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The Advanced Technology of Lubricant-film Formation
by the Grease and Application for Improving Wear
Resistance of Bearings in a Severe Condition

M. Hokao, A. Yokouchi, K. Konno

SE B3l
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The effect of thickener composition of the grease to the oil film formation was investigated with optical interferometry

under low-speed and high-load conditions. As a result, a new thickener composition of the grease was found which improve

the oil film thickness and flow properties of the grease.

Then, this knowledge was applied bearings using grease. As a result, under severe conditions of low-speed, high-load

and water contamination, wear resistance of the bearing is improved because the oil film thickness of grease increased.
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White Structure Flaking in Rolling Bearings for Wind

Turbine Gearboxes

- o
[

[

dxh

H.Yamada, H. Uyama
FI H=E

the American Gear Manufacturers Association ( 1001 N. Fairfax Street, 5 th Floor, Alexandria, Virginia 22314 )
DErEHAERZ1S T, Technical Paper 13FTM15 W' S#0ER7Z U CEns.

Bearing failures in wind turbine gearboxes were investigated and rolling contact fatigue tests to reproduce them using a

hydrogen-charge method were conducted. Two main failure modes in wind turbine gearbox bearings were white structure

flaking and axial cracking, which were involving a microstructural change. Both failure modes can be reproduced by using

specimens charged with hydrogen. Operating conditions, which can induce hydrogen generation from lubricant and penetra-

tion of the bearing steel were discussed. Effects of bearing material on white structure flaking life were suggested as one of

the countermeasures.
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Fig. 2 The raceway and the cross section of a failed bearing with white structure

(a) Raceway surface of flaking area
(b) Cross section of the dotted line in Fig.2 (a)
(c) Cross section of no flaking area
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Fig. 3 The raceway surface and the cross section of a failed bearing with axial cracks

(a) Axial cracks on the raceway surface
(b) The cross section through the cracks
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Fig.5 The results of thrust type rolling contact
fatigue tests

10 NSK Technical Journal No. 689 (2017)



B AR5

3.2 PF¥I7IWISyvOEBIRT BIHDRBRAE
EHERIER

REBEOF Ry I XA#SMZCIEREISEHZNE <
FRATNTLDTEY, FHZTlFEeMsE<E
FREDDTFZFIT7IVI T v IIFHERINTULEL
ZEND, HEC #ZICLOIBRABZERU.
BENEHFHREB T, #52H SUJ2 (SAE52100,
DIN-100Cr6) #mn#& : N308 DM A8 (AR
40 mm, 942 90 mm) ZER U, SRR
UTcAECKRF v—I%ZT1o1ck (REmECAIFK
Fr—Y), B7ITRTTIT7IVEIDEZ S EREICHE
HARTE. HERITKRT v—I UICBAE, @R
KO BHNRDAHERAFDRENEWVCSHD, NEwDF
BRI RD#MZHNTIRIFICKWLNSTHD. B
JBHIF ISO-VG150 ZEA Ufe. SBRERHE, &KX
HE 2.1 GPa T, @#ImEE(d 3 000 rpm & UTe.

B6 KFEFv—IUHBRRDMEDEE
(@) ([F<HEEEB
(b) Kl < BB
Fig. 6 The cross section of hydrogen-charged
specimen
(a) Flaking area
(b) No flaking area

SI7)aE
SN \
KFF p—)

RisE —

K7 SI7)VEIDMSZHEBREDBIEN
Fig. 7 A schematic of radial type bearing test
machine

NSK Technical Journal No. 689 (2017)

11



NSK

KRFvr—I Uc#=(E, 280 BRI TR Z %4
UlclehstizzElt Ule. —h, X F v—I D= (&
1 000 BRI E CHHIBOIIERGFE SN THRITS
tibEgofe. B8IC, KRFv—IUeAHimnat
BEBROHERKREZRNI. KEEITVIN 1KRE,
NSRRI TV 2ADERRSNc. INBDITvY
&, PHFIVT7IVABICERNISIEUTCHD, BEDF
VIR O ATCHEBUCMR CRESND 7+ 7LD
vV, B9 (a) (S, B8 (a) DiFAT2 D
IovIDMEEEZRYT. KELFFIFIVITY
JFFEIFAIERLTOE. B9 (b)(E E9 ()
DREFTFI 7 IV Ty o DEAI GG 1) DILKE
THO, AEBEEIERRIN. B9 (0 E9 (a)
DIFFT 2 DILKETH O, FZE8 (¢) DML
FITPIVO SV IDME CHHD. INEEFFUTPIU
U2y IlE, WEBCHEEHEBICDEN > TLDDHD
hd. DFD, B9 (b)DLDIC, FTFRIYICHERIC
HeEl#r LT, 20%, B9 (0)DKDIC, B
elfTEnRE UCRE VTR EERENCE
BL, REMICES (a) M9 (a) TRILDIC, 7
FIT7IVABPRS ABNETRHONER U SHERIEN
5. B9 (IS, B8 (b)DINEHETFFIFPILISwY
JDWEEEZRI. DB ChAEE/MIERRS
N, AefERZEERE UCRE LTSRN EEHERE
NEERUTCWVWDKDICERSD. —H T, KELFF
VPO S w o DRMEICIFHEERIFERIINED o
fe. COBHE, KEFE7PFIVT7IVITvIDRERD
HEEBTHDEHAINDD, EHA/AKETVHIE
RAIBZIEHEICKEESRRT D ENE UM Dfcfcsre
EEZBND

TFITIVO S Y I DIBERER, BEBEOFVRY
I ZLNDMD T TUT— 3 U TlEHoelCESN
TULIEWDY, KRFv—I UV IdZBNTEHmH
BZEIDCECHIRTDIENTE. CORBHE
FETHYTILTEHD, MORFORE SISV
&, BEOFVRYIAR#MZCRESNCZ+2 7
ISV IRBKERENRRTH D EHERIND. KRIC
FOTHERINSABEBOEIRGS VY LTHDIC
&, BEERICL > TREUCTRIFHRLEADITE
BIDHTENTRETHD. B10(CRT KDIC, T,
FICEHBABE A OEKFEABISERT 2 ERENIC
F<EBECHED, mBAEBEAOEEBEADICERT D
EFPFITINOTYIICIEDEHEAEIND

1 2 NSK Techmical Journal No. 689 (2017)

4. EIBAEMIE < BORECRIET EARED
HEeEE <SSR0+ 7ILI Sy IDOBERR
BRIGRND, EEDF TRy JRCHITHEMZORKIE
(&, KRDRETHDEAREMED B, €T T, KERD
HEPEMZMPNDRADRAZHS CEIFEETH
5. ULDU, ASEDF TRy I XRERICHITHKFRD
FHEPEZMPNDRADEZRIVSEHUSRENTL
IEV. KROVEBEIDAE CRET DI EP, HBRID
BREVEBRIFDAKD, IND, k&, BXlck>TK
ROREDNMRSIND T EDMESTN TS V=2,
CNSRERDIATIE, EICEBERAMZMITICTo
BOTHHL, BEDF Ry I ZARMZ THEA
[CIFHLEOFERTIHMERL TS EEZOND.

