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Initiatives for Environmental Conservation
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NTN has been conducting its corporate activities based on “NTN Environmental Policy”, aiming at the harmony
with the global environment through systematic and continuous initiatives for reduction of the impact on the
environment. In this article, We introduce COz2 reduction efforts in manufacturing and R & D as well as social

contribution.
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Change in total CO2 emissions and COz2 emissions rate
(At operating sites in Japan)
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Energy consumption by power source

IXRIVF—7E 2004FE 2008FE
E/ (Gwh) 510 520
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BMm (kL) 130 130
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Wastewater pipeline and heat exchanger at Iwata Works
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High-efficiency screw compressor at Iwata Works
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6 (Fl) ZRERT LRAZHE
A thermal storage tower for the new air conditioning
system installed at Okayama Works
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Turbo refrigerator and cooling tower for the air-
conditioning system at NTN Kongo Corporation
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Metal hydride lamps at heat treatment plant
of Kuwana Works
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Check by air leak detector
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When we think about it the bearing is present anywhere in our everyday life, from household appliances to aerospace
applications without forgetting the automotive market. By reducing energy needs for everything around us, it's a primary
component focusing on sustainable development. Since 1994, SNR ROULEMENTS has integrated environmental
concerns into its developments. The environment policy is a major stake for SNR ROULEMENTS not only for ecological
reasons but also economic and image reasons. That is the reason why our environment policy has been implemented

from the head office down to all the workshops and our suppliers.
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An Approach the Reduction of Environmental Loads in the Material Processing
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We developed forging processing technique with the white lubricant to achieve the reduction of environmental
loads and the improvement of operational environment in the forging processing.

We introduce the technology of reduction of the forging billet weight variation and the technology of yield rate
improvement by changing of product shape and forging processing.
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Improvement the Work Environment with Factory Robot
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Sense and experience are necessary for the assembling process. Therefore, the automation (mechanization)
was difficult. We used the sensor technology, the robot technology, and the simulation technology with
remarkable technological improvement in recent years, and succeeded in the working environment improvement
in the assembly process of Constant Velocity Joint (CVJ).

It introduces the case in this text.
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Market Trend of Wind Turbine and Bearing Technologies
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Wind power generation which contributes to the prevention of global warming has been actively
introduced to the market worldwide as a clean energy. The bearings are growing in size accordingly
with the growth in size of wind power generation equipments. The evaluation tests of the bearings to
simulate the actual performance, which are important to select the suitable bearings, are becoming
difficult nowadays, and it is needed to conduct structural analysis including shafts, bearing housing
and etc. This is to introduce a part of the analysis.
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Reduction of CO2 emission is being promoted at Europe, and each automobile company is also
considering various measures. "Mass reduction" and "torque reduction” is effective in CO: reduction,
and automobile and parts makers are challenging its limit every day including an existence product.
Products which corresponds to "mass reduction" and "torque reduction" of SNR are introduced by
writing.
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Actuator for Electromechanical Brake
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Electromechanical Brake (EMB) has some advantages such as safety improvement of vehicle and
simple system. And in HEV and EV in which attention has gathered in recent years, it is expected to
improve the fuel economy in addition by applying EMB and controlling cooperatively with
regenerative braking. On the other hand, it is requested that the brake is compact and lightweight,
because it is installed under the spring of the vehicle. NTN has developed the small actuator for EMB

with original linear motion device.
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Electric Ball Screw Actuator for Automotive
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In the automotive market, a lot of new hybrid cars and low fuel consumption and low emission
engine have been developed to reduce of CO2 and to be cleaned exhaust. At the same time, many
projects are going on for market to achieve more car amenity or safe driving to apply quick and
reliable electric motor drive , already in the market as AMT and for engine control, NTN developed
the new electric ballscrew actuator, by modularized with peripheral parts.

This article introduces the development result and the feature of this ballscrew actuator unit.

1. FUBIC 2. PUOFa1TI—50DEE

BHEEDO/\A DI/ (BY-WIRE) {blFROw ~
V2188, RLITERLTWVS . BFE—EDE@MCIE
TU—FD)I\A DA {EERSNcDDBHHD, &
WREMEPLZEMZIEKRT DR TCHREZRITTND.

