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Expectations for Automobile and Automotive Technology

By Hiroshi SAKAI

The automobile made a considerable progress in recent decades. In the meantime
Japanese cars grew up to be very fine and they appear to have almost completely blotted
out the inferiority complex to the advanced foreign cars in those days.

Though the progress in the automobile and automotive technology has not been very rapid,
the author believes that the automobile is to face a great innovation in some day, until then
the automotive engineers will continue to make efforts to embody the automobiles a real
fun to drive, in addition to those efforts to satisfy them with the environment, economy and

safety requirements.
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NTN's Involvement in the Auto Industry

By Naohiko FUJIMURA

NTN has been involved with the auto industry since the beginning, and especially since its
resurgence following World War I . | would like to report how NTN responded to
developments in the auto industry, such as the expansion in the 1960's, the popularity of
front wheel drive (FF) cars in the 1970's, and the growth of the luxury car market in the
1980's. | am also pleased to say that NTN will continue to be part of the next generation of

cars which will be developed in the near future.
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Development of a Traction Drive Type Supercharger (TDS)

By Tatsuo KAWASE, Takashi NOZAKI, Tomoaki MAKINO and Takahide SAITOH

Diesel truck emission standards have continued to tighten through the 1990's. One way for
engine designers to reduce particulate emissions is to apply a mechanically-driven
supercharger to the engine. In heavy-duty trucks especially, supercharged diesel engines
have increased low-speed torque, allowing for down-sized engines, improved fuel economy,

and ultimately reduced exhaust emissions.

This paper describes the development of a traction drive supercharger (TDS), which has a
continuously variable transmission that allows the supercharger to be more effective at all
engine speeds. The construction of the TDS, the power transmission efficiency, and the ratio

change response are discussed.
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Development of Long Life TAB and ETA Bearings and Their Automotive Applications

By Kikuo MAEDA, Hirokazu NAKASHIMA and Hiroshi KASHIMURA

With recent improvements in steel purity, bearings now have longer rolling contact fatigue
(RCF) life, with the main failure mechanism being subsurface spalling. However, down-

sizing, weight reduction, higher speeds and other performance improvements result in more
severe conditions for bearings in today's automotive applications. As these bearings are
subjected to higher temperatures, heavier loads and poor lubrication, the RCF life is
determined by surface failures such as peeling and crevice-type flaking.

NTN has recently developed two types of long-life bearings:TAB ball bearings and ETA
tapered roller bearings. This paper presents the RCF test results for TAB and ETA bearings
under a variety of conditions typically experienced in automotive applications.
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Test results of 30206 and 30306 bearings tested with debris contaminated Iubrication conditions (Table 8, condition 1)
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Properties of NKJ65 Long Life Medium Carbon Steel and Its Application to
Automobile Wheel Bearings

By Kikuo MAEDA, Hiroshi KASHIMURA and Koji SAHASHI

Improvements in steel manufacturing technology have resulted in dramatic reductions of
non-metallic inclusions and close control of chemical compositions, bringing repeatable
quality to mass produced steels.

NKJ65 is one of the long life bearing steels developed during research into materials factors
such as chemical composition and heat treatment conditions.

With the same high quality as SUJ2, this new steel also has good rolling contact fatigue life,
and good peeling and fatigue strength. Because NKJ65 has been used in automobile wheel

bearings for many years, its use will be extended to many other applications.
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Rolling contact fatigue test results of 6206 bearings
under different loading conditions
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Peeling test conditions
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Introduction of NTN’s Hydraulic-Type Autotensioner

By Katsumi FURUTANI and Kazuki KAWASHIMA

The demand for timing belt autotensioners has been growing steadily. Autotensioners
maintain constant belt tension, thereby improving reliability and reducing noise levels in

automotive engines.

