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New Machining Technologies and Tribology
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Some machining technologies, at least, are necessary for manufacturing substantial
products. Continuous pursuit of superior machining technologies is a requirement to sustain
and expand the monozukuri industries in Japan. New machining processes, promoted by
author and others, are introduced in this paper, and the significances of these technologies
are commented with explaining relevance to the tribology.
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For machine tool bearings, high-speed, high rigidity and high accuracy are important. Recently, reducing for environmental

impact and low cost should be included, too.

This paper overviews the technical trend of machine tool bearings with explaining current machine tools.
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Application of Ceramics to NU-Type Cylindrical Roller Bearings
for Machine Tool Main Spindles
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Ultrahigh-speed operation of an air-oil lubricated NU-type cylindrical roller bearing has been made possible by using a
ceramic inner ring up to a maximum speed of 35,000 min' (d,,n value of 3.25 million, inner ring bore of 70 mm). Devising
the outer ring rib structure to streamline the lubricant drain dissolves the emergence of high and broad temperature rise
around the mid-speed range, which is typical to conventional NU-type cylindrical roller bearings, as well as rapid temperature
rise at a high shaft speed. The developed bearing will trigger practical application of NU-type cylindrical roller bearings to
machine tools, that require high stiffness of bearings over a wide range of operation speeds. The cage made of PEEK is
guided on the air-oil nozzle outside surfaces, while rollers made of steel can be used even at 35,000 min-' controlling the

inner ring temperature below 70 degrees C.
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Evaluation of Scratched Contact Fatigue Life with Artificial Dent of Carbonitrided
SUJ2 Steel Whose Surface Nitrogen Content is Controlled

KA 73* Chikara OHKI
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FmlcEdIEhgh ofc. RKAEREENO.4mass%DBEE, 50%|d < BEEmGEREDSUJIHM DABDEE oI,

The scratched contact life is very important performance for rolling bearings, however, there is no research about
relationship between nitrogen concentration and the scratched contact life. Keeping this situation in mind, the scratched
contact life of SUJ2 (SAE52100 equivalent) of which nitrogen concentration accurately controlled is investigated in this
research. To avoid uncertain accidents occurred by additive contamination to lubrication oil, ball bearing’s inner rings added
the artificial dent by Rockwell indenter (196N) were used for the scratched contact life test. Weibull slope of the test results
by this operation condition became shaper than that of test result by general test method (i.e., bearing’s rolling contact
fatigue life test under contaminated lubrication condition). Therefore, it is thought that the test method in this research is
suitable to get quantitative data. Significance test of the results appeared that when the surface nitrogen concentration is
over 0.05 mass%, the scratched contact life is superior to that of normal SUJ2 with a reliability of 99%. Besides, experimental
results revealed that, when the surface nitrogen concentration is 0.4 mass%, the life can be longer than that of 0.1 mass%
nitrogen concentration. The sample whose surface nitrogen concentration is 0.4 mass% demonstrated Lso life that was 4
times as long as normal SUJ2.
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&1 SURLHDIEZRSD

Chemical compositions of JIS-SUJ2 used (mass %)

C Si | Mn P S Ni Cr | Mo | Cu

O
(ppm)

0.99 | 0.26 | 0.44 |0.012|0.006| 0.08 | 1.46 | 0.03 | 0.15| 9

R FUIERMAEHHEIERN
Heat treatment conditions and grinding allowances
(NOC for the test under contaminated lubrication)

Notatiosn of 9ach Inner ring Outer
P | 2% |N0os | No1 | No4 | ring
Pertial pressure of NH3 (Pa) = 30 | 213 - —
Pertial pressure of H2 (kPa) 334 | 365 | 425 | « | 334
Flow rate og RX gases measured| 445 | - - | 115
at 25°C and 1 atm (L/min)
Treating temperature ("C) 850 | 852 | 852 | <« | 850
Duration (s) 3000 | 8000 | 5300 | <« | 3000
Carbon activity ac 0.70 | 0.95 | « ~ |0.70
Machining allowance (um) 100 | 110 | 130 | 50 | 100
e ™ | © o0 01 |04 ] 0
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Characteristics measured by X-ray diffraction

Notation | Residual atress (MPa) Retained austenite (%)
NO, NOC -53 8.5
NOO05 -92 15.3
NO1 -75 15.8
NO4 -119 23.3
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Hardness distribution profiles before grinding
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WP ZEREE ERBS — AT 74 hED2RTH
BDESEAD.

2.2 HFmaRAa&

AN R(IRETHZONEH CHD, ERIFAERE,
BEHBESBHRICHIWESAPEY OOV IO T
IETRHEREF(EA1 20 DMH#DIBRICHE
0.2 MMOIKAEZR DEF)7Z 1 96NDEETH Ut
(FTER U, el UTcEREAR G =RITTREFIRE
ECHEL, BEREZEBORD EHDFARDEREAHID
ZEXANEE U@, FHER[ICK UFIFHAVER
THDEEERLTVD . ERBHDODRENLTE
FERZEAICTRT. (M5 UERIENE1E= D 301(E
(12°BDO%FE) & L.

BUcEmaA BRI ESICRT KD IC2E D5 e
RICHFCSITIEEZARE T OEECHL. Mz
DOEBImERBE Ule. HRFHZRAICTT. &
<BEDOBRANCIFIREIEREH ZRAWLTE D, HEBEF DR
BILEREITH 1 .5m/s2(BE#ER © 3Hz~5kHz,
EWE) CHHN, RENERENBM/s2ITIEDTRIC
RENERETDRAI L CEBRIMEILE T OFRES Uc. IR
EIRED6mM/s2(CIF o1k, AEwICER SN
EREDDBIEDOEREN SAETHIE<BENFEET D
CZEERULCWVD. Ko, FmICS5ADBEDTE”Z
BRI &Icsd, 2 COHEFMARZ 1 DR CEiE
Liz.

