NTN.

Make the world NAMERAKA

EGHNICAL
REVIEW

EESR N - EEVERSERIm

W :
38 i

..... J"II

/ﬂl(;\?

ISSN 0915-0528 OSAKA, JAPAN



ih W HEREAIOT] &

NTN (&, &AW EZ(CRET DEIMERCERS 1~y TZ gL
[EAVEZREGHINT| Z2EMEILE U

BN BT IBEGEBERE U C. SEER - KB ICERASNTEY . TOEKMREFRER(L, )\
BE{L. BRlL. FARBENOWNNRETTTISELL - EHRIELTVET, KL, RETRHZ =
SOICEIEAT PHZ DOMAEZE S 2 BARKMN KO SNTVE T, NTN TlE. DK SR=—XI(TH
IR BIes. K - IRZEDEIMEFDMEED LICRII DK IBHTVET,

SOD2AENE] L LLEAY DT T, B - MROMRICEMIT SNIEMRNSICHEDE,
RBFEBEE T A XDMREEECET DR OMmELE U,

FRUEIABZUTICTRUE T,

OISO BLU JIS BIBOERFNBDEUAH PEIZDREE. #ZE D DFRET. BUIRWLWREDHREGHESZ T
KIBFU

O RN - REaIRAlT - EERIMTICE T MR RNRDER. RAEDHR GG (EEE(ICENTRSH
ERDOTVET,
ZIT. SOINso@zRFmT — 9 ZH ECEABEBEEDNDRE LZITVE L.

Ot FREEKEDMREZE T 2HHREN U EZ Y U — XM CTHD “ULTAGE (ZILT—)" DOk
REEDTVE T, AAYOT TlE. NTNATNFTICHFEL TELBEICINA., #FzlC ULTAGE
FPILT—Y) YU—XTHRATCBMZZEBNTLUTNE T,

NTN [&. SEHETD [FEA ) #ZHENIOT] ZESHICTHAES I ET, [BHSHRBHR]
DERBEICANT T, BETHKEHICEHH. HICEBULTVWEVWEERATHBIE T, NI TEKRICEDS
WTERBRZEDLR Y BEVBLLEIFRT,

AT O MG

A ERBEHY0T BNEDA Ty I AP ULHUHOENT.
FELPTTbEtE



NTN TECHNICAL REVIEW No.88
R - DREEEER. BRI, L BES BX

[EESEHE - BB EERS:ERIf . BEEENIT. FBRIBERSICHFLT

‘ AlDiBZ REERERICHT HRE

TR CTO (BReiiEREE) T LER

RBRRZ EREMFWN 51 MM (5% - E7HER ERR S

ERRWEEER IVSE

B 2 EREEATUESRZOISR3E L BITIHE EEEWMEEASN AN #E 10
B B ASRERERINSONEROEEEE EAOREY EEEEEAT BT EEE LEER 15
B B SEEEREMROMEANOREH ERMREEAS BT WU RARE PR 9

ERMEBEAS RBREHH 2@

# B Oy SRR R OBR A DREY EEWHEEAR EORGS EAE
ERMHSEAS DRy 0L e EhaE 27

ERBEERAL BN AR )I| k88

BRENT TEEMERATEYARSS 1=y hORRE FEEHMEE AT ERRITE BT
ERETA HOTA ATEAE 4o

ERIHEEAE RBREH LAHT

ERWHBEA ORT(02- LUV TR B8

BEREN Y—RE—5REXENZ O FESMIMESORTS  EFBRITEE  EChsE
EEMEEREAT WRWEH HEE =ARE 38

SRR IR
BSREIT EXREROHESTAEROENT EOMIEREEE DENSHITE EEE 44

EOHHERERE BEEERIE REED

EEEEEER VIR

B 2 BHECASEZOMBIN VRICHTIEMEAEME 37k SHE=gss it SHEV1-IBSELS BL5s 858y 49
BRENT YIT7IRI - UVRINREESEERY a1/~ EEfEEEAL CVIRRL JwErs 54
BREN BWMARTF7UVITEEEMNITRFPUYD FRSUEAL HELEFERED ABEN/BREs 59

BRENT JU-FLRE= EEESEAL SRS JIOEA/ EHEE
CAERSIARA XHERZE 66

EEEEEAL MAEER OSKE
BRENT BEE-EBNVIHTV 38T EEpEEEAL DEENERITE BERA GIEs 71

Higmi JIESR

B X GSHVSESOE-UVIREANZALE SEIIEITIRRET  BS)|E%, BET
At EFAY BIFH ANBEE 77
TORGRIEN A EERTAY THH ARKE A2 TE
X SHVEBEEOEEREEER EDIHD FERWIEAS ER(CHISE JLHIER
St 1 3 1 FEREEAR FMEE 86
BRPE7 L IUXLORRE KIRAS EERSHEN SR —
BREN MEREHEEICKYZEE LU = [ETFA] ST \WEBS3h KRS gg

EERHMERAT EARMES IABEX

MER IMEE

B B FEESEV1I-UWRST|OEMSEICHAGLE  EReNEeAs SO #ENs ISR MEN S
FEBMISAS FELETRS ROEE BRER A

B H ESHREEACMSOREEEED_ EOEREY EREmEEAL fAnE 111

2019 E/IKUBRKAE BHAA(ITBARSAE)E T8 FEDHIEAY FELETEIRS ASEE TSR TEEE 116

2T 7Y T HRIERE N\ TR U T [SHUB®) KIBIETT / FERES

20196E HTXAE HIXLF-HERE ZH BATALE-HRELE HE FHER WRYE PEES SHEL 117

NTNY+707KE BAT AL BREEE BLEE |IaS8

20195 E BARNS A ROY—2R BHE S8 e s e

e . \ i SR B Es, BET

EHUERICEBE—UY T DREXA R & s mTss mmeE 118

E—UYJIHICRIF T BRIIEORE 5515k, 5528)

RERITAY THE RS

FEman
753 J0OvT AVFF SAFC/SAFDYU—X 119
TAIVLEEST VI —TUy TRES 120

BRBFUENICEH L TV SHEESDFE.

= 2021 F 3 BABROBDOERYET,



NTN TECHNICAL REVIEW No.88

CONTENTS

For Industrial Machinery/Automotive Products, Fundamental Technology and New Business Areas

Preface Masaki EGAMI

The Past and Present of Al and Prospects in Manufacture
Ken-ichi FUKUI, Associate Professor Division of Information and Quantum Sciences/The Institute of Scientific and Industrial Research (ISIR)/Osaka University

Contribution

Special Issue for Industrial Machinery Products

Rolling Bearing Development for the Future of Industrial Machinery 10
Etsu HARIMA

New Products and Improved Reliability of Main Bearings for Wind Turbine Generators 15
Michio HORI, Yusuke YAMADA

Product Development of Rolling Bearings for Railway Vehicles 21
Takashi NISHIKAWA, Kengo SUZUKI, Wataru ORITO, Tsukasa TOYODA

Approach to Development of Robot Joint-related Products 27
Hiromichi KOKUMAI, Hideaki TANAKA, Kosuke SUZUKI, Yuichiro KAWAKAMI

Development of Sensor Integrated Bearing Unit for Machine Tool Spindles 33
Shohei HASHIZUME, Yusuke SHIBUYA, Daichi KONDO, Yohei YAMAMOTO, Hiroyuki IWANAGA

Development of Low Dust Generation Bearing for Servo Motors 38
Araki TANAKA, Naoaki TSUJI, Hideyuki MITANI, Takayuki KAWAMURA

Introduction of Composite Material Products for Industrial Machinery 44

Shinji KOMATSUBARA, Norikazu MUNEDA

Special Issue for Automotive Products

Activities and Achievements for Automotive Market Trends CASE 49
Koji KAMETAKA

Small and Lightweight CVJ for Rear of Sub-axle 54
Tomoshige KOBAYASHI

Hub Bearing Module with Steering Function for Rear Wheel 59
Yusuke OHHATA, Atsushi ITO

Creepless Ball Bearing 66
Hayato KAWAGUCHI, Toshiki MASUDA, Marina NAGATA, Toshiki KAWAI

Low Temperature Rise and Low Torque Tapered Roller Bearing 71

Yasuhito FUJIKAKE, Takanori ISHIKAWA

Special Issue for Fundamental Technology

Initiation Mechanism of Peeling in Rolling Bearings, and Its Life Estimation Method 77
Naoya HASEGAWA, Takumi FUJITA, Michimasa UCHIDATE, Masayoshi ABO, Hiroshi KINOSHITA

Development of a Machine Learning Algorithm to Improve Defect Detection Accuracy for Rolling Bearings 86
Masashi KITAI, Yoshinobu AKAMATSU, Ken-ichi FUKUI