4.1 ERAEIORE
ERERICK TR UIcRBEHAER C DIEZ RN
[CROTEHBANDEUT, TNICK D TKRDFEE
FDHTEPRESNTLD V™. FMBICK>T
(FFRNME T T DEEPHE LT DHENHRESNTD
b, BelllE<EEFDESEBRICSENDRMAEIC
LOTHEINZYYP9Y FEahE LT d5aE
ESART ZHIVRICK > TR U EIRIC K D
BOTHHEREMNBEV. NINAIDIERICK D ZEH
FEDEICBRERZEM I ST, HuEmEmKEZL
PHCZEFRECERF LTV EHAIIND

42 IXDELEFBORE

V2T -G8 RO PEMEZORENE, FFTEY
HEEEMZRECUCERMERZEHIEORRAC
5%, BEFERIHR COMRCIE, ERELENEX
CEHHEHDBE CIFREHEBE<BIEET, <
DRDD(CITNDHREVIEEDRE ISEWVSATCIE
<BETDTENWETINTLE Y 7 2. @EDFV
My JACTEBFERASNCVSABC#ZPHTL
COMRICHBVTCIE, VYT —E3FEEDOITND(EHE
BEYNEV. U UIED' S, BlEr#iORINBERDHEE
[ZBEF, KREFEITXDDEEHEREMD DD



HmENABENTIE)
4—

B8 KEFv—IUIHNRmDHEERREDEE
(@) REETZFIT7IVISYv T
(b) ® 8 (a) DFFT 1 DIEAK
(c) B8 (a) DT 2 DILAK
Fig. 8 The raceway surface of the hydrogen-charged outer ring
(a) Large axial crack
(b) Magnification of position 1 in Fig. 8 (a)
(c) Magnification of position 2 in Fig. 8 (a)

SR AEBENSE B9 AFF r—ILIABDI Sy s B ONESE
(a) B8 (a) DIZAT 2 DUAE

(b) ® 9 (a)DiFFT 1 DILARK

(c) B9 (a) DT 2 DILKK

(d) ®8 (b)DNETET S w & DRE

Fig. 9 The cross section of the cracked area of a
hydrogen-charged outer ring

(a) The cross section of position 2 in Fig. 8 (a)
(b) Magnification of position 1 in Fig. 9 (a)
(c) Magnification of position 2 in Fig. 9 (a)
(d) The cross section of the small crack in
Fig. 8 (b)

P s

NSK Technical Journal No. 689 (2017)

13



NSK

THEITIVOZVD

A
;

HeiEi

[

10 BEEBIFBECT7FI7ILI S Y IDBIEBRIEDA X—IK

(a) F<LBEEDZE
(b) 7F+I7PILOS Y ODGHE

Fig. 10 Schematics of the failure process of white structure flaking and axial cracking

(a) The case of flaking
(b) The case of axial cracking

43 BROVE

HEEEONED, EREOBEHHNE CRY
CHIBNB&ES [Tz, T—U—& TLBOFHN
IV NOBTHE L HBRS, KRFEORETHD
EERABNTVD, B5SvoE BT —U—ICdo
TEBRAENT BT T, EEEEE B
BEVSHEDDS Y. Fio, BESERELTHE
ERIDIC, 7/ D— R T EB RSB U—
ABHRENTEDDENS TEBRESNTLS ®.
EORBETERSNTLIESDHE T, B8
FETDHENDD . HEBED SRIUERDFY
Ry o AROHEICHEESZ TLDTREIEBER S
na.

14 NSK Technical Journal No. 689 (2017)

5. HEHEEIE <EICRIFTHEOZE

AR Uk DS, BEEDFVR Y I XA RHMROMIE
([ClE, KERDBERLUTCWVDEREMEDFL. KREED
BALE, ERRH-RAKREADUINE, BefkE<
BEDXMERE U CHRRBICHRANTHS. UL ULEDS,
REBOF PRy I CBVWCHBHERIF<EZS TR
COERRAE ST2CIEFEASNTLIEL. ZC7T,
RIDMRITEE UT, KRISEOMBNDHURD G D.

5.1 HfDSEMDTDOHE

E11(C. E4(TRUERS A MEIDEENE H FHFon
ALEREE E AR DITE CTKRT v — 3 UFcFREE R A
ZRVEHnEBRGRZRY. SBACE #H2Zi
SUJ2 (SAE52100. DIN-100Cr6) CafFil A, B.
CD4EADMZERUIC. SR A (& Mn Z1E1
SEfcE, EIEH B (& SiZBINS B, IE C
(& Cr zigs Blells, TNENGEMIHDELED.
alfFill A, B, C DFasld, SUJ2 KD BEELTULE.



NSK

CORBRIE, HOEEMNZURI DI EICLDT
Bel#d < iFmzaLtstd LN TEDILZ
RUTWS., lDEEMRDZNRIDILICRDT
ReEsOERMNENTc e FHFamhiE L UTc SHERIS
ns

5.2 BEDORE

B 12 (C, BEROTTECTKFRT v—I UTcFARESE
B ZRVEHmaERGERZRY. BUaEMRI DM
(SUJ2) ZARWC, EiFDHLEZTELTC 2 D
BRCHBRZERUC. 1 DIFTIHESDHRA T
B2 1 DEERRBMBULEBUCHEEBRR THD. BRKE
BB Ui OF S, FRREDEBRRLDD
K< ore. RREBIE(CK o TS NERET
EDERETEBIDND EFREBT —RT 4 MEDEND,
Belid <BiFmDnE LICRE U EHAIENS.
EfEFRBBILAIE, Sl oRE UL EROERZ
ESTDHIENTEDDT, EREENSIFSBECE
BDFECOREZERLITHILENTED. Ko, 7—X
T A MERIFYILT YA MERK D BIKROILE
REOMEWV 1 fod, BEF—ZT A MIHRINES
DEARIGHDBVAIENDKRDRLZESES
EDTED

