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Measurement of Real Contact Area by White Light

Interferometry Method

RRETKRFKRFE

HAERZEAMZER 20X 1LA ES)

Based on the white light interference image obtained by using a stereomicroscope, our method of measuring the real
contact area for low reflectivity rough surface contacted against a glass plate was explained. Under the Hertzian contact
for a steel ball against a glass plate, the accuracy of measurement result was confirmed. Also white light polarized
interferometry and a spacer method which has thin coating layer of Cr and SiO, on the glass plate were used together to
obtain colored interference-fringe images. RGB color space was changed into HSV color space taking into account the
merit of simplification in calibration procedure, and thin film thickness measurement was investigated by using hue value
of HSV color space. Calibration between the hue value and the separation gap between contact surfaces was carried out
in case of Hertzian contact. The calibration result confirmed a good agreement with the result of numerical simulation.

Key Words: real contact area, paper-based friction material, white light interferometry, rough surface
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Unique Fatigue Failure of Spherical Roller Bearings

Part II: Long Life Theory of HPS® Spherical Roller

T. Ueda, K. Ueda, K. Takahashi

=fe Fa

Tangential force, which is generated by rolling friction between rolling elements and the raceways in a spherical roller bearing,
increases due to high contact pressure, excessive sliding, and roughness of the rolling elements. This phenomenon helps to
explain why surface originated fatigue failure can sometimes occur even if the bearing is operating under ideal lubricating
conditions. It can also explain why spherical roller bearing life is relatively short compared to other bearing types.” Therefore, it is
important to reduce the amount of tangential force acting between the raceway and a rolling element in order to achieve longer
life in a spherical roller bearing. In this study, we developed a long-life theory for NSK’s HPS spherical roller bearings, and were
successful in both reducing the amount of tangential force and extending bearing life.
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Power Loss Factor Analysis of the High-Power Output EPS
System

Y. Momo, Y. Matsuda

FAM B

In recent years, electric power steering (EPS) systems have effectively contributed to reducing energy consumption of motor
vehicles. Starting with minivehicles and subcompacts, the scope of EPS applications expanded further to include small cars,
midsize cars, and more recently large passenger vehicles. Newer EPS systems must be more compact while increasing motor
output. Typically, these two requirements contradict each other and would normally require some trade off in output or size. In
order to overcome this conflict, the steering system must be designed to reduce loss of motor power transmission. In this article,
we have clarified the loss factor of certain components by breaking down the efficiency of an EPS system into the efficiency of

each component. We also propose a more highly effective EPS system based on the results of loss analysis.
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Development of the Next-Generation Toroidal CVT

—Power Transmission Efficiency and Control of ' !I I! '

the Geared-Neutral System—

T. Imanishi, T. Shinojima, T. Toyoda, E. Inoue 50 (268

>Ei
]

The authors are developing a new half-toroidal CVT that offers a wider ratio range, higher torque capacity, and higher
efficiency in a more compact size. Major features of this new half-toroidal CVT include a geared-neutral system and a power-split
system. We successfully downscaled the current CVT by eliminating conventional launching devices, such as the torque
converter, friction clutch, etc., and focused our energies on a geared-neutral system. In this paper, we focus on power
transmission efficiency of such a system and present theoretical calculations and experimental results. Concepts for achieving
higher efficiency will be also discussed. In an IVT, the control scheme at near-zero speed is the one of the more important issues
of this technology that need to be addressed. Conventional torque controls are discussed in this area. The authors describe new
control concepts based on a speed ratio-control scheme with additional torque compensation, and present results of testing that
was completed using an actual vehicle.

1. [FUBIC 4. FY— R a— 3L
2. NOAFIIVTOFV KU1 4.1 ML o
2.1 LowE—F (EZERIE—K) 4.2 #FHHFI ML I HIEHDORIE
2.2 Hight—F (&&fIE—FK) 4.3 HERIEEE
3. BHEEMR 4.4 REEGERER
3.1 EmimERER 5 HEHE