“ETFA” Bearings Strengthened by Fine Microstructure Design 99

Masahiro YAMADA, Naota YAMAMOTO, Chikara OHKI

Special Issue for New Business Areas

Application Examples and Function Improvements of the Wrist Joint Module “i-WRIST™” 105
Keisuke KAZUNO, Hiroshi ISOBE, Masaki KAGAMI, Jun MIDOMAE, Yuki SHIMURA, Seigo SAKATA, Yukihiro NISHIO, Naoki MARUI
Deployment and Improved Reliability of Condition Monitoring System for Wind Turbines 111

Katsuyoshi SUZUKI

Nippon Brand Award of 2019 “CHO” MONODZUKURI Innovative Parts and Components Award

Hub Bearing Module with Steering Adjust Function “sHUB™” 116
Hirokazu OHBA, Satoshi UTSUNOMIYA, Norio ISHIHARA, Yusuke OHHATA, Atsushi ITO

New Energy Foundation Chairman Award (field of products and services) of New Energy Awards 2019

NTN Micro Hydro Turbine 17
Hiroki MUKALI, Fumihiko MATSUURA, Takashi ITO, Tomoya KAWAI, Yasunari KANAMURA

2019 JAST Encouragement Award
Mechanism for Initiation of Peeling in Rolling Contact and the Effect of Black Oxide Treatment on the Suppression of Peeling (Part 1, Part2) 118
Naoya HASEGAWA, Takumi FUJITA, Michimasa UCHIDATE, Masayoshi ABO

Our Line of New Product
Inch Series, SAFC/SAFD Plummer Blocks 119
Tenter Clip Bearings for Film Stretching Machines 120




TR CTO (BERAMTEEE)
It IEH

NTN T3, BERCHANCITOREAMIEHRETH2 NTN T 7 Z Al E2—ZFHITLTVE
9. T I5FBELER. TNTNRECTHESNDIRRE—Y —Y 3 —CHAEBRTEEBR
A (JIMTOF) [CEDHET. 1 FHEICEDHEERE R EEFEBEERRZRELTENY
FUIzo LN L. 2020 FFEHINSOFHI IO S DA JVADHEFRIREGFILKRICK D . AUV EY
D7ZFUH. ADEFDITEDE HEMPPLILECELAEN, B THHEZFEL LI
JIMTOF2020 £AIICHNT HRBDSRERTARFPIEEBRIE U, TARBH. BHEH
DEFRZER/IRICHZ 2ch. FHEZF VY SAVRRAEPIIE T —REICEEL. FLLIER
RIEOHEZEHHIRLBBENINERSNTVZDIRITEFELDEI T,

CDRIFRRTTH, Fidm - FMICET 31Em=ZE. PLTHEL DAUTHERELERK
CBBILEEVWEDRVATEVET., I TSSO B I(CHEDHFICKRDDTIFRL,
JIMTOF2020 Online THESN UTc EEEMEEEGOFHIIBE2ADI & HTUWLWBEIEE
EEGBERNY U, T ZAbbE 21— No.88 [EZR - BEhEEREmm, B8kl HB%]
RBESEULTHULWETHRITSECLIEKZE LW e LE LT

ZEINSTBDE, AN TORARDKSIBA A—IZEHINDHE UNEBAN, EEEHD
FClE, BHMNERIDENRERE. HESREM. OMy b, TEEIREITREDEN ) #H3Z»
EVai—IlEROELZBNSETVE<EEDBIT, 10T ICETHMEHFE LT, [HED
SHHEREICAVSNS] ELSENUBMZEREAORHESN LIz, BV Y Iw Al 7Z)L3TY
ALIC KRBT —I B DEIFEIMIC OVTRNE T, ZDPICIF. 2017 F 9 BICKPRAFICER
BB TUZWz INTN RERBEFTIPT] ORREEAAVEATEVZLE Ul

BEESEFTIE. 100 FIC—EDREEENDND CASE NOM D EERREELLRIE T,
RS, ERBEANDEMZENE LT/, BB(LICEBTENT TS EmN IEZP RS 17
Vv 7 hORFEERP. HULWKECMEZRET S EY 1—/lEk. BUEREZENICE
B)E X —ADED TV D EBHOERELICH U THmZ B (CHR T B o DERDY Y #iZZ D&
BEMGEZBNSBCVIEERT,

[BEE—RICWNT] OZLEDEY. BYICE b OEHIFEBAN, JO0FHETUF
VBB FEFRSBRVE, KFEND U THERKDTSEICBNFEVNTY, NTN TlE, Bl
100 AEZEDNZ 12 2018 F 4 Ah 5. FUL 100 FEICHEIFTeBEBEDEEDIIEEEA#
& UfchER=EETE [DRIVE NTN100] ICERWHBATER Uz, 2021 £ 4 B S(F. FidHE
ZE5tE [DRIVE NTN100] Phase2 hiaE W Ed., EEX [FHULEIMOBEEHERD
FIF =@ U CEBMARICERY 2 (For New Technology Network: 7 U Wil CHEFR &5 5Y) |
Db, MAMFEEEZFIFTIRIELT. BEEREADIOBRBIERICEMLCEVIET,

Bk

NTN TECHNICAL REVIEW No.88

1



FhRX

Al DBZ - IRELRISKRICHIIDRE

The Past and Present of Al and Prospects in Manufacture

B f— Ken-ichi FUKUI

RBRAZ EFMZAR 51 RS (BR - EFRER) ERR

Al [FRE 3EBDT—LEEDNTVS. FRETlE, FIREDTA—TS—ZVTICEBZFTD Al DFE
BEEEHTD. RIC, RESRZERZRITTVSETA—FS—=UJCDOWVT, ZOBEHDELEH W ZRID
[CHBNID. ZLT, T4—TFS—ZVTDEVCVERICHD, HFelCEUEREP Ry EYIRELT,
REEDRIRE, FHBEPREEOBBEICOVTIENTS. &, IWAEBEEOLDLWICH T Al BFREAM DR
BICOVWTHNS. RIS, ZNSZERFA T, BERICHIID Al DRZECOVTEEDERZBRNS.

Al is now said to be in the third boom. In this article, the author first gives an overview of the history of Al
up to the present Deep Learning. Next, Deep Learning, which is currently undergoing rapid development,
focusing on the expansion of that area is introduced. Then, the author introduces new issues and hot topics
arisen with the significant development of Deep Learning, such as ethical issues, explanations and safety
issues. In addition, the problems of human resources for Al development with the expansion of application
areas is discussed. Lastly, based on the above, the author will state the prospects of Al in the manufacturing

industry.

1. 1FUsIC

Al (Artificial Intelligence; ATXIRE) (& 2015 £FtE
PSHEWMICEZEEIN, FEPZ2—XTRY LIF
5NJKDICIE . Google DeepMind #HBEF L
FcEE Al YT~ [AlphaGol 7Y, 20164, v i
TICHAILEC &(F, BFAEHREFTECE 2. Z2
TlFF 4 —7>5—=27 (Deep Learning, REFH)
EVDEMHPAVSNTWVS. ZUTIRETIE, —8
HADX T« P TCOBERBRRY LIFEEEEE, —AT
RAQTIREZEBEIC Al DEANBRISEATS Y, £E
HOE_EPBEFEINTUVS.

2. AlOEE : 3EDT—LERDIFL Y

2.1 Al &l

Al &EFAMENDS E, KEMNCEF TABDK D CH
REFHL, BBIOSZV, WHBEB/TEZ, TLT
TEPREETOEN] ZH DI 2 -9 005
LOFRIBZBIBULIAR - HITEEEWVWZS. LML,
MEEBEOBTH, [FHER A DERIERENDHINDE
ZAT, ZNF THREERFEAN 7] EVSRIRENRRE
W U THEBREZI NGV THD. =fe, [MEnt
Al D] FEREEEBICERTD. HIZIEF, 1960 F1X
BY¥, WFRHOHBODEBETHERSOEBNRHE
Mint Al EFEEN TV e B G o 1.

Fre, AIOMARIGKELLUTOZDOA@MEICH D
ns.
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1) AN EBZTOHEZ I E2—9IRNICRIET D
TR
2) ABVIBETOMEEF IV 1 —INICERIRT BT
ET, NDOHBYEEICIMIEEEICRE T 2 4R Z18 3T
DI
RE, HEICKECEY EFon, BFINTLs
DlF, 1) OHRPIEDTZHNEIREULTD Al THD.
FA—=FT=ZVTF, FTOPRTHRICEREPEFIC
MU CHRICERECIZR>TETCWLD.

