHT CDRKREL
MIBHEMAIEECTH DY . AARTIFZDEEDAE
g5H, I (1) 72 (1) DRIICERLIEBU,
CNZEEBDIN AT EUTHERAT S EICUTE.

af=——
K 'P002
CCT, aX=10ETE, a*=ac (RRDEE),
at>1DEE, aXFIX (1) TRSINADAZEHTHD.

2.4 EERFMH
2.4. 1 BREBILAIZICKIF T RKIENHDE,
REDBREDFE
CDERRTIEETCORHFICBVT, MEEE =
850T, FFHRHESHZ1.03atm (Tatm=1.013X
10%°Pa)&E—EICL, B DMKRERD—EC L.
CCCEFIDREBFMEF, RERDEEa, BRE
{EALIBESE, N—AHRE, FKOWBNHsDEDAIE
BTHD. a*130.78~1.08FXTDOBK%EE, BRE
{EALIBEEFRTE 1800~ 180008k TDAKEE, N—
AP ZREIFE~20L/MINETDLKE, KNEENH3
DEFO.36~3.4X 108atmE CODEH CHERACER
EU. BB, TORBTHWR—XHR(F, B2
[CRUEN—=X ARGz mZEAT s, JO0/\H
A7ZFEEE UTe—MRBR IR BB R A A 2 AL,
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2. 4.2 BERE(CUVEICKIFIRN—AHALS
PTEORE
COEBRTEIXNTORKICENT, MEE"Z
850T, FWEH%Z1.03atm, IERFEZ9000s
c—EICL, HBRFOfFERD—EICUIZ.
AEBICAWCER=ABAWDDRE, KD H#
NHs D EZRIICRUTE. HeARREIF1.15~6.9
L/min, NeAZR&E(F0~9.2 L/min, COARRE
(F1.15~4.6L/MnD#EETHRLICHEL, TNTE
NOERBEFEICEWVWT, BEAAREL ULTEHE
11.5L/minlCED KD AU, ORI,
RITRUTEN—AHRAHEEBICTIT O TLD . KD
BENHsE130.0010, 0.0021atmdD2KEE Ui,

K3 RREB(LIB(CRIFIN—IAAAED D ERE
SRERSRM

Conditions for experiments to investigate the influence of
base gas components

TRl vem® | Nom® | COmE | B
atm) (L/min) ZED | (L/min) ZD| (L/min) ZD| (L/min) =1
0.0010 8.9 3.45 1.15 115
0.0010 8.9 2.30 23 115
0.0021 8.9 2.30 23 115
0.0010 8.9 0 46 115
0.0021 8.9 0 46 115
0.0010 1.15 9.2 1.15 115
0.0021 1.15 9.2 1.15 115
0.0010 1.15 8.05 2.3 115
0.0021 1.15 8.05 2.3 115
0.0010 1.15 5.75 46 115
0.0021 1.15 5.75 46 115
0.0010 3.45 5.75 2.3 115
0.0021 3.45 5.75 2.3 115
0.0010 3.45 6.9 1.15 115
0.0021 3.45 6.9 1.15 115
0.0010 3.45 3.45 46 115
0.0021 3.45 3.45 46 115

x1) BE BERE
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3. RERER
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Relationship between the flow rate of
NHs and nitrogen penetration content
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of undecomposed NHs and nitrogen penetration content

Relationship between partial pressure
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3.2 BERBAEICKITTREDEEDTE
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Relationship among undecomposed NHs and nitrogen
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Relationship among partial pressures of undecomposed
NHs and Hz, and nitrogen penetration content
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<N>+3/2H2©NH3 ........................ (5)
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The Influence of Hydrogen on Tension-Compression and
Rolling Contact Fatigue Properties of Bearing Steel

B H ¥ E* Hiroshi HAMADA
B I &** Yukio MATSUBARA

AHClE, BRMSUI2DREFBECKIFITKROZEZBERRATRICRDFHIEL,
KROFECTRFBEFZLETL, ETESVFLEEKRECRVERNGH L
ZHSHIC U, &fe, 2HEERN D ITRDEHHRICHNT, FADHEICKRT v—
IURICHE Y, REESROFEESH, NOGEEROEmER FOERZE(IC OV
Nfe. ZORR, BREKRENE KBS FERMICRATHRIRE U, RIMEKRSE
HEVWERELOSE-NENDD, ABWMEEICIE, SHESFHZAT NESRKE TR
HERDEETDHOD, HTUHERE DBV Db ofe