NTN is already producing hydraulic timing belt autotensioners and has recently developed a
more compact design. NTN has also developed autotensioners with an integral pulley,
compact autotensioners built in a pulley and hydraulic autotensioners for accessory drive

belts.
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Two-way Clutch Unit for CVT's

By Hiromi NOJIRI

Today, continuously variable transmissions (CVT's) with lubricated metal belts are becoming
popular. Aichi Machine Industry Co., Ltd. has recently developed a new high efficiency CVT

which uses a hybrid dry belt (A-CVT).

For this application, NTN has cooperated in the design and development of a two-way clutch

unit (2WC).

This article describes the operating principles, layout and major functional characteristics
(low temperature engagement, disengagement reverse-switching etc.) of the 2WC.

100goo

gogpooboocevrtooobobooooooooo
goobooooboooooboboogooboooo
goobobbooooobobooooobobcevTtod
gAOCvVTOOOOOOOOoOooooAOCvToog
NTNOOOOOOOOOoOOoOoODOoOOoOoooooo

oooz2wCcO0ogonoooogoboooooboon

obooooooobocevioobogoooooDo
ggoooooobboboobobobbbbooogoga
goboobooboooboobooboooboomoog
goooooooboboooobobobobboooogg
ggooooooboboooboobbbboooogg
goobobooooboboboooooobocevrooog
gooooooobobobobobbbbbboooogg

*Doooboooo

-35-

gboboobobobAdcvIODooooooooDo
ggooooooboboboobobobbboboooogd
ggoooooobobooooobobbooooggd
gboooboooboobooobobooobooooo
goooobooooboboboooooogo2wen
gooooooopobobobobbbbboooogo
gobooboobobooz2wchboooooong
gooobooboobooobg

20 AlcvTO O gg2z2weo oo

O10AICvVTOOOOODOOOogo

ggooooooooboooobbbooobooboo
gobooobooboobooobooboobooboaoo
ggodoooooobooooboobbboooogg
gbobobooboboboooooooonog
2wctdoogooboobooooooboboong



NTN TECHNICAL REVIEW No.65] 199601

gooooooo

oooooo

gooogoo
ooooooo

gbobooboooooo

goood

gooocoooa

gooood
200000000000
ogoooooood
200000000000
goboocoooon
200000000000

01 AlcvToouooood
Layout of A-CVT

gooooooboboooboboobobooooooaa
uboboboboboooooooboobogonog
gooMOTOOOoOoOOODODOOOOOoOoODOOOO0d
goooooobbobobobbbobboooooogo
goooz2wcoooooooooboobbonogod
goooooobbobobbbbobboooooogao
oobooboobobooz2wCcoboooooooog
oboobooboobooboADcvIOooooooooo
goooooobObODbDbObOO0O0000000go
ggooooobbobobobbobobboodoggaad
gbooooboaod
oobboooooz00b0bb00o0ooobboOog
gooooooboboooboboobobooooooaa
goooooobobooobbobobobooooogoga
gbooooooo
gboooobz2wcoobooooooobooooo
goooooobobobobobbbbbbooooggg
ooooooobobobobobbbbbboooogoga
oooooboboboboboo200000000000
gboooz2wCcOo0ooooooooboobooooon
gboozwCcOO0O0O0ogooOoboobooboobooon

-36-

0DO00DO002wCcO000000000000000
0000000000 2000000000000
Dooooooon
0000000000000000000000
0D0000002000000000000000
00000000000000000000000
0000000000 2000000000000
00000000000 000000000000
D000000000D0000000000000
D000000000D0000000000000
00000D000000000D000200000
Dooooooooooo®

30 2wCchodooooon

2wCcOooogoobz20oo00ooboboooon
goooooobbobobbbbobboooooogao
ooobooboobboooboobobooboooboo
ooooooobobobobobbbbbboooogogg
o0oo0ooboooboobooobooooon
o0oo0ooboooboobooobooobooon