3.2 U I—5EMm&En=R
3.3 ~OAFILIVTDORAZNER

1. BUBIC o, VTClEEO®RERA (L\DKD_%H'—“’V— NZa—
NDILIEEE) [CHIFDFENERLREDOEDES
FHRORE Rt R DERIR E LD BEIERMTANDERK(C NTWd. COHBFEICEL, 1ERD NLIHIEIC
"L, RIATRUAVICBIFD NSV AZ Y3y
DR ITRENFKREL, RE L EMmES)HREDMILIC
EHRERECVT (EERERERRE) ~OHFEIEENDD =
$%. 1999F(CHR TR TEALENI/\—T b e
O4ILCVTHE S D/NEUE, B MLIBEEL,
BEMEL, BLOEIXAMEAKOENTWVS. £&
SEFINSDEKRZBEIT D NS VA=V 3 VD—
DELT, BMICRIKDHBFV—RZa—b3)LE
IND—2TUwy h R T LZEFA LXK ~OA 5
JUIVT (Infinitely Variable Transmission : Z5& L HERR
RIMELARME) ZRHREUIEELTLDY.

KRETEBIBEIRY AT LOEB I EEDNERDER ®1 ottt hOA 5LV
HETORM A TICKDAE UTCRAIMERZTRT . & Fig. 1 Next-generation Toroidal IVT

* IAFERAR CVITOYII hF—LA

NSK Technical Journal No. 682 (2007)



NSK

FBDIETREL, BREHAEREARS UzFr— R
—a— NSILEIRDEZ HERT .

2. FOAMHIVIVTOFV ML
2.1 LowE—F (BFR/IE—F)

AR ~OAFILIVTTIE, BERAITHAWLWSNS
LowE— RICHTIVEZF VilEEF Y OEEHEZ
FALEFY—RZa—hrIIVI AT LZRALUE.
H2(CLowE— RDEFHGEEZRY . TV I 2V (FIRED
RNFADY VIN—ZN UCTANT « Ao 707 M
BEFVYOF v U7 ZERICERETS. /\UT—5D
HAFEB#HZEN U CEEFOY >+ (S1) (T
GASND. BEFTOUVITFV (R1) HIVIHEE
DHEANEZED, INHLowE—F (ERAETE—K)
ROSYFZENLC, bIUVAZ vy 3 VHIENE
LGASND. EEFVTOEER (Y+v, UVIF
., FrU7) OFREBERIEERASNTSD, VT
BEEEDALTIERERREUTONTREIND.

[t Vo4

ii—1)-e
Nout = Ny = w/\/”\‘ ........... (1)
1
A7 H7 AL
TARYT TARD TARD
Nin
—
ASE

E2 LowE— ROBImE (FRER)
Fig. 2 Power flow for forward low-mode drive conditions

EZF >+ (P1)

Ny BREASDLE (= T2V 0ERH)
Nour © Z3EHH 7 IOEREL

Ng UV IJFVOERE

iy TEEFVH (=Zgi/ Zsy)

Zpi UVIFET 1 OHH

Zsy U VFY 1 OEH

. . HENT 4 ATERE
: | — S RE =
ey SJNUT REL AT 4 A

2.2. Hight—F (@ZfIE—F)

SRAITEFHIghE— RIS v TFZRNT, BEF
TOBRZTIDER TS, CNICKDRAERLZ
RELU, BERETRKOIY Y VEEHzE T MFD L&
WCTESD. FIEHIghT—RTRE/NND—=XTU v hEp
NoEEEOT, TVIVEHO—ERIE/NNU T -5 %
NEFICTVI VN SBEEFZT U CTHENEICER
5ND. COBHICID/NUI—5=Z/NEETHE
WTE, VT2EDOYA XZNELTHIENTREE
gofe. Eii U CEamEnh < SEETRIC/ (U
IT—9D0aEZEBCEDElE, EROCVTHEE
[CIED D EBERIFRRTHD.

E3(CHIghT— FOBNmEZTYT . EEF DY
VFEVEFYUTDREEIFLOWE—REBIUTH D

U ¥y
(R1)

EZFFv2 (P2)

EZ#>++v3 (P3)

AT £ AN
T4 R TART TARD
o
coo g 1
= Nout
N i L Seeeee. T‘ Hjj'ﬁm
AT 7
HYFv1 (S1) Frly H£43 (S3)
HUFy2 (S2)

K3 High®— ROEIIEE
Fig. 3 Power flow for high-mode drive

NSK Technical Journal No. 682 (2007)

21



NSK

n, HighE— RTIZTOY MIBEEXTDU Y I+
vEY (R1) #IU—&EL, ADDICSEZ3HR
BEDBEAY LY (S2) EZOHAE LTS,
HighE— RICBFBINTOZ R IF AR TEEND
LowE— RH SHIghE— RADEIERA > ~MBL)
T. LowE— RICHIFBHAEEREHIGhE— RD
PHOER E— B B2 IIC, PRI RS
VHRBEE D, B3ICHTDUPRIDEEE VG
YYEP (S3) AH-FvUFHAT, REHERY
5l UTHERENS.

