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Industry-University Partnerships in R&D of Machine Elements
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As the antonym of high technology, significance of matured technology is discussed of

which technology of machine elements provides an example. The roles of universities in
handing down technologies between generations and in clearing the hurdle in front of a front
runner are pointed out, and possible ways for fruitful partnerships between industry and

universities are discussed.
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Trends of the Material and its Heat Treatment for Rolling Bearings
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Focusing on the steel for rolling bearing materials, the technologies of steel making and heat treatment for bearings are
reviewed and the future trends are described. The improvement of cleanliness of steel and the developments of new
steels were conducted mainly with steel manufacturers, so far.

Considering the issues of globalization, environment, raw material such as rare metals and safety, surface modification
technology will be focused more and the collaboration with each elemental technology will be more important.
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Relationship between rolling contact fatigue life
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Improvement of Wear Resistance by Heat Treatment for Carburizing Steel

EHM E
BHO —2

Nobuyuki MOURI
Kazuhiko TAGUCHI
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$H2C ETMEFEMENR LT DT EZEENICFHE L. Fic, E(CIEM OMER
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HT2eHTHD EHERAENTE.

The bearings for guide rolls of continuous casting machines of steel manufacture have wear on outer ring, because the
bearings are used at low rotation speed and high load. Therefore, it is necessary that outer ring of guide roll bearing has
high wear resistance. Carbonitriding is known as a popular effective treatment to improve wear resistance. Actually, the
carbonitrided bearings are used widely for guide rolls of continuous casting machines. In addition, it is possible to improve
wear resistance more by using special steel that includes Cr and V as elements forming nitrides. However, the use of
special steel will connect to the problems that are the difficulty with acquisition and high material costs. This study is
meant to improve the wear resistance for standard carburized steel, so we have investigated quantitatively that wear
resistance is improved with increase the nitrogen concentration of surface. Besides, we consider that severe wear is
change to mild wear quickly, so that wear resistance of carbonitrided steel is superior.
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Deep Nitrided 32CrMoV13 Steel for Aerospace Bearings Applications

Daniel GIRODIN*
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Bearings for aerospace applications such as main shafts of jet engines need to be extremely reliable in order to reduce
the In Fligt Shut Down (IFSD) ratio and extend the frequency of maintenance operations.
These functional and economic issues require for the material the implementation of appropriate and reliable

metallurgical solutions.

This report describes the developments of the nitriding 32CrMoV 13 steel (AMS 6481) to optimise its properties in order
to overcome the limits of classical steels used for aeronautical applications, such as resistance to surface damage and
toughness. The deep nitriding provides a case deeper than 600 pm, a high surface hardness in the diffusion zone due to a
semi-coherent precipitation of nano-metric chromium nitrides. This precipitation also generate compressive residual
stresses, while maintaining a notably high tough core. These properties offer considerable advantages in extending both
the surface resistance to contamination and the ability to design bearings with integrated design and thin sections that

consequently reduce the weight of components.
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C Cr Mo ) Mn Si
32CrMoV13 | 0.29~ |2.80~ |0.70~ [0.15~ |0.40~ |0.10~
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&  M5ONILIE, _EECAmISHCNIZ3.20~3.60%=HI D.

BN D R ARIE I S RGN SR TN (S U
T, BKETHOSEEEZRRT DDICHELHIN
NEYDEREZEDIEHIC, VIM+VAR (EZEH
BAM+ERE7 — VBB BRIENERIND.
2B ROBELBEES, N—AEEBDHIBEEF
BEGES, HVOEEE+100HVDRES TRAIETND)
ERMOBD, BICREYHHZRET DD (Cr,
Mo, V, A) DE, [CX>TRFD. 32CrMoV 1 34
(&, BRKIDEVREEEZERT DICHICHFET
EHREEE (RX100BET, BEERE=0.6
mm) [E/U, DMEDBVLWERILEEZRF>TLD.
BB, KOBFLEERIEZFDICIFAIILLT, £bE
WEEBEIM 218D (CIENIF LT, P (R LB 28
F72) DROFEKBRDZHUSBEET S ENNE
Thd.

3.2 EB{LUE
BIALIES)

2(CNBTRR(E, T2 L LT ITaVIRRE
FCED, FIEZITOICRICKRT S, E(LUEH
DEFNE, BRPEANINDB@REID/NEVD, &
e TEBDRITVHELIESD, N DOEET DUNED DD .

Z{EBEROEREFLDTFRAE, ZE(EEDN
ATHRUIRDELUD CEICKIN—AEZRDEL
NEPFETHD.

B1E, N—XREEOHICEL, ¥HRBEEE
(400~480HV) [CgHZE(LNE (555TT25
~1008E) OFE=ZRT ). HEFBLERSZF
B12HIC 100K ENLE UFe DR ZHH 9 & (I,
HIRAEE L 380~420HVIEE CTEITNIEES T, <
NIF625~650CEHE CORREEICHILT D .



I ez mmsEms2CrMoV 1 SR LR

555°C/50h 555°C/50h 555°C/25h
il BE 0.7mm | ES 0.5mm | RS 0.35mm
#2500 T4
"|< 480 ‘ 520°C
5 460 / 1 -
’é)J 440 I’r / ) -575°C ?%
=z [t
> 420 620°C #8
T R
1§ 400 - // 635°C
AJ
P 380

360 380 400 420 440 460

2(LH%OHV 108 Y h—RIEE

1 BEERCAEFHRO32CIMoV 1 IN—XEBDEE
Hardness of 32CrMoV13 base metal,
before and after different nitriding treatments

480

R2(F, FHLER(CESNDRIFEMBIR &
AMS 6481 BRFMHEDEEZRT .

&3(C32CrMoV 1 3& M5ONILZ Rl DR R E) 1%
E ORI MAREDHE ZRT. 32CrMoV 13D
BNCHMD RSN TVDD, INIEFEEENMEVD S
THbO, Fle, (EEMDPHRRIEMEICHRE= 0O
M ChHdIENSDIHIHATED. EHREIEIMSONIL
CAFENZNLULETHSD. COERFMSONILDFEL
KFTA XDBEEFFEICEIDDDEHERIND.

&2 AMS 6481 ERFHEEE U
32 CrMoV 1 3M#m 1%
Mechanical properties of 32 CrMoV13 compared
to the requirements of AMS 6481

[=37N KV &Z| K.C

T A |z

(7!_15;%1») (%\J/IPaS) RpO.2| (o)) | (q) | BE | i
(MPa) | *”° ° ) |[(MPa‘m)

AMS

o487 | 352388 |=21137| >951 | 213 =68

XZ(E|370~380| 1250 | 1060 [16.5| 70 | 133 | 154

F&3 32CrMoV13 & MBONILEFRHED
FIFEMBIR L LR
Comparison of main mechanical properties of
32CrMoV13 and M50NIL carburizing steel

uTS FER . MARE

Rm | Rp0.2 (f/*) K&g23c (107 cycles)
(MPa) | (MPa) | ‘7 avm (MPa)
32CrMoV13| 951 | 1137 | 13 130 770
M5ONIL | 1060 | 1250 | 165 | 55 750

25

R LR

NEOEAREGF, FHIDEERT VY vLZR
2B TA JILORYIDN SEWVVEICREL T, 8im
DERBLARMDOREICEL y' (FeaN) & e (FeasN) D
S —FABZENIT S LETHDY. TEL
BEICLDIMEETCOZREXRE (RE(EPAY—TZE
1£) FEEBLEDBAMITRIASND.