CNHSDIERD D, REFEEMD EFNERAD
HAEDEICLDT, BEiEmEF B YU TRSEH
ISR 7ZFS ENFRECH D CENTRESNS

6. ¥&H

B UCEEDF PRy J AR#MZORFERER. €
DBIEFLREZBIR T © I DERENE 75 75 tn sl BR D5
R BRURLBEFRICREITHHRIDTZEICDONTD
FHIDS, FEDERDE S

(1) REDFVRY I X HMROBIELEE, E(CH
EHICHITDHRBMEMIEBE 7+ T7ILISY
JlCpfESNIe. E500BIERE T, et
W IFIENSEMZENES LU

(2) BeldI<BErF7ILISvIlE KE
Fv—Y Ufca B Z AV fCErEnE 5 tna iR C
BIRIDHIENTEE. Fe, 7FIT7IITY
713, HEEfZERELTREETCVADLDICRE
Afc. ZDIcs, REOFVRY I AR#HRDE
BOSDIIELRED, KRDIREATH D EHEAISN
Z)

gg
90 .:P:
SN ; :
M: 50 , 3/
_U‘@\" / ; :
= R
HE 10 | L
B 4 - @ SUJ2(SAE52100)
51 []Steel A
: Ay A Steel B
O Steel C
1
10¢ 107 108 10°
i, cycles

B 11 fOaTsms el <EEmIcRETHE
Fig. 11 The effect of the chemical composition of
steel on white structure flaking life

99‘9..___ e e e e e e o ey
991
95 4
90 T u
x t I."‘ -
°. 50/ = m
{?ﬁ_ { L .r |I,l..
i o
% g !"J
[
i 10} 7 £
B 5! - }."
o FigEE
y mRREL
1
10 107 108 10°
5516, cycles

12 BUEHHEEEE <BEEmICMIEITRE
Fig. 12 The effect of heat treatment on the white
structure flaking life

NSK Techwical Journal No. 689 (2017)

15



NSK

)

4)

BEBEIRORNF®, gD, KE), B|H, B
BRIDDEEIC K DKRDFEEZS |EHEIT. LH
LIRS, INSICDVT, BEDFVRY IR
FRERR2(C BT 2 ERBYVFEHLI R

HMOGEMDZHURIT D LEICLDT, Bt
FLBEFMZO LS EDIENTES. BULEE
TITLRONMND, HEEZREOETZBSEZfeh
REHRAEND. BREB(ED OB <8
FonDE LICHRN DS, KENHIDEHETRE G
NDEROERZESE T, FIEEFT—ATTF
A FEDEIMNHEARILHIDEVIIE TDKFRD
RIEZESTBAHCHEEHHASNSD

16 NSK Techmical Journal No. 689 (2017)

SEXH

1) M. H. Evans, "White structure flaking (WFS) in wind turbine
gearbox bearings: effects of butterflies and white etching cracks
(WECSs)", Material Science and Technology, 28-1 (2012) 3-22.

2) K. Furumura, Y. Murakami and T. Abe, "The Development of
Bearing Steels for Long Life Rolling Bearings under Clean
Lubrication and Contaminated Lubrication”, Proceedings of
4th International Symposium on Bearing Steels, San Diego,
Creative Use of Bearing Steels, ASTM STP 1195 (1993) 199-210.

3) Y. Murakami etc., "Long Life Bearings for Automotive Alternator
Applications”, SAE Technical Paper Series, 950944 (1995) 1-14.

4) M. Kohara, T. Kawamura and M. Egami, "Study on Mechanism
of Hydrogen Generation from Lubricants”, Tribology Trans-
actions, 49 (2006) 53-60.

5) K. Tamada and H. Tanaka, "Occurrence of Brittle Flaking on
Bearings Used for Automotive Electrical Instruments and
Auxiliary Devices”, Wear, 199 (1996) 245-252.

6) N. Kino and K. Otani, “The Influence of Hydrogen on Rolling
Contact Fatigue Life and Its Improvement”, JSAE Review, 24
(2003) 289-294.

7) S. Fujita, N. Mitamura and Y. Murakami, "Research of New
Factors Affecting Rolling Contact Fatigue Life"”, Proceedings of
WTC 2005, Washington- 63400 (2005).

8) K. Iso, A. Yokouchi and H. Takemura, "Research Work for
Clarifying the Mechanism of White Structure Flaking and
Extending the Life of Bearings”, SAE Technical Paper Series,
2005-01-1868 (2005) 1-11.

9) S. Tanaka, "Pulley Support Bearings for Push-Belt CVTs”, NSK
Technical Journal Motion & Control, 19 (2006) 13-19.

10) S. Fujita, H. Uchida and S. Tanaka, "Long-Life Materials
Countering White Structure Flaking, NSK Technical Journal
Motion & Control”, 19 (2006) 20-26.

H. Uyama, H. Yamada, H. Hidaka and N. Mitamura, “The Effects
of Hydrogen on Microstructural Change and Surface Originated
Flaking in Rolling Contact Fatigue”, Tribology Online, 6-2 (2011)
123-132.

J. Gegner, "The Bearing Axial Cracks Root Cause Hypothesis
of Frictional Surface Crack Initiation and Corrosion Fatigue
Driven Crack Growth”, NREL Work Shop, Wind Turbine Tribology
Seminar-Broomfield-November-2011.

H. K. Birnbaum and P Sofronis, "Hydrogen Enhanced Localized
Plasticity — a Mechanism for Hydrogen Related Fracture”,
Materials Science and Engineering, A176 (1994) 191-202.

R. Lu, H. Nanao, K. Kobayashi, T. Kubo and S. Mori, "Effect
of Lubricant Additives on Tribochemical Decomposition of
Hydrocarbon Oil on Nascent Steel Surfaces”, Journal of the
Japan Petroleum Institute, 53-1 (2010) 55-60.

D. J. Fisher, "Hydrogen Diffusion in Metals”, Scitec Publication,
Switzerland (1999).

n

N2

12

=

13

st

14

<

15

=



NSK

EREYMRES S v VEmEHADRFE

e a

. SEK Bt fEm X ‘1h ‘gh

BK R

=R

Development of New-Type Oxide Ceramic Ball for
Bearing

Y. Endo, Y. Shimizu, K. Ueda

—RAEEAN BA A ROV —220DeEE#ERZE T, [TC, TOKYO2015., Extended Abstract h5F15R%Z U CEnd.

