For New Technology Network

NTN.

eGriNICAL
:VJEW
naB7] L

ISSN 0915-0528 OSAKA,JAPANO
a



NTNOODsoOooooooo

Ooon

[DOO] NTNOO8oOOoOooooO 0000000 OO0 O0 ceeeennnns 2

ooooo OO0 OO0 ccoevvennnn 3

[DOO] NTNOO8oOoOoOooooO 000000000 OO0 OO0 coeeeeenns 4

000000000000 00 O 0 [ T 5

0000000 o0 OO [ T 6

[Os000000000] dnO300000000000000000 «errerrermarermamirariaaein e 7
NASADOOOOOOO0O0O0 00000 vOoOooOoOo

0000000000000 000000 0 0L E werrrrrrrrrermnmermmmmna. 20
00000o0o00o0oooooooo OO0 O
000000000000 O 0 O

[DO80o0IOODOOO] CUOUOOOOUOOCVIOOD UOEBIOEDJID «vvvvvveeeieeiiiiiie s 26
ooooooo0 00 00000 OO
cvinoo O O ooooo O

[DO0O] BIJOOOOOOOOEBID O LI LI LI L ceeereevenremeameeeeeennnaaaaneeeeaennenneaanaaaeeeseennnannaanens 32
0oooooo0 00 00000 OO0

[COO] R E R T U TP PO TPRTP T 38
ooooo oo 00O

[ODOO] NTN4x 4000000000000 00 OO0O0O000 00 e 43
00000000 00 0000000000 0000 00000 00
0000000000 oo oo

[DO0O] O0000000000 00D DD D cerereevrnrememmeamermnnnaanaaaaeeeeanene e aaaeeeeeennnanaaaeas 48
oo0o0ooooo OO0 00O

[DOO] dNO0 3500 OO0 00000 OO0 DT LI L eerrrevrnnemmeeemmennnnaaeeereenmeieaneaneeeaeeinn 53
ooooooo oo 0o

[CO0O] o P 59
ooooooo o0 00O

[DOO] 0000000000000 0 000 0000 kttrtvrmmmmmmmmmmimn e 65
ooooo oo O

[COO] O00000000000 00 D D T D cerrrenrnneammeemmennn e eee e e 73
o0o0o000oooo oo 00O
ooooooo o0 00

[DOO] o o o OO P 79
ooooooo 00 00000 OO0
oooooD O 000000 OO0

[OO0O] NTNOOOOO@O OO OO DD OO DD cooeererneeee e eee e e ee e e e e e e 83
oooooooD 00 00000 OO0

[DO0] O00000000000 0D DD D cetereeremrnameamreenienneaaaaaeeaeaieneaaaaaaeeerennnanaans 91
0000000 OO0 00000 00000 0000 OO0

[CO0O] (o) \u N OO PUPUPPUPRT 98
o0oooooo oo oo
NTNOOOOOOoOOoOOooOo oo 00O

[DO0000] @®uoooooooooooooo EBJ, EDJ -.105 ®UoUDo0oo0 0000000000 «veeeeeen 110

(@cvDO0O0O0D0OD00D00DO0O0OOO0OOOO0O -..106 @000 00000 0000 e 111

@UOUOoDOOOOO00OO0OOO0O .. 107 i uln NN SR 112

@UOo0O00 0000000000 - eaeenrenens 108 @ONBROODODODOD O0O0 LEPOOOD woveeee 113

OUOO000000 O0OOO0FL3642 cooveeeeennne. 114



NTN 00000 oood
gogouuouoogg

No.67

LA irEETEON Y




[0O00 ]

NTNOOOO OO0OODgnD .
oo oo ‘ E
oo300doboooboooosoboooooobooooooosonboooooooo
oo buoooobobooooooon
gooooog
gddddoouoleispuooovoo3nobobobobbbobbz120bo0o0oooooooooo
goddoooooouooooooooobbbhooooooooooooooooooo
UNODOOUOOTOOOONODOOUOODODOO0OOOONTNOD DO OO0oDooogooooooo
0doob0obo0oooooboboboooooooooDoile270dioonoboboooooooon
uggoboi19370bboodobobbtbodooobbobboooooobbbuooooobooboo
0ooobo0oboboboboooboooboobooboboolee1IloonoooboOoon
000ooobo0ooooobobbooooooooboooooooboooasoossoon
gooobobooooie7idiiooooooooboobooooooobboooooooo
ggobobobbooooobobobbotbooooobbbooooobbDbbbooooobobo
ooooboobobooobooboovboboDleboobooooooobooo
1908000 0000DO0O0O0O0OOODDODDOO0O0O0O0UDDODODO0O0OO00OUODDLDbOO0OOUoDO
odoobobOooooooobobboboooooobobbooooooooobooooooooo
00000 OFor New Technology NetworkDOOOOOOONTNOOOOOOOOOOOO
udooobooboooooooboooooobooo
0040000000000000000O0NTNODODOOODOODODOOOOOOOO0DOO
dddddoooooooooo420000ooooooooooooboboboboboooboon
ggogooobobbobbilovobbbobboobdo4bbbooooobooboooD
ooboo2100000000000000000bO000Db0o0o0DbOOo0ooOoooOoo20000
000000000000 00000ONTNOODOODODODOOoODoooDoDooooooooo
gdoboboboooooobobozooonbdooooobooooooobboooooooo
OONTNOOOODOOOUODOOOODOOD0OmMOooooDoooooooooooooo
gd4000poboboooooooooo
gooobooobo4boonooosogooonoooouoobooobooon
OCOOONTNOODODOOOUOOOOOOOODO0DOO0O0O00000o0ooooooooooo
ggobobobbooooobobobbotbooooobbbooooobbDbbbooooobobo
0000 0oDooooooon
Jo0o0ooooooooooooob212000000000000000000000000
odoobobOooooooobobboboooooobobbooooooooobooooooooo
godobbbtooooobbbuooooobobbooooooo

