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Technology on Environmental Protection for The Next Decade

aH BEX

Nobuo IWAI

(84) BXRBEEEWRF FC-EVtY5y— FEWRE
Senior Chief Researcher FC - EV Center, Japan Automobile Research Institute

Exhaust emission purification on both gasoline engine vehicles and diesel engine vehicles could be
solved by 2010 using exhaust catalysts and low sulfur fuels. Global warming gases and energy
diversifications for sustainable mobility will be major issues in the next decade. Use of electric power
devices will be continued in the major technologies of both hybrid and fuel cell vehicles. Power unit
configuration, traction control four-wheel drive using a traction motor could increase not only energy
savings, but driving safety as well. Advancement of R&Ds on secure utilities, such as assembly of the
transmission and motor/generator into a single unit are one of key technology for environmentally

friendly vehicles.
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PNGV (Partnership for a New Generation of
Vehicles) D&BMEBIEE U CTKRIEIEMORiTH
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Automotive Research) JOJZLAZFHEKUZ. &
fc, 2003F2AICIEGF Ty Yy aXKHFBEICKD
FreedomCARD 7OV T hERHEE CXZA D
Hydrogen Fuel InitiativehEERIN, KERDELE,
BTEL, X, FCVOEEIEBRD TOJ S AWERTICHE
SNCTLSD. DOEDEMMEFIEBZIE, 20094 T,
A5 v I DMAME200085E, fMiktEEE250mileld
Lt KFRHEHB{EIARIB/kg, KEEBOSIESFRLE
(BN OERZESIURELRERT) CETZA
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B, MFIEEBE300mileld £, KERHBE IS
1.5%/kg, ND—2Zv b&EUTOREIEBRDIR
h30B/KWETDIETHD. IHIC2015FICIF
CNSDOEMAFRERNRDERZIBR A, EARLTHD
BN DEEREZITIED.

FEBEDTIU— T ARNCIE, BEIEA—HET
RIVFHEEEEDBAOUKEL Y T ILZT7MND
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Transport for Europe) &8K&UECTOS (Ecological
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JIT MOETHRTHDS.
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=i, MEREREEDEZTED. 2005~2010
FOEARRE TG AR ZEHB L TOELEDOR
HEE - BEEROREEAZND, E_HIFCHIl
R ZERETSD. 2010~2020FDE NMEXFET
(ARG AHEIZ SO (ICE/L, DR MREZE > T
—fRI1—\E00HABAT S EDERIRESN
TWd. INoOBZEMDIZYD, BERMHSIUTH
RERZTOTVD.

FCVIEENEDIHFCTOI 10 MNEETEILELT

WaED, MREMICIFMEET CTEORBIGELT
Wo. EERDKDFREDEREIE, &Rt/ (L—FIC
FOCHABTEZE ST, RINAZAAL TR Z
B EUTCHRTECEDRED DD . Y v I DEER
BEIFEIRB0T T, EZ0EERI(ICIEFNTEEDE
DEL, BHMEREDBRDFRED—DTHD. LD
SmlCMADEREDFROIRFECENL, XV
DEmEREZ FRSEDIENTE, MTPMEEE L
EHBTRADOEBEDRUZ<ED. BEXDIHD
AREFRBICH2D IR bDEREND S S . BREED
TR, R, w/\U—5EDRY v IENERICE
UTClE, BRMEICIERD, KELTLU—IX)b—
DRSNS . KER—TTEHTCO OB EREN

CRED—DOTHD. BeaDFRELEZI5MPanS
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BHDTHS. TNZNOEEFFELEED E—ICHLE
SN, 10 15— MAETFHES LU MY TSV
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BREMCTO by TS5V F—DEZEEICHET S
EICRKOTHERNEDRN LR T O ENTED.
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(Well to Wheel) DfSEMNETHFIIT DMNENDD.
SEBRERILTDTHE IMRREEZZSHTCT %
R, REFEBERREEDESDTHEEINT
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1015 — NERREAITERER

FCVIZICV-HEVICEHER T, ERESYY) DREHIHEINDI &5 HRL -
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g | AFEIFILF (LHV) :120MJ/kg
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WEFFYER I, FOVELENTWEAMEA L. ICVELUHEVERA—ICRE (i)
ICV{ERERE @ 7)I—H—. X-TRAIL, CR-V. ¥71—F  AYZ X, JZ>7F1+X, 73 R
HEViA#fERE: 7UIX, [BTU IR TXATA4NATYy R, F4—/NAL Ty R, 1>%1 b

FCV{EM =& : FCHV. X-TRAIL. FCV. FCX. HydroGen3. F-Cell. =#%FCV. 7 3J>R-FCV
(ZREBUFEOEHEREET)

MHE D (8) BABBEMZEM FRISFERHESHESHEICET 2HTREE]. P241-264,2004

B4 AVUVE, \A4TUy FEBESIUKREBRREBEEEBED10 - 156F—FAE (JHFC IR—AR—=IKD)
Japanese 10-15 mode fuel consumption on gasoline, hybrid and fuel cell vehicles (Home page of JHFC)
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The Reduction of Hazardous Substances

== 7] 7&*  Kiyoshi NAKANISHI
3 H IE #1** Masakazu HIRATA

NTNTRR TREEAXAL | ZED, TNICEDVEEETF
BZ{ToCHD, RIENDAHZKRHT 2 cHDEEHZ
TR, #MERICITV), HIERRIBEEOHEZBIELTLS.
AETIE, 85, SR a4 NEESHOENERICS
FNZAMMoOL, SREEFEMERIRICDOLTORIEH
WRESEDADMEICDOVWTIENT 5.

The NTN Group has continued to achieve environmental harmony according to its Environmental
Policy by alleviating possible environmental impacts arising from its business activities, products and
services.

This paper introduces the present and future situation of NTN’s efforts toward the reduction of
hazardous materials such as hexavalent chromium and lead etc. in NTN products. These products
would include rolling bearings and constant velocity joints as well as many other NTN products.

1. FZXHE

NTN(ShIRIRIEE DR EZREERE(CBIT, &'
BANOEEERNOEREMROBRZBE UCRE
REZERFLCHD, COHBHEHIRZRYD, XX -
KE - LEEROMIE, BEYOHIR, JU—FhE
DHEFICEENFBERZEDEEEIICHDEATUL
3.

IR CIE, HERICSENDEEYEHIREICDOWNT
DA DEHEH DIFIR ESERDISEEICDOVNTIEN T
3.

2. BHERBEDER

BEEFRTI ) —ViHEICH T BRI EER D
fcDIE, 2001 FERNICHBWVTCEFHKIEEN SEEEZ
BADRIME (WR=DL) PMRHEENEHEREILES
BOlcDMEMITHD.

D%, EUTIK, RRICEFNLIEEYEZHRH]
9517w (Directive) WEHXWCTHE SN, BEE
Tl&, #1, KB, DDA, NMAEJOLDERZR
B2t HELV (End of Life Vehicle, FEE#E)
BT, BEXBFRRClIE, LEDBEZEICTSATFY
U ARRREMNE (PBB%E, PBDEfE) ZiMA /6
MEBDFERZ2006F 7 BN 519 2RoHS
(Restriction of the use of certain Hazardous
Substances in electrical and electronic
equipment) IEHHFERB[TINTUVD.

e, EENDEENRIEINDDLHEDEKYE
[CDWVWCH, X—HHBEDOHCEXITDEERE
EAHIBRNDEHREHDMAE D TS
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U—DREITY—RZI—T([TIRETEDMHIZER
fz.
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NVH (Noise, Vibration, Harshness) [48EDIEIE
EEBDFRATANIRED B ROMAMEHIC, 8K
BERZERUIERT U —A KD bEMEEE LT
Wa.

(#ER) BmIAH O T+ OX— MLUER (ikm) AXHoE
24ht& OOOOO
FEEEER 518 518 Ofel 5@
FEHEE 518 58 518 58

<IEKIEFEAER : JIS Z 237 140>  #HE{>—)U Mk | 6203Z548BBhERMdED D
FHERSM  DWBIEK, 1~2 mI/hIEFE
FHBRISE . 24h, 48h

BRI

IEKIEFERBRB DY —)b RS8R

Shield appearance after (neutral) salt spray test

-11-



NTN TECHNICAL REVIEW No.73 (2005)

—73, @i, ERAEEEE - SEE FCEAT
NDWMZ(TIFUF D L-H0ER T U —X (TR EA]
EAMUIZBODMEDN TV, JU—AX=h"&
DEEICKDRETIEFRTI T U—TU—-XIY)DE
ATWD.
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B1 TJOFEEASA I RS (MLIZEAL)
The 3rd order component of induced cyclic axial load of TJ

xR1. TIDEETER A
Light load durability of TJ

“ - WEEE
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(O:FBABL AFBAN X FEEKX)
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BRZER L CVE, IEE1993FF Tlc, &H
(F2002FCABMNDYIDERZE T LTS,
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4.1 HEIRFNUDL o JU—AH 5 DOHRR

FEREEE T N U D AFBAEERINEI S U TOMRENE <
JU—2ADRA#ERIE L TESHAEINTWS . Fic, BB
BEULUTOMEDEKFDA(Food and Drug
Administration) [CBHRBESN TV D BEANEITH
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LHTIE, EEENBEEMT SERIENTWVITE
RAXBLO -5 MCIDWTIE, 1970FER%EH(ICHE
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JU—RADBEFEREEENMNDBRIENR
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ncLadceEn s, RVBERBRINE S REEX CHEA
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HEABZLZA OAMRRNAESNDKIDICHED
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R1 R1
NH + NOz m > N - N=0 + H20
R2 HT  Ro
(BIERHT)
PRT=Y B A N V=3

®2 28k = EBEEA 4 DRN
Reaction of secondary amine and nitrite

Fze. BHEET NUDLATU—TU—RDMEM & 14EE
Composition and properties of sodium nitrite free grease

\RITIU—2 FFEIU—Z
= M IT—7)L+PAO I—7)b
ECmRNE mm?/s 72 100
B5 & OF| S IIUT
5&DE 300 300
Fa h(150T) 2100 3800
MAEERIBEE h >300 (n=b) >300 (n=11)
RtEt (5853 %) 1 1




| mea e EOER I 3 SNTNORE

R UKRDRAZ T2, CORBENRICR DR
RODDEZERUTCWND . Sit(FTEET ~UD
LZEAMUTcBEBEADSRET U —RZREL, &
RUTHED, EEEORFRBRICKINT SIchFfciE
JU—RZRFE L. R2ICEFFHEMEMEZRT .
FFEIU—AE, MIRMEREECBSEMTEeRI U —
ALBFEDOMREZHF UED D, SREFmMIFERAKL
DBHIRINTLD.