The rolling contact fatigue life of oxide ceramics such as alumina and zirconia is known to be inferior to silicon nitride,
which is used as a standard bearing ceramic material. Therefore, we have developed a new type of oxide ceramic material by
creating a composite of alumina and zirconia with rolling contact fatigue properties and toughness equal to silicon nitride.
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Study of Correlation Between Porosity and Friction
Performance of Wet Friction Material

AR EZ®, B E— Tk B

T. Hiramoto, K. Iso

Wet friction material is used in the clutches of automatic transmissions because of its high porosity and high elasticity.

This porosity is significant because it directly influences friction performance and durability. By using X-ray CT, it has become

possible to measure the three-dimensional distribution of the pores of the friction material in which has not been obtained

heretofore. Further, not only the magnitude of porosity and pore diameter, the three-dimensional distribution was confirmed

to be an important factor in terms of the friction properties.
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Table 1 Sample composition and porosity”

Sample A Sample B

Aramid fiber [mass %] 28.5 28.5
Diatom earth [mass %] 28.5 28.5
Phenol resin [mass %] 45 45

Porosity [vol%] 52.2 50.2

Porosity distribution uniform non-uniform
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Fig.5 Pore diameter distribution as measured by
mercury porosimeter”
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(d) Fifth layer of Sample B

(c)Fifth layer of Sample A
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Fig. 6 Binary cross-sectional images of samples®



NSK

H 8 ICEEBDIILEZRT. UVTILADE1E
hoE L BFRCAEDEIF4 % THD, H—K
SAROHHZRF >TLD. ZNICHLTY Y TILB
DI[ILEREFE 1 BN OELEBFTCTENKEL, A9
—HEHLRODHEF > TVDTEHLDDD. FFITK
THIILPEREINTCE 1 BEAKAENEL, £5
BEDKFLEZEF 10 % ([CHR3N.

KEEROI A= —TIFY > TIL B DA IEEFT
VIIWAICHUTKELETILZBELTCLDEVDE
nwupbhnsidEhofc. ZNUSH LT, X#R CT Tl&
ST AR, [ILEREBICH—ICHmLT
WBDICH LT, BT B TEFREICKEESRTL
HE&EFL, [HALEDBRATI—CThHdIENDND. D
KOIC X CTZAWVNSDIET, KEBROYX—5—
TIIBSNED D ICEEM DFHlIS AL Z 8IS TS
fc.

4.2 MHRMEOFHIEER

E 9 ([CINDHERICHITDERRUMDBERE(LZ
9. [AE [ARODMHE—EYTIVAT
(FEERHIEBATELZELTHD, HHL 5%
HICHO I TEERBEAEPDICTETLTVLL. ZN
(CHUCKALE [AEPARNG—EY >V TIL B T,
AN SERGRIFE N UL, |RENICH>T
VA ETTTIL B DEICIE 10 % MUEDEEGRED
=DhEU.

INFT, [ALREFREWVE DN, EAPIC ATF
hoRETHAS Y IICLDEHEFDDFEZEZIFIC
<LWesh, FamlFR<IEDEZEASNTER. LU
B, KRB CTEFIARDOREVNVGTILB DE
BRAMERHRCETLCHED, wORREE DT, Mt
AEICEVWDEFNICERE LT, KBEEDEDE
A5ND. TVTILB EREICRADEFRLTHD,
KEOEZEANUVTILAICERZULLETTD.
DIcs, HEBRIHALDENICK > TERBOSADOEN
JOILET, BHRICERFUNMETUIZEEZ S5ND.

1.2E+07

I
Sample A Fifth layer
Sample B First layer
1.0E+07 — = =Sample A First layer
Sample B Fifth layer

& 8.0E+06 AN
8" 7 \
= 6.0E+06 ft o
7 \
E [T\
1 N\
5 4.0E+06 /J A \
N 4 \

2.0E+06 } &

L7 <

0.0E+00 — -

1000 100 10 1
Diameter, um

7 H1BEFELBOSAEDT
Fig. 7 Distribution of Pore diameters in the first and
fifth layers

60 I I
B Sample A @ Sample B

50 s s .

40 H H H H

Porosity, %

30
First  Second Third  Fourth Fifth
layer layer layer layer layer

B8 =flENm
Fig. 8 Porosity distribution

0.16 i
—— Sample A

. 015 Sample B ||
c
o)
5 014 (W\\Nw\‘
~
- 013
.0
2 012 :
[

0.1

0 5000 10 000 15 000 20 000

Total Heat Value, kJ/cm?

9 EEGEHOZEL®
Fig. 9 Change in friction coefficient”

NSK Techwical Journal No. 689 (2017)

25



NSK

5. HEHE
X#RCTZHWS LT, INFTHESNED oI
BEMPOKAD=RITHZAET D EDHIEEIC
gofe. Flo, [, [AROKRNZITEL, =
RITDMD BRI ZROD LT, EBLEERCHSD
CEERERR LT

St LD M EBEREORREM ZS S(CHEAY
BdEEBIC, TADMZERET SPEZ@E LTt
B ETRDEHREFEREMDRFAEZIT o> TLIL.

26  NSK Technical Jowrnal No. 689 (2017)

SEX

1) kRE NWEES ERXEEMORIEM. 85T LF. voldd Noll
(2014) 518-525.

2) KHER, "hSURAZ v avAEEMORMEE. AR S ROY—,
No314 (2013) 21-23.

3) #ARFEHE, =4RERS, RN —/\EEM ORI, {tFETF, $£75
B H45(2011) 53-55.

4) =4ERS, DU OY 3y TU— bOKILMEE EEEET, NSK Technical
journal No.655 (1993) 25-31.

5) T. Hiramoto, K. Iso, K. Maruo, “Study of correlation between
porosity distribution and friction performance”. International
Tribology Conference TOKYO 2015 Extended Abstruct.