-2-



NTNDODOoos8odooooOoOd

NTNOOOO 00000
0oooooooo

oo 00

gobooboosoouobooooooooooogon

oooobooboboooboobooboboboobooboobooboboooboobo

gopbogosouooobooobbooobbooobobooobobooobbooobooboo
gobooboobooboobooon

00000000 NTN Technical Reviewl 0 0 0 2500 19500 D100 00000000
ONTNOODOOOOODOOO0DD0OO000D0D00000ONTNOODOOOODOooooooo
000000000000 OOOe3001988000 NTN Technical ReviewO OO QO OO0
googoooooboo

gbooboobooboobooboobgoobooboobooboobooobooobo
goboooboboobooobooboboobooboboolipbboobbooboobobOon
gobobooobobz2b00obbooobbooobbuoobbooobo3ooooboon
gobogooboobooobuoobbooboobboobooobooboob4abbOon
goboboooboobooboobooboobooobob

0000000 Technical Review D0D0ODO0OO0OO0ODODOOODOODOODOODODOO
goboooboooboboobooboooboobooboobooboobooboobon
gobobooboobooboobooon

NTNOOOOOOOOOOOOO NTN Technical Center 00000000 ONASADOO
goo0oo0ooobO0obD0ob0obo0oo0oOobOOddnD300O000000OO0OODOODODODOOO
goboooboooboboobooboooboobooboobooboobooboobon
gooobooobooo

obz2id000oboobooboooooobooooooboobooobooobooboooon
gooboobooboboooboobooobooboobooboobooboobuooboo
goboboooboobooboboboobooboobo

goboobooboobgooboobooboobooboobooboobobobooboo
goboobobooboboobooboobuooboobooboobooboobooobon
gooboobooboboooboobooobooboobooboobooboobuooboo
goboooboooboboobooboooboobooboobooboobooboobon
gobobooboobooboobooboon

gosounoooboobooboboooooboboooooboobooDobooobOoboooo
gooboobooboboooboobooobooboobooboobooboobuooboo
gooooooboooo



[NTNIDODOsoooOCoOO ]

—80U Mmool —

NTNO 8o OOOOOOOoOoOoOoOoOooooOod
gooooobooooooobooooboooooo

ooboooocobOooobOobooboobooooobooo
gs3oononoobobobobobobobobon
gbobooboboobooooooooooooog
goooooooooboooooobbooooboboogo
goooooooooooooooboooooboooooo

oobooooboooboboboobooooooo
gbooooboooooboooooboooooboo
OOOO0OONTNOODODOOQOOODOOODODOOODOO
OO000000000D0O000OO00D0O0OO0ONTNO
oo« 0obOoobO”" ODoobOoob boboboooo
gboooooooboor” oooobooobooooo

O0000000000OD00OONTNODDODDOODOO

gboooooooooooooo

go* 0oobogo” bobooboobooboob
gboooobooooobooooobooooooboo
goboobooobobobooboobooboboon
gbooooobooooobooooobooooboo
goboobooobobobooboobooboboon
gbooooobooooobooooobooooboo
gooooooooboooobosoooooooooooo

ooboooocoboooOoobobooboboooobooo
goboobooobobobooboobooboboon
OO0O00O0O0OOONTNODOODOOODOOooooOd
OO0OO0OOONTNODODOODOODOOOoooooo

gbooobooobobobooooobobobooooon

gooooooooooooooooooogooboo
gobooobooobilizeoobOOoooOoooOO
goooooooooboooooooobooooooboo
gbocoooboooooboooooboooooboo
gooooooooboooobooooboooo
oobooooobOoooOoobobooboboooobooo
goooooooooboooooooobooooooboo
gbocoooboooooboooooboooooboo

gobodgoob god

oo oogx*

gbooooooooboooobooboboobooooo
goooooooobooooboobooboooo
obobooobooooboooboboobooboobooooooo
Ooboo0ooooooboobooobooooboooog
bobooooboooboooooobooobbooboon
oooooDooooooobDooobDooDbooDo
ooboooobooobOoboooboooboooog
ooooooooobooooboobooboooo
gboooooooobooooboboboobooooo
ooooooooobooooboobooboooo
oobooobooobooobboobooboobooooooo
Oobooooooobooboobobooooooog
gboooooooobooooboobooboooo
ooooooooobooooboobooboooo
gboooooooobooooboobooboooo
ooooooooobooooboobooboooo
gboooooooobooooboobooboooo
oooooooooooogo
oobo0ooobooobobooobooboooog
OOODUODOOONTNOOOOHLOOODODOODOOOO
gbooooooooboooobobobooboooo
oooobooooOobooooboobooboooo
gbooooooooboooobobobooboooo
oobooooooobooooboooobog
obooooboobobOooooobooboooboooon
gooobooooobooooboobooboooog
gbooooooooboooobobobooboooo
gooobooooobooooboobooboooog
goboooboooooboocobooboooooo
ooboooobooobooboobbooooooog
gboocoooooobooooboboboobooooo
ooooooooobooooboobooboooo
gbobooooboooooobobooooooo
ooboooooooboooobooooboooog
goioo0ooooooooooooon



[NTNODOODOs8o0COO0O0 ]

— NITNOOOOoOOoosooooood—

oboocoboooooboobooooobooooon
gboooboobooboooobooboobon
gboocooooooboooobooobooboooo
gboobooboobooboobooboobon
gbooooooooboooobooobooboooo
gboobooboobooboobooboobon
gbooooooooboooobooobooboooo
gboobooboobooboobooboobon
gbooooooooboooobooobooboooo
gboobooboobooboobooboobon

oboobOooooooobooboooooboooon

gooobooboooooooooboboooooooobn
gboooboooooboooobooboobooog
gbooooood
gboocoooooobooboooooboooon
gboooboooboobooooboooboobon
gboooboooooboooobooboobooog
dorFAOOOOOODOODODOOOOOOOOOn
gboooboooooboooobooboobooog
gboooboooboobooooboooboobon
gbooooOoooobooooboooboobooog
gboooboooboobooboobooboobon
gbooooOoooobooooboooboobooog
gboooboooboobooboobooboobon
gbooooOoooobooooboooboobooog
gboooboooboobooboobooboobon
ooboobOoooooboooobooo
goboboooobooboooboobooboooboan
gbOobobooooobo400000O000O0OO0DOO
gboooboooboobooboobooboobon
gboocobOooooobooooboooboobooog
gboooboooboobooboobooboobon
ooboooobooooon
gobobooobooboooboobobooooban
gboobobooooobooos3ooooooooonoa