4.2 TYIVBIATIVL . H:RI3aAV A
J—vY, JLY—ILDSDHR

T )BEIATIVERETSAF v I AP T LDAE
BlEE LT—RIICALSNTWLSH, 20034, —
WDTYIVEBT AT )LEHNCMRYE (Substances
classified as carcinogens, mutagens or substances
toxic to reproduction. C: FEA VM, M ZERM%,
R &EHESEHNRODNEOYE) & U TEUDRFIXISR
[CHA 5Nz (EUES2003/36/EC). EAMICIE,
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4.3 Ka/I\UILEEY

KAaMEINU D LMEEYIE, PRTR(Pollutant
Release and Transfer Register : {2 &HHE
FEBEHIE)DFE—EEELEYEICURA v T

-,

HEEITR

=
R
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5. F&&H

SHETHMNICLDIC, NTNEFHIRIRIEE DHEZ
REZRE(CBS, RENOEEEENOBEREAR
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([CHIHLTWVWS Lz UTc.

—73. R CIFENED ofch, B TIEMIRIRE
BEOERICAIT, S5EFHNE, EMLD, SWE
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[B &R

NIRRTV Y TERE(ERENDIAARB(EFEDERA
Application of Topology Optimization and Shape Optimization
for Development of Hub-Bearing Lightening

R & % X* Haruo NAGATANI
DY {* Tsuyoshi NIWA

MBI mRICIE, TOMEEZERT 2D DRBEFTIR
HEHETD. TORMORARICEIIFBeHICALE
FEREB(EFAICDOWVT, BEBERSM/NITTY
VIDRE(LRERE=ZEFEL, BNTD.

From the perspective of global environmental protection and conservation of resources, the
development of lighter automobile parts for fuel cost savings is a worldwide initiative. In this
abstract, we seek the ultra-lightweight Hub-Bearing, and succeed in its development. In the
development of this product, two optimization methods are used: First is a topology
optimization; the second is shape optimization. We introduce the process of the development
by explaining the two optimization methods shown above.

- LIc/\IRFPU VI BkgTMRAREE Y U P TE

1. ¥FZAHE o _ o -

9, E1D1.4kgiFoEFOHKE LOBFEZI U7
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([Cim7z 5 UTCIKIRIBREPEERILDHERDS, & Wo.
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D 72D DD, KIBFESELICHIILIZDT, &
BLFEDBEROIZR D SBHENZITIED.

L)

2. HEREBER
FMREUEIEESEAD/\TIXFPUVIT, Eﬁ_%@ E1 S\ TAT SR
REFHFRERELLDEET 0k THS. FHAICEUIE Hub-Bearing original design

*EREEmAR BEERIIMTE
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Dynamic Analysis of a High-Load Capacity Tapered Roller Bearing

#0 B* Kazuyoshi HARADA
£ t1* Tomoya SAKAGUCHI
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It is necessary to predict forces acting on a cage when designing rolling element bearings. It requires a
dynamic simulation that can evaluate interaction forces between the bearing components including the cage as

well as real-time behaviors of these components.

NTN had already developed a 2-dimensional dynamic analysis code for cylindrical roller bearings using a
commercial, versatile dynamic analysis software. At this time, NTN has developed a 3-dimensional analysis
code for tapered roller bearings by extending its dynamic analysis technology.

On the other hand, NTN has proposed a tapered roller bearing that accommodates more rollers with a larger
outside diameter cage to increase its load carrying capacity. The cage geometry change may affect the
interactions between the cage and rollers, and the experimental verification of these interactions is generally
beyond accurate measurement. Accordingly, the developed code is implemented to investigate the difference
between the conventional tapered roller bearings and the newly proposed one in terms of the interaction forces
between the cage and rollers and the resulting cage behavior. This report outlines the physical model of this
analysis tool, and shows the analytical results where any significant difference is not found from the above
viewpoint. Developers have confirmed that the newly designed high-load capacity tapered roller bearing is quite

effective for use.

1. FUBHIC

DD DREFEEDORETCBRUTIE, RiGeRICE
BI2HERSHICLTHLMENSD. Lh UIFE
BICEHEMBITT DICDICIE, TEMEDEESSRES
DENEF EZNICH OBZMTEREICIEAIT 7"
KDODAENGD D, BFIZRTDNEEED.

NTNTIZEEIC, 2XTDBEBREICRE LMET?
MEOENEHETY —ILERNREERTY T
ADAMS®D ZHWTHEHEL, ZOBEWMERERLT
$H22. 9. 5O, COBHZEMFEMEREEIET,
M9\ 282 ADIRTE N2 @ITY —ILZREFR L
.

—7, NTNTI&, RESRONRZILKRL, DR
HEENcE, aaasEzn i Bicaamasgld
WTrERZEZEUC. COaaEasil I
RESEOROERDC D REFHFEDOTFSHICEER
NIFTTENEBERASNDN, RBRIWTREHIRE TH
5. TIC, LESXRTEAZETY—ILZAL, &
HFHRFHDOLU D REFSEETSNOFEREDE
RIIDWCHELZ. TOBR, S8EaEiLTD
CECRDRFBRBHFOUVICT D/ REFRET 5
NDFEFNEWVNT Ebhofe.

K| TIE, IRTEHNZEY —IVOBE & _FECEE
RICDWVWTHRETD.

“HEEHARZIR BRI FTER

-20-



I e e Em T\ MR OB PR

2. &5

b CNVYERRESOFD, m

D L RIGEEIME

Diso T INS#¥=noeru/(Gb)

G CHFRTM BN A—F=aE!

E'  HiHGcEMRE, Pa

Fq ¥V )EE, N

Feur - EHLERAY D R514EIKIT, N

Fpe  EHURBEEADEAD BB, N

Fy CDY7)EE, N

Je RS En AR, Hz

Jr  EERERCDEEE S, N

he  HSGHERES, m

k :=1.03 ¥

k' CEBHAOBRGEER, W/ (mk)

Ly BB R = o pu K

l C CDATARAEDE, m

Ng  CDDATA A

P NV ERIOFEERE, Pa

Paz - NUYEMORKEE, Pa

q C ATA AR DEMS, N

Re HMEEERFE, m

s RSB

S | EERER R A DTIEIRITTE ARG

U EORITTREREE = you/ (E'Re)

u PIOREERE, m/s

us  EREBOINDRE

W ERTEE/ (SA—Y

X EHUEMBEOEARTTR S = (Disol S iso) SN S 50

x* L RFERELOEXR Ty A BEA= 2/ dpr

ye* L REEELOEXITy A= v/ opr

2t RESRBELODEXITABZERI= 2/0p

a CHMEOENDFRE, 1/Pa

o BETOBEBHDEMERES, 1/Pa

ar ERDDAOIEERT HHFEFERE
OO HEDEREFRFEE D,

ap TV NAE

B CMEDRE EFFRE, 1/K

)  RAFHTSE, m

o m, E NOKE, Pas

¢ =[14+2/(3ay) ]

A CBREH = he/oe

Apd

L IRFUEE D _EIRREL

Apa  ESEB IO RIREL

poa L IRFUEE NOERRE

pna OBRICKD bSO 3 UHRE

wr O EEERCOBERE

Sio R NOEBHOERITTE AMRE
oo . 2YPHERBDZFAEBOFMES, m
Sra  RIGEDEAZBIT EX

Spr  REEERINT W RSITIVTER

7o EBRODRRERN ], Pa

¢ HROEEMIERE

T™MIERZF

b )

IR L EE-EEE—

i : R

PE  SHE-#MEFE—H
0 L SV

BB, KFENT MU7ZETRT .

3. @&

BT D EIMRESRHAZ L NITRY .

o COHOBKRURERICIICEEEZSZD.

o N (CIF—ERDEIEREMEICIHHE T DAER
7zahic52s (BEERO).

o Nim(FZEFE (CERE.

¢ ZDNFEDENTDFEETED.

e ENETERTD.

e ZSER(FMIEEHET N, BERBDBATHYEFH MR
MzERBID.

o COEMENED TSN TIE, AT ANETFHET 5.

o CHCHBHBDERENIS, MRS XUEEEARIC
LOEBRNZERI D . FlcHMRKEB
(EHL) REETTIFEN D KEEIRNS ZEET D

(E1).
O EHLIEDR Y 4 —X3IR (REMKFIR) FER UL
LY.

o CHOKIREIEAEWADIEEEDTHAE, BRIAE
RICETFRTDBDERET S. BREHKITHE
EEBERICERDIFO D, INDEEODIzH, EHL
IO O RMEERIEER UEL (E1).

o CHLRRFSRBEOEENE, RFREBDHZRET
2 (A1), COmEEDEMTIE, FRTESRIC
ECOERMDEERNINMERTS.