S, NTNZCNSNNA DAV R T AISERD]
BEEELVARYA, DOSHNZEYT HEEEREE
R=LRU7IF21I—% (UF, 7IF21I—5)
ZRFELU.

ARCIE, A7 IF 1T —YDEEEFHICDONT
HNID.

FAI2—Ib

fEE) v

BB, — -
EE) T — L

w7 VFLS TR

R=ILRUF v b

el

\
R—)LR U

TOFAT—IDEEZR1(IRT .

R—)LR UlER—)L1a UD#imIC 3RS oA >R 2
—bRTSAVENUTE-YEEREEN, MULIE
EZ(TD.

M=) UED#imD—73(C(&, ®HF7V+15%
HRZEREL, PILZT—XICABERDRFEND.
R=)LRUEfEEY v T SME&iE 7 —AICK o TES
goEELUic. fE8Y v D bO@mAIE, £HETFRC
UZPR=IINFUYITBROAAIY—)VZREL

AVIRUa—hRXTSAY

Bl 7OF2I—5DEE
Structure of actuator

*BEEEmAE BEERIIME



NTN TECHNICAL REVIEW No.77 (2009)

UZPR=IINP7UVIE, (€8 v D Megam
BEAREICIKETU Y3V TXRLTVS. UK
—IARTU Y TOMACHKRIS T ALY —)UiE, 7L
ST —ARNDOEYEANZRLETD. {F82 v hD
i (CECIE S NISERGEA [CAFR RO D A VIL EhNE
Hed.

3. PUOF1I-YDEE

A7OF1IT—5%ZE2(C, R—ILRUZE3IIR
ER

POFATI-HIE, K B B BF, EBREED
RN ZEE UCSERER, &3 - §EHREED
BIECOBVWTHRZER, SULVERIEZRRLC. &
POF21T—FRUTDORRZETD.

(1) BMER—ILRUCDERASD LU AEFERADE Y
VoY a ElckbBREE T OSSN
(2) THMERME, BhEE - Bkt

BRRICODVTTEICGEHTET S.

®2 70F11—%
Ballscrew actuator

E3 R—JUtaUNER
Ballscrew for actuator

3.1 8F-EIUIYavik

A7 OF1T—FITEHEALR—ILARQUDIE - #[g
AR ER(FHICO0%LA EDERE UTe. KTclkEh
Vv I ME, BTU Y 3 UEICK o CTFEITOEIE
BBRZIFHRETEEOTVD.

KR —ILRUDEER, R4AICERNRZTRT .
U— A4 47(1CBWNT, BORUDIENI2%T
HBDICHU, A7 IF2T—FICERASNICR—IU
RUIFO2%EERETHDENDND.

ESICERY v U bllln 23259 & U Z 7 R—JLA
PUVIERT. ZDXKDIC, (EBIV v T MIUZY
R=)LRFP UV TICK o> TEODEM TR INTL
DIZHBEFENNE L, FBEFEZRTELTVS.

&1 R—=)LRUMtE
Spec. of ballscrew

W o® U—R U— R
14.5mm 4mm 4°47
100 A=Al
92% | gopmzmmmgmmmnmannennpaonzs (B8 : 0.006)
8\ s,
o 10 B
D\ 60 / praby :
. / : (5%)
L pm—r 1oy~
30 / — (Em - 0)
o1/ R
0

0 1 2 3 4 5 6
U—RA deg

B4 R—)LR UEmmh=
Efficiency of ballscrew

B5 UZFPR=IIRFUVT
Liner ball bearing



A = mER R — LR 7 U F 2 T8

3.2 MR, BEE - BhK4E

T OF AT —HIIRCIFRBEREICHENT, REE
DHEEEHRZERIND . BICAT7IF 1T -5 THE,
T—ANCERUCA MO—U32EHY v+ bHD
e, FEIY v 7 blimICIE, FEESRS (LY
—WZEEEL, EMREAZMLELURZ.
MEMtZEHDICH, (FE v MI(FRARDOE
ZELCWS. oI, T=YEIVv T bFryvT%Z
RELC, ¥v 7 D EIIREICERRE UIFLER
ZHELTLD (H6).