0O
OO
0O
OO
0O
OO
0O
OO
0O
OO

gobobobobobooo oo

g g g

oboooboooooboooobooooobooog
ooooooooobooooobooobooboooog
obobooooooboobobOooooom@mooooag
ooooooooobooooobooobooboooog
oboooboooooboooobooooobooog
ooooooooobooooobooobooboooog
oboooboooooboooobooooobooog
ooooooooobooooobooobooboooog
obooodoboo4o00000O00C0O0O0O0OO0ODOO
ooooooooooooogooon
00000000000 00O00O0OO0ONTNDO
ooooooooobooooboooboobooog
oboooboooooboooobooooobooog
ooooooooobooooboooboobooog
OOONTNOOOOOOOOoOUoooooooooo
ooooooooobooogooboooboobooog
ooboooooooog
NTNOODOOOOOOOOOoOooooooooo
oboooboooooboooobooooobooog
ooooooooobooooboooboobooog
obooosooobooooobOobobooooood
ooooooooobooooboooboobooog
oboooboooooboooobooooobooog
ooboooboooboooogo
2100000000000 00000000000
ooooooooobooooboooboobooog
ooooOO0o0ooooobObO0ooooobboooon
ooooooooobooooboooboobooog
OONTNOOOOOODOOOODOUOOOoOooOoo
ooooooooobooogooooboobooog
obooobooooobooooboooboobooog
ooooooooobooogooooboobooog
ooboobOoooOoooboooboooboooobooon
NTNOODOOOOOOOOOOoOoOOoOoooooo
oooogao



[NTNIDODOsoooOCoOO ]

—0ooooogoobbobgooootd —

NTNDOOODoogogosooooooooooood
gbooooobobogon
ooboooocobooobOobooboobooooooo
goboobooobooboobobboboobon
OONTND OO CoOoOoooooooooooood
goboobooobooboobobboboobon
oono
NTNDOOOOOODOOOOoOooooooooooo
gbooooboooboobooooobooobooooo
gooobbooooooobobsoooooboboooon
gbooooboooboobooooobooobooooo
gobooboobooboobobboboobon
gbooooooboooboooboooboomonoao
gobobooobooPTFEDODOODOODODOODO
gboboobobOobobOobOoboOoPTFEODOOO
gbbooobboooobboooobooooomo
NTNOOOODODOoMooooooooooooooo
gobooboobooboobobboboobon
goooooooooboogoo
gbooobooboobobooobooboooboon
goboooboooobooooboioboooobooooboon
gobooboobooboobobboboobon
gbooooboooboobooooobooobooooo
gobooboobooboobobboboobon
gbooooooooooooooao
gboobooboobobooboobooobooo
gbooooboooboobooooobooobooooo
goboobooobooobooboboboboobon
gbooooOoobooooboobooboooboooon
goboobooobooobooboboboboobon
gbooobOoobooboooooboocbooooon
goboobooobooobooboboboboobon
gooooo
gboobooboooboboooboooobooon
ONTNDOOOOoOoOoOoOoosus44ocO0dddgd

*Dobobooooooobog

0000000 00
0o 0O* Y
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
O0000000A400004cmI 0000000
0000000000000000000000
00000000000000000000000
000000000000010000000000
000000000000000000000000
000000000000 0000000000000
000000000000000000000000
0000000000000000000000PR
000000000000000000000000
00000000000000000000000
000003000000000000000000
00000000000000000PROOOOO
000000000000000000000000
000000000000000000000
00000000000000000000000
000000000000000000000000
000000000000000000000000
oo
00000000000000000000000
0000000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
00000000000000000000000
00000000000000000000000
0000000000000000000000000
O00000000O0ONTNNOOOOOOO00000
000000000000 00000000000
0o



[DO0so000O 0000 ]

dnOo3oo00000000000O0000

gbobod viouoodoo

Quest for the 3 Million DN Bearing—A History

By Erwin V. Zaretsky

Rolling-element bearing technology has evolved over 4000 years to the present time. The use
of ball bearings in the pedal bicycle in 1868 started the bearing industry. By 1920 most of the
bearing types used today were in production. In the 1950's, the NASA Lewis Research Center
began a research program to increase the temperature and speed capabilities of aircraft jet
engine mainshaft ball and roller bearings. This program was in response to the projections by
the major United States aircraft turbine-engine manufacturers. At that time, it was projected that
engine bearing speeds would reach 3 million DN and temperature to 316°C (600°F) . On June
29, 1973, the first successful 3 million DN bearings were run. This paper reviews the history,
research and developments leading to this technological breakthrough.
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Multi-roller bearing, described by L. da Vinci;
material (wood) circa 1490.
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Conical pivot bearing, described by L. da Vinci;
material (wood) circa 1490.

O Le Diverse et Artificiose MachineO O OO GO OO
Morton*" 0 0D 0O00O0O0O0OOOOOODOOOOO
000000000 0000O0171000Mondran
oooooooo

O00000o0ooo0000ooooooOoa7r3400
J. Rowel DO ODOOOOODOdA76000000
CoulombOOOOODOOE. CoulombOOOOODO
o00oo0ooo0oooooooooooOoooooo
00o0ooDo0o0ooDo0ooUooooooooooo
179100P. VaughnO OO OO OO OO 18020
O00OM. Cardinet0 000000000 0OODODOO
00000o0oo0ooooooooooooooood
000oo0oooo0oooooooooooooooo
oo0ooooooooooo

oobobooobooileoooooooboooaon
gbooobOooooobooooboobooboooog
oboooooboooobise8sUldA. C. Cowperld
gbooooooooboooobooboobooooo
gbooobOooooobooooboobooboooog
OE. MishauxODO OOOOOOOOOOOOOODO
0000000000000 000Morton*"000
oboooobooboow. Bowndooooood
oboooooogoobassondodBownO ODOOO
gboooboooboobobobooilz200000000
ooooooooo