In this report, the fatigue properties of JIS-SUJ2 bearing steel were investigated under various
hydrogen pre-charging conditions. The results demonstrated that the fatigue strength substantially
decreased by the influence of hydrogen and that the decrease of the fatigue strength was in direct
correlation with the diffusible hydrogen content. Additionally, double-roller rolling-sliding contact
fatigue tests were conducted to investigate the influence of hydrogen on surface crack initiation life
and microstructural change beneath contact surfaces. As a result, surface cracking occurred much
earlier as compared to the calculated life. The crack initiation life decreased as the amount of the
diffusible hydrogen increased. Unusual microstructural changes were distinctly observed, when a
relatively high concentration of the diffusible hydrogen was penetrated. In contrast, a relatively low
amount of diffusible hydrogen did not always cause unusual microstructural changes, although only
marginal difference was seen in the surface crack initiation life regardless of the diffusible hydrogen

content.
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Schematic of ultrasonic fatigue test machine
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Geometry and dimensions of ultrasonic fatigue test
specimen
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(a) Experimental procedures
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(b) Hydrogen pre-charging
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Experimental procedures of ultrasonic fatigue testing and schematic of hydrogen pre-charging
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Conditions of ultrasonic fatigue testing
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Schematic of double-roller rolling-sliding testing
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Conditions of rolling-sliding testing
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Experimental procedures of double-roller rolling-sliding
testing
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H2504 (0.05 mol/L) +

BER CHaNeS (1.4 g/L) (FAIRR)

F v —IBREE(MA/cm?) 0.3.05, 1.0

Fv— B (h)

20

-53-

F—[CR>CHREIS BTz, REICHRBRF DFMNUE
BREMU7ZRT .

HS(ICHBEFIEZRT . 2.3&EBRRORIBKERTF v
—IZEHAIRED U3 EEAIREICE Uz, KR
Fv—IRHZRBITRT. Fr—IRBIF20hEU
fo. TOF v—IBRETIIKREED ISR AL
FTH—ICESIEVD, KESIFFIFE—DKREE
DHELD. KEF v —I%DELND ITNDEHERICI
75, dBHFEREOEVEREORENROKREHESTD
TEZEELSITENT, REZIXU—HE #500—
#2000) U, &84 VEY MR—=Z b (1 um)
[CTINTHE U, Ih'D I RDEHBRTIE, 20hi&EfT
TEHESEc. UEOT7OERZ18ELT, REAT
U RETDFECKRF v—I EEE RO RUIE.

2.5 FREHEEKRDNAE

FREBEKZRDWE, KEFv—IBRBEL, T
NICKO>TRAT DB KREDBEFRZKRDDEN
CTi1olc. R7ICHWMHAABR EoFRGZTRT. &
BENDKERFv—IRKHF, RE, 6B UEHER,
Fr—IBRE (20h) &UMe. oAEEERS IFMED
FARTH DI, 20hDF v —I7Z TR (L ERF AR
DEMKREEDM(E TDE—(CEDY . DIFICIEA
2o 0%V, DiTkaREE, BERESEHBRND
CHEEN D INDEERFLF(CEDE, KFEFv—Y
BIFFE(CT10ming & Uiz,

K7 FEBBEKRINRG

Conditions of thermal desorption analysis of hydrogen
ks HRoOX IS T
puFHR | T Ar

s (mL/min) 20
R E (mm®) 27X1x1
FREE ('T/min) 3
SITREEHE (C) =RE~360




NTN TECHNICAL REVIEW No.74 (2006)

3. KBERRUER

3. 1 BERRSHERER
3. 1.1 SNfFHE
HE[CHBEREAANBRERZRYT. KRFr—IK
UVDRBRICH LT, KRFv—IHDDHBDIFREFHE
EREUETL, FEBEBRBELNKRELEDICDON
TEFBEFIMETUZ. BIRERER, B7(ICRI LD
(C, KRFv—IDERICKST, INCHBRAPIH
DIFERNMEYF iR s Ulish-eyef®fiL, YO
OFBIREREDEVIFE SNED o,
3. 1. 2 ®HHEE IR RE L OB
E8|CFRREE KR DT CRONITRE L KRME
KOBRZERT. KEFv—IBREENKELLED
F&, 80CHHEICE—IZR > THHETSNDKRE
MBI LTz. 200CE TICHE S ND KR ZILEE
KEREERLCZDEZRBHRICTRUTE.
HMEERBDERKD , EHBE(ITRITTHEIEK
ROFEZHNTS. FHAICIE, RO2RZZEUT.