cvioooooooooooooo

ggoooooobboboobobobbbbooogoga
ggoooooobobooooboobobobbooogogg
ggooooooboboooobobobbboooogg
ggoooooopboooooobobbooooggd
ggz2wCciionoboooobobooooboboooon
gooooooopbobobobobbbbbboooogg
gooooooopobobobobbbbbboooogg
gooooooobobobobobobbbbbooooggd
ooo0oobo0oooboobooooboooboon
ooo0oobo0oooboobooooboooboon
ggoooooobbobobobobboboboooggd
goboodoboooobooboobboobooaboo
ggoooooobobobooboobobbboooogd
goboooboooobooboobobooobooaboo
gooooooooboooboobobobobboooogg
gooooooooboooboobobobobboooogg
gbooboobooboon

ooooooooooboboboobbbobbboo
goo

02 000000000000 OOO
Basic mechanism of two-way clutch

MR R
S 1R % 58
17y FEY

4 2wcCO 00

2wctdoogoooobooboooooon
gooooooopobobobobobbbbbooooggd
goooboboooboobooooo

401 DOoO0bOoooobooboboboobad
gzwCcOO0ogoooooobobooooonoog
ggooooooboboboobobobbboboooogd
ggoooooobobooooobobbooooggd
ggoooooobobooooobobboboooogg
uoobooobooooboobooboboobooonboo
gooooooopobobobobbbbbbooogg
gooooooobobobobbbbbboooogg
gooooooopbobobobobbbbbboooggd
gooooooopobobobobobbbbbooogd
oo0o0O00o0o0oo0obO00o0oo0ObO0o0oooAD
cvioboooboooobobbooboboboooo
oboboboboooooooooooooomo
gbooobobooobooboooboo2z2wecooooon
ggodooooobobooboboobobobboooogd
ggooooooobooooboobobbboooogg
gooooooobobooobobobbboooogg
gooooooobobooobobobbboooogg
gooboooobooboooooobbooobobooon
goooboobooboooboboboobooobo

Q% A A g
AR7ZT = mixa
ALy F Uy H A &
v /

AR
¥ ¥

R ANZE S d

ALy Fr 7T v—1
A-AKE

03 000000000000ooooo
Cutway views of two-way clutch

-37-



NTN TECHNICAL REVIEW No.65%] 19961

40101 000

ooooooooboboobooooboboooobobooo
goooooobobooobobbobbooooooga
ggooooobobooobbbobobooboooogoga
goooooobbobobobbbbbbooooogo
goboobz2wcooboogooooooooog
goooooobobobobbbbobboooooogao
ooooobbobboobooo4bbbObO0O0O0O0OO
obooo0o0ooo0oiaooo3goobooooooon
oooooo

\LW

v<—

ALY,

04 0OO0OO0O0ODOOO
Model of cam surface

Cw p UL
g/ M
Y

hi

h= £ 1L
oooo

1 5 1-m3720 0
Cw=—FH B 1-m3 ———H 1-m2IfI20

0/ m-17 21 1-ms°20 [0

oooo

B :mO hOxOOOO

w:0000

L:00000000000

h :00000000000000

hy: 000000

g 000000000000

U:000000000000000

m :m= El 030

ooooooooobooooobobobooboobooo
goooooobDbobobobbbbbboooogogo
goooooobDbobobobbbbbboooogogo
goooogon

oooooooobobobooobobobbbobbbooo
O00O0000ADO0ODOOOoOOOoOOoO3doO
O00OHamrockO3P 00 00000000A0DOO

-38-

ddpoooobobobobobbbbboboooooaa
gbobooaAlupbOO0bOOo0bOo0oobooobonbooa
gboooboooogn
OO000000O00oOOouooonhoOo200000
goooobooboboooosbobboboboboooooo
2000000000000 b0b0b000000

05 20000000000
Model of surface roughness of opposing surfaces

000000000 0000000000RhDO400
0000000000 0hOROOOO0O0D0OO0000O
000oDoooooooo
h'=£1 0 11-0 1200H O 21- O 223——Ff1 4[]
oooo
ocw: 000000000000
O« 000000000000
c22:00000000
O2:00000000
40102 0OO0OO0OO0OOOO
O0oO0oooooDooDOoDoooo2wecdod
oo00oDoo0oodoedoDOOOOODOOOOonO
O000000oo00o0ooooDoooooooooo
000000000 O0oO0ooOooOooOooooon
00000000000 O0oO0ooOooooooon
0000000000000 o0oooooooooon
0000000000000 oooooooooon
0000000000300 0000o0oooon