ZEREE, MHENHTEEIDHIENTE, £
([CRE FDOERE KB —REET A JIVICK D TRF
B, TEROILABDORS (FHEESREDE-THD,
EFETRIESNCT Y TIVTRES N (B2).

FRICKDTIE, 0.6mmBl EDEIEREHEKRE
Ns5h, 100RELANTUET 2155, Z1E(dE525
~550COHELHETITONDINENDD. BE (I3
ASHEYR) CRDOFHESKIFHEFNIEZRIIT D
EICIEDHRBORE UTCES ZitF g D et [CEHEE
ns.

08
0.7 1 | :
c 06 ' ' / :
€ 05 ' ' /A
1 o4 | % / —
B - 510°
503 : / - — |
B 02 fza < 525°C ||
0.1 / | == 550°C |
0 '
0 20 40 60 80 100 120

B h

H2 SEEICHT DE(LRECIERODZE(LRS DR
Conventional depth of nitriding vs
nitriding time for various temperatures

4. FE(LEDHE

4.1 = UOEMOEH
EIpUBELE IO 2k

., ZERICEANSNILT VYA MRERLD
FEIRMEICHEZT5625~650CCTHRSNS. 7
I oA MERICIEFRESHHIO0. T~ 1 umDIEAYIL
TIUYARSADEFTD. —75. BRRICKDRIEY)
DS ADFEFRESADRAITHITE T . RABALPISE
) 100nMERSOEIRNT, EVCES5EEM U288
TEHILTCWSD (B3). INSDRIEY(EFesCtz X
VYA RNTHD.



NTN TECHNICAL REVIEW No.76 (2008)

l3 Eﬁuﬁkﬁf‘é@‘fﬂ‘f&m EM Eﬁfnﬁ%‘ffﬁﬁ
T.E.M micrography of the structure after prior heat treatment

Ey | SUBERE IO 2

LEBDERERRDEE IO 7 A )L7ZEPMA
ZRAWVWCAEUL (B5Bb). 7T 54 MARRTERHEIC
EDAFNCEREL, BB IR 1 EE%T,
500umDREZ#HMATcABBCTIERRITHATD .
—7, RRSEEFN—AMBDZEELUTT, X
DILBBEDRFREBE —HT HRIB600~700um
TRARIOGETDECTENT D. 4, BEHNKEREDOE
—JF, RAEYHTEDFEEZRLCWVD. Fic, BE
JO77AI)VE, BRTOT7AIUICRE>TEELT
Wnod.

BE (tEa®E) F30um&Lbx<, HEIDZ
BFeosN-e Z2{EWERRIOD I INT MEFesN-y'E

RYPHOR>THED, DIEHERMATFT IR >D THREL
TWwsd (B4). 73133, gEm Pt EEmOREFHE|

[CRDTHREENS (BE70~80umEDULS).

a) b)

ILBEIFZ=DDEE(ICHITE5NS (B5a)

S HEDTCTRTMI00umETDRESE, RIEYWD
HTHHVNEL.

o BENCAN DM C, KREICTFTES O TSRS
(SR TEXYIA MO U " T Y T)UNAT
h1FET 2.

BAIOBEE [CREPDITEAIEVDIE, FRIEID
BiaE, KDODREUEEYDITEICLD DD EERA
TED. TORER, KERIFERDILECTHREAHLP
S5NT "TVITINAT RICYPDITHT S T &ICE
5. BBEDE, hEED= VORI, ailiER
[CERESNICRDICERINCNILT VU A MERERZ
RO TV . FIFERORARI I DMRAERR SN D DY,
ZDEFEAENKDINEWVE P EILREY DT H
TBETHEI SN CHEKRUICEREE FOBEZFRVTER
REIND.

BIEYDT « AOFETHHWF /T4 XDFTHD,
SIHEE CHOITDFREBOREBTCTHELTWVSD. &
NSRFIFEFY—HHLTSD, @ - SREET.EM
5B (B6alkUMEeb) (&, TNH5HCrNY A T TH
5 EERULTWVS. ENHSIE, ODFDBIRFEERE

=y gft*nr_wm%@\amﬁ%& ()

Microstructure of the nitrided case (optical)

e e T g e
900 1.8
e 0 + Fra— — .
ZRME FALyD 8001 ! %73 2BE [116
MR VEELS '*M , i 114
DIEUGES 00l :_ " I SN 4
> \"b 129
e NEBES 1 T |
%15%3 =5 ' 800 ; \ 41 0
) HhEE B 500 | A 40g 1T
f ‘ l\ Q0
400 t 1 It 106 R
'l T 1T s 104 &
| rf ﬁ*‘ IT |':.‘|‘ e - n“m‘“‘-’ . +0.2
200t Vad % | Ll k. on ‘ 0
200 400 600 800 1000 1200
RS um

E5 a) EESNEEBOXFEMERE (A YL yF D)
b) Evh—X IAO0OEE, E8%C, FEEWN, ZE(LEME
a) Optical micrography of the nitrided case (nital etching)
b) Vickers micro-hardness, weight %C, weight %N profiles of the nitrided layer

-26-



I ez mmsEms2CrMoV 1 SR LR

6 a) [FEFH—TMMEDOSHEREER
b) FEBISEVE (=3-4 [RFFHE) Zmd J—U TERH
a) High resolution image of semi-coherent precipitates.
b) Inverse Fourier Transform showing the
very thin width (=3-4 atomic planes)

UDBENCH ST, BRIFHW10nm 2 THD.
HDZDDE A TOREHBERESN/C !

o XA (Fe, CrsCrALMIE, /INSHFERFEDIXREERAL
MEBOND. INHSOMHIFE(EIOLT, 89
BICNFIDLPEUTTVICETEDOTLD.

o HIDIEREN TR D B & UrcfE@aFmt (W<
DHDIMIZ LB CRE#100nm)]) T,
EHmicoOL, EUITTFVEZDMODITHICES
WA SN\ VD LARERENER SN, 89
WICN\FIDLEFEUTTVICETER HNCE(L
J0LEKDB0NM/NELY.

OEBODRBEE, 2L (CIFERE (CEE LIFLINY,

BRI DMEN TR T2 (FR4D).