NSK

A HEEGERE DR S

NSO avh—THE

WE B, B2% 8X*, B0 KB .49\_

Development of a High-Power Two-Roller Traction
Tester and Traction Curve Measurement
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Measuring and estimating the traction coefficient is necessary to improve transmitting efficiency and design compact,

lightweight traction drive devices, such as toroidal continuously variable transmissions. However, few attempts have been

made to measure and estimate the traction coefficient under practical operating conditions, and the design of traction

drive devices has used extrapolated values from the traction coefficient measured under low-power conditions. Thus, the

guestion remains whether the estimated traction coefficient is applicable or not. Therefore, we developed a high-power

two-roller traction tester to clarify the trends in variation of traction curves under various operating conditions similar to

practical traction drive devices. This paper details the configuration of the tester and shows several resulting traction curve

measurements. This traction tester contributes to building a traction curve database to make traction drive devices more

compact, lightweight and efficient.
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Technology Trends of Bearings for Electric Vehicle and

Hybrid Electric Vehicle Powertrains
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Recent emission controls of vehicle pollutants, such as CO, and NOx, have led to the increased use of hybrid electric

vehicles (HEVs) and electric vehicles (EVs) all over the world. The use of HEVs and EVs is likely to spread further since they

offer other advantages such as low fuel consumption and good acceleration performance. Bearings used in HEVs and EVs

require good performance at high rotating speeds, high static strength, long life, low frictional torque, creep resistance, low

noise, and low vibration. In this article, we will introduce some of NSK's latest bearing technologies created in response to

these demands.
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Table 1 Physical location of bearings in an FF HEV
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NSK EPS Control Technology

S. Shimokawabe, T. Kitazume -
JEm #ith

In recent decades, in order to reduce energy consumption and protect the environment, electric power steering (EPS)
systems are increasingly used as alternatives to hydraulic power steering systems. Additionally in recent years, EPS is
expected as a technology for reducing traffic accidents because it has a high controllability.

In this paper, we will look back on NSK's progressive approach to EPS development. Then we will discuss the newly
developed ACTIVE ON CENTERING control. One of the concepts of NSK EPS control is that EPS is a man-machine interface.
This means that EPS is not only an actuator to reduce the driver's steering effort. It also should be an interface to connect
properly between driver's maneuver and vehicle movement.

Based on this concept, NSK has developed the ACTIVE ON CENTERING control. For easy handling when the driver
returns a steering wheel to a center position, this function makes assistant force. The effectiveness of this new control was

confirmed by experiments.
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Development of High-Speed, High-Power Spindles
With Automatic Grease Replenishment
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In recent years, significant developments in the aircraft and automotive industries have led to increased demand for

high-speed machine tool spindles to increase production efficiency. For this reason, NSK has developed high-speed, high-

power spindle units in addition to the NSK standard spindle series. These spindle units use a constant-pressure preload

and a rear bearing sleeve with a spiral-groove cooling structure to sustain rotational accuracy. Other features include a

grease-replenishing unit to prolong spindle life, a quadruple-seal structure to prevent infiltration of coolant, and a tool-

unclamping cylinder.
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Development of High-Precision Vertical-Axis Table

T. Sato

Recent technological progress has led to the creation of three-dimensional semiconductor devices. This development

requires manufacturing apparatus and inspection equipment, such as positioning tables, to meet very strict precision

demands. NSK previously developed an ultra-precise positioning table for two-dimensional semiconductor devices and

is currently developing a three-dimensional precision positioning table to meet these new requirements. In this paper,

we will discuss this new high-precision vertical-axis table.
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Ball Bearings With Excellent Sealing Performance for Fan Clutches
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New Ball Bearing With Retainer Plate for Automobile Transmissions
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The World’s Lightest* Electric Power Steering System

ERHERICENTIE, CO, BiH7ZHIFI U, KR
BREBEOBENEFOCVD. Fic, MNTIE
Euro6 FEFARARHRENBT O CTVD. DK
SIKEBZERICEREM EPS DIRE|IFER L ZE
LTETWS.

EPS DREICHNTIE, ZEMDHERIE 5, BE-
VIO hTERBICEMINS, SRIEMELZE
HTWVD. COENSKTIE I\ RILDOLETAEEZ
SHEEOREIETIL MBI E IS LY A TE U TIEHER
REE* THh, BOZeMraRfitzn Lt
JERBZRFELCDT, LUIRTENTS.

1. ¥R

AEBE DIEF, FIVRYIADOREHEETDHD
ot - BRY v - Fv BOXZ/NEHET DT &
T, fERHEH 13 % OBRE(LZER L. Ffe, b
WOV TBEOSDOMKBESRZIRBRRIET S &ICK
D, ZeMzEEsh, BICVA RUVITX by TBIT/ Ny
T URREMEENME NI 5155 CH EPS fEEZ 5k C
TDXDITHE oI,

2. HEEROMR

(1) &8 (B2)
NMLoEIT - BUURBOESEZ RERET
THTEITKD, #EEmO/NE Lz Uz, BLU,
BREUVTCEVURERENME T UC. ZDfeo,
TUOKBOBSEZRERET U, T UKD
DERETZEREIT D EICIDmIIIEE. N
[CkD, GrUMgEZz@m LEEE, ECU D1
Y—TI1—R, TCVUHHFIITTOCRABEZR
ITERERL, TERBIMEET 24 % DRE(LZRI
Uiz

CORRFEY - BRFVOEBEOMAEVICKDE
fEgH REZEES LU CV<BET, HEFDE
ke ZE oM (B3) Lic. 70O 7 A7
BBt T C & TEMINIZERL, REDEE
FAEEBELUCFVYONRI{ELIc. INITKD,
EREERE 32 % B2 L.

76 NSK Techwical Journal No. 689 (2017)

ONLZ VT DINEYE
@EHEF T DAL
@F iy I ADINEYE

AIXREER
RERER I D))\ EUR B

b (RERE3 %) \®
[CRDEREICTB

4 5 3
\ .
>~ _

RIRREE LTEZID
PARUVG R T NP
SHISEPSIEREEE BRI CIRER iR
I SEMUR S ER

1 HRERE* FILMEBMNEISLYATEPS
Fig. 1 The world's lightest* column-type EPS
system equipped with a tilt mechanism

BRAL #8281t
Ty Tb 19%
NMLOEVY DA 49% 24%
2Y—=7 40%
R 32%
FYRY IR 23%
EPS : TOTAL 13%

2 BE{bLDHDHH
Fig. 2 Approach to weight reduction

E={Aletol TSR

& ALMED

AL -nwew@o @

A /
\ \\ /.

i ]

—

-

<3 7

e 8 S e— |I ‘I
i BES A R A%
T B e I g

AT | 'ecmmee ’

3 U —AEERFTOEEUERT
Fig. 3 Analysis of worm and reduction gear meshing



NSK

C FVRYIRX - TA PR BIHITDIHFERFIHD
SIEE - MOZBLESE, IR UIEh 58N
ftZREBELC. BLIEDBECTRIINDSANER
{LZfEH T DI, IERDBSHT DTSR -
REFT (H4) ZHAVDET, #HhsmBZERL
DORDOREFTERLIRNZZR L, 1EeRElmt
23 % ZEE{E LTz

(2) 74 RUZV TR b TROESIER 4G £

TARUYIA by TRIE, TVIVICKDHERE
DMRIEEN D2, Ny T UDIEEMEENME RIS,
ZIT, Moty bORESERZEREEEL, /(Y
TUMRSBENME T I HHETH EPS BMERF it C
TBHRDICUIZ(E D).