NTN TECHNICAL REVIEW No.73 (2005)

Contact and Tangential (Traction or Friction) forces Contact and Tangential (Traction or Friction) forces
EHL Rolling Resistance EHL Rolling Resistance
i

Contact and
Friction forces

Contact and

Contact and
Friction forces Friction forces
—

-y e
- Ay
Contact and =
Friction forces

Contact and Tangential (Traction or Friction) forces
EHL Rolling Resistance

Contact and Tangential
(Traction or Friction) forces

Contact and Tangential (Traction or Friction) forces
EHL Rolling Resistance

1 B CER LTS

Considered interaction forces in this dynamic analysis

3.1 Z3EEEEERBDOT SN Bl LTk, PEE—RTIEFPan5DI(5)9),
CoEEE RN HIERBDOTE5IET VLT IRE— R ClEMartind= (6) 7 ZAHWe. Fiz
DIREICEDL . ADOED:RE LR ZERL. L (8) [CRTE
1) Bt TER 5N CD EMBERDERNUBED S, ERERIY ¢ .5 ZRAWC. IRE—RIE, XTI
WEZLE ROZNTSE o) MEUBDHED BEBECDISENmEDERIICHEICED.
&, ERICKDERS, BENESTITEN DI FE2DDOREEBE— FOHRERESDLEE(CK
MHEMAOD COMFEICELS. D, E=FZREL, BITRIEHLED DGR
2) COHMBHEICRASA EZERL, TS50 NMOBBSDHEICHWNTVS.

ZERID. BATAARDTEENT ML oD

5z5nnE, PalmgrenDEZXEHFAL, = _|¢rhers i he pp>he

o \ he= . eI (4)
(1) ZAVWTERS A AR TOEIAINT Mg $rhem  otherwise
ZRHB . he p=2.922 0166 [j0692 047 p ... (5)
4=0.35BEN,21%%5 1798 v 1) e =D U Ry oo ©)
N . R _ . e,
3) BEEHE, X (2) OKLDICEELAICKD, HE
BE—RCEICHFELT, 5tETDY. EEIHX % + R}— for Roller / Inner race
SARICBLBEREANY MU HETZEEDTN RI= - (7)
DEENRT NUuwx2AWTH () T5RA5ND. % — R;'— for Roller / Outer race
b o)
if A<A
Hbd - ! bd B ]_]32(PmaX/E|)LTO42 (8)
= e s (8= A g i S A< Ay " 140213(1+2.235089) 094
b~ D pa
ahd lf AhdgA N — o~
! X (2) TRUCEFRBEBT (A<Ay) DEE
...................................................... (2) gé%&/lbd(g. Kragelskn@lﬁﬁﬁﬁﬁﬁ%@%{%éﬂ@&ﬁ
f LS (3) HO ZE2DLSICEEUVAVE. BIERE, &
T g HETROFEENSTROEA, FTROHO
CTT. 4w=001, Aw=15&Uf. Fhok ORSCRBRREE0CLILICTES.
SEDEELFHICHRE S ZEAE(CT 5. IR
BEZE, X (4) [CRT KD (CEMMEBDREE 1a=(—0.1+22.28s)exp(—181.46s) +0.1
BE—F EHE-#EEAE—R(PEE—R)D (9)

ULIEFEFME-BIEE— N (RE—R)) [CKDB

20



I e e Em T\ MR OB PR

Friction coefficient

0.15

0.12}=

0.06

0.03

O 1 1 ] ']
0 0.01 0.02 0.03 0.04 0.05

Slip ratio

H2 RFUEB TOEZRGRE
Friction coefficient under boundary lubrication

BT (A>Apa) DEERE pnald, T
[CRIRNAKSDEZERI'Y TEHHEITS. 2l
UHIESTEEDERDIZD, CCTIFRZIRE
Lfz. BBIRE—RDBEBARNS IV IVET
IVYERTES ERELT.

XC;E :gzzisu/Diso ........................... ('IO)

X,<2 1 S=sinh! S i {1 —(Dise/4 S 150) sinh! S 0}

hi= rog/ﬁ .................................... (12)

12l2U, Xe= (Disol S iso) sinh! = 50 CHEMEERD
BATERRSZRT .

BEEBEE (Aw=A<Aw) &, I (2) TR
UTe KD ICEEEDRFEERB FEOUITIRFEB T
DEBRE pna, poa’ A TBODICHRBE ULRE
Uiz, BIBIC 4 ,ah'0.001 % 5T1C0.06DI8A
DEEFEHZR (2) (U > THIRT D .

0.06

Friction coefficient .

0.03 2 ,a=0.001

0
0.001 0.01 0.1 1 10

Oil film parameter A

H3 RELEERERHMDEK

Relationship between friction coefficient and oil film parameter

-23-

4) EHL&ED D HEEMIE, ZhouSDEET (13)
ZRWz. IEUVARKEBE— FDIRTHDHE
([CIFFAR UTe. EHLED DRMIRRDAE, T
KERENY MLuDRFOEEE Uz, e,
O#5 9 & 2HAIE, EHUHEDERND AEDE
TRRNIC KD NFp: (N (14)) ZBEET DIUHED
HHY. [ZlEL, FEIEIDENE®ICH UTIELE,
NimlcR U CIFaEES. TN, JERBEO
EANDDAICRKDIBRENDIEHE—A Y MK

FEESRAIF.

0.648 1770.246 3
_ ¢T 292R@l (GU) W . L lf h/c, PE>h/C, IR

Fry= ao lul
@] otherwise
...................................................... ('| 3)
2R u
F, p =T °IF Pl e
o ~E Ry P | g (14)

BERD, COEmMBEDASAARFICIERT S
B, BEREANBKUEHLEA D RMHIETIINET
BTED. FeNT MLONRERICRIDE—X
VhBASARCEIGEEUE. EATAARD
NETE—AY FOFEFINCBICERTS.

3.2 CAXImAEENEADIEEBOTF S
—RREIC C DEMERF30~40%IEEDIND ZH

LCWBTcs, DRI NSO 3V hH5

WEBENICHERT 1 HEENEL, BHTED.

1) AN RBZORZRADCAHEIFKE CHSD.
—7, ABmADEEIEHAIWVERTSDS. &oT
BAZMAEUDH, CALHERBDEMES
[CEHEBU/NEW s, RAFZNEEATERICE
TOFSIMMERTDERET D.

2) #BAZNTHE o hOHertzORBEMIZHBWNT
BN ZstET . BERFAHIEHERE LR UTE
TEEITD. ILIEUVHERESDOEETIE, RUIRIC
mIKDIC, IRE—R[EFBrewes' O= (16),
PEE— RTI(3Chittenden5'® D= (17) %=
WNCTWL2d.



NTN TECHNICAL REVIEW No.73 (2005)

¢T : hc, PE if hc, PE >hc, IR
= R PPER PR ('| 5)
7 hemw  otherwise
2 U 2
hc,ne:128a/,[O.]B]tan’1 gﬂ-l—].BBS} SZ,W R,
................................................ (18)

3.3 C2/\\inEEAE/N\DIEE—BOT 5
—AREICIS, CDEBD CTDEEREENTHDHDD,
FEEBICOVNTESPHABIMREENMERT 255
(CEMUBS. CCCTHERATERICETSINDYER
FTHEMEL, HertzOREMINICKDEMNZEE
95. FCEBENDETIE, Ty IEMEBRESN
e, BRIREFEB NDBRRRMOHZRAE L.

3.4 CaEEEEFRESENT v FE—BOTE

CAEmBEEFRigsRT v bE (RADRRER) [
DFEHE, 2 EHBMBEDTHEFERETRAS
A REZAWVWCEHm Uz, Ry MEOEIHREN
fesh, BHASOERAS, BFREAZRELEHUIZ.
Flc, CAGEEEETSHRT v MEDHEDIEIFER
THDIEND, BEBOIT Y IICTALEMUICEE
DIB7ZEMUTC.

3.5 C3mEERRFEERT v NEEOTFS
KBRS KOINERID C 2imE &S RSN v S ER
DTHAF, TNZYIRERFES KOFEXFED
BACES. TIT, ERUBINERRZETERL,
BRICBITDEMNOBLOUBEHNDREMZE DD
BHEUE. BH, BMEOERIGIECTCE, Ry
PEIDHEIDREWZS, RFHBZRET S.

o h%ﬁéiﬂ;’/ 5
.__.-“'
7

B4 R w MER
Geometrical shape of cage pocket

REA

INVEA

-24-

4. FEINR

AT ET IV EERRZRSICRT . BIRRIEETH
FEFRET D, FREMKER, BLOANRED
(FEA—CHEZILARS BIERERNGSRZHVCE AT
BEWMRO RN TOEHZ@N 21TV, mEBD
FREAREHHLOTHENOERZRHE L. R1ICE
SR FETOROBERAZRY . Fo, RPITEKL
[ AEDHILEFN ZE6(CRY .

SUVIEERFARZ+YHBNEANSE, 0B E
AIMIBYTDODRAEEZRITOLIICHATT.

E5 #TETIL (IRECHRER)

Analyzed bearing schematic and its coordinate system

K1 NREZOFETTEEERFM
Test bearing and operating conditions
= TS (|
(mﬁxﬁ%xxma mm) (JE;E%%;E%@ BRFERLME"
RIS =4Em RHER
CARE 21 23
BAEERGE, kKN 48.5 50.0
W7 v hBE ap, deg 45 56
RESENE oD, mm 61.39 62.22
g, C 100
HBBIEMEE, mm?/s {cSt) 252 @ 100T
WERLCEEE, rom 5000
fE, kN Fr=5, Fa=25

* IARDB KU D (TR RIE ~F—



I e e Em T\ MR OB PR

#6

)

o

=

IN

mn

s I

- F: _IZ

ﬁ | B
Pl 5
| | =

2 o N
\ R
BrETEER

(b) R¥FERINYT v NEREIR
E6 RErEIR

Cage geometry

(a) #HZHER

5. EEITHER

LB DERITIER C [E IR DR EZIRE I D
. 5tERBKR0.5s@ (NmEIELH CrI40BI%ED)
DTF—=F%ZB{REL, TD%&0.2sf (NELOIEE TH
17E%553) DF—57ZsHfICAL.