2.2 Al DFESE
(1) ATHBEDOREIT (~ 1956)

1946 F£(CHFYIDO I E 21— ENIAC h'BEREIN
Z&, [NBOHEEZIT O] ZEDMRNTFE
AT, ZTOBRFEIC W. McCullouch & W. Pitts (CK 2
ATZa2—0Y (@RHAEOBEXRESDmECET 2
BETIL) DIRE, C. Shannon ¥ A. Turing [CK2F T
AT OIS LDREFENTTHONE. ZULT 1956 £F
(Cl&, J. McCarthy SHFEA LG fc [F— VAR
Z| T, AEEEITS I 21— (BT BIFEHEL
A [Artificial Intelligence (NTA8E) | &&FFIF 5N 1.
(2) BR -#5 F—xT—L (1957 ~ 1960 &)

CDOEE, CNFECTERBFFELNTER, O
VEI—IPNDUTHHNBRIEETEDDIE, BE
NIRRT ETHofc. COFHD Al [FHRZHRIIICE
STKRIRL, REBICKDHRERRZIT DT EDPD
THole. TI TR, MFOBEBTEIHABREDHR



MRENfe. UhU, 1969 EICERARDER [T —LA
fRE] N'J. McCarthy & P.J. Hayes [C& > TIEEIN
fe. JU—LAREEF, JVE21—9(FEROIEERN
B UNELRULEY, RECEIYS%2TOT
BEMEICHANT B EFTERVWEVWDSREETH D (£
FREDT 4 —SS—ZVITHBIRANICE [TL—L
] (FERTETLERL).

(3) 2O @ (1970 F4X)

60 ERDESICEDKEREHMICLD 7 O—F
(&, V=LA BRECHRED/NSWV N - TFOT UL ()
JADBEFEINDBEHFARD/NNIBEEDBBE»D
FIE) TlEoE< W ofeh', BEHFEDEBICESF
<WVHTBWT ENBRASNICHE>TEle. ZOEHED—
DBI(F, FNETO A TOTSARFWRICET D5
ZROoTCTVWRh -l &, Z2UTCTOBEIF, A0
VEA—YRBERFEIENT, HEOKELGHEZR
RENGERETRELIENTERD 2 IEfcHTHD. £
Dz, TOERHE, HROBIFREISHH TV,
(4) HFHOBEK: FExRT—L (1980 FR)

COEE, WRICETZA#ZIVE1—IAIC
BHADIET, REHROMBELZRADKLDICTD
gEnsa<iaofc. ERIRBEDSEMY R T LD, [T
FRAN=FIRFT L] EFEEN, 2<OBEIFR/IN—
NUZATFANDBRESNC. HATIEEEXEE (B
BEED) P8, 1982Fh5FE SR IVE 21—
IHEFEIOIV TN (ICOT) HREEIN, ITFR/—
NUATLAEZNICEDLKESICRDHER Y AT LD
RN BA TN

ERT—LDEREIF ANV ZATLTH
20, —AT, ANITHEDERITOUOEDER S
ALZa2—OYVOWRBEEL, ZE/N—EFX OV
(Multi-layer Perceptron) "EZRI Nz, 80 F4#%¥
~90FERICIMFTCZa—TIbry ~T—7 (Neural
Network) [CR2DXFRBIFEDFCEY LD > TChF
KTHofe. TOBRICREDT +—F>5—Z20TD
BERHNTE Fh o,

FIEDIFR/IN— Y RTAICRRSNZLESICE
D<LABUEBOFTNE [V VRUXA], BEDLE/\—
OV, Z2a—FIbRy hD—TJBEDHEICE
DLLEEREORNIE [IxTYaZX L] EFEFEN
THY, WBWEFZ PO—FTHdH, ZNETNEHNKR
ZES|ILTEL.

(5) 2O @ (1990 &L~ 2000 &1L)

TIHFANN— VAT LI, ZOHFHDERDIRFR &
FH - BEEDAEINSREICT—LFE>TL-TE.
—7, ERTIF 1984 F(CHIHTA VI —% v hH'D
BHY, 90 FELH SIF WWW (World Wide Web)

PBERENMKEER UKL TS /. Web £T
LLDBERIAND KL DT, ZNODBEHRZEH
LT —9RAZVT (REDT—INSERBHH
EHER (FEXAZ2T) TREIM) P, BEEPIER
BREBREDMENBEAICITONC. Fe, X - #ist
FPOHIBRE LR EDHFPHEtDIEHHICE D Hst
R EN R U
(6) 7—5 EFBOI  FE=RT— L (201 3F~IRFE)
ZUT, 2013 FLURE, BECEDFTR, EvIT—
FICBEIL T4 =TT LB [FEE (Learning)
DERTHS. RLEHm<IRTYIZIXLDRNE,
1990 X~ 2000 FRICFRE UM IR F B DI
BHRBEBIHEL, FEBRICEXET—IZER -
MIBTEBDA ML —I GPU (Graphic Processing
Unit) ZER USRS ERIRENE - TEfc T &
5, TA—FS—ZVIJDERICE->TWVD.

2.3 Al S EF DI

13, ATHEEFAT 2020 F 6 BICABRSN
Al TREDZE & BN TR EDZHD Al TFZZDIRER
ARy B 20| 2 D—8THD. NTHEEFEARR—
LAR—I[CEFEBIESEICED 4 DDKYISHBHBT v
THEHINTVBDT, BHDHDHFSBI N,

F9 B10OE1EBOEBTIE, AllFHE
WIEZ, FEROHE, WEZ DEFREERNG
SHOZRED ECENMNTVD. ZULT, AIRBOR
BEEE UCHE - #RPAB T2 ENEET 2.
ZOEDE2BICIE, KYUBRAETECEDYEED
EREME UCEBZEESORMEE, SEVER
EBEAT 4 PUBRENRBINTNS. F£2EDH
THHACEBEIN TV HEEEKJISABICEDIV
BEREHE BTV, ZULT, BEUOE 3IENG
AEETHY), TTICIFRENGTREELTORY b
CEHMR EE-NAAOY—, HESHTHINT
WBN, BRI TIE Al DISABEFEERICLN > TWS.

BiA

(tg : AT408E3S [AITw B 2.0 (2020 6 BiR) | )
BE1 EBEEHNSFE - RAEIENDER

Development from basic research to methods and applications
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3. Al OIRFE : Ev0'F—9 L¥BOBEH "
3.1 #WFEBE

=2 (Machine Learning) &(&, IvEa1—%9
([CEBRENZFIB B IHDOEIMERZELTVS. F
BLlF, Fre<LAR, BEORBROT—IICEDINT
MEZESELIBIEENDIETHD. FIZEF, Frv
FR—IVERVBEUBEIDIET, R—ILO#Z
FHUTOSFRLKF v vFTEBRDIICRBDIEVOIEE
BTH3. DFY, EHFEE. K8 - 8RN SER
MZEES U THEPFAREZTORMEVNDITEN
TED. HRFEFEESH BV X T L, RINLT «
LY, ERTEOFHE, DNAES|DHSE, Big - 55
REONFRBFED/NI—VRH, FEBREDT —
L, RETREEBEGREBEVDFTTHLSNTL
% (E2).

B, TROBHEFE T —INo#EBI PRV
JeIRTEZFITI DEM RS LTVD. ANx(THU
CTHREDE17Z y £ T2 &, BIMFBEEHREH cx—y
EFBT—INSESLTVD. LML, BREDEE
F—INSEDEHRENZEST D LEFRTRERC
», ERICEBHOEZRELZY, ASHhDREZ
E<LREL, FMEOHAINESND KD ICZOREHD
INTA—=IZSIFELFAELTND. TOBEHD/ VS A—
IJREEE [2E| CHATWVWSD. TTT, BHOES
CAVWEZBT—IICHUTOIFL/NTX—IZHE
g2 LF, BHOBHEZ FFNEERNBSICT
TB2N, —ATHFROKANT—IICHULTIFSFLAT
W< B2BRBEEICHEY Z<ED. EBRFEDIE
BEEOUOEDE, LWHICERESZINA THRAOT —
JICHT BN EHEZ@ LEIEDINTHY, ZDEH
DEMHELEERINTVS.