(3) Z=Mo[E E

ek, EPS[E ML YU ZESHKEEERT B
DSMEEFHLTVS. SEICNICMA T, MLoteyY
DEAFHBEICT U, B CEERIEEEN IER (CER T
TCLDND, 1% (B 6) ZITADLDICLIz. NI
&D, EPS DZEMZEXIDE ESETC.

3. FAE
AERF, /NBUE - hAIEGF IS LA EPS &EULT
20—)NVVICEBREECH D

4. FEH

SERNUCHERREE* F)L MEENE IS LY
AT EPSIE BEREFARUVIR by TN
FODEBIXR - BAERICEMU, BIISN/cRIREEET
=2 - TDICEmMUL T L.

[ BRIcL2BRRE |

g ke
=Y

Y
# 3

b
~

R4 ST
Fig. 4 Casting analysis

G = obrbra v
NNy TUDSOEHEENEDE MIFRLTH
EPS{EENZR5 i
FPARUVIZ v Teh
IVIy
ALE

A
e ES

FERBIRLE
& S

NyTFUNSDENREEDIE = EPSELE EPSTEENRHT:

<{eR> SEFEFE>

B5 7ARUZVIX by ITHIG
Fig.5 Idling reduction support

<fek> <S[EFFE>
HEEER RAEEEIR || eEES
(ZFO7%7E) (V5 )HIE) RIR
! !
AR £ AT =Vl

E=I0IE EEUE

V) iy o

4% == z) e

6 NI EYTORARERRIC IR AR 7ZENN
Fig. 6 Additional initialization test performed by
torque sensor

A * L HEAN (according to NSK's reseach)

NSK Techwical Journal No. 689 (2017)

77



=]
&

BAEA AR TR e t>< v IO F#= spaceaCRYO ™

spaceaCRYO Bearings: New High-Performance Ceramic Ball Bearings for Liquefied Gas Pumps
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Photo 1 spaceaCRYO bearings: New high-performance
ceramic ball bearings for liquefied gas pumps
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Spherical Roller Bearings Featuring High Reliability and Excellent Sealing
Performance for Conveyor Pulleys in Mines

HFOH'S 20 km [COTZDIRLANTH, ik
DHEPAYTFVAICKDTEEEILETHE, LEM
([CRELTEZRIFTT. TDcHINSDEMICIE,
MEICBRINOBEERMA NCBWLWTH, 365H24
REDLZEBR ZITADEREDKDOSNTND.

COIAUNRTT=U—([CF, —mNICEEFEEET
DI HZRIN TE D EENFHDC DEZHMEDNT
Wo. COBFRRLCSHRI(CIF, FRE (S —ILIEL)
CEHE (V=)L DBEHD, (ERORBELCTIEEY
BAICLDHMZDORHBBERENRECHD, —77,
BHT[E 018 —)UItREZRET oTchD>—)U
AN—ZADMER ER 72 2B CBAMT T DRFICTER
ZAE CTEFNC EICLDBHIRRDOFRBLEE DTV
Je. O, tekmEF—#MR AT T =)
MEEEHEL, REmERRECEL [82HY—IUY
SERMEEFFELCIHR] (BE1) ZREFELZDT
BN D.

1. B

Ofekm R D2 B]RMt
ISO PAICERLTHD, ERMmEB—LAED
HETRANAETHS(E1).

@ORFoMHIDRA
P ERIC NSK IRERIFEM SRR ZES C &
TaEFaENELL, WMENEZIVI/INT MNIT
DIENFRREE O, CNICKD Y —)LANR—
AZRRUEN D, ERMEB—TATRAFLUL
DaEma8ZRRE L. e, RRICERRER
FmD T« —I)URTRAMZEREUCHER, (EKm
FEL<BEDFEEUCH, RERICEFEENRESN
Hhofc. B2I(C, REMDREDZIZOTH
HE7ZRY.

@ =taeY — LT DA
EYPRANRKRCREREDDDIH—FRATUVT
HY—ILZEATH L TEREEREZRIE. @&
BERD T « —)U R T X MEOEMRANEBDEYED
gz, E3I0RY.

@IL NSRS — UL Y — DR
BERICY—ILZEANL, TEFAEZTADLDIC
B0, HDHAHFORNEY LT EXICLDIEBEP
BRENTEFORGZBLET DI EDFREEE DT

80 NSK Technical Jowrnal No. 689 (2017)

BE1 2&HY LS EREBERL 8%

Photo 1 Spherical roller bearings featuring
high reliability and excellent sealing
performance for conveyors
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Ball Bearings for Ultra-High-Speed Rotary Motors
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ROBUSTSHOT Bearings: Direct Lubrication Angular Contact Ball Bearings for
Machine Tool Spindles
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Ultra-Large Ball Screws

R=)LRUORARFZIRICOIEDN, FFICH M
BPTLUAKICBWTIE, &ES (FEERREDOIU—
UMb, HED@REM EEREL, EEOSHRLIEE
DEBICELD, FHOBRETATHERND S, -
RUEEERE—5 CHRET HBEIIANERDED O T
TCVD. LU, BFED/)I—=PA X MUX
Y N RIVIEEDKERBDOFEME TIE, FFEICK
TIFEAENESEREH (CIERT DI, /ERDM—ILA
UDBEAECIETO/EEFRDEoNEh ofc. €D
128, SHERNDH & feldREN BB Z A UTz/\
AUy R ¥ R EDRENTENMERINTLS.

SO, saaRsAR—/lRUDarRs8ztolc
BLESE, HERFE/N\ATU Y FEAEASNT
WD EE (CH MDA, BAER—)LRU (BE1)
ZRFELUR. HEXNNSBERNANEZ S EDERE
EFNUE, TERICRI K DEAY w bHFSNS.