5.1 R®EFRELOT Y7 IVEARMEZAI

RNENT TRV CRRFRE, B6(b) (TRUELDIT,
RTw bDSIFPIVITEENRT v FOEAB T EE
[CHERNTKEVWEIRT, REFSRORANIEZAISRT
v NSITIVTEFEEDY . EEHZ D ROFIFH
2DTI7IVERICEIFDRFSRELNTZE7 (IR
9. RBhDOREBOERHRT Y hSIP)VTEXTH
R ESNCRFRELODME (SV7IVERN) ZR
LCTW2. BBERIEFRERRT Y hDSI7ILTE
FEFRETOATHD. FREFRELOUMBNIRT v b
ZIT7IVTERICHENTNEL, BIFR+ 19 DEEE
BRHTORFRFHORMIC—E U, FARERIR
ERICENT, ZAEHDTFH(TAIEL.

CAHGMBEE RFRDTHNI/INY -2 ZEBITR
9. E8(a) |&, RIFBEDLHES (b) ([TRINEBEN
ZHUCVDEICHNTD, 5/ FigsET5hs
ZOEREMBERILTCVD. HPDRENY ~UIEF
RBED S ANBLFSHNT, C2ELEERELT
W2, BESHODDKDIC, REBEEHGRUETCTIEF, &
AWCHRFFESROEAABICH UTBER T D AEDER

Radial Pocket Clearance

1.0 — =17
*‘\7 05 [ 4
o A"
= . ;
S # ]
€ 00 ! .-"‘"'f W1}
(TR I’ o
g b 4
& LW /
A 05| £l M E
-'I..
-1.0 R

310 05 00 05 10
Displacement z.*

(a) %M

L 05| ¢

0.0 e

It
o
-

Displacement y.*
{!:\'*-u. =,
|\t
\gi-.

10! i S L
10 05 00 0.5 1.0

Displacement z.*

(b) BAFEm

E7 SI7)VERNOFRRERE DN
Numerical results of cage mass center behavior in radial plane

(a) T2/ RFET B

05 & LY

Displacement y.*

05"

4 RERELOMNE

-1.
1.0  -05 0.0 0.5 1.0
Displacement x.*

(b) R¥FERELDDANE

HM8 RRSRELDEMAMBECS R THUE (FRER)

Relationship between the direction of cage displacement and cage/roller interaction position

-25-



NTN TECHNICAL REVIEW No.73 (2005)

DTHMMRFFERETHLTVSD. COFRFEMULTVS
CHDNT v hRTOZEAAREIE, B6(b) (CHIFD
BrREThsd, DD, KTy bDSITIVTEX
KD DRFFREDEMEIINE LS.
BRERDIORAERICHITSD, COMEIEREFES
BH5NOREEREZEIICRT. COXIE, &I
DERENE & REFZEDIEBDFES DI EZ 2 TDIE
[CDOWCTOY hUIEBDTHS. CHEBEREF
ZEDTHFIFFHNICRDONS. FEHEHDFHIE
BRUBRKEICDODVWTEEDTBHDZE10(IRT .
FHEICEAUTCE, BERICENEERDAN14%
NSV, CNUE, CHFHOEMICKDEERD 5D
CHIARBRODEREEDEL Ulcfesd, CD7ZEK

100.0
=z
)
o
9
-
k)
°
=
o)
g
O
0.0 |||| |||||. u..ll ' ill.Ll.. [T
0.5 0.6 0.7
Time, s

(a) FER

Cage/Roller Force, N

EFIHHEBENOD NS IV 3 VHBERIL, O
FERESEEOFHTENERILIZEEI SN
D.
REEDREB NI CHNSDFEITHD, CDF
BSADREREMENMRGRESHTRETS. DT,
H7 TSRS NIcmRFROEONIOIREDEE,
COFHTFENDEICGERTDEEZSND.

—7. THEHNDERXNEICEAUTE, BEREMAFER
EDENR% THofc. BATSHIFBRNETSIC
FEINDHD, AWmLCEH THS7BIEDDE[R
ZBUCRTCH, BERORRKTSNIMRERDZN
Z2%L\E EESCEIFTFEL, BEREEIRRE &I
95.

100.0
0.0 Y] ‘ i || B & h- A |I
0.5 0.6 0.7
Time, s
(b) BEHEm

®9 CZoE@EE REEsEOT 5N
Cage/roller (rolling surface) interaction forces

50 0.3
45 b
i - 025

Maximum force, N
N
(6]

I Maximum force
&= Mean force

[}
o
o
Mean force, N

20 ¢

15

10 F

5k

0 i
Current Developed
bearing bearing

E10 C2EEmE  RiFEET5NDOFEELREKE
Mean value and the maximum value of cage/roller (rolling surface) interaction forces

-26-



I e e Em T\ MR OB PR

5. 2 (REFERELOHSOZENL

RIS, REFSRELOHABQZMDFEEEZE 1
([CRT. ftEmld, B12(CR9 KD ICAwmDIERED
KROKXDEEICTADEL, MDOFEEERE CAKIKRHE
BEITOROREREMIBESREL, RESERT
v hDE @I EXTERATELE. BTTKDRE
BOEHABZENBFRATHRIFEDHAE T EFTD
1,/ ORRETHD. E13(FERERT v NNTDT S
EARFEBDOT SN/ —ZRT . BROREDN
I MUERESEH O A< TFSAHZERLTVD.
o T, RFBICIERRSNCTFSNDORIINDERT
BT EICHD. REssMT Yy hOBAEKRNS, T2
LEEEFRERNT Y MOFETDE (B13 (a)),
REFSRIE LT SNDzZA™DHICKD —zHaNEE)
9%. —7, IHXNmECRFESRRT Y MHF5FHT D
& (B13 (b)), REEEF+z0ENBET S,

E14(C 2 KImERiFeENT v MNEOF S 7%
m9. COMIE, FIHDOKRMEEREFERT v NE
DFSHSNDMEEZETDIAICDOVVTCTTOY hUTE
BDTHD. BRERFIFEFRFEDEETERE . CT
BUTWVWS. —7, RERCIE, THHORESIR
FEmICHENRT 27T, FHAOEENSV. B11ITR
SNCEBBEMICHITDREREMHEREDE,
B14CRUETFSINT—VDEVICEKDBDEER
SND. REFFHETIE, TD/INREERFFERT v
hEDERIFRSNED O,

BIEDKDIC, MARRIFELERICEN, ZHICHV
TREFERHLS, T2/ RESETSAICBVTIEE
ERTCTHDIEND, RENTEHFE CTOREFRNED
KUOMRT Y MABEAKIEFT 5 RIFssT5INDF
E(FNENEVRD.

1.0 1.0
* *
¥ 0.8 ¢ 0.8
) )
o 06 o 0.6
= 8 .
S 04 A iy PoU TS -
- 5 Iy 5 1 ' -
o f Y ' ““\ o \ e 1'"-, y ,__\. -y
a 02 y \ e ."a.-'*- \{ a 02 [y VAR A Jx’ =
0 ol 0
0.5 0.55 0.6 0.65 0.7 0.50 0.55 0.6 0.65 0.7
Time, s Time, s
(a) 2R (b) BAREm
K11 FEERELO#AEEN

Axial behavior of cage mass center

M12 REEOHSEEUDER
Datum point for axial displacement of cage mass center

-27-




REENST 2|
CB<FED |

(a) CTHEEE/RIFRINT v NEOZA

Ela

13 Ca&FKzmT

| s 53
| [CEB<TF5h

REsEs

[BlER75E]

(b) THKImERIFERINT v NEOEAR

v ~OFEH (R#ER)

Graphic example of cage/roller interaction forces

10.0
2z
[0
© 75
ke
©
c
o 50
5
DC:> | 1
&L 25 ! | 1 i
% l , | 1
o] | ] [ i it
O 0 | :1 1l § oo 0 |:.= I.I. I
0.5 0.55 0.6 0.65 0.7
Time, s

(b) BA%Em

14 CHKIEREBRRT Y SMEOF5/
Cagel/roller large end interaction forces

10.0

=z

@

© 75

L

e}

C

o 50

ks

©

% 2.5 i | :

o | | l

© 1 I |

O 0 1 | 1] I

0.5 0.55 0.6 0.65 0.7

Time, s
(a) Z#Em

ATW\WC 8T ZRNRE U XTI IFERITY —
W ZERWCIREFRMZ E A A ZE LU IcaBas
SWMZOLRZITOIC. GAESEMR(IIRELREH
Z(CHEN, REREHICBVTKRELEFEL,
2D/ REFFRBTSNEEEUTTH D, KEREET
FEAEEEMZ(CHFHINERGSEOROARNALE
9D RFEFRETSINDOEZENNSWNC &7 HEER
Lrz.

ERNIEC D REFB TS5 IDKELRISEE TH
D, XKL, EBRABREME U CSAasEH=0
HWREZHESR T D BAMEFREVZD.

-28-

SEZ XA

1) MSC.Software, HP Address :
http://www.mscsoftware.co.jp/ (2005.05.23)

2) WO - E82 - OMER | AE MR OFRE
BEEENT, () BANSAMROI—ZFRMSA R
OY—=FFRE (IlB2002-10) 415.

3) IO - LHE . AEC OMZORRSEIENT,
NTN TECHNICAL REVIEW, No.71 (2003) 8-
17.

4) IROEW - [FHEE BT\ A8% REFRDI3IX
TLEINZ T (oW sTERR), () BARMSA
hOY—2= o/ MOV —2EFTRE (B
2004-11) 503

5) Zhou, R. S., Hoeprich, M. R. : Torque of
Tapered Roller Bearings, Trans. ASME, J
Trib., 113, 7 (1991) 590-597.

B6) Pan, P., Hamrock, B.J.: Simple Formulae for
Performance Parameters Used in
Elastohydrodynamically Line Contacts, Trans.
ASME, J. Trib., 111, 2 (1989) 246-251.



I e e Em T\ MR OB PR

7) Martin, H. M., :Lubrication of Gear Teeth,

Engineering, London, 102 (1916) 119-121.

8) Gupta, P. K. et al., : Visco-Elastic Effects in
Mil-L-7808 Type Lubricant, Part I; Analytical
Formulation, STLE Tribol. Trans., 34, 4
(1991) B608-617.