LB DIz, BREB(ELEBEZTHOIEVES (NOC)
(X U CiekE < L SN EENEB N COEd
e (U, EMENEAARCIFNT 9)B1To
fo. RBRMZOME, SR, #2555 IT7IV
g, WiRLlEns, BeNAFERERIEE <BHED
AEBRTECBUT, tOERHEDIFIFEALTHS. B
BDRIFNERICATERZMNITT, BEBEHRNICFIEED
FEERYFIR B, 8 04g/4, BB 800HV,
K 1 108~180um)EEATE SR THD.
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Dent
= 2um

|
i Oum

Dent Profile of cross section

5um ._
100um

Dent
T2um

Dent Profile of cross section

Dent

= 2um
JOum

Dent Profile of cross section

Sum

100um

Dent
u 2um

Oum

Dent Profile of cross section

5um 5um

100um | 100um

H4 EREROE)
Examples of dent's shape

Load spring }Eigl
I ! 3 |

Support bearing [t ]

6312 .
Test bearing
. 6206
Test bearing
Pulley 6206 _,Jrr

Coupling

H5 FEUEREEEX
Schematic drawing of rolling contact fatigue life tester
for ball bearing

®4 DREREE BEFmOBRIEMT

Test conditions of scratched contact life testing

Lubricant

Radial load (kN) 4.9
Radial internal clearance (um) 20
Maximum contact stress 3.04
of flat surface (GPa)
Rotating speed of inner ring (min') 3150
Turbine oil

(Dynamic Viscosity at 40°C :58.6mm?s)

3. EERIER

3.1 F<HBIUTEEDIKR

ERERES <BFEmaER ClE, £ TORBRMRI(C
BVTAEmICIE<BENFELEL, ImENME, NEmIC(TIEEG
D ofz. WERICFER S NIZ30EDERD D5 113
DERDHDSRELRELBAFEEL W, (F<EE

DEeREEIOHI7ZRBICRT . ORI Bk
DEREZRLTHED, ([F<EDERIFEROAAIC(E
<, EREARORD ERD &N ZiRRE Ulald <A
DEERE L RICLA D CHole. CORREIFIER

DT A TEONDIFLBMLRREFBR TH D).
EYPRNEBHER TOE <ESMBEIIORELZE7
=iba ks

([CR9. EREGODED EAD feme Lreld<

Load movement dir.

NO04 109.9h failed

Dent by rockwell indentation Dent by rockwell indentation

6 ATEREIDE B

Examples of flaking area with artifical dent

Load movement dir.

Dent by contamination
E7 EYPEANEBFERDE ES
Examples of flaking area under contaminated lubrication
condition

Dent by contamination
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BOEEREHLEICLNDETHD, BREREIFL
BEFEnER T A CDIF < BERECFERTh D T EHE
REND. ORI CHNTH(F < BEEREIL R
Tohofc. ABRERONHHNERDETRIMRE ((F<
B L CWLEWLERD) ZHEEECR8ICRY. 14.7h
EWVVD EEEvIEFE o Cldk <Bt LIcNEmDBEE [ Fom
SNJeERE(F, 65.0n(E < BtmOMEREEE CFERY
SNTVBSERED2ELETSH D, FEERTIEEU
AERRM CH O CHOERDERICRELRESDENE
ULadTENDDD.

NOC 14.7h failed NOC 65.0h failed

Load movement dir.

Arrows mean dents made by contaminents.

H8 EWENEEHERERONHEEENE
Inner ring's raceway after life test under contaminated
lubrication condition

3.2 D147 HHm
KEICHBRBERD—EZTRT. AAHBRTDEGm(E
Lundberg-PaimgrenDEHIER 'O K D 2/(5 X —%
DA TIVAMERICHE S DDE L TR,
ROICTATILpmhoBoNc#MZTEmMmZRT .
EYRNEBAHRBRD S kOIOFREB(LNIER LU DSBS

DA T)bafm (NOC) 7=, EREREFSBiHEMD
HBTHESNICDHD (NO) EHERUCKZROICR
I, FIERGFMHAAELESDV eI, 147D
IVAEEHBESMT/NE VY. BIEDOREBATIE, HAH
DIEBEY DD FREOEHZ OESRFR Y A = J%F
[CKoCHEHEICHMMHATEYENARELEZLLTUL
FOCENRRTHDHEEZAOSNSD. BEDIIRIET
FDA JIARENAEL E > THEEDLI VSR T —
IPEFSNTED, TNIFALERZMNSTDIHIC
FEEICMTADEYE S VW DONEEERNELS, £
BE, IO BEADEIETIDEEFBDIESD
EHINEVEHTHEOEERD.

FERERI G <BEOFmAERTTE CROSNICREZR
FEEILLDHFEHRZLICDOVT, D4 IILHmREL
TFEEDEDDZEI0ICRYT. WFNDOERBIES
DENDEL, BEA/PKEVNTENS, KABENE
BOFTADBRAGEBRESLED DDEERI SN
5. K6DLsEmM CEDE, NOGRREBLALIEL L)
TIF57.7h, NOOS(FREZEREEN0.05mass%iz
B)TlE117.3h, NOT(EREZREENO. Tmass%
EE)TE121.3n.NO4(REZFREENO.4mass%
EE)TIF218.0h &, BEREERTIFABEEDE
[CEB15E, REEREENBVERSFGZRUIC.
NOOSENO T CRREZEREENEZLDDICIFER
UDATILRHmELODTVDH, TNICDVWTIF4E
TEETD.