4.2 HEmERE
E{CILE(FHEBERZSITRECL, BEREHEmME
BFHOZEIEDEUS !
—REBDIEZFEL
WROKREEEF, 0.55~0.75mmODIE{LRET
730~830HV30DEEANTHS. CDEIF "BHE
ZkRER (FHITTFE75 umBRE) ([CESNBDET

x4 FWNIEROEMBIRFIEDE

Modification of mechanical properties after ageing

xE |[BLE o B
R Eggx fmkg Eﬁ’éjgx uTS| YS | EL Jgg
HV10 | mm | HV50 |MPa|MPa| % | J/cm?
MEOFF 375 - 375 |1245(1050| 15 | 140
S| RUBELES 815 | 0.65 | 373 |1200(995 [155| 125
5% |450°C/00H| 822 | 0.70 | 373 |1195|985 | 16 | 145
S0IB#|550°C/100H| 741 | 0.80 | 356 |1150| 945 | 16 | 155

-07-

DD, B7IT2RENTEMB0ONILOBREEE 7O
7AI7%ERY . B{ELZ32CrMoV 1 3D EREEE
(&, B UIeMBONILIi & D EWLAY, BBERE(FEL.
IEE S MOBHANEEE, BIESNERBEBESS
DEAICH U TA50T T 1 00FEDEFRp IR B
FENTLa (FR4). fin, 2EBEOSERES (X
HEE) (FMB0IEERETHS (H5).

— &R

F /AN Y OREEPOERF, TT54 FT b
Uw O ADEARZS ISR L, NSV RZER > TERE
IHONER TS (B8). BN, XiREFT7ZHA
W, MElIcN/cE#zaEE tORERB CAES
NEHDTHD. YD1 0umTEHESINEELAN
JVDEREINAIE, FEI T2 TETOMNTIREICRDD
DTHD. FE100um & 200 umEICHBITF DI
DEFRDIF, B COEFICESIFDTHEDOMEICEH
BELTWD.

900
800 -
700 ~
600 -
500 A
400

300
~NILY

2004 N
100 oo

M50NiL

32CrMoV13

Evh—REE

T
0 05 © 1 15 2
Z{LRSE mm

E7 Z{EEBOWETOT 74
Hardness profile of the nitrided layer

25

-100

-200

-300 4

-400 =5

-500F . S

TLERILS] MPa

-600 4/ -600}

-700

200 400

EE um

E8 FENAITOT7AI
Residual stress profile

600 800



NTN TECHNICAL REVIEW No.76 (2008)

AR RN I#0-5 1 OMPaDiRAE—JBlE, BK
BANETNIEMBONIL (=-200MPa) KbEHICE
<, FepamesiiEsifli D b0 WEITHZRRE
SEERIAIEL) .

4. 3 EH'D AR

SO DERRES(CIE, WENERES EREERES
. EHDEBRHE CTRESNDONENERES I,
FEBENEYEFEICERI DD, BEBINHMIC
HUCIFBERFEETOCREEHED ZEWL. NLY
Ei(CiNIE, EHDEBRA N CTOEN D AL,
BEMEE CRARNINFEET OREDRESD. BES
NrcEmm CRRSNCEBmBERR) ORERSE, =
JOBRRAIRE 1f (z2) OTOT 7 A )bHh\EERH
(CBIFRT DAEZILIHIR 7d (2) DEICKDKRITEN
IWYIeH 707 7 A JVISES UIRIFNUSTESTE.

CDOPOHFT, BIESNEREBICBITD DT /A~
TUT—Y 3 VEICEDVICERS 7 ORI SID T
O7 7 A I)V7ZRET DIEDRFESINCIOND . &y
JWHEZTORFTOT 7 AILDEbEHERT D&
(KD CRE MEBDBERY X T DFHEHEIEEICTE
D.

EOENJ2 1 2HEC2#Z(CH T DEERMS (N
LY H=3100MPa) ZRgAEZI6HT0O7 7 A )L
ToHbH, MEOLEEUIZHD = DA E ARTID
REEERUCBHDTHS. (BE=IOBRLAIE
20X 106 BHEETD) PROMHIRIEFEIZFHDD
BO BPIRFEAENTEY. RIEWEE) HDIFVRRET
DMB0HICH T DERABARIINIZRY . ORI
(FERIEMC KD BRI SIERZE R LI BEBFIRA

-~ RABAMIESI(MPa) M50
- BRATAMIES (MPa) M50
« BABEEIERRSR 32CrMoV13 (MPa)

1400
1200

1000 55—
800 |
600
400 e
200 32CrMoV13}

0

- RABAMIESI(MPa)32CMoV13
BARTBEMFRSE M50 (MPa)

BAMILS] MPa

400 600 800

RS um
9 NJ212#&#5(PHz=3100MPa)(cxd 2D
[EEBHIERAE RTINS IDEE
Comparison of local maximum shear stress
for NJ212 bearings (PHz=3100MPa)

0 200 1000

-28-

BAKILICHS. TOHIRIFRAEAKILIDEE
Bz RO T EREBL N ZSOE LS NCliZRT .

LTchtoC, MBOHiIFRIB600 umE CRHBRE
TBRZERTDHCENDDD, TNITHULTEILS
NI (TR Y B AN 98 C (IR (CBER
BB ZEENE L, 550 uml EDFRVEL Z R
WC, A EENE<IBEY X THEL,
2SN EBOEHNE S THD & ZHRT
Blcs, BLEEBEIEBEEEHD N CELDERND
e s i e e Y

EHDEESRMA CODR S FHn

FRNTBIESNITHEBD RN T, A DRI
XU TEh D AR iR ZiTofc (REICHERRMA
EHERZRT)
oDy Iy (ASAMH#R) ZHULSSNR FB2&

Rk
¢ 6309 FELHMZ ZRHULSSNRIZE "S" sHERH
o NJ212C28%7ZHUHSNR "FC'N2 F Bk

CNO T NT DR DERENAE I ST Hil R
THD.

R - ARERARC DM AGERIERE, TN
(T2 KD BRE(E32CrMoV 1 3D FHHMEN T
BHFmZRUC. RETHMREMAEIOME T,
MBOHIDK2~3EDHFIM CHD.

K5 FARY VTV ERBEOMRDEN D Fan 5 HE
Comparison of rolling contact fatigue of test samples and
actual bearings

2547 FIvy¥+v | 6309 NJ212
7HI7)ViEgE(daN)| 1075 530 300
S Y7 )ViEE (daN) = 1600 1200
ez | ANLYISH(MPa) 4200 3200 3100
e & (min") 1500 2200 1200
B 1S046 74 )l | 19046 A4 )L | 19046 £ U
mE("C) 40 =R =a
32CrMoV13 21300 3863 1240
Lo 56 M50 21300 942 560
(h) M50 Nil 850 — 980
X20WCr10 990 = =




I ez mmsEms2CrMoV 1 SR LR

IEFREERME CDES Fin

SERIE, AL 12500MPa, =8, NATO 0156
Z A 7ZEVFB2TEEE CITolc. INODRHT,
SRR/ (S X —5 A =HIREE/ (Raraceway+Raban) /2
~1.5Cddh5d. MBONIL, M50&E32CrMoV 13Dt
RERZRE6ICRT . BEZEULED OOREIL
32CrMoV13#flld, E—U v JEEZRUICRKR
MSONIL&DENMTEBNTWND.