9) Kragelskii, I. V., : Friction and Wear,
Butterworths, London (1965) 178-184.
10) #AK IERS, AH TR EEHD NSO 3 UFFE
[CEAT DR (2% JAE.28,10 (1983)

753-760.

11) Brewe, D. E., Hamrock, B. J., Taylor, C. M., :
Effects of Geometry on Hydrodynamic Film
Thickness, ASME J. Lubr. Technol,, 101,2
(1979) 231-239.

12) Chittenden, R. J., Dowson, D., Dunn, J. F.,
Taylor, C. M., : A theoretical analysis of the
isothermal elastohydrodynamic lubrication of
concentrated contacts |. Direction of
lubricant entrainment coincident with the
major axis of the Hertzian contact ellipse,
Proc. Roy. Soc., London, A397 (1985) 245-
269.

13) REFE - IROEHE - HIWLWI 8= #5303
RITEINZEENT (B8] 8T, () BERNS
AROYV—=22 S/ ROV—2FTRE (Bl
2004-11) 501

ot

<l

— L
[=H E RO &t
Y=t FEEBAMTZer
BEREiTZTER BRI AMTRZTER

-29-



NTN TECHNICAL REVIEW No.73 (2005)

[ EEET]

REAEEMT UV 585
— BE LY - BEETVC 28 —

High Capacity Tapered Roller Bearings
- Super Low TorqueHigh Rigidity Tapered Roller Bearings -

SN,

Takashi TSUJIMOTO
Jiro MOCHIZUKI

e =

B ORER

BEED NS VRAZIvY3y»TI7 LYY vILFTHA
(C, TR H2MZ LIFFEFCIBMNSESIET,
FmdrUHMZO LS B REEEEMNTV 8% =

HRELE.
A TIE, CTOMZOEE, HEE, 1€ NLIENDILEH
[EDVTHENT .

Tapered roller bearing have greater capacity for carrying not only pure radial or axial loads but also
combined loads, and feature greater bearing rigidity. Therefore, they are found in numerous
applications in various industries such as the automotive industry.

Recent advancements in transmissions for low fuel consumption have resulted in lower oil
viscosities ad reduction in transmission size. Therefore it is necessary to reduce the size of the
bearings, which can result in bearing life and rigidity problems.

High capacity tapered roller bearing were developed in order to suppress the life reduction due to a
low viscosity and contaminated lubrication developed without changing the bearing size. This is
accomplished by increasing the number of rollers (similar to a full compliment type bearing) by using
the special cage. By doing this, the dynamic load rating can be increased by up to 10%, and the
static load rating can be increased by up to 15%. As a result, bearing life under severe lubrication
conditions can be improved in addition to increasing the bearings rigidity.

Super low torque bearing with keep of bearing life and rigidity can be designed by combine high
capacity tapered roller bearing and FA tapered roller bearing.
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BEEB FCDOAS X MHAZ 2#MZORGMIE
Study of Long-Life Thrust Needle Roller Bearings Used
in Low Viscosity Lubrication Conditions

B F 7= fa*  Hiroki FUJIWARA

E H 8" Kenji TAMADA
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This paper investigates the failure modes of thrust needle roller bearings lubricated with low
viscosity lubricants both experimentally and theoretically, and proposes a new design of a long-life
thrust needle roller bearing to meet these demands. Experimental observations reveal the
occurrence of surface originated flaking at the inner edge of the raceway, which suggests that heat
generation due to sliding roller-race contact and the resulting material plastic flow were the likely
cause of the damage. Theoretical analysis shows that the dominant factor in bearing torque is
slipping motion at the roller and raceway contact under insufficient lubrication film conditions.
Consequently, the use of crowned rollers and double rows of rollers are expected to yield longer life
as well as lower bearing rotational torque when compared with standard thrust needle roller bearings.

1. [FUSIC i S

ASA MK A28%Z(E, SAFEE, ik, O b EAEE
VIND hE, BLDOHRZBLTED, SFISFLEF dr  COER
JUT— 3 THREINTWS. 7 JUr— 3y E' R
CEITBGERHFIFTERBITSHD, BEREINDIERE Ep BRSO D#EEER1ISEE
BHKD. A—IF7AVAIVIUYHICAVLSNSX Fo, RECIEMESCHRET DEES
SR NHRT2EMZTIE, SREESFEHDES TR Fr  EDDRMEIK
PEBEIE UCHERIND. iBF, VT vyHDR) F, HECRETDINSIIV 3N
K@D, BERADHEENMETL, FBERED G MRS A—%
FIFIIETNTDMERICHD, FFHSEB TN CORED J CBDHES
EDRKHENTVD . L EfES

AETIF, FHSEBTICHDATA NIRRT A8 la  EANIBSRIMIZ D ([CEH D ALY 2 E08!
DHEMICRIFTERICOVTHEL, EEMILDAE n  CODHE
EIRET LT, Mp HEEEZTUIEBRICKDERNLY

HEEHARTIR  BRERIMTIRZTER
RNBRS E R ST

-40-



I, e T T o2 S 2 MR sHEOREHIL

M, EEDDRHERIIC K DEER MUY SR
My AEVICKDEERNLY '\
P fE -::é.'a'-'" ﬂ;ﬁf//,/// b_ yiilsa
R SR e gﬁgﬁ%ﬁf _
U BENSX—F \ i Y
v BERE CAOEEEOENE 3 P
W \GgE/I(SAX—H 3 : ,*- % =
w  BARIHEODHE > WQ
]
wo  EMERDICBDRINECOSE 3'“ S
v BERLERSE S RIS EEMSEOEE o AL
Z  FIEEODTAH o
o HEEENRY 1.
pr ML RTUYIBEEH BHE—5
o BMERE B1 NTNZSZ MHRC A HEEamRg

NTN thrust needle roller bearing life test rig

p BERRE
op FHEEXTUIRIBRICKDFHIAE

¢ BR(IERBESICO DMWMEMREIESE ®1 Somstt
b1 BABIRICLDED D RIERIDRMI ALY ) _ Life test condition
o OEROERE @ EOHBOBERSE \ _
HERH NTNZ S 2 MHRC 2 Emnmng
i = 9.8 kN
2. RERICKDIEEERDHAE" EERREE 5000 min’!
BEsi= pise AE> KU ISO VG2 (70 C)
2.1 HFonHEaE HEENS X—4 | 0.1
EHARICIINTNR S Z MR T 28ZEHRER RS EEH
RO c, AREMBRNZRE R . aiREGz (b) HHRBOMZFEETT
RI1CTRT. §EHI 60X 85X T mMmMTHD, 3 PEL »60X 85X 1 mm
MECHLIBFEEBLCEB L. CAREELT 3 ®3X7.8mm
P3X7.8mmDRA M — NTAEBALRL. BEH
[CIFZEY RJLAISO Ve2EFEALE. TOEED
SHER) (S X—% (A) (F0.1 (REMHT0.084 umRa)
THD, BEREBREICHDENZD. 2
16 |
2.2 BIEMOME FUBFOKE B M
SHERENERODIMIEIZSPCC, SCM415, SK5D3 & 1of
BT, RORYSSEEOANLBE TRELAN o
Efiol. SENEHCOEARREREE2ICTY . Sh |
WFNOEBEHRORBC K> CTHmIGEL. 8 L
BWOFHLAIVE10 %HFS (L) THI 1~ 17850 £ £ BB
EREFHL, BUEROME, BUBFOBRNCLD E & 2 E
HEHEIFRD SN o, Y e ® s | exs

K2 FmlcKIIHERDNTEEBUIBFDFE
Effect of race material and heat treatment furnace on
bearing life

-41-



NTN TECHNICAL REVIEW No.73 (2005)

2.3 HEmOREDORE
FnlCREFTHEROREESDOXEZRE L.
FEwOKREHS(FHW0.03~0.11T umRa& Lz,
ERZEBICRY . AABREMTIE, KEESESD
DEICERIFEREEREERH SNED oI,

H4(C, #NEBCLDPEREFLDOTEZRHE L
fERaEm g . BB OARE S (FFERE CEHE L.
FinlCRIFTEROFEDRIERD SNED ofe.

50
m 40 F
ﬁ-i:{'
30 f
(&
L L] L]

HHSZ' 20 . » - . .5 =
Ty § L ™ .
0 i i i i i

0 002 004 006  0.08 010  0.12
KEME(Ra) um
M3 FHalCRIFTHERREESOTE
Effect of race roughness on bearing life
50
40 |
i
H2 30
E{% 20
: [ ]
31 51 102 103
FEE um

M4 FalcRIFTERTEEDOTE
Effect of race flatness on bearing life

2.4 HEmROHMEDTE
F2ICRUEELDICR TR MR 2#RI(CIE, #
BIROIMIE, BNIBFODEVICKDFMEFFRDON
Ehofc. CORREUTIE, WIFNOBEERREC
BRFBRIEENFELCHD, CORFTBRIEBN—ik
([CREBEZETIEDICH, FoEDRNEN ok
DTEFEVNEER . NFRRIEBODRSE 1.5~
9.4umTdholc. HFRILBDFEZERI DI,
ITAU—RETATEY RR=X N TO/\TELEFIC

K ORI LBZIRE UIc#BER CDEFma Rz T8
ofc. TORRZRSICRT. KFRBRIEBZREL,
Flz, (£ EFRT, 0.062 umRaTdhofeREHETH
MIICKDTO.027umRa&sFoiclChbEHLS T,
FonlF@ EUEDofe.

COOfth, REWES, RELEINS, REBA—ATF
A4 FEZOEREFaDBERZREE UICH, Fansd
HEBEIRERIFERD HEh o fE.

50

40 |

B

30 |

20 |

10 | - .
0
0 7.3

RISTEREBES  um

®5 FHonlCMIFTHERREDHFRLBORE
Effect of race grain boundary oxidizing zone on bearing life

Li0 Fap

2.5 BB
ABRBROHERREDREZEE LR . #RD
BEOREAEDFERTENOARER T Y Vil zic
REUISEVRBETH D, BEOT v IERFEREI(C
EOTHERAULER () HERH5N. ASA S
TR DHMZCTIE, CARE Y FHLETHERND C7F
D, WiKICEN D TINDHRELSD. CDINDIC
KOHERDICHITHFmMME T LAl N 9 S .