*R5 HERERBFLBEEFMDTRIER x®6 TJATJILAMHORBOSNIER
Results of scratched contact life test Test results from Weibull distributions
NOC NO NO005 NO1 NO4 NOC | NO [NOO5| NO1 | No4
Cumulative| Failure | Cumulative| Failure | Cumulative| Failure | Cumulative| Failure | Cumulative| Failure Liglife* (h)| 8.0 | 38.6 | 67.6 | 81.7 |124.9
life (%) |time (h)| life (%) |time (h)| life (%) |time (h)| life (%) |time (h)| life (%) |time (h) —
Lxo life® (h)| 24.3 | 57.7 | 117.3|121.3|218.0
15.9 141 5.6 36.7 10.9 66.6 5.6 78.4 8.3 109.9
Weibull slope™ | 1.70 | 4.68 | 3.42 | 4.77 | 3.38
38.6 ST sy = 26.5 95.3 137 871 20.2 1504 #%Calculation value from 2 parameter Weibull distribution.
61.4 19.8 21.8 44.4 422 |1196| 21.8 |100.9| 321 200.7
84.1 65.0 29.8 47.0 57.8 123.6| 29.8 101.9| 44.0 235.6
— = 37.9 50.1 735 |130.7| 379 |1058| 56.0 |241.7
— — 46.0 5583 89.1 168.2| 46.0 111.6| 679 244.2
— — 54.0 58.5 — — 54.0 1212 79.8 244.2
= = 62.1 62.9 — = 62.1 122.3| 91.7 |319.2
= = 70.2 63.0 — = 70.2 |130.5 = =
= = 78.2 70.1 = = 78.2 |146.3 = =
— — 86.3 71.6 — — 86.3 | 146.4 = =
— — 94.4 85.7 — — 944 [195.0 — —
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99 TR I
& I
— 80 1 | | :
[0)
5 50— LIZEEr . | |
g o J |
D 20 f—p ll L !
5 n | | 1T
—f 1[0 | S - o N S 1 3 . L
E | | ]I.
° ' = NoC |

| & NO
1 J 1
10! 102 103
Life h

B9 HBEFACKDTATILDmDEN
The difference of Weibull distributions by the variation of
the test method

99

80 |— — + —

50

210 | . N - i |

10

Cumulative failure (%)

; |
10’ 102
Life h

B10 EXREENMICKDTATILAmDEL
The difference of Weibull distributions by the variation of
nitrogen concentration

3.3 AREDIKRE
EHEEOMZDEREZRUDBHAIC, ABEKLD
BoNcIAJILamh SBERERIND CEHHD
4510 U USER I # UTc#ZEH A TEWVBA(C
FDA TILDmODEBENMEVCSD, T LHEYE
B THDEFROEL. ZDFE, MELBEZES
[CUTBERECHRITDMNENDDEBAHNDHD,
DA TILHTMDBEREREICET DHAREDEL.
JohnsonlEfEst2ZBT, Fujitaldst&s EICH
GEEBLEBZEAVTREREDMRZITOTLD
121970 RIRTEFEILIINTVDERFEALTW. 7
CCAME CIBOSNIHmRRERZ EROMDE
BEEREICKDFHMET D EIC U, &I DH2ED
BEMNDERDTA CTHo T, TODMDERADIBZS,
MELBOREREZHTEL, (DMEDZTOEI
DEREZBEIT O ENTRETHDY. TA Ty
mIFZDRENI.26MEICIERIMIC—HT DO |

25

EYPENEBHEBRD DA J)VARF1.7THb, ER
DAISALT D ERENKRELLD (EE1.9, &E
3.8) B, EREREFEERABRTEONICTA
JIVAERIE3.38~4.77DEETI.2610a8< (FE
FRATI.1, REIFHRAT1.8), EREDMICEDBK
TR T D ENAIEETCHDEERAOND. BRI
([SELUICBEOERBRESDFIED, RERE,
BRUFAMZR7ITRY . ERDHISEBUEES
DIEmIEE TCOERRES(CBVLTIA T)Lamh
SRS IcLsFmEIFEFRIUEZRLTVD. £0T
ERDPMISGE U EICKRBDBREFIEVDDEE
A5ND.

HEERTEDRERZRBICRT . BRB(LNIEZHE
UCTWIELNOE, NOOBZFZIENO T OB IC(FE
BRI % THERENRD SN, KABTDRRE(LL
BICLHERERNE < BEFmODREFH{LDHERIN
5. NOOSENO 1 DEESICIFBRE10% TERE
BEWVWC ERagh ofc. T, KEAEREENO.4
massWiEEEEVINOADFFEYIE, BERER1%T
NO1DRFHYEEEREN DD ENHERI N,
STAMATCOEREREFSBFHABRICBENT,
SUJ2DRKREB(ILNIBF I NZRESGICT DMRND
b, BEREENSVBRICIFZDIRNAELLDE
fERCTD.

K7 ERPWISELILIAZEDE
Approximations to normal distribution

NO NO05 NO1 NO4
Average life (h) 57.3 117.3 120.6 218.2
Standard deviation 14.2 34.3 31.5 64.4
Sum of aquares | 2211.9 | 5869.8 | 10903.7 | 29040.0
*=8 IBTEDER
Resulta of ¢ -test
Objects Q?ﬁgmﬂﬂm o | 4@,01) | 1(0,0.01)
NO and N005 22.475 5.339 | 1.746 2.921™
NO and NO1 24.416 6.350 | 1.725 2.845™
NO005 and NO1 32.378 0.204 | 1.746 2.921
NO1 and NO4 47.107 4539 | 1.734 2.878™

ERE1 N THEEDD



NTN TECHNICAL REVIEW No.78 (2010)

29

b 5

4. £

AR TCOERECREIFBEFHABRICENT,
SUJ2D=RZBILINIBN#ZHmZR T OWRND
b, HPEREENEVEEICEFZTDMRARELE
DI EMDDolc. CCTIHRRREBILAIECKDES
b DEHICDNTERITD.