18520 0 0 Kugelfischer George Schaefer &
Co.O0FAGOOOODODOOUOFischer Bearing
Manufacturing, Ltd.0 0000000000 OO0O
OO000oooo0ooooooooooooooDooo
OOP. M. FischerDODODOOOOODOOOODODO
00018830 0000000 O0OO00OF. Fischerd O
OO000oooo0ooooooooooooooDooo
O0000000oO0oooOH. TimkenOOOODO
Timken Company Timken Carriage Company
O0oOoooasesuuiooooooooooon
OO00o0o0oO0oDOodgrimkenDO0OOOOODOOO
doodooooieo70000dD0OOOS. Wingquist
0 00O O 0O Aktiebolaget Svenska Kullagerfabriken

gbooskKkrFrOOOooOoobOobOoooooooboo

00000O0o0o00D0OTorringtond Excelsior
Needle CompanyD 0018660000000
Torrington Companyd 0191200000000
0000001918000 0NTNOOOOOOOO
OO00oo0oooOo0ooooooooooooooDooo
oodOoO0iez000000000O0ODOOO0OODOO
goooobbobooooooooogao

187500 000000000000DOOO0O0O0O
O00000oo000o0oooo0oooooooooDoon
OO00000000000187900J. Harrington
OH. BrentOOOODOODOODOOOOOOODOO
OONo. 880000000 American Iron and
Steel InstituteJ AlSID 0052100000000
O00o00o0ooOooooogoooaAlsis2io0000
o200 00000000000 ODODODOOODOO
ooooooooo



dnd300000000000000000

ionooooboobooboboboobobong
oobOo0ooooboooobOoooobooooobooa
goooooobobobbbbiseeddUdUdR.
Stribeck®"00000000000OOOOOOO
000019120000 J. GoodmanO OO ODODO
goooooooooooooooooooooo
00000000000 O00A. Palmgren®®O
19240 00000000000000000O000
gooooooobobgooo

OO000D00Urbanad OV. A. ThomasO O H.
R. Hoersch’"0 19300 000000000000
gooobobbooboboooooooooobao
193900 00W. Weibull®'fO0ooOoOooooo
000000 OWeibullD Lundberg O Palmgren
gbooobboooboboooboobobooboboo
O00O00O00O00OPalmgrenD0OOOOQ0O0OOSCE
O0OWeibullDOODODDOOOOOThomasO O
HoerschO OO OO OO OO Lundberg-Palmgren
002011800000 O0O0oO0o0oDo0ODO0OoDOo0Oa0
O LundbergO O Palmgrend 0 0 0 OO O Thomas
O0OHoerschOOOOOOODOOODOOMM

Lundbergl O Palmgren 19470 0 195200
OO0OOO0OD0OO0OO0OOISOOANSIDABMAD O OO
AFBMAOOOOOOOOOOOOOOOOOOOO
000000000

obOo0ooobOooobOoooobooooonoo
goooooooooooobobobooogooao
019540 70150000000 707000000
ooboo0ooooboooobOOoooobooooooa
goooooooooooooooooooooo
000000000000149°CO300°FOOODO
o0o0o0O0O0bO0SAElIO1I0OOO0O0O0OO0OO0DOO
oOoAISsI 5210000000000 00000O¢0O
uooououoouoooouoooooooooooo
obooooOoobobooobooobogo3soonnond
goooaiesonooooobobobobbooboboboon
uooououoouoooouoooooooooooo
031600600°FO00O0DOODOODOOODO
gbhoboooooboboboooooo

gooood

2000 00000C000O000O00O0000DOOO0
o0oo0ooobooobDooboooooae34uos.
Way*"'0 000000000000 0O00DOO00OO
obooobooooboooobooooboobooodg
oooooboooooboooooboooboobooog
oboooboooooboooobooooobooog
oboboboooooboooboobodowayooono
oooooboooooboooooboooboobooog
oboooboooooboooobooooobooog
ooboooobooowayDOoooOooooOoOgd
oooooboooooboooooboooboobooog
oboooboooooboooobooooobooog
O00OWayO OO OOOOOOH. Styrid WayO O 0O 157
ooooooooobooooobooobooboooog
oboooboooooboooobooooobooog
uboboooooobOoobooboooboooboooo
Styrid 00000000000 O0DOO0O0OO0O00OOOn
ooooOO0o0ooooobOoOooooooboboooon
oo

W. P. Schmitter’®" 019340 00000000
oboboooooobOooboobooooooboooo
ooooooooobooooobooobooboooog
oboooboooooboooobooooobooog
O0O000o0oDo0o0oO00schmitterd 000000
oobooobOooobooooooboooboboooooOoon
oboooboooooboooobooooobooog
oooboooboilsgobooisgoooooood
ooooooooobooooobooobooboooog
oboooboooooboooobooooobooog
obooobooooboooobooooboobooodg
oo0bD0o0ooDO0o0oo0O0o0DO0o0DO0oo0Dn

250 000000A. N. Grubin*”"0000
GrubinDOOOOOOOOODOOOOOOCOOOO
COO0OGrubinDOOD0OOOOOOCODOODODOO
boboobooboobooboboobobooboo3tm
GrubinDOOOOOOODOODOOOOOOODOOO
oboooboooooboooobooooobooog
obooobooooobooooboooooboood
oooooooooboooobooobooboooog
oboooboooooboooobooooobooog



NTN TECHNICAL REVIEW No.670 199801

——h-— hi,A_

o,

(b)

hy

03 GrubinDOODOOOOOOOO
DalO000000O0bOOOOOOO
Grubin's model of elastohydrodynamic contact
(a) Hertzian conditions  (b) Elastohydrodynamic conditions
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Static Characteristics of Porous Journal Bearings at Start of Operation

By Satoru KANEKO and Takashi YOSHIMURA

A theoretical investigation of the static characteristics at the start of operation for porous journal
bearings lubricated only by the olil initially provided within their pores is developed. Numerical
results show that the porous bearing with open ends yields an over a smaller circumferential arc
oil-film and a smaller oil-film force than porous bearings with sealed ends. In a smaller range of
L/D (bearing length-diameter ratio), the dimensionless total leakage flow from the porous
bearing with open ends is smaller than that from the bearing with sealed ends; however, in a
higher range of L/D, this inequality is reversed. The experimental results also show that a
smaller amount of oil loss just after the start of operation is obtained in the bearing with open
ends for a L/D of 0.42 and in the bearing with sealed ends for a L/D of 0.80, which qualitatively

agrees with the theoretical prediction.
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High Efficiency Compact Constant Velocity JointsO EBJ, EDJ Series

By Kazuhiko HOZUMI, Keisuke SONE, Takeshi IKEDA and Mitsuru UMEKIDA

Constant Velocity Universal JointsCJ CVJ's0 offer inherent constant speed rotation over a wide
range of input and output shaft angles. Because of their low weight and high efficiency, CVJ's
are used almost exclusively in today's front wheel drive and four wheel drive vehicles to meet
fuel economy requirements. In addition, the compact size of CVJ's allows them to overcome
most packaging constraints due to the complexity of current production vehicles.