06 ODOODOOoODOODOOOOOOO
lllustration of sprag in engagement test at low temperature



cvioooooooooooooo

ggooooooboboboooboobobbboooogd
gboooboooboboboobooobovvobooo
oooooooooobooooobobooooboobooon
goboooboooobooboobooboobooaooboo
gobooboooobooboobbooboobo
goooooooooooooobbbbbowdd
gooooooopobobobobbbbbboooogg
gooooooobobobobobobbbbbooooggd
ooo0oobo0oooboobooooboooboon
oooooo
vgooooooooboboboobobooooboooo
ggodooooobbooobobobbbbooogoga
ggodooooobbooobobobbbbooogoga
ggooooooboboooobobobobbooooga
00000 0ORmaxi6000O00O0OD0OODOODOO

ooooooOoooooe.4

[o]= :
(] :
o -10-
]
o .
o |
o -20d-
]
o :
o 30
-40 - - T - T T
100 300 500 700
000000rpm
0000000000012.9
O . H
i oooooo :
o : . : :
SR e (LTI PRI SRR PN TSRS S
o :
]
] comevesnes
o 209
]
o :
o 3o
. o
-40 T T T T
100 300 500 700
000000rpm
0000000000017.1
(o]
= H
o -100-r
a
= .
o :
o -20d-
o :
o :
o -3od-
-40

T T T T
100 300 500 700

oooo0O0O0rpm

O7 O0O0O0OO0OO0OOOOOooOOooOoo
Parameter of roughness vs temp. at engagement

-390-

1449n(444s€ecC)

6 W
o 14400 T I—SS LA
- ) \ (R B
| \ ! \
10500 |~ -- \
B 800 | ) § Iy
IS 7\ /—S v
2200 vt
= ) A7y bEY /
B M s e C
08 OUO0OODbOOobhOoObooOon
Condition of free-wheeling cyclic test
HREl HAOMWMEHES
Ra 0. 831
+4um Rmax 5. 785
+2um
0um '?Ikﬁ f'
Il
-2um ‘
—4um
HR& HAHOWMEHES
Ra 0. 942
Rmax 5. 438
+4um
+2um
—2um
—4um

09 0D00O0O0OO00OO0OO0OObDOobDOUOOOOoOOO
Change of surface roughness in free-wheeling cyclic test

BERE HAOHMERS

Ra 0. 920
Rmax 7. 516
+4pm
+2um ‘ il Ut |
—2um i
-4 pum
HEx HWAWMERS
Ra 0. 734
Rmax 6. 020
+4pum
+ 2 .
i
Oumn by V
—2um
—4um

010 0O0O0OO0OOODOOODOO0O000000000O
Change of surface roughness in stroking test



NTN TECHNICAL REVIEW No.65%] 19961

oboooooooboobobUOrRmax6D 00000
oooooooobbooooobboosoogoon
gzoo00000OOOoOobOODOO0O0OOoDbDOoOOn
oogoz22NOmiO5HzO500 00000000
goooobobyswOooouonooooOoOOoOoOg
20ccOminD00O00D0O0OOOODOOOODOO9OO
iodgooooboobooobooobooobooo
ooooboboboobooobobooobooo
oo0o0oob0oooooobooobooooog
oooobooooobooooboobooboooo
402 0DO00OO0OO0OO0OODOOOOODOODOOOD
AlCvTOOOoDOooOz2wCcOonDoooooonog
gooooooboboboobbobobboooogada
gobobooobomobobooobobooobmalg
gogoooooboboobobobbbbobooooogg
gooooooboooobobbobobbooooogoa
Mec O0OOO0ODOODDOODODODOODOOODOMe O
goooooobbobobbbbobboooooggao
goooooobobobobbbbobbooooogogao
goooooobobobobobbbbboboooogogao
o0o0oobooobooboooboooDooon