_ey=(p=1)

Nour = =) ™

hz2ﬂ7¥?%ﬁ7#¢@%#ﬁ%(=2”'2$)
Zsi  Zro

iy TBEEFVH (=Zrs/Zsg)
Zo | oA VR IDES
Zo, | ES A UE 2D

Zsp  UVF 208

Zps - U TJF V3Dt

Zsg P UVF3DEH

3. BINmEME
3.1 ERimEE

ZHRETEET BHEF T OEEDECDONT
&, V< ODORRDBENTNGY. TNEDER
BELOWE— ROFPAICERT B, BEF T
B% ANTHADEREEZHTENTE, HEG
LFORTEED.

FrUT UVIEVIEHE nor = - (3)

1 0

FrUT DYETIEE 0= 1001

I4 =g
BEFTVEEPRE no=ne-nep-nmer 6

CCT, ngp. Mpp. NMpRldZFNZENTUFV - EZ
FUFVE, EZFVFV EZAVFVE, EZF
VFEV- UV IFVEDHHFEVNEZTRT . KRS
DIEHTECTIIED HFEVIERZ 98.5 % & LT

INUI-5DmENEZ n, £IHE, FOAYIL
VTDLowE— RICBIFDEEMER (17T[\/|_|_ov\/) (FL
TORXTEREIND.

Ner - {(h—-1) -6y
n =— (S)
T™_LOW fi—1 =Nl - 17y - &, ©6)

22 NSK Technical Journal No. 682 (2007)

Ffz, HighE— RICBVLWTHEKRICEEF VI
w 2AINHEIDBREEZDENTE, HXREFU
TORKICED.

ToFV1- U FT2RmE Nsi1s2 = Mo (7)

FrUT UYRRE  Nos =7 ©)
—h2 1o
BWEFTVEENE  ny = ngp? = (9)

HighT— RICHBIFDANE- TF2 (82) BD
TEDE (1) [FUATORTEREIND.

Ny {Ns1s2 " €y + Mosp - (1 = 1)} - (10)
ey +1v - (1-i)

N2 =

Ul EnmR =+ HIDER D DB MGEMERIE, B
TORXTEREIND.
FUFPBFUPEIE Noso =10 B (1)
5
A7 Al 2 7 BRI Mo = MNsp * NMrp * PR
- (12)

IVT h—=%)LEUTDOHIghE— RGEEPXR
(nTI\/I_HIGH) [g ;/X@fttﬁéﬂ%)

NTM_HIGH = 12 * Nssc
_ My Mssc { Ns1sp * €y + Mesp - (1 —i4o)} - (13)
ey +ny - (1-ip)

3.2 NUI—58EZENER

ARETOECHWZ/INU T—5EN(F528
[CKDOKfe. TORTATINUI—5DFRICKD,
ANTAAT-HAT 4 RAVEDEGEENRELT,
e, = 2.0 (Highfll) &£V, = 0.5 (Lowfll) iFHET
% 95 %, e, = 1.0 THETH 93 % DEHESNIC.
NN T =5 DEEDREFFVHHFEVIRICEANR
PPRELETHD, NUI—5E%=EBY DEH%
BHITINDT—RT v NME, SWERZEFDIDISEL
TWdTELDDD.