NTN has developed the EBJO high Efficiency compact Ball fixed Joint (0 and EDJO high
Efficiency compact Double offset Joint0 as new generations of CVJ's to meet the requirements
of today's vehicles. The EBJ and EDJ series have been developed using FEA, CAE and new
technology developed by the results of our continuous research and development. As a result,
the EBJ and EDJ series offer significant weight reduction and compact size without sacrificing
the strength, durability and reliability of the conventional BJ and DOJ.

Furthermore, reduced internal torque losses for the new CVJ's will lower frictional heating during
operation and provide improved overall drivetrain efficiency.
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Analysis of BJ Efficiency and Utilization on EBJ Development

By Haruo NAGATANI and Masayuki IMOTO

OO
OO
OO
OO

BJ torque losses were examined empirically and theoretically. Experiments were performed
using equipment developed to determine the efficiency of the CVJ's by measuring secondary
coupling motion. Theoretical analysis was performed by compiling the equations of motion for
the CVJ components, including friction, plural simultaneous second order differential equations,
and calculating torque losses based on inner joint forces. Both methods show good agreement.
Using these methods, BJ efficiency was optimized by varying joint parameters. This technology

was used in developing the EBJ.
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Recent Technical Trends in the Special Bearings for Satellites

By Nobuyuki KAWAI

NTN has developed many types of special bearings for satellites. This report shows a portion of
the NTN production capabilities and the specifications for special bearings for satellites which

were recently launched by Japanese Rockets.
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Development of NTN's "Lock-On-Demand" (LOD) System

By Kenichiro ITO, Koichi OKADA, Isao HORI, Makoto YASUI, Shiro GOTO and Koji AKIYOSHI

Recently, four wheel drive sport utility vehicles (SUV's) have become very popular worldwide.
However, there are many different four wheel drive controls systems, and drivers are often at a

loss when to change form 2WD to 4WD.

NTN has developed a new, automatic four wheel drive system called the “ Lock-On-Demand”
(LOD) system. The LOD system consists of a roller clutch, synchronizer, Auto Air Hub, and Hi-
Low range vacuum shift motor. These components are controlled by an electronic control unit

(ECU). In this article, the LOD system's function, layout and operating principles are explained.
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Dynamic Characteristics Analysis of Hydraulic Auto-Tensioner

By Kazuki KAWASHIMA

NTN manufactures hydraulic Auto-Tensioners for automotive engine timing belt applications.
The hydraulic Auto-Tensioner is a reciprocating hydraulic device that can respond to
frequencies of up to 300 Hz. In this article, simultaneous differential equations are used to
describe the function and damping characteristics of the NTN Auto-Tensioner.

1. 0000 Sog

gooooo
NTNOOOOOOOOOoooooooooooo

gobooboobooboobobobobooboon
gobooboooboooboobooboboobon
gbooooogzo003o0ooHzODOOOOOOOO
gobooboobooboobobobobooboon

DDD? ooooo
ooo

oooooo

—— O0ooooooooo

gobooboooboooboobooboboobon
goooonc

gboooobooobooboooooboobooobooooo Q0000006
0000000000 ooooooooot*2ypoon ooooon

O00000000000000000002kNO0 nooboo
000000000000000000000000

ooooo

——0ooo

T——0oooo

|

01 NINOOOOOODOOODOooDoo
ooo0odooooboboooooooboboooooo Construction of NTN hydraulic type auto-tensioner

gbooooobooboobooobood
ooboooocobooooOooboboobobooooog
gobboooobbooobbooooboooooo

3. 000g

goboboooooobobooooooboobooooooon 3.1 00000

ob0boooooboooobooooooo200000
OO0OO0OOONTNOODODOOOOODOOoOOoDOD300

2. NTNOOOODOOooog

O000O00OD0OC0OONTNODOOOOODOoOUOoDoOo gbooobooboobooboboobooboon
gboboil0o00o000000o00oo0ooooo gboboobooobooboobobooboobon
gobooboobooboobobobobooboon gboooooooobooboooboooboobooooo
goboobooobooobooboobobooobon oo, j0jj0oodooooooooooo
oboooooooobooooon gbgoooobobooooobooboboooboooba

*Oooooooon

-48-



oooooooocoOoooooooon

FOA cos nwtOB

—

I

X8

~poooooooo
oooooo

| T—Dooooooooooon

Ac

Cud
Fso

Ks
Ke

Le
Po
Pi

Qs

Ss
Sp
Vo
Va
Vao

XcOAc cosl mwctde 00

02 O0O0Ooo0o
Analysis mode

g

oobooboooog
ooooooooo

googooog
ooooobDooooooDo
obooooooooooobooooboooobooog
goooooooo
ooooooooooooooooo
ooooooboooooobooon
googooog
ooooobDooooooDo
ooooooboog

gooooo
ooooooooooooooooo
oooooooooooooooooonoooo
gooooooooooogo
ooooooooo
ooooooooo
uoooobooboooo
ooboooobooooooboooooon
oobooooooon

googooog

oooboooo

ooooooboog

-49-

gbooooobaodg

a O00O0O0OO0OOOOOCOOOOOOO0
ee ODOOOODODOOOO

ee OOODOOOOO

f 00000
fie 000000000 0O0DOOOOO
g 00000

h O00000O0O0OOOOO000O0O0
m 0000000000
gbooooobaodg
ooboooboog

n OQOO002

re 000400000

y 00000000

ne DO00DO000OO0O0O0DOOOOO0OODOO
6 000000000

k 000

p OO0O0OO0O0oo

w OoOoooooboooboooo

wc JO0O0OO0DOO0ODOOO

googo
10000000000

g3oobooooobooobooboobooooaon
ygjodooooooooooooooooggo
ddodoodooooooooooooogogada
oobooobOoobooOobDebDeOOOO0OO

og ] 0
meXsM Po PiOSsO n &1 Xs XcO
0O Kdl XeO Xe[MD Fso
XcOAccosimwctd 6 O

3.3
3. 3.