1400 o—
a e, KRFv—IEUL

1200 ke e R

MPa
o

1000

=
H

800 |

VAL

600 |

0.4mA/cmz==

0.5mA/cmz2
400 i i PP Ml T
1.E+04 1.E+05 1.E+06 1.E+07 1.E+08

RO

H6 BERESHERER
Results of ultrasonic fatigue testing
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Results of thermal desorption analysis of hydrogen
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A s - RO DR (CRIE T KRV

10(CHARIMKFRE S 107EICHIF D 10%E T3
EORfZRY. MEBICELVERBEANRERSNS
CEDS, BHBEDE MILEIEKREICTE SN
TWHTENDND.

3. 2 HiEEh D INDEHERER
3.2. 1 ERFELEHH

E11(C2HBEEND INDFERICHBITDKRT +
—VBREE ERETRELET COHRBFEBREDRL
BIFOBERZTRI . AAEBRFADTEHFNE3651 1
h (§944) 7 ® THOH, KENFERKEATOE
HEEFDHDF/EV. UDNUKERF v—I%ZTocH
T1DORERTIE, LWINBsEHFmzAE T NE$80
FBEU N CRESHAFE U, SRELEFTORE
ERERE (D) FERBEANRETVEE, IEDHB
BAKRENLZWEFEELE DT,

o 1100
al KEFv—IHL
S 1000

900.. i = 0.TmA/cm2

T
800 v -./ 0.2mA/cm?
700 - .-F"

‘ 0.3mA/cma

800 | "1._

107EICHIF D 10%EF=E

500 |

300 |
200

L
£

400 ).
o.4mA/r:m2.---""I .

0.5mA/cm?2

L

-

o 1 2 5 4 5 & 7
IBYMHKRE wi-ppm
10 IEMEKGREE107EICHIT S 10%EFEEDRE R

Relationship between diffusible hydrogen concentration
and 10% fatigue strength at 107 cycles

3. 2. 2 HEEEIEEKRE S DRIR
H12(CXKETH, NUOZORFOMEOEEZR
9. ®12 (a) &£@12 (b)) FENZENEREE
1.0mA/cm2&0.3mA/cm2TDRERERTH D .
12 (a) TlF, &EmE FMFERFaslfnE s/,
—77, E12 (b) [CEVWTC([FHFEFREERFEHRT
NEhofc. INSDRBERED, RAKRENZWE
BICBVTCIFFEEESEBNRENDN, BAKRE
HAEVBBICBWVTIF, HFUBEETABHERIT
HEOLEVWDDEEZABND.
3. 2. 3 BEREFHREHEERND ITDHER
DFERDI T DT
FANETCTHRNcLDIC, HFZTBVTIE, FN
([CEEFRmEICEI S IcBEZ A DEVREREREFE <
BDEUDTEN DD, COREREUTIE, EhDEE
fREICAARBICERD R UERT D5 5RBINEZR S
Nd. CO5RLAIE, T@HDEEGRHENKRELLD
FERELHED. COELDBEERHETICHBVT, BUIL
KRB UEFRENME NI NS REE BN
IO DDTELFEZICEBBENDL. I T, SOid
ERES B CROTILBIMKREARFDOSNE L,
CHEFRRICOVCEEXRAEICER DR UIEAT 2ES
BOD5ERINDEZER T DI EICKD, RHIFBED
FKETDAREMICDVNTERETD.
SOEMEUceMERBROARmREGICHITDHE[E
DEMOAOHFHPREZSTE L. ZTD/RZR13 (a)
KU (b) [TR9. ®13 (a) [FEMEHIDTTHD,
(b) FX-XITADEERAICIERT 2EABDS RN
NNHTHD, BEMEMAZTRCRKAICESD. EBHDER
FRBHODIBE(F, SIRIDSIDRAMB(FEZEAERG T
214MPaTdhdh, EhDERFRHN0.1 &Ko
BEFE—ADEMFTE31MPaliE?d . BERES