BROIZHEBRETILEERE

il B4l HE
°® | [n[alal
/\/ %‘ 145
A A Wos

(L8t : Python TR ALERAFT ")
B2 #R4BEHTCERAINSEHES

Machine learning used in various applications
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3.2 F4—5—Z0¢l%

T4 —FZ—27 (Deep Learning; REZE) ([,
ZLDBEFH ODZ1—FILRY FD—T DI TH D
TR, Z1—JIbxv ND—JERARE0ERES
DEEZETFIVIELIEDDTH BN, BETIFELLE
IRIICHNT 2ERENTZE CT IR MEED—
BEUTHEINTWVS. B3 EFERICE>TVLDE
MEHRTDHIRTENRE UTCBRENB -1 —3)b
ZYRIT—TJDHIZERLTVND. ZERETIIERLE
FYOREOCERZFBL, BOERZANT IBEEG
&, HABDSBWICHHTSHZ2—0OY (KEBDA)
DHFHBLEIHTDLDIC, BNEBICHDZ21—0OV
BOEHZHETD. ERIEFRVEBEOENEZRD
ZTa—JIbRYy rDO=UDFBEFE UL SN, EE
DIRLZIBHIERBERM ESTERORREICKY, RV
BDxy ND—JDFBHTLEICE>TVD.

BHNRLBDIET, SHBREEZXRY NT—TW
WTCEETEDLDICH fe. TH—FS5—Z2TBL
g, SPBFOEFIRNMANT 2R Z S FHETLT
Weht, 7o =SV TCREDIERZERE - 1—
SRV RIT=TICANTHREEHN TEDLS(CH-
. CORIBUREMEDRFHZT —INSFEET S
il [RIEZE] EHENTWS. 2EF—-IhE
BICEDHONDHEE, COXRRENHODEFIZENT
ENTEDZDT, BET «—S5—ZV 7 FBICER
PEEDHBICTEANBHEEZRLTWVS.

Fie, B3 EFEMCEEEORY ND—JZEBHE
RTLBDN, RECTEFRLBEEZRF D1 —0OV7"
BRUREY, Ry ND—=JDEEETIRULEY &KL
By ND—JBENEREINTVD. FIZEEKRD
K OBREFBERZENTEIAHFZ21—TILRY hD—
77 (Convolutional Neural Network; CNN) *, B
FRINOEZFEIT2ERU_2—J )by bDT—T
(Recurrent Neural Network; RNN) 7&&EDYSG 5.

@ *3
= BENE Al =]
(88 : Python T=i3Y AISERAR ")

B3 T —S5—ZUTICkDERERH DTS
Typical pattern of image recognition by deep learning



33F4—TS—ZVIDHER

TA4—FS—ZVITMEEIN®HIEDIF, 2012
F, 2013 FEICEEFHICHIZIERIVRT 13
VITT, ERDIFEREZ KIBICER T DE0INEON
EENSTHS. B41E 2010 S 2017 FFTH
e X 11z ImageNet Large Scale Visual Recognition
Challenge (ILSVRC)? DEBSEEEFDHER T 5. ILSVRC
[F# 1,400 BERICR LT, 2 AFEEBEDHDI S RICH
I ARMRERBBETH 2. 2011 FFX TIERERDHE
BB EEREFZ RIS DOEBICAENEBELTUL
n, 2012FDTF 1 =TSV T EBBLUE, FLE
HICHFERENMETLTVD. UEWDABHERIC
FIDREUICBEDRERFEKIZL % ESHNTHY,
2015 FICFFINRBRADHEL BT« —TS5—Z
JOAEMNEE>TWVS.

0.3 028
0.2

0 07 Human error
0036 0.03- 0023_
H =

2010 2011 2012 2013 2014 2015 2016 20‘]7year
‘?' & ‘z, ‘0 &
S (9 & & é

¥ oo% @\"

\

Deep Leaming

=}
ISEEN)
oo

Classification error
o
(6]

o
o -

o

B14 ImageNet Large Scale Visual Recognition
Challenge (ILSVRQC) ERSEEERDIER
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Rolling Bearing Development for the Future of Industrial Machinery

BEE 58 * Etsu HARIMA
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NG A DS EAFEBPRBEILEMICER SN M —NLDBARE TRLVWY A X
DEHIEFZZAHEL TS, FEE, {ERDSDOEERMMOBR THDERMEM, BEK
W, TIERMEEDBBIHICIR, HEBEDERLPREEHDOEFIVZERIC, MZEH,

$EETE, BARBLREHRAVISOBEIFATORENBR, Hill, LEKHIDE
REEHTE. SEIFTSICIOTEDERE Al ETDFEECKY, RUEREEFKRE
<EETRTENFEEING. FRTIF, SHtOmRiTHdr, FHlibiTOE L P 0tEE,
BRUERMED_ ENOEHEH ZEN T S.

NTN supplies many sizes of bearings based on the needs of various applications in the industrial machinery
market. These range from ultra-small bearings with outer diameters of a few millimeters for electronic
devices, to ultra-large bearings with outer diameters of several meters for wind turbines and large mining
machinery. In addition to existing customers for “core” industrial markets such as construction machinery,
agricultural machinery, and machine tools, business from customers relating to social infrastructure is
increasing. Activity with customers in the aircraft, railway vehicle, and wind turbine markets is growing
with changes in social structure and increased awareness of environmental issues. Therefore, NTN has
developed engineering and production systems accordingly. Due to advancements in IoT and development
of Al technology, it is expected that surrounding environment will change significantly. This report introduces
advancements in NTN’s analysis and evaluation technology, as well as NTN’s approach to higher bearing

performance and reliability.
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New Products and Improved Reliability of Main Bearings for Wind Turbine Generators

¥E BE*  Michio HORI
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BEURIRILF—DBAILAZES | ANEEE, KEDOAEYLNMEATSY, ERINH
RICHERENRDHEND. FETlE, FHWHREUTEHLORE L TEROEET D SHZF L
HZEDICIRANENL TV S85IH Y L AR ZNRICHERERET 7 TO—F ZEBNT 3.

Wind turbine generators, which drive the introduction of renewable energy,
are becoming larger. Bearings used in wind turbines are required to be reliable. This section introduces
NTN's new products and design approach of main bearings for spherical roller bearings used in many
onshore turbines and single-row tapered roller bearings that are increasingly used in offshore turbines.
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INELBofc (PEFAENKELRO) HEDHFHIE
TEEFKREL, -1,050 um LU ClE@EER L. NI,
BMANKELRDIETZFI7IVAIMENENL,
BEIND7F V7 IVEENKELBRBICHTHS.

20
18
16
14
12
& 1.0
Lkt o8
06
0.4
02

0.0
-2,000  -1,500  -1,000 -500 0

PHEIFIIVITEX um

— EAN
— EAR

B17 EAEDEWVICLDTEXEHFMOTE
Effect of axial clearance and bearing life for difference
of contact angle

(3) JBEZILICKBHFMDEE

HIMIT VW AMZTOEEESE TR, #@ZORA
Bk, WRICHNAT, &, NOIVITDFFIT7
IAEOBEE 7PV EXRICEEENITT. 2
U, ®, N\DIVITDF7FI 7 ILABOMBIROREIF/N
&<, BMBORAEOER, IHEICKDEENZRNT
H%. B17 OR5IERTHEDNWERT S -1,050 um
EEESUVTCHANREEZL 5 CERELIRBEEDT
FIUPITEFDOEEZSTE LU (B18). HMA
MIhEWNE, (2) TRURESICEGOERRFNEL
BAN, PFITPIVTEFzDELBIFIKREL BRI,
FENDEERD.
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2.0
1.8
1.6
1.4
1.2

& 1.0

t o8
0.6
0.4
0.2
0.0 — o

2,000 -1,500 -1,000  -500 0

TPHEIFZIVTEF um

— A
— EmAEX

B 18 SEEZ(tICKDHFmNDTE

Effect to bearing life for temperature change

(4) BZRIED 7 AR b & ERERE DR

B 15 D536 1 DK DI, FHHADELICHST,
HFwmHELT DN, WMIHED7 AT MEDEEE
522860 %%. B19(CRI KD, PART K
11%° ORF[AICHEDKE T, ERAZL 1 NS
a2 [CREL LILBEDEBFEDRE FENT7 ART
REEOIS LU BNV ENDND. HEHAZEAEL
UeiBBICHBVWTH, T2 IARTIZERLEV
cHTHD. —HT, BERAZNELSTIEGER, 7
ART hEERNELLT2HNTERBFELZBRRLPT <
3%.

¥ 3 PARY M BIRMES S / BXHEE

MERME (7 ARTRH1.1) DIBG

kﬁ”}

Cr16%i,

E2:3: Y=< Kol
HMEME (7 ARIMH0.9) DBE

Cr19%im
-3 Ko W)

EAAEal

B 19 ZUMED T AT b & EASRIEDRIR

Relationship between aspect ratio of cross section
and load rating

4.3 REREIFLEH

BEHMAZERECITBZILET, SY7IEEZRRT
TD—7, BEIFIVT7IVEEOENDSDY, FinP
BRINNINDOEEZEIR T I2NENDD. &5IC, #
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ABHEITETFREIFEEUTERET SN, 7FI77)UAEI
BUHEL< BB, BECNZ27FIV7ILEENAEL
BRDZEICHERNDNEERD. Fe, BRMAZ/NS
K TBBEE BEZICHL, TEFREMEIAEL
BB EITEFENREERD.