EE1 =REROERKHE

Raceway after life test



I, e T T o2 S 2 MR sHEOREHIL

CCCTHERAURIDEHERIEI SOV IS
TLEL ey, Ty IyO—FeEBEO—EREERS

nan, TvIO— RHEERTHNISHEEER T
EED. ECBN, ARBTIHEBEENRELERT

Bt Coholc. Fio, EBICRY & DICHEBEDH, &
EEBIDORR T v IEICIFERIC KD EMRBEEIL N
FEAEERINTUVEL. ARAIT Y I TIFRES
0.083mMMECHEMEBINADERINTWVDD, H#
ESNDHITyIhAlFRAR2GPall N Cholc. Ll
H'oT, TvIyd— MEEERTEFEVNEEZ H5ND.

KEDSOEEE mm

@ 0 0.01 0.02 0.03 0.04 0.05 0.06
- . . : -
@ -100
% 200
-300
B
E“E -400 - PHET v VB
4R 500 —a— chiREp
-600 e NET W IES
-700

H6 SEREROHIEIDITEEEILS

Compressive residual stress in a race after test

2. 6 EEHERREDRERIREL
LTEEDHEZER T DI, IHICISTDZUT%
RS, CODREBHNFERRSZANV—MIDKD
pRELUcHR CEmallRZTEofc. TDR-R, 7
SOV IAERAUCEZEA MU— I DR
RUcSAZEHE LT, FHEEIFE ERTHICHED
57, B7(CRTLDIC45BDFMMNESNIC. C
DTENS, THEHEBWDIBNITNDHFICHE
UCTWDEHETED.

100

80 |

B

60 |

40

Lio F6p

20 |-

AbU—hI2 ISV D

B7 AbU—bTHETTDZUTTHDHFmDHER
Comparing bearing life with straight rollers and one with
crowned rollers

ESBIC, ISDZVIIDEMBEANU— IO
ROEmORE TR ZHR Uz, B8ICAERE DM
R OPEMIEIDON - HER T v IEERRERR
EOXfRHMEZAE UIciERZmd . AL—hC
DHRIETSD VT IDMZICHN, Ty IETD
FMBEBOE FHKRELS, AMLU—I2HRIETISD
ZVJ MR I D BEEREEN T v B TOFREMD
REWTED DD oTE.

EOICHBREDA MU —hI2MRETITD VT
CHOHMROHERLENRE DN - AEAT v IEE
FRREREDXIRES MEOAERBRZRY . XIREY
EFMEFERNICLDREDBEMRBDOFE CHRE
ABICHERITUDED DEHICEUDRRIT, &t
BRREID C 2 D8N0 BRI LTSS IN D ¥R
DO FBEICAEUREEBINS (CITIRESHE
Sin? ¢iE CKROTHEEILIITHHE) DEDEMETE
MHICERED. COEDAETVNEERAICEUHEMS
MEBPRENCEZTRULTCVS. A RLU— T8

!
bJ
L
I
2
-~
X
N
rJ
D
N

I359

5 5I.5 tli 6.I.5 7
XigtfiiE  deg
B8 S EHEEMDX AR

X-ray half-value width of rolling marks on races

P
FRERER
SEH

o

VJCB | ARL—hKTS

LS

#m

359

0 50 100 150 200 250 300
XRESME MPa

X9 #EimEnEMDXIRINES T

X-ray anisotropy of rolling marks on races



NTN TECHNICAL REVIEW No.73 (2005)

DORERAT v IEBDRBROANE IS D=V T#RICHE
N, #160MPakELE>CTLE.

HUERD, THEHEHRDENITXDICKD, #E
WOEEMARA T Y JETHEB, BEREHEL,
KEECRUDHFICESLEEASND.

3. BNV DfERY

HASFEENVI EOEmREDREICL>DTEADS
Nd. CCTlEk, BEBNUVIDEREZNZNDES
(CHU CERNICIRETTT D .

3.1 EBBMLIDEREZDERE
3.1.1 XY

ASA MR DR (CHITD 5 HEHEDE
RETNODORMRRZRI0ICRT. 9592
ZEREINE, BMERNTC2ERISEEHTEEI(CE
—DRWMERFD. —77, NEmEFECHH UoRE
DMEES. UehoC, EREATERMFILTD
EFREID ([CEER T & A/MEDINDZEUD. NZER
EVERS. BRERZ () ETDE, AEVICK
DR NUIM{EIH() DRI ICELZENTED.

Ms:2TZ _Eff,l @) w) vx) dx

BEERRH 1 () FEAEBERICI > TEABND.
BRI ERER D BRI Greenwood-TrippDIEzHY %
BWCEEL, REEBEO NS0 3V AHDETEIC
(FAIAR - AR DEENTOZEA LT

ETAT, BHREMETILCORER P EBIRRE
ZERIZBIOA—YEIERICEZ DT EIF—MRICH

g DREE
CDDERE

sk L
TOIND

B10 XS PR OMZREOERE
IRDDRMRR
Peripheral speeds and slip speed distribution
in thrust needle roller bearing

-44-

#CThHd. LD o T, HENEEFEMOIED
REWVGE, BEREDDWVIEER NULIFEERIC
(FTUBHREBREE—EULEL.

3. 1. 2 Eh DRI
Zhou-Hoeprich®[CLKNUE, EHLAD OB TIEEE
AR AREICER DD S EOEBMOE ARG
FETD. COBAMRHNZERD I NEIE UTET
fTE, COAFEEREFHBDE—XY hEUD.
CDHZEENDKEETTEMS. Zhou-Hoeprich(&
EHLIERREEN D' D, (2) TR T ED D R EIRTIDE
MOFERNZELY. KR CIECOXZIHRAT S.

FV: ¢ T292 %L (GU) 0.648 w 0.246

AT A RPRC2HMZ TIFEN O MMIRTIC L DE
BNLIMAFRITERED.

M=223 [2F, @) dw
j=1

3. 1.3 #EEXTFTUIRIER
HEGEDRDIRUERT DHE, WHEOTHDE
RIEFEATUI AN —TZHE I EASNTND.
RIERODEZEDOHMEE AT U BRZRDD.
E11(CRIERESBICOEVNT, ERIBERLICHITS
M) \iBay C D& (&
_2P

W= Ay=

(2171' E'I%P )1/2 dy

o Y Bk

Roller/race contact part

11



I, e T T o2 S 2 MR sHEOREHIL

THBHDND, CHDAYRITEmNDEEICEPIHME
fat=E8d ¢ &

P1.4

_ (" dé . _
dé¢ _/0‘ woﬁ dpP=0.65 RO5 047,03

dy(5)

5D, CHEHERNEMUKREDICD ([CERN'D i
ERGY:EE MRS

ThdhS, BEEEGIZD DFMTRIEEL:S,

wd,

Ep= ¢lu ="

EFD. T, HHEERTUYREBRFEYZ prk
9oL, HEERTUIYRABRICKOFEAEHROE
BHNLOOBICIE

‘DEZZZ/QEiEE: CUME ........................ (8)
DEFRH®SD. DFED, FEEITUIRBRICELD
S ML O Ml

27 B 2, Ep
ME:+ ................................. (9)

TKHOSND.

3.2 BBV DAIELESTERRE DR

B NL O RIEDEensk i LA UTc =R DOF 254
TTZER2ICRT . BH, TAICGFITDZVIZRU
L. BERF#EHREERDEE CHS. HBREKED
BB 7ZE12(7R 9 .

V2D EEDEERFEREFBERZE13ITRT.
iR, STECBOEmEED EF(ICHUTEE MNLIIE
BHALTHBD, B5Es2 KD ESESZDIE D HVE MU
& o, TDEE, AR A—5A=0.7~
1.6CHofc.

&2 BNV AERBRSEME

Frictional torque test condition
(a) B ML AIER R OESRSE

siERKE NTN#EE ~) L2 5 Bk
1 & 3.0 kN
[CEmRE 1000~3000 min’!
— ZAEY KL ISO VG2 (31 T)
e &—F 3 IS0 VG32 (37 T)
BN pabry 1 meER
(b) BB ML RIEHBRDOEST FEETT
) BEL 60X ¢ 85X 1 mm
$3x7.8mm 9S5O H
B3T3 ] (p3%7.8)
»3X3.8 mm
ISHZITTH
BHT3 ﬁ (p3%3.8)
L 1 1 u | §
o
g E—%

AERE

O—R~t)b
.‘Aﬁﬁ%m%ﬁ)

PRHET— T

TP =

A

12  NTN#BUER )L O st Btk
NTN vertical type bearing frictional torque test rig

. & EREREY) = ERES)
’ 58 &) —F&EGEEs)
E 04F
z
o 03f . [T
A L - .
£ o2} '\__;;_-
Bk
o1}
0o 5(I)0 1oloo 1500 20Ioo 2500 3oloo 3500
CERRE  min!
13 VGE%@ﬁHb?’C:é:%i\‘g)@T?% NLO DERERE
o fiiw]

Test and calculation results of bearing frictional torque
with ISO VG 2 ol



NTN TECHNICAL REVIEW No.73 (2005)

VG32DEEDMERZH 149 . B TIFEER
REDEFICH UTER MNLY FIFIE—ENBIIED
[CHD, ETETIEHERNLIIFEBMUE. Fc, R,
STEE DY S5 B CRRMEEEFERD ST
holc. TDOEE, A=4.4~9.6ThHolc.

WIFNDORHICBENTH, EERERIFETERRED
PPRELGE2TVD. ZDRARD—DELT, &g
DETETIE, RFEFRECHDEMICLDER NI Z
ZELCLEWVWCENRZETENS. T, B13D
VC2DHERTIE, 3.1 1BICHANK DT, EffEfRd
DINSA=FHRIEEHEICBIRTCECLIEWC EBRAE
EASND.