&6 BEFEBELLEHITE (FOvIv) O
B DEHED

Rolling contact fatigue under boundary lubrication and
of dented raceways (flat washer)

M50NiL M50 | 32CrMoV13 DN
R Ly (h) 218 >900 >900
FERfGEEE | Lo (h) 123 503 >900

EYRENEBOREISRER

EMENEBRED T CTIE, ABBEMICLOTES
NICERBICRERERANR—U Y IDFEEL, #ZH
MIFETTD. ALERDEIRE T A XD#ZRFHF60(C
NTDHEND, EVPEABBICOITDRFFNDE
MFBERZHFDENTED. COEHBNDRZYD,
SNR FB2alBtzE o fcaliiziTofc. WAET280
uMDAMEDE v H—RAEREHEERBIOHERE _£(CD
FonrcU v JEERZ, NATO 01564 1 )LEE
T2500 MPanNJLYRAD N CEEI LC. REAL
32CrMoV 1 3#(EFM50EMBONILEfICHENTRWE
mZmLU TS (FR6). 32CrMoV 1 3flIFEEFL
TO00OHE®&(CHBYIsNEh, CNICKkLTMS0
EHFICMBONILIFRHEBZE Ule . COERIER(S,
KEREDEWNC & EEEHEEERNIOBEGEMRT
SREANEIRE TS .

-29-

5. HmOFET—%

R U e 2 EAIRRA DBV R RIUREZ e S N CHE
E380~420HVICE > BB ICEBINIEEE,
150mmOANERD70)\y FRLEICE U TRAES N
BE, RSUUICEROFRSHERZR7ICRT. &
NODERIF, FEELEBOEBNCBIRMEZRLTL
5.

SNR#tl&, RZ{£32CrMoV 1 3% fE > TEEF IR
ROEO#MZZEELTHED, MZEgI—E Ty
IUDEHPAY DTS —DO—5—<Y X SEDERN
WD & W FEMTS IR Z U T RES > T A8 (T
RLTW% (B10).

K7 FEEBROEBHNO AR
Metallurgical and dimensional properties of
deep nitrided parts

ANy Y Fi9fE EH
EEENEEFORSE (mm)| 0.63~0.75 0.67 0.62~0.72
SERLERER CDFES (mm) 20.55 0.60 0.55~0.65
BHE(um) <35 25 20~30
REEE (HV0.5) 750~850 795 760~830
EB(HV0.5) 360~420 400 380~420
BEEERE (Lm/mm) = 0.8 0.7~0.9
EfE(um) = 25 10~40

10 MZEFEHEHZ O
Example of aerospace bearings



NTN TECHNICAL REVIEW No.76 (2008)

6. &

32CrMoV 13l (AMS 6481) [CEAINAR
E{LEF, MEFERHAZACERINDHEENEN
it GREESENCBIRMN) DM A ARETHD.

MZEFEHR(E, & S5 esXIEEWENE
BIFEDBUWVWRHED TN CTEESNS. BT, 55
BHT, ZLOREZRELCHD, BELDDE
VHEZHESE LTS, 32CrMV 1 3HIDRZEL(E,
CNOSDERFHICH LT, HHNESEHZHE (T
BRENIEER) KDBNTWVS. J7MHHFEER
HeEEEROEImERE (N URBS LLFitza LT
DU, T /2EYOE—DHUHICLD, Z{LE
FBVEE & SEMREERBIN BN D EARE 1
DRERZELTCWVS. Flc, EHLEE, EERHT
TONTEELNENCS, BT DERGRZ NS
W EITHHEIECTEET S CLZTHICTDHEHIC,
FETRFEESNTHEDESDEBNSL.

RE(E32CrMoV 131k, INSINTORRICK
O, BLERMEZEMEDKS SNHMZEFEHREE
([CEUTEHERIR T DD .

$tE AR HTEV /2the Aubert & Duval Company &
the Mateis laboratory (Lyon INSA) IZRER#DE %
®LET.

MEETY

SE

1) Pearson, P.K., "The history and future of aircraft
turbine engine bearings, Bearing steels: Into the 21t
century", J.J.C. Hoo Ed, ASTM STP 1327, p335-
353,1998.

2) Spitzer, R. "New case-hardening steel provides
greater fracture toughness", Ball Bearing J., SKF,
234, 6-11, 1989.

3) Boéhmer, H.J., "Residual stresses and material
behaviour of M50NIL and RBD", Bearing Steels,
J.J.C. Hoo Ed, ASTM STP 1195, p34-48, 1993.

4) Averbach, B.L. and Bamberger, E.N., "Analysis of
bearing incidents in aicraft gas turbine mainshaft
bearings", Tribology Transaction, 34 ; 2, pp 241-247,
1991.

5) Averbach, B.L, Van Pelt, S.G., Pearson, P.K. and
Bamberger, E.N., "Surface initiated spalling fatigue in
M50 and M50 NiL bearings", Lubrication engineering,
vol.47,10, pp 837-843, 1991.

6) Joly, P. and Daniel Girodin. "Deep Nitriding of the
32CrMoV13 Steel (AMS 6481 0.32% C-3% Cr-1%
Mo-0.2% V) and its Application for Aerospace
Bearings," Toronto, May 2005.

7) Joly, P., FREY, J.and LARREUR, B.,
"Développements récents dans les aciers de
nitruration et le contréle des cycles de nitruration pour
I'obtention de couches nitrurées trés profondes,
"NITRURATION, Journées franco-allemandes", J.
Grosch et E.J. Mittermeijer, April 2002

8) Dulcy, J., Torchane, L., Gantois, M., "Mécanismes de
formation et cinétique de croissance des couches
nitrurées, "NITRURATION, Journées franco-
allemandes", J. Grosch et E.J. Mittermeijer , April
2002.

9) M. Sennour, PhD Thesis, Lyon INSA, 2002

10) El Ghazal, H., " Study of microstructural and
mechanical properties of case hardened 16NiCrMo13
and nitrided 32CrMoV 13 steels — Application to the
estimation of the rolling fatigue life", PhD Thesis, Lyon
INSA, 1999.