BlEKY, BHMHTVCA8ZTlE, NSDEH
ZTOICEBRUTRSTINEN G, ERICFEF
BEINDEHZT A XK >THERABDEREITIEDD.
ZMfzsh, NTN TlF, SEGRERTESNIE/DJ/N\D
PR ZERL, [RETRENM I - EEREEN
NIZGHYS RSA T hUAVDHRETZERHICHEIIT D
HI-—FEHR—-—KLTWS.

5.8V

AR TIF, BORSBEEICERATINDTHROER
HE L, SE(EICETTe NTN OBHEH ZH87T L.

SHH, TORIMROKREUEICHINT Bz, &
BHEZESHIRETDRE(EEE ?E‘I‘*I*F:]J:(L;ﬁb\é%?
i, FmezEREREL, I-YEEE LN oBET
BEIXILF—DBALEKXICHF, oL TWFAET
&H>D.

2 E X M

1) BP:Statistical Review of World Energy 2020.

2) Ba—8, WASSE BRAORBREIHA [E6
BUFE MR EEFAL 28], NTN TECHNICAL
REVIEW, No0.86, (2018) 96-101.
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Product Development of Rolling Bearings for Railway Vehicles

DVTENT 3.

7&a 22 *  Takashi NISHIKAWA
IF fin* Wataru ORITO

SR BE* Kengo SUZUKI
Z2H T ** Tsukasa TOYODA

HRBERDRE M ZERY DI, HEEMAHT CIHMEEEOERIRERFE CHD. NHR
BTHDIHREMEDFCHZZRML, HRERIDLF, EEEFBHELTEERNGY, NTN (I,
REChch, RECERVBATER. RRTIF, HHcHI3EREEMmAHZDRFENDEHE;

In order to ensure the safety of railway transportation, it is required to develop bearings for railway
vehicles with respect for high reliability of products. Providing bearings to public transportation services such
as railway transportation service and contributing to society is significant as corporate activity. NTN has
been working on development of bearings for railway vehicles for many years. This article introduces our
product development activity of bearings for railway vehicles.

1. EUsIC
HREEMmOEH, BREERES IO TBEEICHEAT
N2 (BE1) & ZOUECrRENHEETDDLZE
MICERFETIERLGERCHY, EFRFEBAIZ
DRTH, BLERMZRDHSND.
CNOOMRICIF, BRHREEICIR T, ERDET
(CHSEINRETEICTHAFIREEMENUNETHD.
Fle, EOOFEARIREULT, EEPEERRE EX
BRUIABCETEEIN, ZOXSBRETCHRAB
(SOOI HREZEHERT T 2 T ENKHHND.

FEEANE  RERERWMZ
(/I Eaf)
Fem

ST I.'“

EBHhHhE

B8

e EREE
Oz

B1 SEsmAmM=OERERU

Application of railway bearings

NTN Tl&, CNSDEEEDEKICHA DL, B
Mz, REBEERURDIOTEBHAMTORFA

[CRFRVEY, BN DR ZHIELTE.
2010 F(ClF, EBRHKBEZREZE (nternational
Railway Industry Standard : IRIS) * " Ds3EF #EWS U,
BAGEDODITHEI NG, HEEHA#MZOX—7H
EUCEBRFECE U RBERIMARIZE/BU TS,
AR ClE, SHEELmWARHZORENDORHEM DOV
THENT .

A 1) 2017 FICEBBBIZRMEERE 1SO/TS22163(Railway Quality
Management System : RQMS) ICIRERBSH ARSI NIz

2. BEEE T RS2 D EiTElm & FFE DHUE

2.1 E#H#Z0OIVNT MEEEHEL

BH#HZ(F, BMEECEMOETICH DGR
BZXFID. NEITIEG210 ~ 250 mm DES5)
ATV 28% 525 VIMEFIBEC 2WMZMMERIN
REFTU—-EBOEHNEIATVI 2820 E
MCHD.

O U, Sitld, BEREPX YTV AEH
SEBDERICINZ D2, BFEA AL =), @foh
FERERBBIONRELDcEDT L Y F T
XIS R U S RER OB S MR ET > TE
X 2) SEHEDEADONE %3 OMIVENERIDEELIC LY,

BREC Iy FYINECS. ARTY MITEBTU— N E
MUFD, TUyFUIOME, EREOBZNBAOEAE
1L B SEEAT (375 4060232 S).

¥ EFRBINSEALE BARImE
> EREMEBRAL REERETEE
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TS, BERMEDLE EZBEURFEUSNC, I
BEPEHE(EDEXKICHA SEmERAEICHEYBA
TEfe. CITE, NRAFHAEH#HRT Iy et
X v U BB HMR DR ZEN T 5.

210 NERIEHEMESEI "y FORFE
(1) AEOER

BE@ZI1_—y b7 FI7I)LAAT EDRNEE,
WMFERLEBED IV /VT Me, BHOBIME EICKSD
Ty FUTIEINEKRE UTEMTH DN, ERIES
AW —=ILDTEDFRICKY, RFED GBI

FAWY =LK BBENER B — )L FRZEA
ULC7F 7 IVABEZREES 273 50RASMN
Bonan, JU—ROBHMICHREN' D D.

ZTITC, BEMEEHHZI—Y FOTFITILE
B EDEREZmI U VNAEH Sz 1=y
b ZREFEUL (R1, BE2).

(2) FRBORFR MK

OB, BE1E

OTUwF I
OE@EMEE L, XTI MO

R NEFHSHZ = v SO

Specification of short-type sealed axle bearing unit

1B5E iR
BWZFETA ®»130 X 240 X 160/160 mm
BEAEERREE 1,040 kN
BEARERREE 1,870 kN

WRI1ZvhEE SFIEREE 210 %
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RO AT —IL

ek

15% %aifE

R o

FFU7IVAETEEERUE
FTAIT—=Ib

FAF oD

B2 /AFHAEHHRIZ Y

Short-type sealed axle bearing unit

(3) FHmaEIER
(3—1) #WZOEREER

420 km/hT©D 12075 km EITHEI DM A 518k 7z it
U, HRPICEBREE LFEGL, HEgO#W=, 7
U—XADREICHEB(EEROSNGN oI (FR2, E3).

®R2 HERRM

Test condition

IBE e
SI7IVEE 91.4 kN (—%E)
FHUTIVEE 16.7 kN (5 s &ff, 25 s &)

Max.2,685 min" (420 km/h #84)

EEE; FwEE (4 h @)

RASRE 10 m/s

BRI 3.429 h (12075 km #8%)

—HNWAIEE — SEwBIIEE
—SEEE  —EAORIIEE

v v

— WFERE
120

vV IU—ZADEEAHCELD

199 TENEEE LR

QRG]
o [oe]
o o

O Kb
NS
S o

Lol L | |
0 500 1,000 1,500 2,000 2,500 3,000 3,500
SHERESFRE h

o

B3 #ROHmaERIER

Bearing rotating test result



(3—2) BEMHESTHR

O RERICK Y, BREROT U —XZHHED
V=)L R EL D BEN, ERGBEAFTHDII L
R Uiz (R3, E4).

&3 EERRM

Test condition

IEE E3Ed
EEREE Max.2,685 min™ (420 km/h 1824)
DOHRER AL 50 Hz

50 ~ 200 m/s’

IR 50 m/s? %, 24 h BIC RSN

kD TU—/NIRL

L TAOERS

O IR SRR E \ .
mRITU—X
Y=URR 1 TU—XRNFEE

B4 THMUEDEBRGR

Sealing test result

21.2 Sy IBREHEREMEEZ DM

(1) BEOBR

BHEROBERLEDIZD, BEMPEEC(EIEEY
ROTEENZDH, BEROREQRECKY, EHHEHZO
BRENINBEICRD CENHD. BENKE, @BZZOD
HOZEHBFT D ENROBHBIHRD—DTHY,
TEHRAMRDRETERES TE > eI Z Bz
CEAULEES I v I BaIgREHmEZRAEL, =X
BICHERATINTWLS (T4, ED5).

(2) FRROIFR ST
ONRES = v I B5HRER

OBBRHIE
OfEfEMEE, X7 YAIX DR

R4 TSy UBFHERSHIZ DML

Specification of ceramic-insulated axle bearing

1EH iR
RN BHAEIIHT VL2852
et AR NEmTE o= v I BRI
WREENE @135 X 240 X 140/130 mm
EAEEREE 770 kN
BEABTERESE 1,270 kN
HERIRTIE 10 M QBIE (DC500 V)
TI=vy

TBETIERS TS v IBHIRER

FAIWT—Ib

B5 €33y B5iEREmHz

Ceramic-insulated axle bearing

(3) FHmEIER

KREAREICHITIEERK TES I v I BHHK
ROBEFHEZTL), HBREBOWECEN, RIIKRE
DEEFIFEBHESNT, BEENEICEEBEEDSN
BN EZERUIC (R5, E6).