[(E=IPAAN FAIT—Ib v IhFrvT

UZPR=IAPUVT (2EF)

E6 ¥—)Ligi&
Structure of sealing of shaft

4. $Hii7 A

EEHEOSVEBE IV F 1T —YDHEEDCD, &
BEERZEMmL, T Mee, EREEERSSNTL
é(_t%ﬁﬁnu L/?L Egﬁﬁgﬁlﬁgﬁjb\tﬁ’\“%}

4.1 HHHER
IR—)LRUDER MNLY IR TKHSNS.

PL
T=

............................................. ('l)
2717y
CEfE LY (Nm)
C7PFRVT7IVEE (N)
SR—=ILRCU—RK (m)

, % 092
N (1) &b, #AHIFKX (2) THESNS.

&~ v

ABRCld, B7(0RT KD IOEGEEM & B EEBDM[
[CO—PEILZEREL, BEZAEU.

-47-

H8IC I #ITRIERR KL D Eimst&EE1200NH
BoNsdEzRUIc. B—sTDBDRUTIEZ
D1/3EEICED.

X7 ﬁﬁ%mﬁ%%

Appearance of thrust force test

3000

2500

2000

FAWMFEI N
&
3

1200N
1000
R ==t ——— "
0 ~
85 4.5
BORU
Bf & sec.

M8 HTAERR

Thrust force measurement

4. 2 RIB(FEIMAGER

RIBFEMARRE U CERSZHEHCCTRRED
BZraFmUCMARARZTolc. 7OF 1T —FhE
FULNO—EREZAESNSLD, TEEFTAIC
FIOR—=)LRCZRAWVDERADM RS EREZREL
fo. BRQICMAHRKEZTRYT . (FERINORAEGEZE
81 U CEMETHmEEOHMOMAHBRZRm L, M
AR TRICT IVF 1T —YDhLEEARKRZITO
fc.

B 10ICMARERAED 7 F 1 T—FZHENTIN
BMUERZITEOICERZR T . MARRED 7 IF
AT —YDEREMFRCN, FERATICH UINE %R
DIETFED o1,

PIECKD, RIBFBIMAERED7I7F1IT—5
WA G ERRT & BFD4EECH S & =R U,



NTN TECHNICAL REVIEW No.77 (2009)

-10

-15
-20

H9 MREER

Appearance of durability test

20
15

10

fﬂﬁﬂfﬁﬁ%ﬁfﬁ 0168
@ ! - m
. I,

[IZGEE] R

0 01 02 03 04 05 06 07 08 09
B R sec.

10 {rEpBsEAIES!

Example of operating time measurement

11 EEREABRERONERIRD

Internal condition after cyclic corrosion test

1

-48-

5. H$HbHIC

4. 3 BERBHER

BEYA JILERBRERNICT O F
1 T—5%ZRBEL, BKIEE, &
BERE, SRZSEDRERGZE
HERORIARZITL), MEMHE
DhEERZIT DI,

E11(ICEERBABRERDT IF
AT—YDNERZRT . HERED
POF1T—5IRNEBICHEEEDF
HFEL, AREO7Z7IF 1T —
SORFMEICDOVWTCHERBIFED D

KR CEFEINEE, SHOIEICESTOIEFEERRK
hzRA UIcB8EAEFH R —ILRU7IF 1T -5

s =y AN Oy full

SEMOTEBAIOBIEOEDT, e DB
RS, =P A XBINE L TEBR—IL 13 UEE
BRI —ABBATHD, SS5HEBMELAD

SN,

NTNTIEESICT7IF 2T —YDRENLBKIUR
BEE EZRDc, R—ILRUZESHIcERBmDIL
RICEBFOST, VY PE—F LW ofcAIEmDL
RICBWMODMBATED, 7IOF T—YDERILKRZH

ELTWKL.

SENE
1) IIA, ff

[HEMEEIN 27DV Az vy

3 VAR—ILMAU] NTN TECHNICAL REVIEW
No.73(2005)

2) #¥F IVELAR—ILQLUIZY ] NTN
TECHNICAL REVIEW No0.75(2007)

HEETY

tE KA

BEEEmAE
SEIEE ST

BEEEmmA
SEESE TN



NTN TECHNICAL REVIEW No.77 (2009)

[ &

XIEACE

a1

B tm T EBEIR Y TREIET XD sz

Plastic Bearings of Electric Pump for the Next Generation Cell
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In order to reduce CO:2 emission , apparatuses with the next generation cell are introduced or on
the market. Fuel cell co-generation system ,electric vehicle and hybrid vehicle have electric pumps to
circulate cooling water in the cooling systems for cells and motors. BEAREE AS5704 bearings,which
have excellent self-lubricity, chemical resistance and high flexibility of designing,are used in these

electric pumps.