EREAAE < BiEFHRICDVNT, TERNSOESE (=
ERERS ~ERB)DNETVEFEZDHFEGHERLED
EVDHREDDDH'D, HACHDERICEREDAERFE
IKDEEFDEWVCY, AR TOESFHIEDERIC
(FZEF L.

B EDD EDHFRFRZERFFR TR UCEN IS
WEED, iclFBED LD HIBEBROAEH/NEW
(#iA) 3£ BD ERD B DEFHETIT DERIC
FUDRNETHARELED, ERERE (G < BtHEm
FELEDEREINTVD. EEEREFBED
ABEMIZRDOEREBZOED _EHDED DRI (6
EBRFHHEICHUTCEA)ZETT, B12(0R77 . B8,
Y AERESFEENEVNESDONGEHEEDEEKES
U, X@#ARRKUFED EADDOREEYE#HDRZRE
LCTWS.

B110OEEERACIEERE(CNIER (NOOD,
NO1, NO4) DD ENDEIERDERKIE, BRE
{ELTULVELNODEIRICHE U T KD Tas O il
TERBHAREV. BEBA—RT A bOFEIFINLIE
EYILT YA FOERIC K > TN TR L GREEARE
KFTBHEEBRASNDN, BEREDIEBRIFIHEBA —X
T4 RENZL). MDY LEEREROBERZRAE
UTEIR C K NUSL, I TRE{EREAREVMEIF
CERERZRORED FADREHET S LV DERA
B/BoNCTVaicYd, FRERREIZITHDIEEZS
nNs. ULhUtBREm&OE 12T, HBRERMAIC
B UTED ERAD BT FFDIREICHEASLTED,
B D _EADOEBIERHE DA FEER A DA B 0 #RE R
BICRDFICIFFEUICE>TU . BEDIRZEICK
NIEEN O FAFOEREROBED _END AR ES
DR (FLBEFDDHI1/8F T) [CAELEILL, £
NLIBEESTOZIE LTV EDER SN TS 9.
ZDI, BHDYETI DEDILSIERIFMEICKS
FEBECHOCCENHEREIND. 0T, BRKZE
LB IC KD RFMERRGEHBA —XT 1 &L
[CKDERBEBODED EHDRIRDIEICKDBDT
FFEVWEEZSND.
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E11 ESEEABIDOEREROR
Shapes around dents before rolling contact fatigue
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12 EmEEFHEROEREROIA
Shapes around dents after rolling contact fatigue
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150

AT CTORKE(LINIETTES I CIIERERNDE UK
W, RREBROGFHREFIBAUVCEREED
RIFENTSEEZASND. iE> CORREB(LAVEICK
BEEREIVCK > TEFFSMNALLTWVWSED
EASND. UL UEH S, KEEZEEO.05mass%
EEDNOOL & KEEFREEO. ImassW%izEDNO 1M
D4 JILHHIFEEFRE Uikicsd, REM{LRRZ—#]
[CREEZREECHBAITSEIFTELRL. £ T,
e ADBERBEEEA—XT A4~ (U, v-Fe
EHMY D) RICEAULCLDEREE UT, @35
BEREEEIFNT D) DBERZMROBSIZHETEIR
ENEtEY T MMIKDEt&E L. #HEMDSUJ2(F1E
25 EUTC, Si, Mn, CreSTh, stEOEM
EEBEFDEHICSI MNEAFETEHOEE,
1mass%C-1.5mass%Cr-FeXR(CERZNA B
DFEREZESTE T BDE Ule. BEFEREEL
BERELEULB850TE L. BH, EBICIEFMEEZ
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[CRANZET D, <ILT VP41 hhDEARAERE
EZBHODCINETHDN, TDARITHEECTHD.
KMECTCDREANITHBICIDRISTHDICD,
850CD y-FehDERABREBE AT HEFEL
WbDEEATE. o, BEXRIECINDMICHEATS
4 & ((Cr,Fe)s(C.N)) HDKFEDE#ETRELTH
FHEITDDH, TOEFIEBICHEVCHICERZLTL)
5. FITEFBRZRIICTRYT. 0.05massBNDIEE,
850TC Tl y-Fe+T X254 D2 TH DD,
0.1~0.3mass%DEHE Tl y-Fe+ X5 A b+
CrND 3B ICIED, 0.4~0.6mass»DEHE T
y-Fe+CrND2#BEICHED D ENaNd. 0.05
mass%NDIBETIFCINZER LIEW Zh EAESR
BERG2ADEREEICELVLN, 0.1Tmass%ND
O lICrINZER U CEBERREF0.077mass%
EEICED. 0.4massNDBEE(ICHCINEERT
50, ERDBREENSVCHICEBZEREEN
0.154mass%IZEE(ICED, 0.1mass%NDBED
2EICEDTELRTDofc. > TNOOSENOTD
EHEMICENEULVDE, ERRREENEREE
THAEHEEZSND. LI ELD, BREBILLIEM
DEREEREG<BEmE, BREREENLZVIE,
ELEDHDEEZABND.