3.3 O FIVIVT DEAIZIE

B1(CR9 bOAFILIVTOTO Y A TZANT,
EHEMEROFTAZIT ole. mEDRFALSIDE
B E MUOEEPAIT S EICK > TRz, B4,
ATV ZE—EE (T, =450 N'-m) £UTe&EED
BHmENEROHARSR SRR Z R U TR Ul



NSK

100%

=== Calculation
== Experiment

™

= 70%

Test Conditions
Input Speed: Nin = 2 000 min-!
Input Torque: Tin = 450 N-m
Supply Oil Temperature: 80°C

I I

90% f;
80% [ e

60% [+

50% =
0.0 0.5 1.0 15 2.0

€1m

B4 IVTOERNRORABNTEDE
Fig. 4 Theoretical and experimental efficiency of an IVT

BOTHD. HAOREHNEOTHEHFP—RZ1—h
SILIRA > & (emy = Nour/Nin =0) Tl&E, mE=ER
HEOICED ZEFERTHS. LowE— RTIHE
EEDKELEDEHENLERLU, HighTE— D
YUDBAMRA b (ery = 0.46) AFECTIFRAKIN
% DmEMNFEZTR U, HighT— RNTIE 82~86 % D
LEDERZRLTCVD. LowEHighDmE— NCH
WC, EmmEhREFATEDNEDRZEFH 2 %T
Hd. REICDOVTIE, UTFOEDDERZEHGE
PEICRS B TLEVZHEHRELTNS.

O3S VRZ Y Y3 VROLEERERGD A A L7z 8T
B EICKBDIERK.

Q@QFE—MIBRDISYFIU—NIBIFHIIETD
e

@F v U7 BHDEFRICKIDFIEATCOAR.
AROAYILNVTCTIE, UPRIANT « RTNDIE
HONEEDNF U7 ZNLTITONTWVS . Fv
U7 DERICKDFTOEATD HNEVRR LT
D, FPREDNEDNBLLDIEDNTFERIN, Fv
U 77EEHCEEIEICN T DERDNETHD .

2 [ T ]
Vo || EEFY - TYYVENL
2.0 V< Pp/Peo
© \ ~
& \\ \\.\
o —
o 1.5 A\ ———_
. -
\
§ 10
< — ]
0.5 N—— NUI—% - TUIVEHE
Pyin/Pe
0.0 [ [ [ [
00 02 04 06 08 10 12 14 16 1.8
€M

BE5 )\UI—4BROBEEFVDEImEL
Fig. 5 Ratio of power transmission of the variator and
planetary gear

DS 3VFAILDFHEICKDER.
NSO I3VAAIVEEEBEENC NSO Y
FRBDARELIED K DICERETSNIEF AL TH DT
®, BOZHIFVEE COLENEZETIED
»EDHd EDHRINTNSI.

E5(FHFERE (L, INUIT—FIHUCR DESE
BEFVYOEZA VFVIMCADEH7ZE, TVIVE
NEDETRUZBDTHD. HighT— RDIEEA
(erm = 0.46~0.8) Tl BEEFTHMCR DENH
BICKELETHED, VT2FOmEDFCHLF
THEOFENKEVNCENDND. ARECTIFFY
hHEWVREZ 98.5 % £UH, BA4EESZLER
I BHEBEFT VIMGADBNIDAENFRE CTERIES
EREOMEEDAREL L OTVDIENS, FVH
FEVIED LEREXIDDPPELLEOTVNELEE
ABND.

H6(FE SEDME[ EZEOEF L A7 D bD
—PBITHS. Hight— NICBITDREBIERRADU 7
RIDBEFHNTEBL, FPHHFEVEDIELIE
BDEDIFEHE Ufc. CDXRDIEILRABIRDENSIE

VaL:!

K6 HEFV LA 7D ~D—mf)
Fig. 6 Example of improved gear layout

AL

NSK Technical Journal No. 682 (2007)



NSK

100%

90% Ve — T

80% /
LS
e

/
60% /
50% [
0.0 05 1.0 1.5 20

eTMm

B7 WRF VLA 7D bDOEFmME
Fig. 7 Theoretical efficiency of improved gear layout

KERDREUICKD, VTHEREFESHICELETDHE
EZAONS. A7, COFVYLATDNEHRALR
S DIERMESBER/RZRI. VT =% L CTRS
92 WZEIBA OMENHRFIND.