11) Vincent, A., Elghazal, H., Lormand, G., Hamel, A.,
Girodin, D., "Local elasto-plastic properties of
bearings determined by nano-indentation
measurements"”, Bearing steel technology-Advances
and state of the art in bearing steel quality assurance,
J. M. Beswick Ed, ASTM STP 1419, p427-442, 2002

Daniel GIRODIN

SNR Elemental
Bearing Technology



NTN TECHNICAL REVIEW No.76 (2008)

[ X]

EE E (SRt ZMiL T IR A FmaIRDERET AEL
SBRISSR DEFIR D%

Rolling Contact Fatigue Life Test Design and Result Interpretation Methods
Maintaining Compatibility of Efficiency and Reliability
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In this report, several methods for both RCF life test design and result interpretation are introduced. These methods
generate results using random numbers followed by Weibull distribution. The first method makes clear the relationship of
arbitrary reliability between the minimum test numbers and the suspending time in fixed time test required at Lo and Lz
lives. This relationship is useful to maintain the qualitative reliability and avoid excessive quantitative testing. The second
method can clarify the relationship of arbitrary reliability between given test numbers and a resultant significant difference at
L1 and Ls lives in accelerated testing. This relationship is also useful to estimate the test number based on statistical logic.
Of note, applying calculations allows for estimates of the test results. The third method enables the calculations of the range
of L1 and Ls lives with significant reliability even if the test numbers are too small to estimate L1 or Ls lives employing
Weibull plots. The fourth method can determine the significant difference of Lo and Ls lives between two lots and allow the
quantitative estimation of the minimum difference between their lives from data obtained by experiments.

These methods provide techniques that are easier to understand as compared with the recent mathematical model, and
they show enough flexibility to apply to almost all type of the testing. These new system will therefore eliminate the need for
qualified experiences in the statistical design and result interpretation of RCF life test.
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Research of Grease Lubrication Mechanism for High Speed Bearings

JIl & B8 Z* Takayuki KAWAMURA
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Machine tools bearings are operated at high speed and room temperature. They are widely used with oil lubrication, but

also used with grease lubrication.

In the case of grease lubrication, it is necessary to lubricate for tens of thousands of hours without supplying new
grease. However, excellent anti oxidation grease necessarily do not lubricate longer life.

This report investigates used grease operated at high speed and room temperature. It was found that oil supply ability to
rolling contact area was more important than oxidation stability.

Moreover, it was also found that grease with easily oil separation and stable thickener structure became longer life.
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Friction Properties of Polymer Gel with High Mechanical Strength
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The polymer gel is composed of three dimensional network polymer and large amount of liquid. There is a
possibility to be applied as a low friction material because it has large amount of liquid internally compared with
the oil-impregnated resin currently used as a sliding material. In this paper, we report on the friction properties of
high strength polymer gel that is called the double network gel under various conditions against steel.
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Reproduced with permission.
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Study on the Effect of Physical Properties on Wear Resistances of
TiN Films Coated by Arc-plasma lon Plating
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Relationships between physical properties and wear resistances of TiN films coated by Arc-plasma lon Plating
in different conditions were studied. From the result of multiple regression analysis of these properties, it was
clarified that orientation of crystal face is a dominant factor on wear resistance of TiN film and TiN film which
has high orientation of (111) crystal face and low orientation of (220) crystal face shows good wear resistance.
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Conditions of Savin wear test
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X-ray diffraction (XRD) patterns of TiN films
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Relationship between peak strength of (111) crystal face
in XRD pattern and specific wear rate of TiN film
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Physical properties of TiN film investigated in multiple
regression analysis
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film in multiple regression analysis

5OBEZEH EEROIRRE
A1) EmEErR —0.703
(200)EEE +0.479

10000 T T
9000 [ — I

BF5E R?=0.694 | (9]
8000
7000 :

6000

5000 —.—

4000
3000

2000
1000
0

HEFESRAE  X10"%mm?¥ (N-m)

0 2000 4000 6000 8000
LEFEEFANE X 10"%mm3/ (N-m)

M9 EEFLICLDILEFREDTAIE L RANEDRF
Relationship between estimated data by multiple linear regression
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Parameters in coating conditions of TiN film investigated
in multiple regression analysis
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regression and experimental data of hardness of TiN film



NTN TECHNICAL REVIEW No.76 (2008)

ABORFERICEDE, TINBRZELS T DIHDME
FHE 1) EEEL (7IRSR) SEHROBEEH
baIEngpofe. L, (111) mRELDES
BERED, BERES/\A 7 RABEOFEDEIREZF
THd.

9. F&H

MEFHDREDEETINERICDOWVNT, MEFEMIC
NIFTEEEGFHEOEEZRNDICHIC, ERFIHT
Z{1olc. BONICHIRZLTITRT.

1) TINEROMEFEMIE, BROEEIREED ZECHIE
ZATHO, (111 EEELHAKEIHND (220)
HEELDNNETWEESLLED I LN ok,
Fre, HIZO1) ERELEOREDAHRKEN
ZEDghofe.

2) TINERODMEFEZ RERMG THATHZ LT
TREVD, MEFEICROEENREVN(TT)
ESEE LI DWW TIIRRSRAF D FEE THIETIEET
HBdIENThof.

3) TINERDEE [FHRSFAFDREEIC K D HIEHRIEET
HdDIENTh oI,

Sk T 1) @EREENBVIEEMEFMS

[CENDDN, TOXAZXLZHERL, ESICEMN
BETRIEBE MR DRFEICENDBEATNETENEEZD.

MEETY

SEHR

1) W.C.Oliver - G.M.Pharr : An improved
technigue fordetermining hardness and
elastic modulus using load and displacement
sensing indentation experiments,
J.Mater.Res., Vol.7, No.6, 64, 1992.

2) NEES | HAKMFR2006FEEFNAEINER
X%, No.06-1 (20068), 417.

3) A5 | AIPICK DI EHIE U Ti-B-NIEE
B RSAFETFNCOEREFY, Foa/mMOJ—=
EYRE FE (2007-9), 147,

4) 5 ¢ AIPICK D EEHNE U TINFEERED K>
AEHE T COERAANZX L, boROY—=E
Fhete =R (2008-5H), 187.

5) GBS BEF Y VEAKRENEICHIT DR
@t FSAROY—=ETRE HR (2008-—
5), 219.

EH "
EEREAMRZURR



NTN TECHNICAL REVIEW No.76 (2008)

[ X]

FRENUTHERZMZMS U ILRT VT F R ORF

Development of Antenna Material Based on Rubber
Which Shows Flexibility and High Impact Strength

K F 8 th* Kouya OOHIRA

NTNIZ, BIEDES S v IRPEIERT VT FE & D HRRER U EER4EIC
BN, hOHERUEEETS [JLRT7VTFHHE] ZREREUE. BEMIE, FER
LAN, RFID, UWBZICERENDFERT7 VT HHEE L CERTEETH S .
AR ClE  OMRIDFFR & FHFERDERZBNT 5.