L S

Test condition

IEIS ESGa

B9 AR VEE &K 110 kN

SI7
e U7 IEE 286~ 54.3 kN
ISR eHEEH 1070

- > E v TBGHERI IR
NPT %

AETTE

HBRERRSEFEER
Bé6 t5=vUBasHRRaEaiRER

Strength test result of ceramic-insulation coating
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2.2 IEFHEABIEHEREREHZOERED L

FEHE(C(E, ERBEIC NU EMREC 285, ~EX
FAISREFHZANERIN, INSO#ZAO—Y
ZXFFTB.

el REBAIEHZEDHNR G120 ~
®170 mm A EBRWZHET, BHBARFTU—X
BN RN THS.

FEEEE UCHEESHENAEREGY, BT,
BERZFHILET D), ARSI vIZTSSIATE
FUILES I v U5 eEeEs @ LG AE Z 59 A
FEUEERECRBZZRAELC (F6, B7). Hl
BEFEICHBIREMIC, BEFFCERREDICHER
INTWLS.

IFEDOFEFAMZDERRREOZLICHINT B
fcs, WEMEZE LS B o B RS RE=Z DR FE(C
EWEATND.

2.2 HIEHRESREISZOMRE
(1) EROES

SATYATI)VARNMER DS, FEEHED X
TV RAEREBEPLEARNEBEROKRANENT S
Em " CHhD. EFBEMEDA YT F Y RAERIF, EIC
WMZOHBEMICIVRTY, BBEGEZILEBI DI
$IC(F, #RE R ZERE U TEBEHEDS L ZINH]
TRIUNENHD. &, LEAXTBHKIE, RO
B LD DEZEEENS < BDEEHN G, #HZ
DEFRENEF UL,

X TV AR EC 2R FEBEIFEADEA(C
BNTH, SLVEEBEMZRET D L DEIEREREDKE
D[ EICEUBATNDS.

(2) BIRBOIEE ST
Ot IE ST E AR IR D R4S
OEBEMEE, XVTFYRIXMDIER

R6 HEHRIERIR DI

Specification of resin-insulated bearing

EE i
WER PEC2uE | REEaT
1EiRitr SNERIHIES AR

RISSSESS Sl ¢70 ,:I<L<JD211245 mm | ¢55 ><6<3b>11120 mm

EABTHHE 83.5 kN 71.5 kN

BABTIEE 95 kN 45 kN
ERIETE 100 M QLILE (DC500 V)
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1R
STHRTEARAR

FELHR

S Sy

B7 MiswWRIEEE=

Resin-insulated bearing

(3) sHiEIER
(3—1) NEWEE

M ERRORMZEREL, BWIEREEENRONE
HZE—9Y THNEAL, NHEMAREEEZATELT
SHIUE (FR7).

HERDER, WEHEREOMEZEICK BAERIEHE
RBICHART, #5 CHRBUNREEEDE TN
Honfz (E8).

®R7 FEBRM

Test condition

E 2t
T BERIRIEES R (NU214)
R Dby TE-IAE

SABEIC &S RIEE N
REE 120°C (BRBEH)

(3—=2) ML M E-HDEAL

BIIEHIRIERER DN, TEBROMRE i
BEDRIL MESSIIC R Y, PHFRITPIVABICERS
NICIRETERATSNS. TDEsH, ®FEED—HLT
H BN HBEBERREDORESEDEF(CKY, WL
MEFEADDETIELS.

M¥EmEERROEEREREEN EZ, ABRAGE
(CHEFHATY, FREDHERESI CTHEBEDINIL Mz,
flERRBEEICRESOERIZMS5 L. uEEZ
120 CTX 100 h iz UL, =RETHAL, WL b
e IDE M zsHh LIz (R 8).

HBROBR, FAERFERBICHENT, NIL S
FZAL7ER 20 %IRRT DMRMERH SN (E9).

®R8 FBRFRM

Test condition

IS ESGs
5 s ARitEAw (NU214)
L NS 4-M10 #3118 KN/ &
T H—hrUyIe—9fFE

FRBERICK Y NmEHIBEEHEZ IF

MFCRE 120 C (FRBERD)

sUBRET R 100 h




70 10
o5 2,

> 7 T ©
% o N L 6.1
B 45 g4
8 40 B,
il ~
B 35 kN
1 30 0

BR®E ER® BEIRmE ER®

B9 RILSMER-AIDEL

Change in bolt fastening force

H8 HNimmE

Temperature of outer ring

2.3 ERENRERMROmGE T E tEEm Lk

FEHLS VARREEETE, ATV 28z2H
FEHEAGE CTRESNZDN—MKNTHS (B10).

NRERER (F\EEHEE, MFEED—IPLE
BEDOWHHWEEZR L, KWEAIEZ(FEERE
E0O—EEHEEDNHHOWVWEEZZRT .

I\EEE IR (FAE @ 150 ~ 180 mm, KegEEfl
B (FHE G280 ~ @330 mm N"EERQREZTET,
EBHIEREEDLOELRIC KR (CHHIESNS.

TEE, HEC28MRZAVCEBEREDRFEIN
TLBH 7Y, RELT, ATV EHMBIHNERT
Hd. COEXTIEFHITWVNC28R(CTF7)VEE
PMER L, BIC/\EBERAEROMEN S HRENEET
3.

INRERIF Y W 2R OERRE N COM A E
MHREDE)_EDEUEHFH CDWVTHENT .

2.3.1 BREBFREAMIVN28#H5Z
[ERIRIE T COMmETE HEEDE

(1) B8R

ERBETCO/NEEAEHZOREMNECAELT,
HE7FI 7T EECEDEEDOHZRE LEAD
FEODVTHEINZSBHIZRSNZN Y, KEERE
T COEREEBALORERZ PHZHEATEDAF
LHOEET BRI BESNERL. 2T T, BEEERN
ERODIRAEERER, MR EEAEEITL), BROMEET
fe.

(2) EBREDNERERS

BEEED ez 7 7 UIVBIIERICUT, BER
T LU, EERETNC/NEEABZNEMSICEDERT
DEEIERBENODIREZHRRUIZ (R9).

UNESER R

RS fAEh
B 10 EFExERHZDEE

Bearing arrangement in driving-unit

&9 HERRM

Test condition

IER Eas
e EXEpEE/\EEAIN T L\ A5
FTHRURE -15C
REOEmRE 5,772 min’
BEbic i Y Py 2 e =i
PFITIVTER SREHED 60 % (ST EHIRDIZH)

[ERIRIE T COEEIRBENIDIRERRER (B 11)]

@ EEIFICIFREEICK>THELFOSNCEHED
EEENN\EEEDH FHHVEBICHEIEEN, ZTD—
OV \BEERRIENRZ C R T N D.

@ ZzDt%k, BELRICH > THBEHDMEMETUL
RERENEE (LB LICEBEN, RERDZESD
RIS K> THREETHE > TRENT 5.

O /N\wEREZAGREET < ERICEF, BREIEBDRER
WEBHICK > THRAICEY, LHT/\EEAEH=
WKTEZ—BRE S U TREI<.

FRER
ETANAS
TOVUIVEIEE 5=
J|NE B KEE
WE EEH /N g KTE
¥
@=L @BtRth OEftE LR

11 (ERRE N CTORSREDNEBINR

Internal state of driving-unit in low-temp. environment
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(3) 7FI7IEEDATERER
I\REREZAREN T TOBEZLIET /25
I\EEBEREZ D7+ 7 IVEEZAE U, BIEDRE
R (B12) &, EBREHOILENIE, #HZNEHE/)\HE
BHf), WERORFREDEICKY, PATFFIT
W EFNGLRY, BOBTFZF7)bEENEN
U, BRHECEZANZILZRLTVD. BfFEH
FBEIC(E, 150~ 200 kN BODF7 7 )LarE stk
BREZCERLTVWD T EDER L.

100 —— BErEFRER — 240
TFHEITIVEERE
= 80 NEmRE LR 190
/o
B

C¥nEE

7
5 +
Q 60 140 2
7
gﬁ 40 9 Ju
R - 1
FEIT)EE
% 20 40 =
kN
in-1
X100min' - 10
-20 -60
0 2 4 6 8 10 12

B min

12 #EE, 7+ 7ILEEAERBSR
Bearing temperature and axial load

(4) WHRARDER
EERBERM Y L A8 OEERE N COM T
iﬁ%@ﬁimm,:%kﬁ@tmroﬁﬁwmﬁﬁ
TID@EFDEKLY, PFIPIVTEFTHLD
ﬁtEéEELE®MﬂbEwZ@%._nb®Nﬁ
ZREVAANEHURREMERBOLEART, RO
ENRBHONDE=ZER LR (B 13).