05 o EREI) = EREEH)
’ —StE (&%) —E&EGEEY)
EQM
o 031 L’L'Lj’ﬂ
AN ™
Z o2f
Bk
## 0.1
0o 560 1060 1550 2060 2550 3050 3500
EEmEE  min'
14 VG32ZEA UL EEDER ML T DRERIER
CETERER

Test and calculation results of bearing frictional torque
with 1ISO VG 32 oil

3.3 MLIBRDIHEER
MR/ S A= ADKDHE ENDHEICDNT,
BB NI ONRZE 150 .

05 B e RTS8k
' |2y
ol W D REIE
£
=z
o 0.3
>
v
B 02
i
0.1
0
=07 %25
@ 4=9
15

EZENLZ Nm

A=9DEE, BRENMNLI DEERISED D #1EE
MCTHhH, 2EDB0%LULZEEDD. EH DRI
NICIEREVIEHEDFELZEVDT, MREHETD
BREARSDFLWVEBSIER SRR CTIFER ~
WO IZIFEAEEDRNE.

A=1DEECIPREEGHEB L1 o CEFEAER DS
magdreHlic, AEVHAERENVIDEEREES.
LichtoC, AEVODEWVEIIERSZDIF S HME ML
TEED.

E16(CFEMIC K o TR e EImRE DHE RE
Zm9 . HEAKOARAIDIFESHZEE L O THD,
NERAIDEFONEBBELPITVEEZASNS. Fe, 7
SOOI CDERAIDEREMET TSI END
.

IEDE, BEEENCHDIASA MR DHZ
(&, 950V IPEIICEOEAICK TR MLD
ftcEDENERNICHSH EEofC. EMNLIME
TENE, EREFEOREMETL, MEOBIGZR
IFTES.

160 A=k 2
— 59T A
140[
¢ 120
100}
X e p—
BEE | e S
.  CRouwEMS |
I s )
404 2 4 6 8 10 2 14
EmAREAIN SDES mm
E16 FEMICKDH EwmFEDET EE

Estimated temperature on raceway by FEM

os "ELTT IR L
' m Xy
ol B G DRI
0.3 |
02
0 0
=07 =75
() A= 1

HIR/INSA—=5 A EER NLD OERDEFR

Qil film parameter and factors of bearing frictional torque

-46-



I, e T T o2 S 2 MR sHEOREHIL

SE K
1) EHER, ASX - RILEROEHICRIFTIE

HIZDL SAROY—2EFH =
BB TICHD SR MHRT BHBOEEA fﬁgg?ﬂgahj4m I-RETRE (FF

ZALIEDWVT, RBREERIWRTZ(TOIC. BCD 2) V.M.Hauk, Evaluation of macro- and micro-

4. FEH

KERDFERDS, HEmEEMOAREIT v I BDF residual stresses on textured materials by X-
o CNICHESEBOBMRED, DS ODEREL ray, neutron diffraction and deflection.
SHBOBEERTH D EDERTE . 252 N r]neasurements, Adv. X-ray Anal., 29(1986),
CRMBORB N FHEFERTCERACYDRE 3 mEwy. EHER, BH252 MR 2850
WTHD, 5DV ITDEANLTADEINEICEKD NLOET, 2003FERE LEZETE AR
CTREVICERUCTRD 2R UIEFREMECED C EREEmE, (2003), 586.

Ehbh o, EXEBEICED . SEEOEMREH 4) J.A.Greenyvood and J.H.Tripp, The Contact of
Two Nominally Flat Rough Surfaces, Proc.

FUIRLLED, REBIETTDBDEERD. Inst. Mech. Eng.. Tribol., 185, 48/71(1970-
CHDEIUEICEEULTCIE, F5E [BINASA MZ— 71). 625.
N)VENS: | TFhd . 5) FARIERS -AMGFR, BBERDO ST T 3 4F4EICES

TOME (F2sh) —IEHFEABETETIVICLD
SUY 3 VDOBNEN—, BB, 28(1983), 753.

B6) R.S5.Zhou and M.R.Hoeprich, Torgue of
tapered roller bearings, Trans. ASME, J.
Tribol., 113(1991), 590.

BE R EH f#@a
FeE AT ST FHORAEEERBEER
B

-47-



NTN TECHNICAL REVIEW No.73 (2005)

[ EmiET

BIRAS A b=—— R)VEHSZ
Double-Row Thrust Needle Roller Bearings
for Automotive Air Conditioners and Automatic Transmissions
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In order to meet the customer's need for longer service life, lower torque and lower noise bearings,

NTN has developed double-row thrust needle roller bearings.
By using two rows of needle rollers in each retainer pocket and by optimizing the roller shape,
NTNhas successfully minimized roller slippage and achieved extended service lives and reduced

torque and noise in thrust bearings.
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Development of In-Wheel Type Integrated Motor Axle Unit
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NTN has been developing the in-wheel type integrated motor axle unit for electric vehicles. The unit
accomplishes compact size and light weight by integrating a hub bearing, a cycloid reducer and a
high-speed motor, realizing least increase in the unsprung mass of in-wheel motor vehicles. This
paper introduces the design concept and basic performance of the unit.
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Development of the Mono Ring CVT
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There have been many kinds of CVT (Continuously Variable Transmission) designs over the years.
A CVT can give high efficiency, low fuel consumption and smooth drivability to automotive
applications by changing output ratios with no actual gear steps. However, the mechanism of a CVT
can be intricate and contain many parts.

We have designed a new CVT, which is compact, simple and has no additional outside controllers.
This CVT is composed of a ring with teeth, a set of V-pulleys, and an output cogwheel. It has been
named mono-ring CVT (MR-CVT) because the single ring gear carries all the torque.

This paper reports on the configuration and principle of the MR-CVT. The efficiencies of a
prototype MR-CVT were also measured confirming the validity of the basic design.
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Hybrid Grease NA204F
for Automotive Electrical Instruments and Auxiliary Device
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This report introduces newly developed Hybrid Grease NA204F for automotive electrical
instruments and auxiliary devices. NA204F has a unique composition that is a mixture of urea
grease and fluorinated grease, and shows longer grease life at high operating temperature (up to
200°C) at lower cost than that of typical fluorinated grease. Moreover, NA204 is greatly improved on
weak points of fluorinated grease, including enhanced rust prevention ability and greater resistance
to grease leakage from the bearing. NA204F is expected to be applied to several kinds of
automotive applications.
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Ballscrew for Automated Manual Transmission

Koji TATEISHI
Keisuke KAZUNO
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Recently , automated manual transmissions (AMT) are expanding in the automotive market. Of the
many methods of automation in the market, the ball screw and driven by DC motor are methods that
have the quickest response and largest system output.

Mitsubishi FUSO truck & bus and Bosch Co. Itd have developed a new small and medium sized
truck that features the AMT system. NTN has started to supply ball screw and support bearings for

this application.

This article documents the result of development and further possibilities.
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Drawn Cup Needle Roller Bearings for Throttle Bodies

7R ¥y B *  Hideki AKAMATSU
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Drawn cup needle roller bearings have an outer ring that is precisely drawn from a thin steel plate.
Of all bearings with outer rings, drawn cup needle roller bearings have the smallest cross sectional
height, which enables both space and cost savings.

This chapter introduces the features as well as the performance of sealed, low friction, low air leak

drawn cup needle roller bearings for use in throttle bodies.
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Specification of drawn cup needle roller bearings
for throttle bodies
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Structure of drawn cup needle roller bearings
for throttle bodies
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Compact and Shudderless Constant Velocity Joint (EPTJ)
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NTN Corporation has successfully developed a new, high efficiency Pillow Journal Tripod Joint
(EPTJ). This type of joint drastically improves the NVH (Noise, Vibration, Harshness) characteristic
in vehicles. The high efficiency E-series PTJ, what we call EPTJ, is also lighter and more compact
than a conventional PTJ. The EPTJ maintains the excellent vibration characteristics of the ultra-low
vibration plunging tripod joint PTJ that NTN brought into the market in 2002. Moreover, it is smaller
(4% reduction in outer diameter) and lighter (weight reduced by 8%) than the PTJ.
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Constant Velocity Steering Joint (CSJ)
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In a cars steering system, Close or Cardan joints typically were used. However, because of the
nature of non-constant velocity joints, we are required to use two joints with special geometrical
construction to obtain constant velocity performance. To improve this situation, a new constant
velocity steering joint (CSJ) has been developed.

This paper reports the summary of the concept, design and characteristics of the new joint. Adding
the original idea to the reliable know-how of constant velocity universal joint, a smooth and non-
backlash feeling has been achieved.

- [CHBVWTEHEERETHEOHDKMEHZEERIRT D, HFREIDR
1. ¥FAHE _ . . o
FPUIIHERKR—ILYA TEEI 3«4V~ [CSJ]
BHEDAT VYU VIRBICFERINDSYaA b ZRFEUE. AFBTIE, [CSJ] DiFR & EARHILRE
EUT, kRoOXRyaAr s (DI YaAar b BEEBREREBN T D.
EDBFEEFEND) (B8sMR) hMEHhNTWLWSD. DY

IV NFHFEEI A F?(J\HMTC@, 1 93_4"{ o, GERDEIH
NCRELAEZ LD ELEmARERH EZTNICHD

NLOZBIDRFEEL, AT TF7UYITT4—UV IR ATTPUVIRYI aA Y MIF, @ERpEasyhiE
tE8d. INZEBTHIeHIC, 2DI 342 b BODIEEL, FERBDOAETIHNDIVINI KT
ZREABENELLLEDLDICHIEDE, THIC, HHENEKRSIND. |/E, RT7UVITRFIRY
BEVWDEEAREREZIT5E UG D LR afAEIC IAVbEUTE, 7O0RY3AY b z2EHER,
CEJ & THERMZRRLTVD. VYUV ITREZERDIET 1342 bTHERME

T, BEHO/NE - BE(EEERNANR—RAZMILT ZFHEIT DY TIVNILI I 34> ~D-CJ) (B9
Bfce, ML TV IV I—LADAR—=ABNELTE ) NEESNTVSD, RETLES, THITRD
D, EREOERZENETDRT UV ITVATD mIEPMEWVEEDERED B ofc. Kz, D-CJICIF2
b RYaAVIDBEGDE) BMEDIS5EDT DDYAT (FHUFRY A TETEFRY A T) Hid
TCLD. D, REAELATEFEREDSETONZD, BIRD

NTNTIl&, RSATYv T N TREDDHDHFRY BEOHE/RVEEORRZR >TW e (R1S
AV RO/ ONDEREBEICKD, EfFEIHRL ).