&9 8BO°CMEIDA —RAT A MOEREEEIE
Calculation results of nitrogen concentration in y -Fe at 850°C
(1mass%C-N-1.5mass%Cr-Fe)

Concentraton | MassofeN | LEOOSR | Phase
(mass%) per steel 1g (g) in y-Fe* (mass%) at 850°C
0.05 0 0.050 y -Fe* +cementite
0.1 0.001 0.077 )
y-Fe*
0.2 0.005 0.092 +cementite+CrN
0.3 0.009 0.115
0.4 0.012 0.154
0.5 0.014 0.211 y -Fe*+CrN
0.6 0,015 0.286

% Austenite-Fe
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5. F&&

KR ClEFREZEREE Z IEECEE LTzSUJ2M
FBEMZICHL, F5DE, BREDIWVEGT—
YR LZBRL, AmErEICATERZMS
UCERERIF<BiFmaBRZTofc. LUINCZDRS
ReFEDD.

1) AR ECESNIEDA TIbafmiE, LWIFno
HBF DICROEEEREANBEB N COHFmaER
[CHBUTESDENDMEL DA TIVAREAKE
WiEREE DT, CNIEEYDHBENDIEIAA
HFIDANEEBERNEL L OfclchEEZ BN
5. O TAABRAEGBREDIWVERT —F
ZRHDICELTVWSEER, EEOFaTAID
BRTHEBREICED DD EEZASND.

DA TIbRTmh BB oNcLoFEalE, BRE(EL
BZESEVWDDTS7.7h, KAEREED
0.05mass%, 0.1mass%, 0.4mass%hb
DCTZNZN117.3h, 121.3h, 218.0h &1
D, RACIIABREEDEICEDFEERAERE
EraWiEREmZRUIC.

DA TR ZERDMISELL, t9WmICKD
BEREREZERRUC. TORR, EWENESB
TCOFMREBRCTIED A TV BEEH/INE <IEFRD
MISELTEED OIcDICH U, AHBRITETE
RRE(ICAIRROFEEFHNRREB(LNIBEZ S
HBOWEERDEBREINTELLEDIE, BKU
FEZEZREENO.4masshiEELEVEEDFE
HHEBIRAEBREENO.05mass,
0.1mass%DHBE LD BBIEREI1 W TELEDC
EZHASHICTES .
BAOZEFERERFRICKD, RRE(LNIEM
DFEmIFEBREREENZWVIE, BR<ELHDDE
EABND.

2)

3)

4)
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EZASS MO TS AV E(LULE

Plasma Nitriding Treatment of High Alloy Steel for Bearing Components

J\KRH #ME*
X KX

Kazuhiro YAGITA
Chikara OHKI

MZEHT VYV A#ME%E U E T dEaEER CRASNDRHHAGSHZECE, Z20
BRD SBHTHEVMERECINZ T, FENSERN STRBAROIERNROESNTVS. Z
DIeHICIE, FERHPNOEPEAZRE L T DREEEG(C KD RENFEHZDRIEZR <
WEDSD.
FRHAPANDOEEADMRE LT, MRHEHICFEBZMT DI EICKD, EYDF
BRI 2HENDD. BEBZEEMT DFRICIE, REFELUED—TETHIHEEEL
&b, HICTSAVELL (74 VEL) WEFSERRICT VEZT7EZER LV,
RBEAEMEL, FANYIUVIPRICL > CEEEH CHELZHBNES(CITAD
BNERENIETECHD. ARCIE, BHRASHZCAVLSNSEEEH CHDHMS0,
MSONILICX S 2 T S AV E(LAUEDBRABIZETTS.

Bearings for special purposes including aerospace engines should have a very high reliability from safety aspect, in
addition, which are required to extend the maintenance interval from economical aspect. In order to do, it is necessary to

prevent unexpected failure of bearing caused by surface damage with contaminated lubricant environment. A
countermeasure of contaminated lubricant environment is to provide hardened layer to bearing races, as reducing effect of
contamination. One method of surface modification is low-temperature nitriding as a kind of surface hardening, especially
plasma-nitriding (ion-nitriding) is low environmental load treatment without using ammonia, and relatively suitable for high-
alloy steel. This report describes the examples of application of plasma-nitriding.

1. FUSHIC

EREERFA CEASND#RE, MO THLERE
HERREESNTVDCS, —RAIFEIREE T
BAEOSUMRZERULTWVNS . COXRSEHEHIE,
WPOIFERNEYZIERET DB RI(F < BEICH
LiaLimitzaL, REmeanRY.

ULH UL, 8ROFBREREIE, BIOEFETHESN
BDEFRS T, BERPICEYHIEANT 2 BEEEER
RIBBFHEIS. TOXRIFRRICHVTIE, ARk
RIELBEDEUDHEIIC, PuEEICEYZMHd, [
BOERSN, ERZREREUVCELLBENELDGE
s, COBE, #ROFMIEHIMEREBEDS
B&RDELED, Fe, BY=ZManA TR, EYD
RES, BSHEZLDERICHKEIND.

CDXRIIC, EYeRAE U THRDIIET 255,

IA—Y—DFHEBRRAENGE Y A VT TOBIBES
Do, HICMERIYIVAMZTE, RiTHIC
FS DO BNIEERBEEZREEIEINDICH, &
E MO TCEESRIET—NCHS. Ffo, AR
RD5B, MROIRFHIERDZH(C, EYENE
B CTOHFMLERNKDSNTNSD.
HEBRNDODEYEARRELT, BUEZEEI
BV B BERLEFEN DD, HZHEREICHE
Bz 2FEBLLEDZD—DTHd. KEMP
BED—ECTHHIEERZAIEDHFTH, T5AY
2t (M4 V2EEBENSD) WIEIL, TAZET
FR{EPEREESNDEGEMCH UL THR/IN\vH Y
VIDMRICEDBIEZLEEBNEZICITDENTE
%%, NTINTIE, BESERFCEASNDHEZIC
M50% PM50NIL® (R1) ZFERLTHED, D
FOFEEEMICTSAVELITELTVS.