NTN has developed the antenna material, based on rubber which shows superior flexibility and
high impact strength compared with ceramic and polymer antenna materials. The developed material
has fire retardancy. The developed material is suitable for dielectric antenna which is used in
Wireless LAN, Radio Frequency Identification, Ultra Wide Band and so on. This report introduces the
characteristics and test results of the developed material.
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Example of cylinder molding of the developed material
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Condition of aging test
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Mechanical properties of test specimen
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EGE, MPa % JIS-A
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Condition of heat cycle test
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Changing rate of resonate frequency
HIREREL MHz

ZIER %

1 2475 2465 —0.4
2 2446 2434 —05
Bz = — +2.0

K9 VSWRDZ(EZ
Changing rate of VSWR

VSWR
e = ZEE %
SHERAD FHERTE
1 1.23 1.31 6.1
2 1.19 1.26 5.6
Bi%E = = +10

£10 FEOE(LE

Changing rate of gain

g dBi .
= b G BILE %
SeREl | mme |
1 2.1 2.1 0
2 2.1 2.1 0
BiZiE — — +10
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Development of Sensing System for Cerebral Aneurysm Treatment
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In recent years, endovascular coil embolization is becoming a standard treatment option for people with a
cerebral aneurysm. Since the coil embolization needs advanced coil insertion technique, an analysis of the
technique and development of a surgery system for assistance and training are desired. We have developed a
novel optical force sensor for coil delivery wire. This paper presents the sensor and the result of an evaluation

the sensor by using silicone dummy aneurysm.
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Monitoring Method of the Deterioration of Lubricant
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The monitoring of debris and wear particles in lubricating oil or grease is desired for early prediction of the
failure of machinery components. The state of lubrication can be estimated by monitoring the amount and size of
the particles in lubricating material. This paper describes the configuration and principle of the detection and

shows experimental results.
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Heat Transfer Analysis of Machine Tool Main Spindle

IEZE F ™ Yoshimitsu HIRASAWA
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CAE analysis is very useful for shortening the period of development and reducing the frequency of
development trials. To use CAE, accuracy of analysis is indispensable. This is to report the heat transfer
analysis of steady state by Finite Element Method to estimate the temperature distribution of the machine tool

main spindle bearings and test machine.
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Boundary condition of heat transfer analysis
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Development of High-Speed Cylindrical Roller Bearings
for Machine Tools
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A newly designed cylindrical roller bearing has been developed in order that the cylindrical roller
bearing can operate as fast as high-speed angular contact ball bearings used for machine tool main
spindles under the condition of air-oil lubrication. The cage riding structure improves lubrication of
the cage guiding surface at high-speed operations by guiding the cage bore on the air-oil nozzle
outside surfaces. The inner ring made of ceramics prevents excessive bearing preloading in the
radial direction due to thermal and centrifugal expansion to enable high-speed rotation. The ceramic
inner ring is radially compressed by ring spacers which also work as ribs so that the hoop stress
generated in the inner ring can be reduced. The prototyped bearing with an inner diameter 70 mm
successfully operates at a speed of 3.25 million in the dmn value which compares with air-oil-
lubricated ultrahigh-speed angular contact ball bearings for machine tool spindles.
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test conditions
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Minimum Quantity base oil of Grease Supply Lubrication
Angular Contact Ball Bearings
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NT>3.

MQGS lubrication angular contact ball bearing has the grease lubrication that Installs a minimum
quantity reservoir mechanism spacer of outer ring. It was developed so that high-speed and long life
of machine tool applications may coexist, it was succeeded in practical use by the high speed driving
of dmn 1.9X10% in fixed-position. It is introduced the outline of development by this text.

This new grease lubrication system was named MQGS lubrication (omission name of the initial of
Minimum Quantity base oil of Grease Supply Lubrication).
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ERETER

MQGSHB#EDES

Schematic construction of MQGS lubrication
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Db, MQGSEBHBZHRAT S EICKDAEILM
AFEFmEEZHET D EHMLTHD, HEEanxhE
RIBDIHITREEICTL15CICHIFTTM AR Z
EFTHS.

U—XB8(F47gL Ulc (BhpDBERICIDITU—
AEDHBO%HDEET HENH DTS, CDIE
h5, BREZE15COHETH, JU—XFAFABE
HSDEHHENS0000hEED KD ICHZTANE ¢
100MMOEBEHEE L L TL478ZREUC.). BILEK

BRI DIAR

&1 MQGSTU—RFHEmmmBROFHERSEM &2
MQGS grease life test conditions Bearing specifications for test
IH B A" B BRI ® 100X ¢ 150X 24 mm
WERACHBRN # (H) R 20°
S ENUEFEF E HIAHEITEF Oum GEAE SiaN4
[ElEnERE 15000min” (dmnfB 19077) REsEE &ED = /—)UkiRE
NEREHEE =& +1°C EZARERR AT U —X SE-1 8g A
JU—ZEAFARBEIU—X | SE-1 47g HA
MQGSHE &R MEEEITER 0.07 mm

AR B DIEIE
Schematic construction of test spindle

X2

@100

@150

K3 EERENSDUEIX
1 cycle 4h Section view of test bearing
15000min’ 7 . e v | -
N R i
TREE 3”(‘3 __,-" "\\\_ J{f‘f "\_\ 7 ‘\ 12
14000min ke’ —_— S S [ — ' )
2h 2h ® BEE 15C -~
10 1 N=| ° T /
A EEZE 3°C ~
EERR h . P
(a) BEZE3T © P
Temperature rise 3°C T ~
H 6 |~ . -
1 | 48h —
N T = [ 4 -

15000min ' | Iﬂ@ . - -

i = i 4 - 1 - -

- f 1:".1 |I l‘. e J > -
EEE 15C| |/ L) __ .
f i i
' o) 2lo” &
Omin’* L P = -l
EELSE h 0 .
(b) JBEEZ=15T 0 5000 10000 15000 20000
Temperature rise 15°C EEEERE h

E—hIATILIE—=2
Heat cycle pattern

X4

M5 EEiECEmTHE

Driving time and amount of base oil delivery
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3.2 ®EZOYA XAEEMMTHE

O A XCKDE M EFM RIS DI
([T, #=2NEP 100mm, ¢ 70mm, ¢50mma7
VFEATEFHMZADERAZEET SEEET)LZAL
THEBRZTo e, FAUCEMHET)VEBRRED
MENZE6, HBRFMZRIICRT.

ERHNHH T 2 imspDE BT EXIE0.07mm,
I —AHABBEADI U—AHAZIF478E U,
MZOUA XEEHMHHEOBERZHRABLE. E—K
TA VS EGHOEMZONREE ZRAEC, 41T
&£38T CREZE3T) Z4nAHTEDRULSA .
ZD200h#DEHHHEDERZE 7RI .