{v7y b ¥rEER A

1vTyr¥rRER )

011 O0oobooooobod
lllustration of sprag at disengagement

gooz2wCcO0dboboOopobooooooboonooa
oooog3ooorpmi0OO0Odn0O0O0DnDO3000
gd4o000orpmI 00000000 DOOOODOOODOO
gbobobobooooooboobobobood
gobboooboboooobboobbooooooo
403 0000000000000 0O0OOODOO00OO0
oodooooooobobooooboboooboobooo
goooooobobooobbobobobooooogoga
goooooobobooobbobobobooooogoga
goooooobbobobobbbobboooooogo
goooooobbobobbbbobboooooogao

gobooooobbooooboboooobobooo

ooooooobobobobobbbobbooooogogao

gooboooooooooo

gooooooo

goooooooo

012 OOOOOOOOOoa
lllustration of reverse-switching

goooooobbobobobbbobboooooogo
goooooobbobobobbbobboooooogo
goboooooobboooooboooobboog
ooboobooobobooboooboooboma
obooo0oil120000000000000000O0
o0oo0oobooobooooooboooogon
oboooooooooooboobobOoi120000
ggooooobobboobobbobbboboooogdad
ggooooobobooobobbbbboooogoga
gbooboboooboobobooboooan
oooooooooboboooobobooboooboooo
goooooobobooobbbobbobooooogg
oobooboobobooobooboboooboobg
o0ob0i13gonooobooooooobooooog
oooooboooboobboosgoboooobooo
ooooooobobobobobbbbbbooooogg
gooobooooboooooboooobooon

T:Igu (5)
NO
o 7
n 6 - )
AN E2ALYFVUY
T 5 NEE#E
©
o 4 A
" 3 A ‘
f o ® ENé
< A — B
M O 1 T T 1
ﬁ 0 0.1 0.2 0.3 0.4 0.5
]
" BHF LY N-m
013

gobooobboobobooboboobobooobboOooo
Relationship between friction torque and deceleration



cvioooooooooooooo

0oo
T.00000
| 0000000000000
§ ooooo
50 O0O0O0O4

ooooooooooboboboobobobobobobobo
gboooozwCcOO0ooOooooobOobOobonDn
oob0oobD0oobo0ooooooboOoAdCvVTO
ggoooooobobobobobobobobbooogogd
goboboooobooboooooobboooobooboooo
gboboooooooooz2wcdoonooooon
ggoooooobobooooobobobboooogg
ggoooooobobooooboobobbboooogg
gboooooooboobood

oooo

1000000000000 00CcvTo20000
00000000000 0D00000D000NoO
9510119950 p.113

2000000000270 20 198201186

30 Hamrock, B. J. and Dowson, D., "Ball
Bearing Lubrication". Wiley-Interscience,
New York (1981), 121

-41-



[000 ]

oot ououobm skH-MCcull

Development of Super Freewheel H

By Kenichiro ITO, Isao HORI, Kenro ADAC
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ub Mechanical Clutch Unit (SFH-MCU)

HI, Koji AKIYOSHI and Takayuki NORIMATSU

Recently, the automotive four wheel drive market has been growing tremendously.
Automatic four wheel drive systems eliminate the need for driver input. NTN is introducing a
newly developed mechanical clutch unit for four wheel drive vehicles, providing easier

operation.
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Development of Mechanical Clutch Unit for ABS

By Kenichiro ITO, Makoto YASUI and Shiro GOTO

Four-wheel drive vehicles are known for their improved traction on slippery roads.