EBABE | kEFr—Y HEBRTOEREH () AIFREERERE
(mA/cm?) | LIcFam 1(20h) | 2(40h) | 3(B0h) | 4 (80N)
TR —
0.3 | | |
] M
ERE (A ﬁ |
05 1 1 |
gt M |
o ma  —
' wap -t |

11 KEFv—IBRE

B ERESRFELEFHORER

Relationship between the current density for hydrogen pre-charging and the number of repetitions to failure



NTN TECHNICAL REVIEW No.74 (2006)

EEBEIE

b SR
(N

] -
1. gie - 1
r x 3
1 ' r: ]
A4 gl g
| —— -I =X
| AL -

(a) BrEpfIFIE,

LIt e e el

BREE].0mA/cm?

i
HEBESE #=-=mecemmee= ;E -

m—
B

(b) EFEHIFME, EREEO0.3mA/cm?

12 REEH, ROZORAEHESTE
Photographs of surface cracks and their circumferential cross sections

AEROFBERICEINE, IEEKRDMEA L TLIEWNEG
&, B14(IRgKD(C107EICHFD 1 0%EHEE
[F98TMPaT®mbh, E13 (b) DFERKLDTHEW
KECHD. UL, IEHEKERDERA LGS, 6
ARBEREFABOKRF r—YVBEREE
0.3mA/cm2 (4.5wt-ppm) DERZRDE, 107
([CBIFD10%EFHEEFABOMPaZk TR NI 2. Z
DIcHXFERMRALICBEEE, B13 (b) [TRULIES]
RIIZETED, EHEENMECD SDTREMNDD.

CDKDIT, BHUASHDRERETEN D EEGHN
RELKED, DOLEDIMBMKRIRALUICES,
EREICEHRNMREURMBEBENELCDAREMEN
BVWEEZASND. IEULCDERZEMNITDICIFER
OO ZARES (R AREZ IR TS B2 IEITOILENEKR
HMRAT S EZFAT 2ENDD. INDEFHIC
NIFTKEDEZEDEMRRIECDWVTIE, 19504
KB 1970FRKICHITTEMICITHONTWVD.
Grunberg®'V 5[, KEAICKDENDFanDE T
(&, KERDKZRDRERTHDEVNIHERBITHD,
CDERIFSchatzberg'21® SC K> THIIFFEINT
WD, —7, Swets!® S, EEBHNDEELUTKSR
DREUMPICEBATDITEICKD, ImHDEHED
METFTDCEZRLTCWVS. Ko, Kinobld, &
WO EFHBEISHPKRENENL, TOEMNEE
EBHDBETELEDEVD/BRD ZRELTWVD.
CNHDOHBZRBFA, KEADEBHDEEWDT
HRDD, SmADEMEFICESREEZETNSBDIET
DIBEXKRDBAT DO ENEEENICIREIT D
ENSEDRETHD.

-56-

1.0
25
20
Bk 15
=
=K
iQ
& 10
05
_ 00
10 |
05 0.0 05 [GPa]
(a) 2HBEBDZEAE DT
1400
1200
© 1000 _
= 800 Poou=01
531MPa -
g1} TCA LA N —
= ‘2‘88 214MPa "_{i‘\
0 l

05 05

00
B EEER  mm

(b) X—XIT/a DEMKREICIEFRT S
E75E05 3R

13 2HEEOEMEIDmE, X-XIThaD
BEMKREICERY 2BABDS ERINI91H
Distribution of circumferential tensile stress

at contact surface along X-X line



A w=mos R - R RUTED DR CRIEFT KRR

1400 =
- RFv—I1
1200 1“iqT$?v I1EL
,5_0 1000.--S??JMF.J?.--,...-'.T?r--rL-_._L.-
= g ERER
| 0.3mA/cm? &
Jlzzg H
g COf A50MPe T
R 400
2 om0
0 ;
1E+04 1E+05 1E+06  1E+07 1.E+08
BfEEE
K14 10%E5REMER
10% fatigue strength curves
5. ¥&®

HZHMSUJ2DE A HFEICRIFITKEOXEZ, =
BROKRDEHERZIZ DN, SRE[DAFESIEB
BEREHHBICADFHE LIz, Fc, 2HEEND T
NOFERICKD, KEESHROFEESm, NUOHEMEL
2 CRIFITKROFEICDOVLWCHAEL, UTDZLE
OISR CETC.