oobO0ooobO0ooooboooobooooo0oon
ooooooooooo

0 o o O
Xe+0O Xe-D XeO XsO 10 erO

gdoddoodooooouooooouoooogada
gooooogd

] 0 ] ]
Xe+O Xe-[M XeO XeD 10 e



NTN TECHNICAL REVIEW No.670 199801

P
-
P
-

oooood

X

Xsl Xp

oooooooOda

0000000000000 Le

OO000Oep

Ks I
boooooooooooog ; |

05 00O0OO0OO0ODoOOoOoooooo
Oil flowing through check valve

goOOdOer Pi \
HoHo 0000000000000 000000000

oe000O00O0O0O0O0OO0O0OO0O0O0O0O000000
gboooboobooboobobooboobon

33200000000 O0000000ooooo
04000000000000000000000

goboobooboobooboboboboobon
gboobodbooogon 7

03 0000000000
Movement of check ball

QP:2rpT[ h33 P.O P.D/12u L

0o
meXeOd A cos Nw tO AD Pi0 PoOSe
0o 0
0 Ké& XeO XcM sgrd XeO XcOfric
O0sgnO0 000000 DO0O0O0D0ODOO0O0OO

l

|

!

\

noo !
o —f nooo o :
|

|

\

|

I

ooooo
?é/DDDDD

i FOA cos nwtdB

Po

Xp

oooooqg

Qs O

me

Z

06 000O0OO0ODOOOODOODOOODODOO
Oil flowing between plunger and sleeve

oo0oooooooon

Ooobo-o0boboooboooon
oboobOo0ooobooooboo-oobobooobooog

Ke

Pi OO00o0oooo0o0ooooooOooooOooooDoo
Ai O0000o0oo00o0o0oooo0ooooooooooo
XeD e 600 moct0 00 nooo
04 0O0OOO0OOOO O0bO00oDO0O0-00b0booobooboooobog
Movement of plunger 00000
3330000000000 000000O SFDE(PD)D(CDD\D/aD\D/oDQPDQBDO
oo0ooooooooooooooon VoOO XeO X XcO Se
O5000000000000000000000 VO Po/Pil’* Vo
o0oo00oooooooooooooooooood \D/aDDDVaIkPiDFD)i
ooooooooooooooo \D/ODDDVOIKDI%i

Qs Cdlasgril Po PV 290 PoO Pil Zy
O0sgnd0000000000000000

-50-



oooooooocoOoooooooon

4. JO0O0ODoOodo

gboocobooooboobooooobooooon
ooooobooooobooooboobooboooo
ooboooboog

gboboobobooboboobobobooboaro
ooo

T T T

oooooog [ gooooo
r0000000000 B=—=21
VT VT
— \/\ —
ooooooog
DDDDDDﬁ{DDDDDDDDD

| L[

(0] nQ 2n 0
O000wt

goooooo

00000000000 Xe, XsC
000000

T T
DDDDDE'
oogoooood

n/

A

i

ooooooQ
oooooos-|—=000

(0] no 2n 0
O000wt

-__4_1_\_\___,4-_\_‘&_4 _______________

oooooooPpi

(0] nQd 2n 0
D000wt

O7 00000O0O0OOOOOOOOOO0
Internal movement in a cycle of plunger force

Ov7000000O0nOO0D0O0O0O0DOODOODOO
gboooboobooboobooboobooboon
gboobooboobobobonbOb0OOobOOoOoDOn
gboooboooooboooobooobooboooog
goboooboooboooboooboryogoo
gbbodobOdnbOOo0obOOo0obOOobOOooboobon
obooooOoooobooooboobooboooo
gbooboobooboobooboobooboon
gbbooboobobobdnboboooboobon
obooooOoooobooooboobooboooo
gbooboobooboobooboobooboon
goobobbobooooobobbooooooobobooa
obooooOoooobooooboobooboooo

ooboobOoobooobooobooobooonn
gboooboooobooboobooooboooboo
ooooooooobooooboooboobooog
oboooboooooboooobooooobooog
obooobooooobooooboooooboood
ooooooooobooooboooboobooog
obooooooobooobooboooboooboooo
oooobooboooooobooooboooooobooa

ostli1i0oo0ooobooooboooooooo
oobooboobooboogoo

gsoobooboobOoboobobooboboobon
oboooboooooboooobooooobooog
booobooooboooobooboobooodg
ooooooooobooooboooboobooog
oboooboooooboooobooooobooog
ubobooboboobobobobobooboovrod
ooooooooobooooboooboobooog
oobOoooOoooOoobooooooon

- 0ooooo

fO 100Hz

OOo0oooooooXe

fO 50Hz

fO 25Hz

1 1 1
(6] > 00
0000ooooooooA

08 000O0OO0OOOOOODODOOODOO
Influence of plunger force amplitude and frequency

gotobobooboboboboobobooboo
ooooooooobooooboooboobooog
ooooOO0o0ooooobObOoO0ooooobbooogon
boooboooobooooboooobooodg
ooooooooobooooboooboobooog
oboooboooooboooobooooobooog
ooboooboooo



NTN TECHNICAL REVIEW No.670 199801

- ooooog

o
x
O
O
= f0 100Hz
]
D -
o f0 50Hz
O
]
O
fO 25Hz
ok
1 1 1
o - 00

gooooooooooooLs

0o 000O000DOOO00DOOOoOoboooOooDoo
Influence of check ball stroke and plunger force frequency

gio000obDOoOoOoOoDOoOoOOobDOooboOonn
gbooooboooboobooooobooboobooooo
gobooboobooboobooboboobon
goboobooobooobooboboboboobon
obooooooooooon

hoom

oooooo
=
O
O

-

0O0O0OoO00oO0OOXe
T

L

F
=
o
s}
I
N

fO 25Hz

1 -

- 00

oooooOodup O

010 0DOO0oOOOoOOobOO0obOOObOobOooooooon

Influence of oil viscosity and clearance between plunger and sleeve

diilogooooboooooboooaooo
gboooooooboobooooobooobooooo
goboobooboobooboboboboobon
gboboboboboooouooobboooooooobon
gboooooooboobooooobooobooooo
goboobooboobooboboboboobon
gbooodoaoboood