4. Fv—RZa— b3Vl
4.1 ML HIE

FV—RZa21—hIILEETIE MNULIHIENEER
FEODOEDTHD. MNIVAZ VY3 VEEORE
A O&EFDFV— R a—hIILTIE, Emnlc
NUDHIFERR (00) EEADTENTED. EE
[CIFNU T=FPFVEEDEHHMEEERDITER
FEH100 % THEWC, BEBAER@ICHEREADAININ
hdZEFEWN. UL, NI —PFERICH0
ChSVAZYYavAD (=ZvIVHEA) D10
BLUED MUVODERT DEEHDD. F7—RZa
—bIIVEBTIE, mEITD NLVoZTIY O—-ILT
2 "ML DEEEEMO—DICHED.

NLOSIFERD SRS N TS D, /{D—0—
IRENDRN7ZESFFI DHMEE A N OHENZE
THEATHIE T D EICR>T MU IHIEZESRIE L
TWdY. —5, \O—O0—SDEEAEEZ T «—R
Nwodd "ZREGHEE (FEFEELNSL<, TiREN
fc hOA Y ILCVTEHEDIBGRAEZH LAEBICK
DEEWAIC T « — N\ U 9 R EHE A ZEA
LCWa. COBFRIF, EfTHICrSVYAZvI 3y
DR ZRTES DFEE UC—RNIFEEREY W T H
RNEDOFRMEDBL). AFRECTIFEERLHEZN—2X
EUIEFHARD MU IHEZIRET D.

24 NSK Technical Journal No. 682 (2007)

4.2 FAR ML HIEHOEREE

NUI—=%ICF, ML S EEEERLEEE
ZTRIEDBE(CEFTOENELD "MLV T R EF
ENDREND DY, CORMZEFIALT MNLoHIE
Z17D.

®8lx, ML T RZEFAUR MLIHEIEOBER
ZRUICBDTHS. #EEhd/\UIT—5REL, fith
FHEANLY (EUVIFVEDRLYD) ZFRUTW
3. RIRFNUI—5D LIV T NMEEEEMERIC
MUTHED, MLIDZEEICH U TEREDZELT D
BFZERLUCVD. 5, HARE TO TS HIET
ESZDIRE (LWohDIU—TIREE) &2 5. 7
ERBNDERENNZ S Z T WVEHE/ (U T—5 DEZEZE
R EODC ELBHTRERAICERSED. BIRER
DBV ET MLI 2T bORFERRIFEIR TR T
KOICERICES. UL UELS, HAEREFEO
[CEESNTVNDDT, /\UIT—5DZ &L F5@He
[CFV—RZa—bIILIRA VK (e, =1.703) [CIX
5. @limgceEL, NUI—FICNUVIGEDFE
U, BREUVCEIDMICOU—TNUVINFEETD.
BERBICOU—THZEEWNVEEICIE, BIRE®&RL
ZETERAIICEN L, R3DRFERZEARICEINT
FICTNELWV. ML T ROREZESHSH U
BRUCHBITIE, BEFEZZRITDET, /WU
T—%IClF ML RE UBRNICETEI SN U —
ThZEBDENTED.

. G/N Point
ey=1.703

»

Output torque

\4

INUI—=5D
NLO DT M

®8 K~ILUHHDBER
Fig. 8 Graph of torque control



NSK

4.3 SHERITEDIES

BRROEE I T NMCEDE, IVTOH ks
SHETolE. F— R 21— hS)UEIIRRE R D%
BNZERIICRT .

Pressure
sensor

Line pressure

| PH

Q}::() II 4

Precess

I\

Stepping motor

PL

Ratio control
valve

ﬁiﬁ Compensation
piston

(e

REV «FWD

| Manual valve |

E9 +v— R a— h3)UHlERE
Fig. 9 Geared-neutral control mechanism

Stepping motor
RREE

JONYA TRMERRE TS, FIEETDEIDE
FEMEZESHDEHITHEE A MR CHEERD
ARTE. WU I =5 DERLZ AT 2 2R HFF
(Ratio control valve) FRTvEVITE—SFEUVD
BREICK>TEDEINDD, UV IBEBIERmEER N
VICKOTHID T ENTED. TOFWEER
FELT SUIR—=(IC8BDD~Y 27UV TIEEL
THh, 7 D:RTZATLY) &E (RU/N—
AL VY) DYIDBAICHST, TNEN—EELET
U OBBEEINT . CODIFHEEREDEITICK
b, RBDREICEDVc, EMTOREICSVTH]
& (HDWVEEE) BlDo)—-THhESND. #HIiE
EX UK, BIREOKRMERICONN L CHERICH]
BEZBOSNDEBEEDBVY AT LEEOTVD.