However, many 4WD systems restrict relative rotation between the front and rear drive
shafts, which impairs the ability of anti-lock braking systems (ABS) to modulate wheel
speeds independently. To eliminate this problem, NTN has developed the Mechanical Clutch
Unit (MCU) as a freewheeling device which prevents torque from being transmitted to the
rear axle when the ABS is operating. This report outlines the structure, characteristics, and

ABS performance of the MCU.
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Introduction of Engineering Plastic Seals

By Yutaka HAYASHI , Jiro MATSUMOTO and Noboru UMEMOTO

NTN is introducing newly developed engineering plastic products for automobile
applications. This paper describes PK5300 and PK5900 (PEEK) seal rings for automatic
transmissions, FL3080 (modified PTFE) seal rings for power steering pistons and control
valves, and AS5003 (PPS) tip seals for scroll compressors.
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Classified characteristics of NTN engineering plastic seal rings for automatic transmissions
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Jonathan ADLER***
Russell MONAHAN***

Development of HUB BEARING with integrated wheel speed sensor for ABS

By Eiji TAJIMA, Koji SAHASHI, Jonathan ADLER and Russell MONAHAN

NTN has been developing Hub Bearings with integrated wheel speed sensors for ABS
applications. A passive sensor which is built into the Hub Bearing can directly replace the
current automotive external VR (Variable Reluctance)sensors, offering better accuracy,
signal levels and reliability. To provide true zero-speed sensing capability, NTN has also
developed active sensors and a new fiber optic sensor for future use.

In this paper, the Annular VR sensor developed by NTN is introduced,as well as the fiber
optic sensor developed in conjunction with LOS ALAMOS NATIONAL LABORATORY.
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Hub bearing with integrated annular sensor
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Moving multi-poled magnet
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Output pitch error wave form
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Variation of magnetic flux density of pulser ring
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Variation of magnetic flux density of pulser ring by low
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Output voltage as a function of bearing temperature
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Faraday rotation sensor system
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Principle durability test conditions and results
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Diffraction effect sensor system
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Trends in Automotive Instrument and Auxiliary Bearing Technology

By Seiichi NOZAKI, Makoto OKASAKA, Yoshinobu KUBOTA and Seigo AKABE

Bearing cost reductions are required during the slow business recovery following the
collapse of the bubble economy in Japan. These cost reductions are especially important in
automotive applications such as instrument and accessory bearings. On the other hand, the
trend towards more electronics and controls requires these bearings to have better
performance, smaller package size, lighter weight and higher speeds.

In this article, the types and structures of automotive instruments and accessories are
explained, as well as the bearings for each application.
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NTN Typical bearing features for electrical instruments and accessory device applications
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New Welded cages for Needle Roller Bearings

By Katsufumi ABE and Tomoaki TERADA

Needle roller bearings used in truck transmissions are usually over 50mm in diameter and

use machined cages.

Until recently, machined cages cost less than welded versions. However, newly developed
welded cage designs now give better performance for truck transmission applications, and

at a lower cost.

This report gives details of the new NTN needle roller bearings with welded cages.
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Solid Grease Bearings for Motorcycle Suspensions

By Hitoshi MURAKAMI and Mitsuhiro NAKAYAMA

Suspension linkages for motorcycles, snowmobiles, golf carts, etc. typically use shell-type
needle roller bearings with small radial cross-sections.

When used in these applications, the grease-packed shell-type needle roller bearing
requires periodic addition of lubricant. The grease is applied through a nipple fitting on the

housing or shaft.

Handling of full complement needle bearings is difficult because the rollers tend to fall out.
The load capacity of the outer race shoulder of retainer-equipped needle roller bearings is
often exceeded during oscillatory motion and shock loading.

NTN SOLID GREASE BEARINGS can overcome such problems. The special mixture of
grease and hardener is built into full complement needle roller bearings, keeping the rollers
in place and does not require replacement of grease.

NTN bench tests have shown that the NTN SOLID GREASE BEARINGS perform well for
suspension linkage applications and can replace the current bearings. Further bench and
vehicle testing by automotive OEM's has confirmed that the NTN SOLID GREASE

BEARINGS meet all their requirements.
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Features of shell type needle roller bearings
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Improved Pulley Units

By Yoshio KATOH

NTN is already supplying various types of pulley units to the automotive market. These
pulley units meet the requirements of current high performance vehicle engines.

This report presents NTN's improved pulley units.
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Plastic pulley characteristics
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