- FE@mDFERER_E

- I, ISE MG EIC KD MEENREDER

- BEEERTE DB ZLH FOEREEIK

- SVZVJ IR MEIE CRERICH UL TERA
h1/2 ~1/3)

-HERSOZEM REMO6 L

1. BR
WMERFELUCT v MR C SRR Z F
W& ZE THHMEMNTIAIgEE T v hERZIARL, TEC
[CRIRRZBETD.
(1) =aEae
WERDORBR—)LRU R L, Fant T 2.8
EUE@E ).
(2) MifETEM
MRORR—)LRACEEEL, FE7F
V7ILEEM 1.3 BUE (B 1). B#MTREX
200 t D&fErH AIEE.
) BEEFNUI—r3Y
HEECREFRY — Nz EIRERE.

BEE1 BRER—ILAL
Photo 1 Newly developed ultra-large ball screw

MERMERFERDAERLE  R—JLUHR : $200, U—K 32 mm

[ A~ AFERAH
B)TEMETE | Hkt Vel

2360 kN

2.5545) ! 1510 kN

BOMRE

mm—

B | 3340 kN

2 5265 2.8 1910 N

BOcH

K1 ERmERAFERODMLRER

Fig. 1 Comparison of specifications between
current ball screws and the newly developed
ball screw

EY )\ ADJUy FROBREERIEVCY), T TIEFEEmE#OSH Gk, EHm TIYTI5#EE)(CDNT,
HEXEBHRZHALCVDGEZRT. KA, G nE, BHHESBEN e UIGaEs.

86  NSK Technical Jowrnal No. 689 (2017)



2. ftix 4, FEH
- RIS DMERBIEZR 1 (O BAER—)LR UIFHHEIR—/LRU & U Tt
- NNEE (RS U — POMEEE) 2R 2 ([TRT. KRDBEEEZRDOR—ILRAUTHSD. COR—I
- IN=ILEEDHD EWVERA e, R—IUiREE— RUZESY VT LTy b (v heEiELUCaEaEZ
A'NSK S1 ™" Z£H. EFBTE), FEFEHEATHERTDILET, LFE
- FFENEHEBABEE, SERIKRELT HIR FOBEXFCIE/\ATUw FHAMERSN LS
SRE" XN COXMLHRIEEGFE d - nfE : 10 73). BEREICEHNNCTEDRREMDDS.
BT FVTIIEEZO LS BIEMEES T3 SHD, BRAFEEDEH L ZBEIT N, R
BIFILETRE. FIFE - BRR7ZED T,

- FEEER  JIS R Ct7 £k
- BA@IEE C 0.060 mm TR

3. FAE
SAEREVMETELZERDSND, BENFHAE SEER
1%3% B—MRTUAR, TO—FE FAFvAIY DNSKAFOY, "HREAGOESHERBALK—)LAL", CAT
t(u@btb\é NO.JSP-160215.

=1 ARBKOLRBES
Table 1 Specifications of typical models

”A\ HATHEEES (KNI #a
Ty bER FEITI B
B=E) - .
(mml faTEE [min™"]
B B kN
HTF14025-21-S1 25 140 743 2 500 9820 1102 500
HTF16025-20-S1 25 160 743 2640 11 000 1276 437
HTF14030-175-S1 | 30 140 761 2 660 9520 1047 357
HTF16030-17.5-S1 | 30 160 761 2840 10 900 1356 312
HTF20030-17.5-S1 | 30 200 791 3210 13 900 1823 250
HTF14032-15-S1 32 140 753 2 880 9 480 1095 357
HTF16032-15-S1 32 160 753 3020 10 700 1412 312
HTF20032-15-S1 32 200 753 3340 13 700 1910 250

xR2 nEEHE
Table 2 Lineup (Combination of shaft diameter and lead) 47 - mm

20 25 = 70 80 100

140
160 K EE
200 ,A

NSK Technmical Journal No. 689 (2017) 87




BAE LRIV E4T

x #
EXREMERETE
BEBHEEXEH

E X F B
AR 5% £ 7 #% 15 8B
R &t = #
B i % #
i B R x #

RMEE XM
REXHE EXE
RExA BRCTEERER
R4t ARFEEATER

Lo = X PR

FHEERM
R X
E B x #

@R E XA
B Om X #
BEHEX ERER
BHESH FrTEERE
BEESA RFEIITED
it B x #
Xt EXE
Rifsz At ARGEIEE5RER
BFsz4t ARGTHLITED

R#BEXM
g B = #
R OE % #

BIWE XM
oW = #

BRAE XA
REFEHEE—H (EX)
REABEEE—H(ED)
REABEEE—H (BiD)
REAEEEHEE (KE)
REAEBEF=H (FHE)
REFEHEE=H(FE)
REFEHEENE (FE)
HEREAEEEE (2M)
FE A BB (RiE)
R A AN EEEAD
[if]=EN=E EEONY)
[ifl=EN=BEEHOND))
FEAEEEE (JER)

OREHE: "R

LRDRIMTHIEAE

TEL.03-3779-7111 (%)
TEL.03-3779-7227 (%)
TEL.03-3779-7189 (%)

TEL.03-3779-7315 (%)
TEL.022-261-3735 (%)
TEL.029-222-5660 (%)
TEL.027-321-2700 (%)
TEL.0258-36-6360 (%)
TEL.03-3779-7302 (%)
TEL.03-3779-7251 (%)
TEL.03-3779-7307 (%)
TEL.011-231-1400 (%)
TEL.028-610-8701 (%)
TEL.046-223-9911 (%)
TEL.0266-58-8800 (%)
TEL.0268-26-6811 (%)
TEL.054-253-7310 (%)
TEL.052-249-5749 (%)
TEL.052-249-5750 (%)
TEL.052-249-5720 (%)
TEL.076-260-1850 (%)
TEL.06-6945-8236 (%)
TEL.06-6945-8158 (%)
TEL.06-6945-8168 (%)
TEL.077-564-7551 (%)
TEL.079-289-1521 (%)
TEL.082-285-7760 (%)
TEL.084-954-6501 (%)
TEL.092-451-5671 (%)
TEL.096-337-2771 (1)

TEL.046-223-8881 (%)
TEL.0545-57-1311 (%)
TEL.029-222-5660 (%)
TEL.03-3779-7892 (%)
TEL.028-610-9805 (%)
TEL.0566-71-5260 (%)
TEL.027-321-3434 (%)
TEL.0565-31-1920 (%)
TEL.0566-71-5351 (%)
TEL.053-456-1161 (%)
TEL.06-6945-8169 (%)
TEL.082-284-6501 (%)
TEL.079-289-1530 (%)