TJORYA TS URZ WY 3 VU TlEZDDMEIER]
TR . WRICKD IV ITRIEDZEZFHET
BDIEHITHRICHUTCRTvEYIJE—=HITFI—R
Za—hrIIIRA Y D ODEHEZMIET D . K/,
FHER hEE (4P) ZERUT, FHEIND
U—THERENDFNIBRICE, ATvEYTE
— S TRE NV ZRHIET DFHBIMA TS, i
DFNZRLIc7O0—F v— ~ZE10ISR9. D
TODRIEICEKD, NUBELEEDHNELN D DHE
[CHX CEDEFEDEVNT U—TREN TS
ol

%O—RUFaL—FICKD
BRAIDZRL(CFEED,

BE D U — T RZOEHfiE]
CHYRHIEMAPK D)

BIRD | — T Rz &l
CHYEIIEMAPEL D)

2= IERIE
(BREE R UMIE)

( ®7 )

H10 #EH7O0—Fv—b
Fig. 10 Control flow chart

NSK Technical Journal No. 682 (2007)

25



NSK

0]
| | ! Variator sbeed ratio!
1HHHHHHHHHHHHHHHHHH\HH\HH\HH
Q
g ,,,,,,,,,,,,,,,,,,,,,,,,,,
@ I I
= s . i
> tepping motor [step]
40 L L L L
400 " " " "
50 N 3 3 3 ; | | i Transmissiomn output torque [N-m]
£ I T A T e
Z‘ ' ' ' ' ' ' ' '
5 0
®
S
£ -200

-400

Time, s

K11 CORECHIFD T U—THHEEERGER
Fig. 11 Results of creep force control test at zero speed

160 [reeem
o 120 e A VO S S | Ly
o ie) L ' Variator ratio: €, [x100 ! ; ! ! !
B mop R e R s i
o2 r : : : : : : ‘ ! ‘
E = L [ T — A T T
o = r : : : : ; :
> Pl — ; ; e e \ ,,,,,,,,,,, D B Lo
3 3 3 : 3 3 i \Vehicle speed [km/h] ! :
_40 I I I I I I I i I I I
e R R R s R e e
e e T E e T e
o ‘g L Engine Speed [min-1] 3 j ! ! ! ?
25 2000 \ ffffffff e e R
28 L A== |
w < :
0 ; e N petee
r | Acceleration [9.8 X1 000 m/s?]
~2000 L I L I L I
1600
T ) . P — I - S S S — A S—
E I Transmission output torque [N-m] 3 |
Z 800 [ (R RS oo beemmooooos e PN
o L : ! :
? 400
5
F 0
_a00 L i i i i i i i i i
120 121 122 123 124 125 126 127 128 129 130

Time, s

E12 72U €JUFE100 % (WOT) FiEaERiER
Fig. 12 Results of vehicle launching test with WOT

26 NSK Technical Journal No. 682 (2007)



NSK

4.4 REFERER

JONIATRIVRAZVY 3V ZEAILTI VI
(BKBMLZ 430 N'm) BEOFREYVICEELT,
HhlCLdEIIRBZTo. B11lE, JUL—F%
BHEMRECTODIKET, L7 bUI—Z/1E
D: R4 TLY) FreldgE (RIUN—=ZLY)
[CUIDBRTCRDT—5 2R U TS, BEX/CFE
EANDYIDEZ(CHEW, DV AZwvyavdiabb
IPREUVLTCEELTVDCEDDDD. R11DA
BRICHWVT, JAEmEHHEE BEEEmMESIEH N e
UCRATvEVIE=FIREFNTWVDDH NS,
12(F, DLV YICEWVWTTEOEENS P I ZILEE
100 % (WOT) (CUTCFHEMET —5ZRUTLD.
HoE ML EEmOIREN VAR Y ABLK A L—
RSB ER>TVD. FV—RIZa—bS)UHEIF
CTOREMAOTESLTCHD, TU—FZ8 L TED
FEBOTHSEVDDZERY Y THARICKDTE
ZRLEHIEICEITL LS.