1) BEERESTRClE, KROZETEFBENK
BICETL, RBAUKRES 107ERFEED
BICIFRUVEEN DS .

2) KRF v —IBRD2HBEEHND INDHERTIS,
KRDFZEICKDRBICERDELET DL, T
DiFE, RAKRENLVLERKESHEHEBNIR
Nan, BAKREFNIMEIVWESICEF, £FLD
RFEISEEEREHFDIEN.

56, REOHS CHRESNDOKRBAICKDHZ
DOEFMRR(COVCIE, TTITEHBEI, ¥, KE
WEOHEDDS, BLYOMNRODESN, HAICEDAR
ncns.

BB

SENHR

1) K. Tamada and H. Tanaka, Wear, 199 (1996)
245-252

2) R. E. Peterson, Stress Concentration Factors,
John Wiley & Sons, New York, (1974) 51p

3) K. Salama and R. K. Lamerand. Proceedings
of the 1st International Conference on
fatigue and Corrosion Fatigue up to
Ultrasonic Frequencies (1981) 109-118

4) H. Ishii, K. Yamanaka and K. Tohgo, Material
Science Research International, Special
Technical Publication -1, (2001) 59-63

5) Y. Matsubara and H. Hamada, Journal of
ASTM International, 3 (2006) ., Online
ISSN: 1546-962X.

6) BAMBZERESHPIZER, HAMRZRERM
TZHPIZER, TERMAESEREFHMELE S-N
FRiREFE (UJSMS-SD-6-02), BEHMHlZES
(2002)

7) J.J. Coy. D. P. Townsend and E. V. Zaretsky,
Analysis of Dynamic Capacity of Low-
Contact-Ratio Spur Gears using Lundberg-
Palmgren Theory, NASA TN D-8029, (1975)

8) J. J. Coy and E. V. Zaretsky. Life Analysis of
Herical Gear Sets using Lundberg-Palmgren
Theory, NASA TN D-8045, (1975)

9) L. Grunberg, Proc. Phys. Soc. (London) .,
B66 (1953) 153-161

10) L. Grunberg and D. Scott, J. Inst. Petrol., 44
(1958) 406-410

11) L. Grunberg, D. T. Jamieson and D. Scott,
Phil. Mag., 8 (1963) 1553-1568

12) P. Schatzberg and I. M. Felsen, Wear, 12
(1968) 331-342

13) P. Schatzberg, J. Lub. Tech., 231
231-235

14) D. E. Swets and R. C. Frank, Trans. AIME,
221 (1961) 1082-1083

15) N. Kino and K. Otani, JSAE Review, 24
(2003) 289-294

(1971)

-

BE FE MR =4
BRI FTRT AR ST
HMEmBAFEER

-57-



NTN TECHNICAL REVIEW No.74 (2006)

[ &%

& |

S5k AEZ OBirEm

Technical Trends in the Bearing for Office Equipment

B #8 73* Chikara KRTAGIRI

BE, )XV AY, A=Y b, TIFILVAASDOERICHN, TIF
WAS—E&BERNUONIVF I 7023 TUV% (MFP) OFZENENN
LTWD. KEDTIFIUEICHL, BRANOEREEDELLTED,
NTNFFHISDER(ICEH U RMmESRE, HiiFEFAECERDEBATND. 8
Tl&, BABBEEBBICERSNDHEEE ZTNICHNT DEZHAMTIC DL
THRERT .