“BERIXMIAZLRR

-29-



NTN TECHNICAL REVIEW No.78 (2010)

ULHL, ERZE(ENEE, NIEBRHEICK O TIEERE
[ClbaE (BEBEDIFENSD) PRFRICHTEY (B
1) BEETHEREMNSDD ., CNO(FEEEHFn
([CREEZNEFIENDSDD. HMZEH@ISERTSIC
(&, (EEVBIIDBE DA, HFTEYHFEE LIEWLD
EASkOS5ND. Fle, FHRRPDOEYMIFASDF
B MELTEDLD, DHOREDEERSBHEKRS
Nd. FHXCld, INSEBRZE/BLENSTSX
N Z{tZMB0PMBEONILNER UTeBIZBN T 5.
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Improve Productivity for Warm Ring Rolling Process of Bearing Race

NTN-SNR  Eric PELLETIER*
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NTN-SNR improved the accuracy of numerical simulation for warm ring rolling process to achieve the improvement of the
productivity and the scrap reduction. Since 1960, NTN-SNR has applied warm ring rolling process, and be able to be realized
the improvement of forming tool life and the cycle time reduction for the manufacturing and machine adjustment by the

improvement of numerical simulation technology.
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Air Oil Lubrication Bearings with Re-lubricating Hole on the Outer Ring
for Machine Tool
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The best design specification was established about the angular contact ball bearings with re-lubricating hole on the outer
ring for machine tool main spindle. We introduce the feature and the test data about " Air oil lubrication bearings with

refueling hole on the outer ring for machine tool " in this report.
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High-speed Angular Contact Ball Bearings New 9 Series for Machine Tool
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A lot of angular contact ball bearings 9 series are used for main spindles of machine tool in Europe. However, the demand
has risen also in Japan recently. We improved the current design and developed a high performance new angular contact

ball bearings 9 series.

We introduce the feature and the performance test data of the “High-speed angular contact ball bearings new 9 series” in

this report.
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Ball Screw Support Angular Contact Thrust Ball Bearing Unit "BSTU Series"
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NTN had developed single row angular ball bearings (BST series) for ball screw support on ULTAGE series.
And now NTN developed “Double row angular ball bearing (BSTU series)” on ULTAGE series.
The BSTU series have high basic load rating (highest level in the world as the bearing for ball screw support),

low torque, and dust-proof feature.
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Ultra Small Grinding Sludge Briquetting Machine
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We established the economic recycle technology that separated the steel and the grinding lubricant of the grinding sludge,
and we have developed the grinding sludge briquetting machine.

This time, we developed the ultra small grinding sludge briquetting machine (type PRG-1II) for small plants that make a
little grinding sludge.
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Grinding sludge briquetting machine type and main specification
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Compact and Multifunction Controller for Parts Feeder

$8 K F E*  Kunihiko SUZUKI
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The NTN parts feeder that automatically lines up and supplies parts is accepted to manufacturing in various fields, and is
contributing to the improvement of the automation and productivity in the process. NTN developed a new series of controller
for parts feeder. This controller's feature is lightweight, compact and multifunction. Moreover, a convenient special vibration
sensor was newly developed. This article introduces the feature of the controller with new small type for parts feeder.
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Example of cable expansion for new type vibration sensor
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NTN-SNR High Performance and Flexible Linear Modules Series AXDL
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The linear modules series AXDL is developed as the positioning module with high rigidity to fill the high requirements for
accuracy, zero maintenance and dynamics. Concept-oriented CAD design has resulted in an extremely flexible programme
to respond to various specifications such as size and functions from customers and innovative synchronous-belt clamping
and complete sealing ensure a long service life and high operating safety. AXDL modules can be combined with the
complete type range of the AXC/AXLT series by using a standardised system of connecting and fastening elements.
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High Resolution Sensor Bearing with an Index Signal
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The bearing with a rotation sensor is used for the purpose of speed control and rotational direction detection of
servo motors used in such as the battery forklifts, and the sensor outputs two signals of phase A and B. NTN
and NTN-SNR newly developed the high resolution rotational sensor bearing with an index signal output this time.
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Improved Method of Rolling Bearing Fatigue Life Prediction
Under Edge Loading Conditions

E & B3 X* Haruo NAGATANI

END#MBORSFHTAFTEELT, RE FORHEFEFEEZDEILT, FHEFO
FoZBHU, DEFDFGRZGH U TCERFHZERDD EVSFENSERERINT
W3, INSOFEE, RENCEETDH5DDMNAMICERATEDLSICLED
DEEZSNDH, TvIO— RREEROK S ERERELIIERCKDFHETERER
[CHUTIF, FABENMETITDIEH DD ofc. RFEELT, EHES D%
HREfCEGmZEERL, TNSZEMTDEVNSIFE (BRLPE) ZRRLUE.

Various types of life prediction methods have been proposed that calculate the total lives by synthesizing the
lives of the subdivided stressed volumes. These methods seem to be devised to deal with any stress
distribution. However from this study, it has been found the life prediction accuracy of these methods deteriorate
when the stress concentration occurs. For this measure, the improved method is proposed. This method
calculates the total life by synthesizing the lives at the locations where stress concentrations occur.