This article introduces the characteristics and applications of BEAREE AS5704 bearing.
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Low-torque Roller Lifter Unit
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The demand of fuel consumption improvement and exhaust emissions control to the car has
increased on a global basis in recent years. The automobile companies are working to develop the
gasoline direct-injection engine as one of the means to achieve new fuel-efficient target. And there is
a demand such as the increase of fuel pressure and reduction of the friction in fuel compression
process in the high-pressure fuel pump used for the direct-injection engine.

Then, NTN has developed Low-torque Roller Lifter Unit to correspond these demands.

This report introduces the feature of the NTN Low-torque Roller Lifter Unit.
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Hub Bearing for Automobiles for Saving Resources
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Automotive parts are being requested reaction to environmental issues such as global warming,
and to effective use of natural resources.

This article introduces "Hub bearing for automobiles for saving resources" in order to meet these
demands, to designed achieving lighter than conventional products and reducing the amount of
materials used to improve the yield in the material during processing.
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V-series Hub Joint
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To improve the fuel efficiency, lightening weight for axle units is required.

NTN has developed various products of hub-bearing and CV joint to meet this requirement.

This report introduces “V-series hub joint” which is integrated hub-bearing and CV joint by NTN
original press-cut fitting. This product meets the lighter weight by integration of hub-bearing and CV

joint.
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Extreme High Load Capacity Tapered Roller Bearings

ARG EREER Ea)

I+ % Z=* Takashi UENO
T 40 #8* Tomoki MATSUSHITA

BEEORED LZENELT, FSYRAZIYYavVERUTI7LYY
vILFVRIC, BRI TIEFMECIRSZENL CEFREZO LS
BloBEaEH I\ 2= =R L.

A ClE, FAEMOBEE, MEEICDOVTENTS.

NTN developed an “Extreme high load capacity tapered roller bearing” so that the fuel cost of the
car might improve. This new bearing has improved capacity by increasing it to the number and length
of roller. This bearing is used for the transmission and differential gear. It is introduced design and
performance of “Extreme high load capacity tapered roller bearing”.
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New Spherical Roller Bearings “ULTAGE” Series Type EA and EM
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About the spherical roller bearings such as a construction machine, iron and steel facilities and so
on that used for an industrial machinery, we achieved the world’s best load capacity and limited
speed, by the large review internal design. This bearing starts sale as the new standard “ULTAGE”
series from March, 2009, contributing to the society for environment.
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Compact Free type Torque Diode
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NTN developed Free Type Torque Diode that has function to rotate output shaft by turning the input
shaft , but not to rotate the input shaft by turning the output shaft. Recently ,NTN has developed
small and light Free type Torque Diode "Compact Free type Torque Diode”.

This report introduces structure and function of this product.
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Characteristics and Applications of DLC films

K FE R th* Kouya OOHIRA

RIE - IXIF—REEOHRDS, BESMOER - BERZERT 2/cdHDI—
T« Y IBEDOMEMFEDRAICITHDNTVS. 1FCDLCEFttdI—F « T
REENEEET, MEFEICENDTY, hSANOJ—DRHFTIEHEEE
HELY. LD UDLCERIERERTT A, BIESRHSIOERARIEICKD, BER - E
FREDARELELT D, EARMGICEDE TREFDLCIEZEIRT 24
EN'HD. ARClE, DLCEROSZERIEICDOVTIETT S.