BRAETEE
J U/—Xiﬁ)\ﬂ S —2E0D

Z

E6 EHHHHET/UAEREEDBIEK
Sketch of model test rig for base oil delivery

R3 EHHHETLEROFRSE

Test conditions of model test rig for base oil delivery
IH H A" B
R | ESERE G100 mm, 070 mm, ¢ 50 mmITHEE U fcRSEE
JU—R | SE-1 47g #HA
HERRE | SRl
SBEZML | 3°C (38°C2h & 41°C2h)
FHERAFRE | 200 h

0.5

0.4
(@)
w *°
H
&
£ 02
il

0.1

BN AR B2
®» 100mm ¢ 70mm ¢»50mm
H7 #@XAREERHHE

Bore diameter and amount of base oil delivery
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oMM HE I #ROAE e 100mm, ¢ 70mm,
pS50MMTHIENEICEWNEHDBDD, #MRDAE
DARELGEBDIFELLHHU, #ROY A XDKRES
(CIEFHEH L TCHET BERZRUIC. CORBRKD,
REDMBZT A XCHBF DT Y- AFRBERDR
BIU—RABZERETHENTED. FIRIE, B
WES50mMmMDBE, #MROY A AH#HMZRE
100mMm?D50%THO, JU—XHABBERDT
—XElF23.5g (47gX0.5) &15%.

4. EREGMEREEER
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HSEEMQGSDOEEIERZRI . EUEFESLINCT
dmfB1905F CEE L, MQGSOFLEREICH
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DHRFEEZRCHDdufEI Q0L TDRE LF(,
HSELIFEE UEZR L. CDOXKDICMQAGSZHA
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JeBERE COEELNAIRES C EZEER LT,
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High speed test conditions
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Air oil
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Section view of HSE type
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Life test conditions
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OERRE 15000 min (dmnf& 19075)
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4
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00 10 15
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EEEE min' X104

H8 (b) MQGSEHSESY A JDBEE LR
Temperature rise between MQGS and HSE type

/2h, 15000min/48hZ 194 7)LE Ufe. EeEh
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H10ICHBERZRT. R, MARBRZERFET
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dnnfE 190K DEFRIEB LU RFEHAIEETH D &
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15000mMin ..y , I_ .......................................................
SEEZ3C| | !
14000min™, .. : 1 ] s
1 7 o
EERE  h
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Heat cycle pattern
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T

2000h 4000h

MQGS (EfIEFE %% :iIi) EJ’:EP
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|

20000h 40000h

MQGS (BEFE %% :1#&3)

EER

10 MHARGEERIGR

Life test results
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Yy b (MQCJ) HERILEIIMNEC 2852
Minimum Quantity and Cooling Jet Lubrication
Single-row Cylindrical Roller Bearings

IVE 2 K*  Futoshi KOSUGI
B E ' Susumu NOJIMA

NTN TS CEEENDREDPERFBHIBEICL DMLV T v MBS
RN ZHRALVCMQCIERY V¥ 1 SEMRZRFE CH DN, TOMACIEE
BRZEFHCICEIREC2MZ(CHEALIChRRZRFE L. AR TIEZD
Iy b (MQCJ) FEBMINERIIMEC 2852

[EDVWTHENT S.

NTN has developed the angular contact ball bearing with the MQCJ lubrication.
It adopted a new jet lubrication method with inner ring cooling system and a best minimized

quantity lubrication mechanism for raceway.

A new product that had newly applied the MQCJ lubrication to the single row cylindrical roller

bearings was developed.

We introduce single row cylindrical roller bearings with new jet (MQCJ) lubrication method.

1. FUHIC

MQCJEBIFIERDY T v MEBICH UEIIIER
ZRBICEBIEBEULEEBAIALTHD .,
JIMTOF2006 (HFXEBRIIFEMIEAT) TIEER
(CMQCJBRB Y VF15EMRENIY VTV IE
HMAEEH U CINTIREZT o/, SEZTDOMQCIEB
ARNZAECOHMRZICEBEAT S THEBCRA
dnnfE33577 (EAdnnfE300S7) DiBEREL%Z 7]
gEc Uiz, MQCUEBODERICKD, E#DU 7
(BEBAD ~DOREC MR IRANAIRES LD T#iE
BEDERIEHRND .

ARCTIEFID IFHIY v b (MQCJ) FHBXLE
SIFE o] ([CDWVWTORR EFHMlEERIERICD
WCTHENTS.

2. MQCJRRBRDRR

2.1 YRATLHE

YT b (MQCJ) BEBENLERIIAREC 28
CTIEMQCIEBY VF 1 S TMZEROEBY AT A
DERTES. YRT LHEZRT(TRT. D 2
KEBEETIE DOMHIERED SHZHEHE
AABNCENZIUHZAHE L, SERSNTRIEHPHR
VITEIRENS. ANERETRE R EEHZERAT
D ETHRRIEODERIEOEIREEED.

2. 2 MQCJEBEMEC 2= DLk
MQCJEBFNE R LEmBE\DORENEHE
BiszxSey Ty MNEBCTHS. MQCIEBY v+
15T (K2) T, AmAT—TICESHUTE
BHDNRA T —TREEICHEL, RDHNERERIC
KO CAmMNEOHT VL EICEEFL, DEDFEBHAD
HFHZREICHESNS. HITVEENRREREICKD

EWTRAL REEE
“EMERAE WP
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K1 MQCJUEBYRT LHE
MQCJ lubrication system

REHBHE
J ~O—=Jb

H2 MQCJEBYVFa1S5FK#z
MQCJ lubrication angular contact ball bearing

FERENIZ T EEDERNEICA D BBBZHIRET S
CET, ZLOEBAENwROBAICERSIN, 28
DFBMOH DR ZERT Dcth, EFEEN
WEL15D. 2

— I CAHBEC28MZ(EY 7 RICOERZRIRSE U
THO, FTHEGFCFERICKOHMOABEHRATDD
U7RINBU D RZEZERT DENDS. 7/F15

MR BT EFTHIR<ED

A

| émnwwzﬁr@>

HM3 #MEUEITEFRO
change of lubrication space

TEREERCRERA T VEENGEEICRD T EEZ
BRI dE, / X)VEEDFRESBCK D TIFEIERY
DEFETETDIETFTMRLLE oD (B3), L<E
ofch (B4) L EEGRICTERENEILTD.
ITEFEDEITBET DMEICHEZSZ DI
O, MEBUICRDTETEEDEUIFNKLDICKFT
TFAKREEZERELUC (B5). KFEICTEFTZERT
BHIET, MABBICH U CHEBVICIDTETER
{EDFE=ZLET D EDNTED.
R|Z(ET7IVT—I Y —XBI|HE 28 (C
DEANREE) ZX—RE LTSN, NIRENRE S
ZEMAT S CETRIEBOGZLZESE, KDSER
HETCOOEZOREE LTWS. FITEBICDOWLWTCH
AN SHETDET, AL SDOBEBTIIANLE
([CTED DB AHRAID Z A imE & NERDIFER & D
BZAEICT D ELEBIC, NEmmAIRZSD L
TPEDLRZMA, TEUlcEEOEZAsEE Ul

MR BREO T EFTNILLED

| ) 1
| ane02rE >

H4 #MECETEFRO
change of lubrication space
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®5 MQCJEBHE »#=
MQCJ lubrication cylindrical roller bearings

2.3 #R7—%

SO LBt zR1(C, ABREHRIENZR
BICRY.