= o HERERAEN—2X (T, Harris® P™Moyers? O3FE
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=1 EHDEFHBER”
Rolling fatigue test results )
Test No. vi [ v2 | va|va|vs|ve|vr|vs
Load (kN) 13.72 17.3511.76| 9.8
Crowning
radius (mm) 300 | 480 | 890 | 1200 | o 480 | 890 | 1200
L10X10% 560 | 1240 | 930 | 900 | 400 | 410 |2200 | 4010
LsoX10% 2160 | 4640 | 2360 | 1640 | 745 | 1330|5100 | 7250
Weibull slope | 1.4 | 14 | 20 | 32 | 30 | 16 | 22 | 3.2
Edge failure/
test frequency 0/14 | 0/15 | 7115 | 12/15|13/15| 3/15 | 6/15 | 8/15
Roller!
o X
- e
| |
T
4
-
z |Race |
)

M3 EERENIFER

Coordinates and stress calculation points

BIRTLOIRIBOI Y —K (841 : MPa)

Contour plots of orthogonal shear stress amplitude
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Comparison of life predictions and test results
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Validation of the 4 models
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Long Life Grease Added Naturally Derived Antioxidants
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It is generally known that prevention of oxidation degradation of oil is necessary to develop the long life
grease. The evaporation of oil has been controlled by having used the best antioxidant up to now. In attempting
making of long life grease, the additive with a function that is more excellent than conventional antioxidants is
needed. Therefore, "Naturally derived antioxidants” of the plant origin was adopted as an additive, and we aimed
to develop long life grease while maintaining low noise and low torque.
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Improvement of Grease Leakage Prevention for Ball Bearings
Due to Geometrical Change of Ribbon Cages
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Grease leakage from sealed bearings with grease makes bearing life shortened and the ambient parts
polluted. Therefore, change of seal shape and decrease of included grease amount were conducted; however,
they would induce lower performances such as higher torque or shorter bearing life.

Generally, grease leakage comes out between the inner seal groove and seal, which are relatively rotating
each other. Then, in this report, in order to improve the prevention performance of grease leakage from sealed
deep groove ball bearings, new geometrical designs of cages were developed. These cages were
experimentally confirmed to have excellent performances on grease leakage prevention.
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No grease on inner ring seal groove
a) Inner ring rotation

Grease on inner ring seal groove
b) Outer ring rotation
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Grease deposition of ball bearing with ribbon cage
after operation
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Grease leakage process from sealed ball bearings
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Grease deposition in general ball bearing with 60mg
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. Grease on pocket
~ center area

_ Grease on outer
~  surface of inner
ring
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Grease deposition in general ball bearing with 320mg
grease after outer ring rotation
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a) Wiping step

b) Grease transfer step to outer surface of inner ring

d) Grease shift step to inner seal groove
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Grease behavior from ball surface to inner ring seal groove
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Cage of widely recessed pocket at the center
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Cage of narrow pocket width
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E9 RMHFREE (B6) DT —AERRE
Grease deposition of ball bearing with cage of widely
recessed pocket at the center (Fig. 6)

H10 dmMaRFs (’7) OJU—-IIERE
Grease deposition of ball bearing with cage of recessed
pocket at diagonal positions (Fig. 7)

Large amount of the wiped grease

E11 R v MMEgkREEE (B8) DJU—AEIRRE
Grease deposition of ball bearing with cage of narrow
pocket width (Fig. 8)
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Base cage with ball

Recessed points
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Press cage of diagonally recessed pocket with ball

Narrowed areas
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Press cage of narrow pocket width with ball
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K1 JU-XRAVHBRDEH
Test conditions of grease leakage

Bearing 6203LLU (Sealed ball bearing)
Outer ring rotation speed,
ry 3600

Operation time, min | 15

870 mg, Lithium soap-Ester,
Penetration 255

Grease

Leakage detection Visual inspection

&2 JTU—XRAVHRDER
Results of grease leakage test

Cage shape Leakages / Total
Base cage (Fig.12) 6/15
Press cage of diagonally recessed pocket
(Fig.13) 1/15
Press cage of narrow pocket width (Fig.14) 0/15

~ Grease on seal lip area
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Adhered grease on the inside of seal with base cage (Fig. 12)

16 MRT v hEkREESE (®14) O2—)LWED
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Adhered grease on the inside of seal with cage of narrow
pocket width (Fig. 14)
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High stress

Low stress

a) Pocket-back side
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Actir.lg area of contact load

b) Pocket side
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Principal stress distribution in base cage (Fig. 12)
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High stress Low stress

a) Pocket-back side
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Actiﬂg area of contact load
b) Pocket side
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Principal stress distribution in diagonally recessed
pocket cage (Fig. 13)

Low stress

High stress

Acting area of contact load

b) Pocket side
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Principal stress distribution in narrow pocket width cage
(Fig. 14)
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NTN-SNR High Performance Oil-lubricated Plummer Blocks SNOE I
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The oil-lubricated plummer block is used for large plant of industrial machineries. NTN-SNR developed the
new type of plummer block “SNOE I ” against current type of plummer blocks SNOE, which redesigned mainly
rigidity of housing, labyrinth sealing system and improved as better performance and higher reliability.
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Application example of oil-lubricated plummer block
(large size air blower)
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FEM-analysis model
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Relationship between rib angle and deformation of fitting area
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Deformation of bearing fitting area (upper part)

A E

A i

M8 #mR(FHDVEDZELHET (TEB)

Deformation of bearing fitting area (bottom part)
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Position of fastened bolts
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Fastened area of sprit type housing
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Contact area of housing
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Housing with integrated cooling pipe
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Preheating device of lubricant oil
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Labyrinth sealing design of SNOE I (fixed side)
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Labyrinth sealing design of fixed side
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xR2 HBEHRNFHEOFERR A
Test condition of lubricant leak (example)
J3rx 70Oy IoEFER SNOEI218

ERMETE (BERLIAHMT) | 22218 (90X ¢ 160X 40)

HRTFEEE 20°C (RT)