Uil12000000000000000000DO00O0
goboobooboobooboboboboobon
gboobdboboooooboboobobobod

-52-

gbooooooooboooobooboobooooo
gboboooOooooboooobooobooboooo
oood

f0 100Hz0 AD 0 O
77777 f0 100HzOAD O O
.......... f0 25Hz0A0DD

2 0ooooo

OoooOoooooXe

ooooooos- O ~ 0OO0OO0Oo0oooo

goooo
goooO0oO0o0o0o0ooOO0O0O000b0O000Fso

011 0O000OO0O0OO0OO0OO0OO0OO0OOOOOOOOoooo
goooooooood

Influence of check ball spring load and plunger force
amplitude, frequency

O
oo HDFDDD
O O
o
o% 0ooooo
o X
OO
[mp|
ot &DDDDDDDD /
| a
5SS & r
O g | i oooooooo
S i ‘,‘"\\ Feo
Feol O f \ 000000000000

012 0OO0O0O0OO0O0OO0OO0OO0OOO0OOOOOOOOoOoOoo
ooooooooo
Check ball spring load vs check ball movement

5 000

gbobodboooboboooboboobaoo
gboboobOoooooboooobooobooboooog
gboboobooobooboobobooboobon
OOOONTNOOOOOOOOooOoooooood
gobooooboobooooobooboooboooo
gbbooobooobooobboooboobooboon

goon

1000 NTN TECHNICAL REVIEW No.61 P57

2000000 NTN TECHNICAL REVIEW No.65
P30



[0O00 ]

dnO3500 DO0O0O0O0O0O0O0O0O0O0O00OO

gd goagx*

Operating Characteristics of Ultra-High Speed Cylindrical Roller Bearing
Operating at 3.5 Million DN

By Keniji FUJII

The innovative gas-generator demands the use of cylindrical roller bearings that operate at high
speeds (30 4million DN) and high temperatures (3000 400°C). A cylindrical roller bearing (bore
diameter=140mm) has been evaluated at test conditions of 3.5 million DN using an under-race
oil delivery system with 100°C lubricating oil. The subject bearing was successfully
demonstrated under these high speed test conditions through the optimization of both radial

clearance and under-race lubrication oil flow rate.
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Effects of Low Speed on Rolling Bearing Fatigue Life

By Yoshinobu AKAMATSU

Rolling bearing life tests were conducted to study the effect of low speed on the fatigue life of
30 mm bore cylindrical roller bearings at inner race speeds from 19 to 3725rpm and EHL oil film
parameter LAMBDA (A ) from 0.09 to 1.2. Under the boundary lubrication conditions, bearing
life was directly related to transit time (TT). As TT increases, life also increases. That is,
bearings which run slower have longer lives in terms of bearing revolutions. Both TT and the
total number of stress cycles affect the decomposition of retained austenite on the inner-race
surface, the microhardness distributions of the inner-race and the magnitude of the inner-ring
surface residual stress. A transit time life factor is suggested for slow moving industrial
equipment roller bearings operated in the boundary lubrication regime.
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Applications of AS Series Bearings for Steel and General Industry

By Shinobu NASU

Recently, bearings used in the steel and general industry areas require various features, with
long life being a perpetual theme. Thus, NTN has developed a long life bearing with a modified
surface chemistry. The surface of these bearings is strengthened by controlling retained
austenite. NTN calls the bearings "AS" (Advanced and Super performance) series. In this article
some typical AS bearings for the steel and general industry areas are discussed along with the

AS bearing attributes.
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Repair Technologies for Flat Panel Displays

By Masahiro SARUTA and Tetsuji SAGISAKA

NTN's pattern repair system has been developed to repair defects in flat panel displays such as
liquid crystal displaysd LCD's[0 and plasma display panels. One of the most important
characteristics of this system is its ability to repair opened defects, using a needle-shaped tool
to transfer the conductive paste, and a continuous wave laser to "bake" the repaired area. In
addition, an image processor is used to detect defects and a YAG laser generates 2nd and 3rd
order harmonics for trimming shortened defects. These features and overall system function are

described in detail in this paper.
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Running Performance of Herring-Bone Bearing Made of Porous Metals

By Tsugito NAKAZEKI, Kazuo OKAMURA, Natsuhiko MORI and Yasuhiro YAMAMOTO

In Herring-bone bearings made of porous metals, it is assumed that hole density on the bearing
surface as well as the setting position of the bearing in the housing influence bearing
performance. Experiments were performed to study these effects. With high surface hole
density, the tilted grooves cannot generate sufficient pressure due to leakage through the
porous media, resulting in low bearing stiffness. Reducing the hole density to less than 100
results in bearing stiffness equivalent to a solid bearing.

The setting position of the bearing in the housing also has a significant effect on bearing
performance. When the space beneath the bearing is large, oil in the porous media flows out of
the lower end of the bearing. This results in oil starvation and entrapment of air in the bearing
surface, which causes a reduction in bearing stiffness.
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Characteristics of NTN Bearings with Solid Grease

By Mitsunari ASAO and Hidenobu MIKAMI

The properties and performance of bearings with solid grease are reviewed. Solid grease is
prepared in three different grades. The conventional type is referred to as the "General-Purpose
solid grease". Recently a "Heat-Resistant solid grease" and a "solid grease for Food Processing
Machines" were developed. The Heat-Resistant solid grease is based on an epoxy-silicone
resin, which can operate at 120°C, compared to the conventional type which can only operate
up to 80°C. The solid grease for food processing machines is a mixture of grease and ultra
molecular weight polyethylene, which are safe for food. The grease meets the USDA H1
standards for food processing machines and the ultra molecular polyethylene meets FDA
standards. The solid grease have many excellent properties compared to conventional greases
and are useful in specialized industrial machines.
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Composition of solid grease
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Critical speed of bearings with solid grease

oooooooo oooooooo gooooooooo
00O00O0gLPO30 D00O0oOooLPOsSO| 000000LPO60O
oooog goooooo |0Do0o0o00 ooooooo goooooo
ooooog 20x 10* 5x 10% 12x 10* 12x 10%
0oooooooooo 20x 10* — — —
OO |00o0oooo — 3x 10% — —
Ul |\pooooooo — 3x 104 — —
goooooooo 12x 10* 3x 10% 8x 10% 12x 104
oooooo — 3x 10%* — —