FAX.03-3779-7431
FAX.03-3779-7432
FAX.03-3779-7917

FAX.03-3779-8698
FAX.022-261-3768
FAX.029-222-5661
FAX.027-321-2666
FAX.0258-36-6390
FAX.03-3779-7437
FAX.03-3495-8241
FAX.03-3495-8241
FAX.011-251-2917
FAX.028-610-8717
FAX.046-223-9910
FAX.0266-58-7817
FAX.0268-26-6813
FAX.054-275-6030
FAX.052-249-5826
FAX.052-249-5751
FAX.062-249-5711
FAX.076-260-1851
FAX.06-6945-8174
FAX.06-6945-8175
FAX.06-6945-8178
FAX.077-564-7623
FAX.079-289-1675
FAX.082-283-9491
FAX.084-954-6502
FAX.092-474-5060
FAX.096-348-0672

FAX.046-223-8880
FAX.05645-57-1310
FAX.029-222-5661
FAX.03-3779-7439
FAX.028-610-9806
FAX.0566-71-5365
FAX.027-321-3476
FAX.0565-31-3929
FAX.0566-71-5365
FAX.053-453-6150
FAX.06-6945-8179
FAX.082-284-6533
FAX.079-289-1675

AR XK 1-6-3 (BFEEIL)
ERmERm) XK 1-6-3 (BFEEIL)
ERRERR) XK 1-6-3 (BFEEIL)

T141-8560
T141-8560
T141-8560

ERRERER [ IXKIE 1-6-3 (B#EIL)  T141-8560
EHEIETHEEX—ZT 1-2-25 Ila NS EJL 7F)  T980-0811
ISR 1-4-7 (85 5 7UVAEIL 6F)  T310-0803
HRERSIEHARET 16-11 (Bl —ANYT—2F) T370-0841
RERMMERRC LI 2-1-1 (=HEmRMAEIL 7F)  T940-0066
ERRERm XK 1-6-3 (B#EIL)  T141-8560
ERRERmR XK 1-6-3 (B#EIL)  T141-8560

ERRERm [ IXKIE 1-6-3 (BFEIL)  T141-8560
JoEEALIRm- PRI AR 6-2-2 (FLiR Y —E)L 16F)  T060-0005
HARBFE=HREMR 2-2-1 (EvJ-E—XUT7 7F) T321-0953
R | REATRHT 2-6-10 (RECARREIL 5F)  T243-0018
RHEHEEAMHMN 5336-2 FRehBZma=Esit)L 4F) T392-0015
RFE FHAMATF 1-6-4 T386-0024

BTSRRI T MHERT 17-1 (YD —22F)  T420-0852
BHRAHENFRL 2-1-9 (BETLYyIALILEE 2F)  T460-0007
EHRLHEMRRITR 2-1-9 (EBTLYI ALV 2F)  T460-0007
EHRLHEMRRITR 2-1-9 (BB Ty AL)VEE 2F)  T460-0007
ANEERMBEOIRE 1-40 T920-0346
RERAFABRATFPREILEER 1-26 (KBREFEEIL 6F)
RBRAFABRAIFPREILIRER 1-26 (KBREFEEL 8F)
RERFFABRAIFPREILEER 1-26 (KBREFEEIL 7F)
WESEZEMETT 8-4 T525-0031
FERIEEMRREIEI 100 US4 2 E)L 8F) T670-0962
[RBRILEMRXAM 3-7-19 (LBEEEIL)  T732-0802
[LSERILUMER] 5-29-10 T721-0952
BRESEEHELXBLERE 2-6-1 (NERKE)L 7F)  T812-0013
AEAIRAEATIIEXA 8-16-560 T861-8003

T540-0031
T540-0031
T540-0031

=) | REAMAA] 2-6-10 GRECARARE )L 5F)  T243-0018

B R E i KEET 1-124-2 (EPO EXEJL 2F)  T417-0055
IR FTIRR 1-4-7 (555 UV AEJL 6F)  T310-0803
ERRERmR XK 1-6-3 (BFEIL)  T141-8560
HARBRFE=MREH 2-2-1 (EvJ-E—RXII7 7F) T321-0953
EHRLIH =0T 1-9-2 (85 2 SRELIL 5F)  T446-0056
BHRESIETRET 16-11 (SlF-1—A YT — 3F) T370-0841
BRSSHM TSI 5-10 T471-0875

EHIRSTIH =0T 1-9-2 (55 2 BRI 5F)  T446-0056
BTN RARERT 111-2 GRS T — 19F)  T430-7719
RERAFABRATFPREILRER 1-26 (KBREFEEIL 3F)  T540-0031
LERLEMmXAM 3-7-19 (LEREEIL)  T732-0802
FERIGEEMREEREIR 100 U\5248 2 )L 8F) T670-0962

<2016 % 6 ARTE)
BHTERIINSKIR—LR—=ITTEWVEITET,

DWVTIE. BE< D374t - EERFRICBRUMIF<EE L,

MRV T FEHRMEE (R—ILRL-UZ7HAR-E/F+U77) &8 0120-502-260
BXHANVIE—Y - XYEIa-)b

g 0120-446-040

=
K

RHCZEITDHEMT

BABIHRARME. AERBNONEEZEFICIOBRH SN TVDRBEMICONTIE, EBICERUVTHEBUEWIEZEARTHELTHDET,
ZHHSNDHEEF. FBACEI<BEFIZREINTTLOSBBENBLET,
BB BHEROBHICKRLTIE. B8 KEFEARCEATSNDICEOBEVLSTHBETSDLOH B THRVELE T,




JANUARY 2017 No. 689 E -l
NSK X

LTI

TECHNICAL
JOURNAL |

WS ZEEETD
DI v—FILDOABICDONTIF, HHMBRESRUNRICHINT DIchHMDAE, IFREEEFELEVICEEITDILENDDET.
F8B, I —FI)LOFNEICIFIERZIT DIcHDDERZEILWVET UIEH, RERKICKDBEEICOVLTCEFEEZELHIRET.

291 B 14 H
Y2941 H 20 H
R B
BEE H
A FEDR #R & 4t
BAEIRASH

[ ¥ B TEL 03-3779-7050
RREE/IXXIE 1-6-3 BfEE )L

JE5Em



BABIRIVEH

™

o®y
® &
® (]
@ ™

eg @
T SL TR e

COHRWERECERELCHRREEERALTVNET.

CAT. No.JTJ-0689 2017 E-1 @ HEE T a 2017