EEHALE 40 mm?¥s
§E§@§EEE 3.000 min»1 (max) @ 1 8 ﬁ%ﬁﬁ@??ﬁ@g:&i%ﬂ (5%“7& LJ)
= : Gap area after lubricant leak test (no leakage)
EEA (SRTSAAVE) (0} 0.25°
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3. ¥&H
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FEER T2 MERIRODMREA P RFIERDIEHEIC
FOBMELICHILT HEITTHELS, EARELREE
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1525
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17 #R7Jo2370OvO CHENEER)
Test plummer block (monitoring oil leak)
HEERT
Ulrich GIMPEL Martin SOMMER Jens ULBRICH
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Engineering Bielefeld Engineering Bielefeld Engineering Bielefeld

-103-



NTN TECHNICAL REVIEW No.78 (2010)

[ &

i

]

AT VU ARBEFR - BRI

N

= /HEHE

Development of Oil-impregnated Sintered Bearing
of Low Wear and Corrosion Resistance

A& FIL* Kazuhiro KIMURA

ITRDOEHZ THDEHESHEZ (E, BISHCTREBZE LB EREERET DS
D CEBDEHEFELHINTWNSD.

AETlE, BIFEBEIEUTHESY YA (MnS) ZRIML, #$RShEsE/ED
BENSUERES, MERMEICENIEAT Y U ARSHEZICDWVWTENT .

Recently, the oil-impregnated sintered bearing that is the slipping bearing is multiused because a steady
sliding performance can be demonstrated for a long term with the unrefueling.

In this text, manganese sulphide (MnS) is added as a solid lubricant, it has the sliding characteristic equal with
a oil-impregnated sintered bearing made of the steel, and it introduces an excellent oil-impregnated sintered
bearing made of the stainless steel in the resistance to corrosion.
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Manganese sulphide (MnS)

3. AREmOEREE

3. 1 AE@mOHER

<BHR>

O e~ > (MnS) ZEEEBEIE U THLS
CElCKD, MEERE, THEREMICENSD.
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OALICKDNBERDOEMZEE LIEW e, MR
BEICENS.

OFRRE N (DY UVFHER) COBERMEICEN
3.

3.2 MRk
R2(CAERDIEZNDZRY . BFEME, F—X
THABRRATVUAMZEMELTHED, MERE
([CEBNHMETHD.
FFmESRRRGHZOMRRIEDERZ I S/
&, EEEERZIT O,
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Chemical composition

{E257 (%)

Fe Cr Ni MnS Z DAt

% 15~20 | 10~15 1~3 1TF
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Result of humidity cabinet test
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Result of corrosion test
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Analysis result
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Test rig
*®=3 —YHE
Basic characteristics
BE FIRES | REES | SHE
g/cm3 MPa HRF Vol.%
A 6.5~7.0| 150k | 70k 8Lk
HRBEES | 5.9~6.3 | 200k | 40k 18k

MBS RKRIEZECH

G yapS)
B (V) 37.7m/min
-EE (P) :0.2~1.5MPa

- B - SIoH
- SHS ER
X¥BERZE—TEL, HEZZEE LU CPVIEDIERZ

To1z.

H8(CPVIEICN T D BERIZRT . ANDOHME
BEERYNO0.151RDETSH D, #FREEHR EE
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Measurement result of frictional properties
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Fluid Dynamic Bearing Unit for the Home Ventilation Fan

T EEEDfE.

J8 I B* Masaharu HORI

BEEELDWECHD, R, EEZET 22 COEEYICHRIERBOREDEFH S
SNfc. €D, —MRRE[IFICRIFORTELIER, SiEHEE, EBESOERNER

NTNCFCDHZEDEECH L, TEHDMRZZDERFTESHRA SN, UNEEHEME, &
RECENCBERR 1=y bR LE. COBE#HZI= v bE, BIBICRS T,
ENDEZNMERSINTNC, BFRUENEBRSNDHENDRFHANEIETSHD.

TR, RERBEIBEBITEEHRZI=Y McOWTENTTS.

The installation of the ventilation equipment has come to be obligated to all buildings that has the room as a
rule by revision of Building Standard Law. Therefore, demand of home ventilation fan increase for the ordinary
family and also demand of high reliability and a low noise for the home ventilation fan has come to rise. NTN has
developed the fluid dynamic bearing unit with excellent reliability and quietness that is easily replaced the rolling

bearing.

This fluid dynamic bearing unit can be developed with the usage in which not only the home ventilation fan, but
also the rolling bearing is used, and quietness is demanded.
This report introduces the fluid dynamic baring unit for the home ventilation fan.
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Schematic layout of rotor and fluid dynamic bearing unit
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Cross-section shape of fluid dynamic bearing unit
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Photo of thrust groove
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Analysis result
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Endovascular coil embolization is becoming a standard treatment option for people with a cerebral aneurysm.
The embolization method is filling an aneurysm with embolization coils by the collaborative manipulation of a
microcatheter and a coil delivery wire. The manipulation requires an advanced collaboration to two surgeons.
Thus we have developed a new surgical support system that can be operated by only one surgeon. Basic
verification for this system was conducted using a silicone dummy aneurysm. The results confirmed that the
delivery of the wire at a constant velocity is an effective method for decreasing coil insertion force, and that only
one surgeon can perform the same coil embolization procedure. In this paper, we report the system features and

the verification results.
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Automatlc Repair Technology of Fine Pattern in LCD Manufacturing Process
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NTN has been working on the development of the repair technology to boost yield of CF (Color Filter) and TFT
(Thin Film Transistor) ,which are components of the LCD (liquid crystal display). Recently, customer's demand
for productivity in repair process has increased, and we developed automatic repair technology.

This paper presents an overview of the automatic repair function used in the LCD repair system. As the
automatic repair function, automatic defect detection, repair position calculation, ink color selection, detection of
abnormal repair etc. are realized with applying image processing technology. This function improves efficiency
of repair process and meets the customers' demand for high productivity.
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Development of Optical Force Sensor System
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