100
TERBIRATERE
N 80
Z o EEEE /\
OC n A‘y =
@’ 40 &
& AR RINRBE
&= 20
B
X100min' O

-20
0O 2 4 6 8 10 12 14 16 18 20

B min

B 13 (ORRE N CORBEERIER

Start-up test result in low-temp. environment
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3.FED

SHICHIT D BEEMAMRDOFFENDEEM (CD
WTHET LT, $hEsEmma=Z 0, Sk
MOMFEEBEICEHE U TEDD T EN'EL, AET
B Ure2fllE, NTN HER W O #E s AR DR
FEHD—ETHS.

HEHEMAMROREZBLUC, NHILBTH Dk
EBREADTICHRZRML, HREMIDILE, &
XEHEULTREN DD, SBROEIMAACERRRE
(CTRBEY (CER WU AHDF CH 3.

2 £ X W

1) FFERENE 100 FLFEZER, RFBREED
F5P, FBEREEHAR T, (2018) 234-235.

2) EREEF o fsAslsh BRE¥ YN
BEERERBIEB DRI, JR EAST Technical Review,
No.53, (2015) 29-32.

3) M\BHE ME SREGEARSEREOXAEIO,
BRIbZRO0Y—, 2017. 5, (2017) 40-42.

4) XKRES®, thEEmAEMSEZOREMELE, 5o
MOVA N, E63E5E25, (2018) 100-105.
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EErA=#HEmE, S11320.
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Approach to Development of Robot Joint-related Products

B [LE * Hiromichi KOKUMAI
EHop 3588 ** Hideaki TANAKA
K BRT Kosuke SUZUKI

JII_E E—EBR ***  Yuichiro KAWAKAMI

SEEMEE_ EPEANMEDTHRERICKYORY MIGIGEEIEAL, FIC, HEO
MY ZFUHELNEORYMESHE, SERBEERNIRATNTNS. NTN
TIRROMRY SBEEBRDRREE, O—9IUIYI—9ZFUS, HRABHEERICER
OREERZRAELCVS. FRTIEFZORAEDERBEHZHRET B.

In recent years, the robot industry has been expanding due to the market demand for improved
productivity and labor saving. In particular those represented by smaller size robots, typically collaborative
robots, are expected to grow rapidly in the future. For various devices incorporated into robot's joints, such
as reduction gears and rotary encoder, many bearings are used. We update our latest developments for the

applications in this paper.

1. FU®HIC

FE, AFRNEDFBEPRBEEDREEDIZH, A
ORDYICEEZTSORY hHAHEFRPICER LTV
%. 15T, BEEMZ® 10T (Internet of Things) B8E
DRBEMICKIDEFH@HB DR BIRENEM(L
IB2LEDIC, BRNTERDFEEEICEDAFANRE
BECTOAMESEICL2BNEOEET, TOREE
THICERL, ORY MHBEFIEALTVS.

Omy M, B, BRVRXBREDRIES 1 VICE
BECNSEZEADORY b, Bith, )8+, KERBLRERN
TEET2T4—I)LRORY b, BB NEZRIUH, R
EVEIEZECAERRT 2T —EROMRY MHIRENT
HD. BT, AEEETDIHEBORY b, T—EXD
SREICHIG LY —EXORY MRED/NEOMR Y
MRRICENT D EFRAINTLD.

NTN CTl&, OMyw hEEESOEERRE L TE D
WO UEEAREEELTHY Y, Sk, BE
A& UVWNEIOR Y MMIB T 3 EmEFEOEE M 2 13
ng>.

2. 0Ky hOHIZE=—X

OMywy FOEKKEEETH D, RO SNEABDRRY)
EONHIHEICIERET B EITHR, R TIERDMISE
——-XhEaF-TW3.

DI T NI A LIEHEICKDEEMDB L (F&(b)

OWXBFDAIE R, #4IRUIBEDG L (S8E(L)

@TF « —F VT DERIL (BRIEMDE L)

@B ANR—1LIC K BIEEEFE DR (3>/V7 MMb)

OXAVTF UV ABRERIC KD S VFEEEDNE
(S5, R<PHOE L)

3. Oy MEE L EERIE

OMRw bTlE, ABDOBYSFEECTCEALUEHESR
IHEELEHOR Y MARKRNT (E1), EEYZE
BRCRERODONTEUBICRERSET DI ENK
HoNdict, SEETDERB D CEIEZSH D E(F
TRL, EEGMUBROHEHINEICRESD. ZD2,
ZEEHEIEE NI EBE Tl RS RRE D E
AEn, O—9UIYI—-90EERBICLD T—R
Ny JHIETAIB RO ITHN TS (B2).

NEIOR Y N TIE, TNOREEEED/N\EIL, BE(t
WABETEH Y, NERERRRIE (942 0 100 mm BUF)
EUTHEREEREY, B2 Cc1V/VJ MrO—9 UL
VI—=IHEAINTLS.

NTN Cl&, HBEEEBOOEGZFICEON DT
P, AP OInRERE ZTEEIC T D&Y VT
DEEMAFICEBATND.

¥ EREIMEEAES EREIE
* EFEEIMEEAL ORT « X - BY Y VTR
o ERHINSE R AED HEBRETED
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S5 FEhlS
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P T
38 R

6% : FEHOEE

1% fEE

T Ih e )/

B1 o#W|MEEZEHORY
6 axes articulated robot

B2 ORy ~EIERAEEROMISRIR (28 : TH)

Structure of robot joint part (2nd axis : Lower arm)

4. FRENSEERRE FAHE DRF
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Integrated rotation sensor bearing
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NTN Multi Track Magnetic Ring corresponding to sensor IC (iC-MU series) of iC-Haus
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Development of Sensor Integrated Bearing Unit for Machine Tool Spindles

BT #3E *  Shohei HASHIZUME & BT **  Yusuke SHIBUYA
SEEE Kith **  Daichi KONDO LA BB ***  Yohei YAMAMOTO
EK B2 ****  Hiroyuki IWANAGA
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EWETEA [T YRB#EE 1= vk ZREFEL, 2018 FICHERU. SO, HERBEAEZR
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Machine tools are required not only fundamental features like high speed, high rigidity and super precision,
but also condition monitoring and “Connected Industries” related technology. NTN has developed the
“Sensor Integrated Bearing Unit for Machine Tool Spindles” in 2018 and secured many positive feedbacks
from manufacturing industry. NTN has recently added the load detection function and wireless system to the
unit based on the additional requirements. This report introduces the features, structure and performance of
the unit.
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Functions & purpose examples of the sensor integrated bearing unit
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Development of Low Dust Generation Bearing for Servo Motors
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NTN has developed the low dust generation bearings for servo motors which
have higher demand especially in the last years. The bearing performs 90 %
lower dust generation and 50 % lower torque compared to the conventional bearings . The above mentioned
dust generation reduction and torque reduction of the bearing enable downsizing and power increase of the
servo motors. This report introduces the features, mechanism and performance of the bearing.
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Introduction of Composite Material Products for Industrial Machinery
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»:\;‘Eﬁm_h__ mechanical parts, and unit module product made of multi materials such as resin,
.}ﬂt . sintered metal, magnet, using tribology as a basic technology. In this article, we
N W introduce composite material products used in various advanced fields of industrial

machinery.
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BE1EE CASE FOmiEMU Y RISk T SRS R

Activities and Achievements for Automotive Market Trends CASE

B85 KR8 * Koji KAMETAKA

BEIECASE? [CRRSNBDBEZ(LDIRH T, KRERH, HEEGZEN—YT7UYI IR THH OWEEMERE, @EES5ER

TWBDh, Ffe, HZEDTVNBDHZHATS. TiEh5,
RHEERZEN TS
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FISIS, MM, SRETAE—RHEREIND. TNEZZABDCAEYZ2L—IavEMIICOVTHEBNTD
7F) Connected(IRI7wR), Autonomous (BEhEER), Shared&Services (H—Y T 7UV T ET—ER /YT 7UV T DHEIETIBE S H ), Electric (B EEE)

DIRNFZEVERIESNTNS.

In this article, we explain our considerations and actions of research & technological development for fuel
economy regulations, autonomous driving and car sharing, in the change of business conditions represented
by "CASE". In other words, we introduce our development of technologies and products which meet the

needs of the market.