*BEEEEmAR FHEY 312 MRiMTER

-84-



AN ATy vy R Y 3 A Y b (C8Y)

3. CSJDEE

CSUDEAREEF, FSATV VT MRELTS
RENTWSBJ (b v IF Tty MY A TDERE
XFERI3AV ) LEAKTHS. BL, BEDBI
(&, 7OYU—AROA VT U—RITFERENcR—
IViBER—ILEDBICIFMEDE T EENFE LUEERs
BAYDRETDICH, HEYZHEOIATFPUVITRHE
UCIITNEETHS. Flc, HYHEZENELTR—
IVBER—IVBEDREZHRESTDE, BRITD
ISV \EED S S .

NODERT DEERZFBRI DFERELT, Y
IAYMRICTS VIV ERTTURILTL— 2
EMMUE (B128R). ¥ v 7 MMemlCEFRER—)U
Yy MIURTS VI v7ZRIT, R—ILANERAIC
KOT—=I[CHRESNCRAT T UAILTU— MeBE
IHmEE L ET, B2ITRI KDIC, NEwDH
HROEAEICEE L, R—ILHNERICEAT X T

)

AN
S

A7xUBIb
Jb—hk

TS50 v—

T— R=)b

1 #EX
Structure

AI7TUALTL—b

-l

M2 HYEEHEBEREAN

Structure to reduce rotational play

-85-

FHE5EFON, R—JLBTEXNEHONDEEE L
fo. COOEETIE, REICOICDERICKIDEEBmD
EMEBICENSERENRELCTH, FRERICKIDE
FMICT EXFEDINDICSD, AT DIFVVIRARZHERS
THIENTED.

EH(C, BR@OERNUOBFELT EXRDHFELZEH
b, ZNICEDLECERANZEIELT DT EICKD,
SAEEE COEERS ]S 5585 & B CERES)D
Wi ZRofe.

4. SEEEEIE

4.1 BEH[ASY
D-CJEDHEBHRERZRIICRT .
CSJlE, AFDIEL, BITODRT UV ITRYT
WAILE VD 34> MD-CIHEERLT, ELRD
7z RY .

= CSJ
== D-CJ

w®O bILD
o

0 +
BNAE

®3 EEmsEay (V342 hEE30" )

Rotational back lash



NTN TECHNICAL REVIEW No.73 (2005)

4.2 [EE LY

D-CJEDHEHERZEA(CRY .

CSJDEER ML IFENTD-CIRDREVDEFE
FEANTHD MLIEEHEW D, RTT7UVITH
VaA Y MIBUREZERD.

m— CSJ
= D-CJ

Ol#s ML

e i

0 60 120 180 240 300 360
OénfE  deg

B4 [EEn LY (E&ER) (V342 bAaE30°" )
Rotating torque

0

5. MAMRURE

ESICMAGERER, H6, R7(I@ERERERZ
Y.

MR- BESHEREUANILZTDEELTHD, X
RICHULES LTS,

6. BEATT7UVIRAFERY a2V hED
HEEHER

CSJlF, MRS TIVAILT VI aAY hEEER
ULCBE - JVINT KTHDH, OABFEIAEDK
EVeH, RTPUVIVRTLDOUATD SEEE
ZEARMBICCHETRECHD.

K1 ATT7UVIRAFIRY 34V MR
Comparison of constant velocity steering joint
csy ATtE Bit&
FINANI VI 342 NI IWAILT YT 34> b
o =& ¢ 64 mm $61.5 mm ¢ 70 mm
g = 441 g 970g 830g
HEH%E| 160 cms 327 cm? 270 cm?
EEEE 0~48deg| 0~47 deg 40~48 deg
| (2ERLER) | USRI T)E | (REZEIAT)

HRREBEENND EEREDRIEDND .

-86-

e, G BiEss BEsaxs| FHRER
S A — REATL
B rr TEELEL

E5 MAEBRER

Endurance test results

]’ ML

Gl

+0
103

105 108 107

RO EE

M6 MiRDIRDEHFARER (Va1 hAEE4LS )
Torsional fatigue strength

104

LN |
S B
7 - 2%
bt =]
= =
0
0 0 20 30 40 50
JaA v hAEE
7 ERDARER

Static torsion strength




05
@uOXZINAE
@ Q> —)b
@3—7
8 ~sORY3aAVhE (AILFYIaAV MY
Crose joint (Cardan joint)

VT D T Y—)l
VW R —=0 - L] A FI—=)b
LTI IR—)—=
——kiao—3>- )
Fa—J3A—7
S RFUy
AP iy

K9 SIJIAILSTVIaA KD
Double cardan joint

HEETR

AFT7VVIRERI a4V~ (CSY)

7. LD

BHEEDRAT 7UVIERERI 3442 hEUTH
FUCSJIE, HERDBJIICHULTY 34~ bAEBIC
BEDOFEMSHEZENT & EHICAEITETEE
DERBEEZRD, RRFEIFHRE 48EFTOEIF
FEEHEICOWLWCREAE/ v ISy 10O &
BODEEEFEIOMIIZREL, &5ICTDIEMA
MEBEZR U, AT T7UVIVRAT LICREEE
EIIAVPETHIEDTER.

CSJIF, Y3A4 Y M ETHEHERCAL—XFOER
LEZBRCEDHIEND, DLV IaAY hefd
FEWVICHERY 342 hEEEDE COEARMES
DEHARETHD, D, FTIAILTVI3A2 b
CHBUCEE - VU MEZR /e ET, AT
FUYITRBDHRET VAT D SEHEEZEKREICHET
BHIENTED. Sk, BHEBDTSHEDHEHELD
VIO MEDZ—=XICBWVWCT, RTTFPUVITVRT
LIS ERAOME—DFERY 34 2 & UTHRIC
JBAENBDBDEEELTNS.

SEN A
1) AN BEpERiiis BEER/\>Y KTy D
&EHR (1991)

-

Hl - f2X

BEEEmAER
ERY 34 NMATER

-87-



NTN TECHNICAL REVIEW No.73 (2005)

[ EmiET

JONS v 7 MRHEVU—-XFERI 3 AV b

Summary of E Series, Constant Velocity Joint for Propeller Shaft
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In order to meet greater social requirements for environmental preservation, automotive
manufacturers are trying to develop automobiles with better fuel efficiency and comfort. NTN
developed E series CVJs for propeller shaft based on the design of mass-produced E series high
efficiency constant velocity joints for drive shafts.

This paper summarizes the E series CVJs for propeller shaft products.
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NVH Analysis Using Full Vehicle Multi Body Dynamic Model
-Influence of Constant Velocity Universal Joints on Shudder Vibration—
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Vehicle NVH characteristics have been analyzed using a full vehicle simulation model. This model
consists of engine, drive train and chassis components that are respectively accurate multi body
dynamic models. This paper focuses on a shudder vibration analysis, specifically on the influence of
constant velocity universal joints (CVJs) on shudder vibration characteristics.
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Development of a High Precision Angle Sensor

i =*  Toru TAKAHASHI
B} (£ 2* Yoshitaka NAGANO
AN & T** Shoji KAWAHITO

X it
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F8FF v TRECEMRCUENTEBULZHOBI BV RT
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He2EEtty U ZRELE. BREULEHERDTH S, BELE(C
K OBAEDENEEAEZEN T 25AT, 0.36EDIH#EEZFT
W3, COHLLBEEYYICOVWTENT 5.

Small and high-resolution encoders capable of absolute angle detection are required for many applications
such as automotive, industrial, consumer products, and robots. For automotive applications, these sensors are
used not only for the motion control of mechanical parts and motors, but also for sensing the human operating
motion such as steering sensors or pedal sensors. However, commonly used rotary encoders using magneto-
resistive devices or Hall devices combined with a multi-pole magnet have difficulty in meeting these
requirements because they have a large cylindrical structure and need a fine-pitched magnetic scale, and
furthermore they can not detect absolute angle. This paper presents a single-chip CMOS magnetic rotary
encoder system that operates on a new working principle based on magnetic pattern analysis with a statistical
calculation method. The developed chip can detect the absolute angle at a resolution of 10bits per rotation,
which leads to a promising solution for compact high-resolution rotary encoders.
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Tapered Roller Hub

Bearings for Large Truck
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Hub bearings for larger commercial vehicles have advanced to unit type for the purpose of
reliability and easy assembling. This article features the transition of continuous improvement in hub
bearings for larger commercial vehicles and technology of the newly developed Tapered Roller Hub
Bearing, that has supposed the largest diameter in the world.
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The Auto-tensioner Market and Technical Trends
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Automotive engines generally use accessory drive belts, timing belts, or timing chains to transmit
crankshaft rotation to the camshaft and accessories. An auto-tensioner can act to keep the tension
of the belt or chain constant, and has shown to be effective at improving belt and chain life as well as
reducing noise generation.

Although the cost of the system and the number of components increase when auto-tensioners are
implemented, improvements in system reliability and reductions in maintenance are achieved.

Auto-tensioners are required to add constant tension with a spring, but also have damping
characteristics to allow for rapid tension changes. If the driving methods of the camshaft and
accessories are to improve in the future, the application of an auto-tensioner to increase life and
reduce noise will be necessary. Consequently, the design of the NTN auto-tensioner has been
improved to help reduce its cost and increase its reliability.
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