Recently, the demand for digital color PPC's (Plain Paper Copiers) and MFP's (Multi Function
Printers) has been increasing alongside personal computers, digital cameras and the internet.
During this time, NTN has been aggressively working to develop technologies and products for this
ever increasing digital media market. This report discusses the required function of photosensitive
drums and fuser rollers for the latest PPC's and MFP's, as well as bearing technologies for these

applications.
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Test condition of high temperature grease life
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The torque limiter and the torque diode are used for a high-speed model and a medium-speed
model of the copier and the printer. NTN developed a new torque limiter and the torque diode that

can be used also for a low-speed model.
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Honing Sludge and Electro Furnace Dust Briquetter
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Being ISO14001-certified company, NTN is responsible for helping establish recycling technology
and contributing to our recycle-based society. At first NTN has started grinding sludge recycling with
grinding sludge briquetting machine 2000, then achieved Zero-emission with cost reduction. Based
on briquetting technology, NTN has established UNITOP which is environmental venture business
2002, and found many kinds of needs for briquetting. Horning sludge and electro furnace dust were
picked up for next targets. After practicing basic test, practical machines for horning sludge and
electro furnace dust were developed. These machines will contribute to environmental load

reduction.
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Ultra-Clean Bearing for Clean Environments
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NTN manufactures Ultra-Clean bearings for clean environments used for a semiconductor and LCD
panel fabrication equipments, vacuum evaporation systems, etc.

NTN developed Ultra-Clean NC bearing and Ultra-Clean WB bearing by the demand of a long-life
under high temperature and heavy load conditions.
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Development of New RCT Bearing for Axleboxes and Insulated Bearing with Shields
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In late years a railroad carriage is eco-friendly, and energy efficiency is reviewed as good
transportation, and demand for railroad bearing business bearing largely lengthens in China and

Europe.

. High reliability is pursued in a bearing for railroad for the publicity, and extension of a maintenance

period is demanded from a railroad company.

Therefore the problem of bearing for railroad is how realize maintain reliability and extension for
maintenance period. NTN developed an Insulated Bearing with Shields and New RCT Bearing which
could solve problem for railroad bearing and cope with China and Europe market.

This report introduces evaluation test results at laboratory about performance of Insulated Bearing

with Shields and New RCT Bearing.
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High Load Capacity Cylindrical Roller Bearings
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NTN has developed high load capacity cylindrical roller bearings appropriate for gearbox of wind

turbines and other industrial machinery.

By using "rolling element separator" instead of the conventional cage, the new bearings have
increased the load capacity without reducing speed performance.
As a result, the new bearings have 1.5 times or more the rating life of current bearings with cage.
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The Rust Guard Bearings of Highly Corrosion-resistant Bearings
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The environment of bearings for steel mill machinery has recently become harsher. For example,
the time intervals between machine maintenance has increased and the composition of the water
used in the rolling process varies. Lastly, there is a growing demand for long-life bearings for the
steel mill industry. To combat these tough conditions, NTN has developed the Rust Guard bearings
of highly corrosion-resistant bearings. This publication describes the Rust Guard bearings in detail.
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“SSB” of Sliding Aseismic Isolution Unit Multi-ply Rubber
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SSB with multi-ply rubber is newly developed seismic isolation unit which has higher vertical rigidity
and wider applicability than SSB with a single ply rubber, by arranging the number of rubber ply and
each thickness. New SSB is low friction sliding seismic isolator realizing friction coefficient of 0.024
that is equivalent to the current SSB. The expected applications are from low to high buildings such
as condominiums, offices, factories, hospitals and schools, which are not only newly built but also

existing ones by retro-fit.

This article introduces the characteristic of multi-ply rubber SSB (Ministry of Land, Infrastructure
and Transport authorization number MVBR-0304) and basic properties comparing with the current
single layer rubber SSB which achieved business result.
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Monodrive Two-Way Feeder is Parts feeder where parts can be moved in two directions (the line
supply side and the other side) by one driving unit. The number of a driving unit and controller that
was two pieces necessary can be decreased to one so far, and the device is small and can be
lightened, and power consumption is saved. It is low-cost and maintenance is also easy.
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"Hybrid Bearphite" a Sintered Metal Sliding Bearing Inserted with Plastic

I B IE f*  Masaki EGAMI
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This report introduces newly developed "Hybrid Bearphite", a sintered metal sliding bearing
inserted with a plastic sliding material on its inner surface. Because the plastic layer is only 0.25 mm
thick, this gives small expansion and contraction as a result of temperature change. Therefore, this
maintains high precision over a wide temperature range (10-60°C). Furthermore, combining the
plastic with a special filler gives an extremely low friction coefficient of 0.05 (1/2 the friction coefficient
of conventional plastic sliding bearings), resulting in low rotational torque.

This new sliding bearing "Hybrid Bearphite" received the technology prize of Japanese Society of

Tribologists.
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