5. HEHE

RELDCVTE UL TEESHRIELTVS, F
—RZa2—bIIWEND=RTU Y bIRT LR
L7e bOAFILIVTICDOWVT, ZDERTENERER
BRICKDFAMERZR U, CORIEFHNIERV A
TLTE, NUI—YBHEOREREHEIC, FPRp=n
VTEHWEICKREGTEZNEL, FYLAT7D b
WEETHHLZRUle. Fle, EOREmIDH
HHENE LT, BREHHOBMZERE LA
DMLY AT L7EfRRELUIe. JONA TS
VAZ VY IVICKDREAHRICBWVTIDHANE
FECBN TV CEZRUE. CORIEBTNNEL
TEfeC&ET, MLIOAVIN=FZREE UIEWVIVT
DORAEDERM TN TELEERD.

Fald, HEIAANESERIMROERE AR ZE T,
HEEANBEBERIMRFETORERFIREN.O-05
(2005) £No.140-06 (2006) hS—EB%z#naE, LT
AES-N

SENW

BBI5 b, R SO FILCVTDRF”, NSKT I ZAILTI v—F )b,
No.679 (2005) 1-9.

AR, B e S A BB DRETEIEE", (1984) ERLAR.
JHSERE fth, “BREDENEEBKICRET NS UV a3V HORE, b
A ROY—RF PR (BE2004-11), 531-532.

R. D. Fuchs et al., “Full Toroidal Variator Dynamics”, SAE 2002-01-
0586 (2002).

S. Miyata et al., “Study of the Control Mechanism of a Half-Toroidal
CVT During Load Transmission”, TD-5, Proc of MPT2001-Fukuoka
(2001) 844-848.

S, R SO FIVIVTORFE, BEEKITR2005FE5FAR
FhiTsEERFIRIEN0. 9-05, 20055158, (2005).

S, REA SO FIVIVTORR, BEIERMTR2006FMEAR
FiiisEBERRIRI%ENO. 140-06, 20065659, (20086).

NSK Technical Journal No. 682 (2007)

27



28

NSK

Y EHMRORFE

Sensor Bearing Development

IR 12, L B =

IR Hz

T. Yanagisawa, M. Koyama

A
AL EE

We have developed sensor bearings that meet requirements for high performance and miniaturization. The NSK sensor
bearing has a structure that integrates the sensors into a deep groove ball bearing. The sensors are able to detect the speed and

the direction of rotation.

In this article, we report on sensor performance and present reliability test results of this newly developed sensor bearing.
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Photo 2 Measuring equipment for the sensor bearings
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Fig. 4 lllustration of pulse measurements and
definitions of specifications (see table 1)
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g 5 -5 65 85 135 45
a5 Max Min Max Min Max Min
002 2.6 -25 58.5 54.4 72 59.3 OK
003 2.2 -3.1 \\ 53 48.9 91.4 71.8 OK
005 2.2 4.1 1] 54.8 50.1 102.7 83.1 OK
006 2.1 -2 ]/ 56 51.8 93.5 78.9 OK
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Fig. 5 Reliability test results (High-temperature
storage test)
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Table 4 EMC test items and test results
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Development of a High-Output Brushless DC Motor for EPS
T. Sakaguchi, S. Endo
EiE {EE

In recent years, electric power steering (EPS) systems have been installed in vehicles for the purpose of reducing energy
consumption due an increasing awareness of greenhouse gasses and their impact on the environment. The application of EPS
systems has expanded to include C- and D-segment platforms, which require EPS from the aspect of a compact and lightweight
design. These platforms require an EPS system that operates quietly and with low torque fluctuations.

For the newly developed column-type EPS, NSK has developed lightweight, high-output brushless DC motors in a compact
package that takes advantage of NSK’s control technology that promotes quiet operation with low torque fluctuation
characteristics. Mass-production of this EPS began in 2004 and has been mounted on C-segment platform vehicles. This article
reports on these brushless DC motors and the applicable control technologies.
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Fig. 1 Cause-and-effect diagram of brushless motors and the performance requirements of EPS motors
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Table 1 Comparison of the waveform between square wave control motors (NSK BLDCM) and sine wave control motors (BLSM)
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Fig. 3 System outputs and motor inertia
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Development of Vacuum Robot Bearings
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Vacuum robots are devices that handle and transfer silicon wafers or flat panel display substrates in a vacuum environment.
The bearings used for such robots are required to have superior outgassing performance and a long service life. NSK has
developed bearings treated with a DFO thin-film lubricant for vacuum robots and equipment used in clean environments.
Precision washing with extra-pure water and shipping in extra-clean packaging have been adopted for NSK's newly developed
bearings.