*dnO0 Md=0000000mmOxOn=000000 rpm0O
*FwnO @M Fw=000000000mmOxOn=000000rpm0O

3.2.000
ia0ogoo

gsgoboogooboobbooboooobooobon
gobobooboobuooboboboboobod
ooboO0oO0b0e65x 00 115x 0361A000
U0bDoe 22x O0O@ 40x 0250 B0 0 00 LPO30O
gbobobooboobuooboboboboobod
94U0minD 000000050000 000000O0O
e00b000bOobOOo0bOobOO0bOobOOABCO
gooooo

5000000000000000DOO00O0O00A0

oooooo
LOOOOOoOOoooogoo

gbooooboooboobooboobooboob

05 0Dooooo
Conditions of salt water spray test

A O | BO [

0oooo 157N0 16kgf0l
000 50rppmO 000 | 144rpmO0000
ooag 94 /min
oooo 5wWt%

000000 500h
oooooon

05h00+3h000x 620000

e Ooooooo
Results of salt water spray test

goooo LiDOOO0ooOoOoOo

AOO | BODO | AODO BO O
gbomooog B B C C
gooboobo A A C C
gboboobd B B C C
goooboo A A C C

ooooooAdO0ODOOBOOOOOOOOOOOOOO coOO

-86-

gbooobooobooboobobooboobon

obobooooooooooooond
ggoooooood

gbobooobgoobobooobobooboaobooo
gbooooooooboooooboboboobooooo
goobobobomobbbooooobobbboooon
gbgoboooboboboboooboobobon

O00o0oooO000LboOoooopooooooDoo
gboooooboboboboboooboboooobo
ooopoooLOoODoOoOoooOoOooooOoooon
gbooooooooboooooboboboobooooo
gboooboooboobooboboobooboon
gboboobooobooboobobooboobon
gbooooooooboooooboboboobooooo
gboooboooboobooboboobooboon
gboboobooobooboobobooboobon
oobooooooood

2000000000
g3goobboogooovzvooboboooooobo
gbobobooobooboobobooboobon
goboooooooooooooboz000000
LiOODOoOooOOoOooOoooooobooLrugooo
gboLBOOOOOODOOOOOODOO200O0000
gboocooooooboooooboboboobooooo
A000000000DO0ODODOo0ObObOOoODbObOO
oobooooobAbODO2wtd 00O OO0OO0O0BOOO
Swti 00000000000
gbhoboooboobooboobooboobooo
goobobooboooooobobobooooooobooa
oboooooboooobooooo



NTNOOOOOeOOOOOOOOOODO

goooooooboboo
poooooobooooo

obooooooooobooo
Ooooooboooooo

AOOO

BOOO
uoooo g

oopOoOoOoooo

03 O0oooooood
Grease leakage test rig
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Lubricating Performance of Commercial Biodegradable Hydraulic Fluids and Greases

By Masakazu HIRATA, Yoshinobu AKAMATSU, Hiromasa TANAKA and Masami MINAMI

Lubricating performance of commercial biodegradable hydraulic fluids and greases were

evaluated for rolling bearings. Types of base oils used in hydraulic fluids and greases are

vegetable oils (rape seed oils) and synthetic ester oils.

10 On rolling fatigue tests at room temperature, synthetic ester oil based hydraulic fluids had
the same fatigue lives as vegetable oil based hydraulic fluids. However, at 120°C, synthetic
ester oil based hydraulic fluids had longer fatigue lives than vegetable oil based hydraulic

fluids.

200 On grease life tests, synthetic ester oil based greases had longer lives than vegetable oll

based greases.

300 On peeling tests, synthetic ester oil based hydraulic fluids and greases had better peeling
resistance than vegetable oil based hydraulic fluids and greases.

40 On smearing tests, the smearing resistance varied widely depending on the brand name of
oils and greases. It was found that additives strongly influence the smearing resistance.
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Typical properties of biodegradable hydraulic fluids
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Sulfur content vs grease life
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Development of Plastic Sliding Materials for OA Equipment

By Masaki EGAMI and Kazuo HIROSE

In office automation (OA) equipment such as copying machines and LBPs, many plastic sliding
parts, such as sliding bearings, gears, stripping fingers and paper feeding rollers are used
because of the heat resistance, low cost and self-lubricity of plastics. However, recent rapid
progress of the OA equipment has made the requirements of these devices higher and more
diverse. With these changes, performance requirements of plastic sliding materials are also
getting higher. Increased heat resistance for high speed printing, reduced friction for energy
saving and low noise are instances of required performance. Low cost, down sizing and
recyclability are also needed with the trend of the times. In this report, the latest trends of
development of plastic sliding materials for OA equipment are introduced by taking the following

three items as examples.

(1) Development of a bearing for fuser roller at 250°C operation
(2) Development of a bearing for pressure roller under high PV value operation
(3) Development of a bearing for toner cartridge
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Classified characteristics of copy machine and LBP

0o oooo ooooo ooo ooooo
000 |100150/0 |1600200°C (00000000
. ooooo
0ooo |150300/0 |250°C ~0ooooo
N0000000000000000
. ooooo
0ooo |[30000/0 | 250°C
NO0O000000000000000

goboooooobobooooooopPsOOnOnOO
gbooobooooboooobooboobooog
gbobooobobobobooobobon
goboooooooboo2z2s5o0b000o000o0o0n
gbooobooooboooobooboobooog
gog
giboooooboboooooogououooaoaoaad
ooboooo
gzozso00ooooobgobogooaponboonogonoo
030000000000 0500x 10780030
ONOmOOOoOOoooo
g4b0o0o0oo0boonog
ugbooogod

21 0000
gboooboooobooboooobooooo
gbooobpPiIODOO0DODOOPIDODOODODO
guoobbbobooooobobbooooobboboada
gbooobooooobooboooooboopPIoOO
gbooboobooboooobooboobon
gobboooboooobbooooTPiIObObOOOn

ooooooooo

0ooooo
{ gj:a
N

AN
DD}IZIL
FRARNRRAL 02 R RARIA RIS IS IIRIL] =
J
V
f 00oooooo
|
oooooo

01 ODoOoorLBpPOOODODOOO
Schematic representation of the copy machine and LBP
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Chemical structure of thermoplastic polyimide
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