From the view point of environment and energy issues, vigorous efforts have been put into
research and development activities for tribological coating films in order to reduce friction and wear
of sliding surfaces. In particular, DLC (Diamond-Like Carbon) coatings have superior low-friction and
anti-wear properties compared with other coating films, and they are attracting a lot of attention of
tribology researchers and engineers. Friction and wear properties of DLC films, however, depend on
their use conditions as well as their production process, and thereby it is necessary to choose an
appropriate DLC films according to its use condition and engineering purpose. This article shows

various properties of DLC films.
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2. DLCERDHH
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Structure of diamond
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Structure of graphite
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Structure of DLC films
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Classification of amorphous carbon
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Comparison of characteristics of carbon material
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Classification of coating methods
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xR2 BHERECESNICDLCEREDEEFE
Characteristics of various DLC films

PVDs% CVDi&
UBMSj% AlPE 7S5 AXCVDE
BEREH | Bthh—mRY | BEH—RY | RIEKRRAR
BESRE ('C) <250 <300 <200
B (Hv) | 2000~5000 | 5000~8000 | 1000~2000

REMES O A @)
FEEb M A N (@)
=g/ (©) O O
T EEFEIE ©) O A
JR B A N @)

FBHCEICKDAF VT IR (A7 HERICEZR)
MROMERL, BE, BEGELEORSMZELSE
BDIENTEDY.

AP (P—0 - AF> - Tb—=FT42D) &Eld, ¥
—Jy NCHBDERH—RVZNY—F (BER), F
vI\—NEZ7 /- (BE) EUTTP—ORER
FESHE, Y—U v MREDSH—RUZEFHESED.
NzAF ML, BaDI\A 7 ABEZEMULIZT—
OREICAZ VZHRSEDITECT, BEMICEN
WIRZETER T & CEDTEDY.

TS ANCVDEIE, F vV II\—RNTRIEKFRRS
A X5y, PEFUY, XUBVKEE) ZDiR, A
FMEU, ERUEERIEKEA 4 272~ A 7 AIZENN
UEERICINEEGRSE TR T S. CVDAFERE
([CHRZRAWSSD [MEEDM] R, &R
BROWRIELTCWVWS. D—I%ZLEImsEd I EF
<, —TIRRZEM TED.

2. 3 DLCIREBEREERDLEER
2.3. 1 —HMHE
DLCRREBBEERDREHZRIICRT. DLCE
(FEBEEROPCHICEEECTHD, MEAEMHC
BNCLad. H(C, DLCEICE, AFIAINEWNC
&, THOICREMEZNICKRE CHDND A [CEBM
CEELICKWEY, BEEDBBEMENZLWLEWLD
RRHPD. 2T, BEUDOURHERFRELL
2CWLD.

2. 3. 2 EEREFREMT
UBMS (ZYNSYR K- II2bOY - Xy
FUVT) ETHRUDLCERES FUSBEILYR



NTN TECHNICAL REVIEW No.77 (2009)

&3 DLCRR B BEE RO
Characteristics of DLC films and other hard coating films
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Wear property and coefficient of friction of each specimen specimens
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9 DLCER (A) DERAD
Indentation of DLC film(A)
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Indentation of DLC film(B)
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Indentation of DLC film(C)
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Optimized Radius of Roller Large End Face in Tapered Roller Bearings
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Tapered roller bearings can support heavy combined radial and thrust loads, and are widely used for
automobiles, railcars and industrial machines. The bearings have an inner ring rib into which roller large ends
are thrust, and the contacts are accompanied with rolling-sliding motion. The roller large end and the rib surface
are spherical and conical in shape, respectively. The typical lubrication regime of the contact is
elastohydrodynamic lubrication (EHL), however, some surface damage may occur if the oil film formation is not
enough due to low-rotational and/or heavy-load operations. The film thickness is desired to be thick enough to
prevent the damage in a given operating condition. In this paper, an EHL numerical model is developed in
consideration of both asperity contact and roller skewing. A parameter study shows that the optimum radius of
the roller large end face is about 85 % of that of the rib face conical surface to form thicker oil films.
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Analysis condition
Cup tapered angle deg. 57.62
Roller tapered angle deg. 8.5
R ratio of roller large end face 0.8
Roller length mm 13.52
Young's modulus GPa 208
Poisson ratio 0.3
Qil kinematic viscosity at 40°C mm?2/s 32.2
QOil kinematic viscosity at 100°C~ mm?/s 5.45
Qil density kg/m?3 850
Viscosity - pressure coefficient Pa’ 1.93~108
Rotating speed min" 2000
Rib load N 200
Oil temperature °C 40
Root mean square roughness um 0.025
of roller large end face
Root mean square roughness
of cone back face rib um 0.1
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Result of EHL analysis between roller large end face
and cone back face rib
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