In this article, we will discuss the low outgassing and long life characteristics and strengths of the newly developed bearing.

The effect of an improved cage on extended life of the bearing is also introduced in this report.
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Development of NSK Roller Guide—RA series

NSKO—5HA4 FRAY U—XDRFE

=H L

=M fE
T. Yoshida

Machine-tool performance has improved with each passing year while achieving increasingly higher processing speeds.
Recently, longer life and higher accuracy are required for such high-performance machine tools. Additionally, these machine
tools have become more complex and compact in design. Accordingly, linear guides widely used for machine tools need to meet
new requirements in response to higher-performance standards. NSK has thus developed the NSK RA series of roller guides in
which rollers are used instead of balls for the rolling elements. The main features and advantages of the RA series of roller guides

are described in this article.
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World’s Thinnest Drawn Cup Needle Roller Bearings with Seal Ring
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Photo 1 World’s thinnest newly developed drawn cup
needle roller bearing with a seal ring
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Fig. 1 Cutaway view of the thin cross-section drawn
cup needle roller bearing with seal ring
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Highly Corrosion-Resistant Self-Aligning Ball Bearings
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Photo 1 Highly corrosion-resistant self-aligning ball bearings
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Fig. 1 Materials and cross-section views of highly corrosion-resistant self-aligning ball bearings
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Table 1 Boundary dimensions of highly corrosion-resistant self-aligning ball bearings BT mm
FEE HUHES

S9N

&S ~ ~ _ e FOFPRNFUIY sy
ANES S| 18 | ES1EEFEAOTEZ EEELFES ESABEIREOTH5Z

1200 10 30 9 1200-H-20 1200L-RT3B ESA1200T3B

1201 12 32 10 1201-H-20 1201L-RT3B ESA1201T3B

1202 15 35 11 1202-H-20 1202L-RT3B ESA1202T3B

1203 17 40 12 1203-H-20 12038L-RT3B ESA1203T3B

1204 20 47 14 1204-H-20 1204L-RT3B ESA1204T3B

1205 25 52 15 1205-H-20 1205L-RT3B ESA1205T3B
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World’s Thinnest Newly Developed Microactuator Pivot Ball Bearing Assembly
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Tapered Roller Bearing with an Aligning Ring for Continuous Casting Machines
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Fig. 1 Comparison of wear depth at the outer ring raceway of a tapered roller bearing with an aligning ring and that of a
spherical roller bearing used in a continuous casting machine
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Table 1 Specifications of a tapered roller bearing with an aligning ring
—— FEE (mm) EARTEASEE kN)
d D B, C C, Cor
B, AR100-42 100 180 60 46 256 390
c AR110-46 110 170 45 38 171 310
AR120-30 120 180 60 48 256 525
AR130-31 130 200 69 55 320 650
AR140-24 210 69 55 340 690
AR140-27 140 225 85 70 445 905
AR150-1 150 225 75 60 395 845
AR160-11 160 240 80 65 455 935
g s g AR180-1 180 280 100 80 665 1430
AR200-18 200 340 112 92 895 1630
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NN-Z Series of Double-Row Cylindrical Roller Bearings for Machine Tools
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spindle
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Fig. 2 Cylindrical roller bearing on the free end of the spindle
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Fig. 3 NN-Z series of double-row cylindrical roller
bearings
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NSK Group-Wide, Echo-Friendly Packaging for Super Precision Bearings
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V1 Series of Ball Screws for Contaminated Environments
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Photo 1 V1 series of ball screws for contaminated
environments
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Fig. 1 Cutaway view of ball screw nut
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Fig. 3 Extreme durability test results using iron particles
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HTF-SRC Series of Ball Screws for High-Speed and High-Load Applications
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Fig. 1 Comparison of a conventional ball recirculation circuit and the SRC recirculation circuit
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NSK RA Series Roller Linear Guides with Rail and Roller Slider Interchangeability

and Guaranteed Preload
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Photo 1 Extended lineup of NSK RA series roller linear guide rails
and slides available in single-unit quantities with preload
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