AREMZET7ILT—I V) —XFRAFOHMZ
N10O1THSR (R ¢pb5) ZX—X &L Uz, ZNUE
FH@OTOY hZ%Z ¢ 70OMQCIEBTY VF215
THBEMEFEERELCTAXTHS. EREIS
EIL U E—YEBCRDUEAREZRALC. X

&1 MQCJHBH RSN
Test conditions

FHRIC(E7F15TMRZDBHEGETERLU,
TOFEBEIT7H A IVERBICTITOL .

FRAIL X)L COfERZRE7, E8(C, mfll/ X)LT
DiERZES, B10(TRT. FAL/ X)L, @/ X
IVEINBREEY T v MEBISH UL CMQCIERBDIH
mEEFMES, BHEK (UT7HROEIIERDS
D) BEL. INEFBRENICEHT (W) Z5A0,
D EDEBHD I Z B NIRRT DMACITEBD

AERE

EE——uh

IH H " B
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e i
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REEE/ XU JZX)Ep1mm, 2&FF (180°uE)
HiamsE 1~5L,/min
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S EIREA % (5L/min)

M6 ERREEIESX

Schematic construction of test spindle
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Outer race temperature
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Power loss
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MREVWZD. Flcmfll/ )VEBDBE, FEl/ X
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3. (BARdmnfE33557)

SBRAL ZIVDIT7 F A JUEBICHLTVGE320D
H7Z20.02mL/10min DB CRBRER LIchY,
MQCJBEBDANRE, BIFIELKEDICEVERTHD
ofc. INETEEDHZAEBNHB SN HEND
MQCJUBBDANE L, #EZRHOBHIENORTEZ
RKELRIFTWVWDICHTHDS.

E1T(ICREkY v MNEBEMQCUEREDE#HZA
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ZIVDEWVNELTED, H¥I50%DEEMAD #ZAER
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BoTEHBHZESFLTCWVWDIEE, BEEERMNEA
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20
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Outer race temperature

4000
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Amount of oil that passes in bearing
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158. Tags s UCIFBECRUIEY AT LAHEDMICS

EUYZBEDBRILENNEE DD, BEREEHD
TREEHMZE LT, BEHIOBEBEFROBEREDIED

3. BHbIC

v MEBTHAHAMQCIEBNINESIFEC
2z, 7OV MIEZZEMQCJIEBY V+15%
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3D Electronic Catalog Introduction for Precision Bearings of Machine Tool

Prec:gslon Rolllng Bearmgs

Technlcal Data

8 A E =* Takehiko UMEMOTO

TR —NCIE, CAEICHBWVTIRTE T —5 ZFH LIcEH— T
KRBT CEAIOTH PIESASERO AT PIBERETIC L DBSHEEDE
MEFOBELFERTOED SNTVD.

RNR T ICRMZFR U EBE#MR D3RTCADT —% (BEFHHO
J) DR &St TOIRTCADT —5 ZFIFA U SERIZBN T 5.

Machine tool makers use 3D-CAD data in CAE to reduce development period, to move forward
advanced analysis which is thermal analysis of each parts and structural analysis for high precision.
In this document, it is introduced 3D-CAD data (electronic catalog) of precision bearings which is

supplied recently, and analysis examples which is used 3D-CAD data.

1. [FUSIC

TERBABE#HZE UCHAESNICULTAGE
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ULTAGE Series
Large Size and Long Life Double-row Cylindrical Roller Bearing
for Main Spindle of Large Turning Machines
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NTN has responded to need for improved efficiency, reliability, quality and environmental
responsibility for machine tools by developing the ULTAGE Series of super-high-speed precision
bearings. NTN has developed a new long-life double-row cylindrical roller bearing for the large
turning machine as one of the ULTAGE Series product line. Long life is accomplished by optimization
of the internal design and adoption of a light-weight and high-strength modified PPS resin cage.
Furthermore, grease reservoirs inside the cage pockets extends the lubrication life, above 5 times
that of the current bearing(high strength brass cage). This paper outlines the development process.
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Technical Trend of Bearing of Wind Turbine
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The wind turbine generating system, which emits no carbon dioxide and utilizes natural energy, is
remarkably growing industry. And now it is in the new stage of upsizing and performance
enhancement which is represented by the large scale wind farm in the off shore.

This paper is to introduce technical trend and special characteristics of bearings for wind turbines,
which are one of the most important components of wind turbines.
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NTN Sensor Units for Construction Machine
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Recent construction machines use a lot of electronic controls, and it is expected that a greater
variety and more advanced technology of these controls will be used on construction machines in the
near future.

NTN currently supplies a wide variety of sensor units for construction machine applications that
support operation accuracy, efficiency and ease of maintenance.

This report introduces 4 types of sensor units that NTN has developed.
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Direction Change Unit for Office Equipment
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CORMDEED KUHBEICDOWTENT 2.

Duplex printing is widely used in recent copy machines and printers as a part of environmental
measures. Those copy machines and printers generally use reversal mechanisms to reverse paper
by using forward and reverse rotation of the paper feed roller.

NTN has developed “Direction Change Unit for Office Equipment” without using an electric motor
for forward and reverse rotation. This new unit only uses one-way rotation, which is created by

another drive system.

This report introduces the structure and function of this product.
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Large Gantry Table for the 10th Generation LCD Substrates
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NTN has deeply cultivated precision positioning technology and applied it to various types of positioning
systems. One of their major field of application is LCD manufacturing equipments, and NTN provides large sized
and long stroke XY tables suitable for each equipments including NTN LCD repair systems.

This paper describes problems arising from glowing size of XY table and outline of the prototype gantry type
XY table which meets coming super-sized (G10 : about 3 m square) glass substrates.
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Development of Linear Changer with Built-in Pasting Unit
for Defect Repair System of Flat Panels
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The NTN color filter repair system fixes defects in color filter which is primary components of liquid crystal

display.

The most important feature of this system is the function to paste ink to a color-less spot on the color filter,

commonly referred to as a "white defect".

The pasting unit carries out the ink pasting process by pasting needle. The system moves the pasting needle
to touch the defect of color filter and paste a slight amount of ink on the tip of the pasting needle to the defect.
Pasting needle system can stably carry out the pasting process because there is no possibility of clogging like
dispenser system, and it has obtained favorable comments from many customers.

This paper explains the outline of the pasting mechanism, and the linear changer with built-in pasting units.
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