Today, automobile industry is facing great change in a century. We are necessary to develop in advance of
the market trends, improving efficiency and accuracy with high speed. We also mention our CAE simulation
technologies that support the research & technological development based on our core competence.
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Issues and measures for each level of autonomous driving
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Small and Lightweight CVJ for Rear of Sub-axle

IR E97% *  Tomoshige KOBAYASHI

BIEREFENEEN— X DUEMERBE TS, TOVRFPIRIVDXA VP IRV, UPTPIRIVB BT PIRILERY, ZDMLIESFITONT
[FZOVMAKD UV RIOEH NS KERESNZDH—RINTHS. £oT, BT PIRILOUVRICEREINZHFRY a4/ VNS, B
BEZ/\SLKUT, Z0H50/NEEEEH TSRS, NTN (&, SICRBERES PRBRFEEN— X OMBRERBEDX A V7 I RILT
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FF-based 4WD vehicles generally have a smaller rear torque distribution than the front, so small load
capacity is applied to the constant velocity joints for the sub-axle.
There is a market demand for small-sized CVJ for rear of sub-axle, similar to the “R series”, which is a
compact and lightweight CVJ for rear of main axle, which is already in mass production and pursues

miniaturization and weight reduction.

Introducing the features and performance of the developed “small and lightweight CVJ for rear of sub-axle”.
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Development product VS Conventional product (#75 size)
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Development product mass and outer diameter reduction rate (#75 size)
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Comparison of outer dia. and axial length
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Static torsion strength test result of developed product
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Durability test result of developed product
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Comparison of outer dia. and axial length
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Static torsion strength test result of developed product
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Hub Bearing Module with Steering Function for Rear Wheel

KM BT

Yusuke OHHATA
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We have developed a hub bearing module, ‘Ra-sHUB’ with steering

function incorporating the steering angle adjustment mechanism in the hub
bearing. This product can be attached to rear driven wheels. By controlling each right and left wheel with
separate actuator, we can control the angle of the right and left wheels independently. Therefore, the
dynamic performance of the vehicle is significantly improved.
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Vehicle image with Ra-sHUB (Attached to rear wheels)
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B2 UIvyRT7IRILNDES,
Ra-sHUB attached to rigid axle

B3 (CRHEHFOEAEEZNRI. E@MOMUIEHH
HECEMURRET, 94V EHEOERICT U
T, SEEMHAEGOEAICETELTVS. Dk
BRI K VRIS ICUBI DT, I—FUY
TS, BANTENY A VTORRENEIH SHEHbRIC
EAT 3 &, FENKELIND2FEENDT A (&
BRACh—oYOF@EICEE, I—FUYITORFME
BEN'E L URTE UTETETH TIRE S 18 B.

B3 ®RE\DOEEFOEALE

Layout of rear wheel with Ra-sHUB
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Components of Ra-sHUB
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Prototype of the Ra-sHUB (Left rear wheel use)
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Specifications of the Ra-sHUB prototype
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NTN TECHNICAL REVIEW No.88 61



BWMART 7YV IREERNIRTFUY T

5.2 uNEGfEmtA S ER

ERDET CIRPIFEAFHE TRUNMEIEN S UVE
ETR'ESNZZENMBESNDDT, R2IIRT
FUHTHRAMZRIE L. B 7 ([CM R ERBIE DINE
BHOHEZRT. BHICNT3INSE R &
HBREBETERERL, IREREICEENRV. BN
i@ IRUCTHMENMET LW & &R L.

®R2 MAFEREM

Durability test condition

nfitAE + 0.5 deg

SR EIREL 5Hz (IE%0R)
BHENSDEE 3.8 kN (1 #@ZY DEMEEES)
HOREAE O 10" Y1 I

— FAEERER)

e

o
D
oQ

-0.6

0 0.1 0.2 0.3 0.4
iSES

B®7 EFELEER

Comparison of response characteristic

5.3 EREHE

Ra-sHUB DEFEE(F, —MRIREEMmOD/\TR7 U
YITERU -40~+120 CICHREL VLS. REEE
FHHICHS DEMEREDR(EICOVNTHEER L. BT
(&, 237 hO-ZEHEARZBREANICAN, BEZH
EULT 1 HEREURICEFRZREL. E8
(CERFRE COEMEREDRAEREZTRY.

62  NTN TECHNICAL REVIEW No.88

4
3
= 2 (-40°C)
I} o
e ! (-20C)
r%‘ 0 (0C)
=4 o
deg = (20.,0
) (40C)
3 (60°C)
-4
-0.2 0 0.2 0.4 0.6

B s

B8 NEREKE

Waveform of steering speed

BREREF, RT v PROGRAEESE (35
= +3.5 deg (B8 R#§)) Z5Xfc& =D Ra-sHUB
DREMEBEDIEEN SKDIC.

B9 CRFRE CHREDHEMRZRY. EREIC
BV TABEADBADREAEZZ SNBEMRED
ETHRHSND, TiFRZE"HE LTS, B
DFEFEHTHD.

25
20
EE )/O_’o-—-O—O—-’
fE 15
=
B
deg/s
5
0
40 20 0 20 40 60

BE C

9 RFEREEGAEREDER

Relations of temperature and steering speed

5.4 [tk -8B ER
ETRICEBENSANSNAADERBEL, NIR
TUVIEO IS VIIC, EFAE (zAM), BigA
@ (x HE) OEE, BROXEHEYDE—XY MEZF
NZENERIICER U, BHmEUTEIESD K U@E ZTER
Ufe. BI10(C XYZ &hDAMZERT.
MICEAEHNODEEEEMDEFRERT. B
MDD _ETA@RSCICRIZRABORIMEICKEREIFR
hofe. B121CFvV/N\— (x#) ABDE—XV b
WEEISVIBEEADOERERUL. IXTORYG
LBV, BRERICERPIBEIFESR SN o/,



NTRF U TED

10 Ra-sHUB Q#h73E)

Axis direction of the product

0.8 7
7
P
0.6 7

0.4
o 0.2
fi 0

_‘OHQ

//%%
A ////0-6 — £
y 0.8 —fjﬁ&“?ﬂ_ﬁ*

1

f87EE kN

11 =SimmlsE
Wheel rigidity

~

—
(@]
(o)}

o~
0al

iR = ANANGN NN
N
RN

/V

Q

D

0Q
N
o O O
= 0 O

E—X > bErE kKNm

B12 £—XVHEI%
Moment rigidity

6. Ra-sHUB IC & 2 & RERAE D RSREEET
Ra-sHUB DERAEENEIC K BEMD I—F 1 V7 IERE
DE_LHRZERT B2, C 2T XY bOHRET
DEE (h—>32E'—L) [CRasHUB ZE#HL, £
BEEITHB CHREMER LI
ETREICEDE T, RROEALAZ Ra-sSHUB TZ
t&E, BHFORY Y FEZHELTNS.

13 ICETHBRICERUCESEI—-ADLUA T
hERY. BUSAVZEETULT, Ra-sHUB DErfiEE)
EDBRICLDEMEEDEVZLE UTE.

K14 ~16 DA~ERDTF—9(E BE13DA~
EHRICZENZIRIG LTV S.

A E RE0 | D
- L L e

[ R70 | E | R130 [

600m

B13 =EEBRI-ALVA7D b

Course layout

14 ([CHBREISDER, /\> FIUA, B 15 [CHEUDLERE,
HINREDZE(LZRY. BiIRZBU®RE (84 km/h)
TETL, ROIMNEWVWCHRTEUSA VZETI S
56, Ra-sHUB ZErfitdlfl g 5 & T, EZBEDY A
YIUYTDRE (0.4 G) ZBR2IERL<I—FU
VIDTREERY, REDBIEZET7 b WECTE.
INICK Y Ra-sHUB DEAMEEMEN R VG LN, £
O—R7ZH 2 WELETTER.

100 ‘ ‘
90 B D%
80 wa E%f
70 ff' yatd B
7 SR \
. B £y
& 50 7 C=79tia
km/h 40 7 i i i
30 - -
20 W ----- Ra-sHUB& L 1
10 ——Ra-sHUB# W [
O I I } I I I I
0 10 20 30 40
B s
(a) B&E
60 I I
40 B D
3 . \
T A LY R
U 0 e = i ¥ ,
7 NAYANN \ Fd N ,N’i
E 20 { { }
deg a0 4= Ra-sHUB7: L | L
|| ——Ra-sHUB# C ',‘ j
60 N ———— |
0 10 20 30 40
B s

(b) I\ R)LAE

B 14 HEER GEE /N\VRILAE)
Test results (Speed, Steering Angle)

NTN TECHNICAL REVIEW No.88 63



BWMART7 UV ITREERNIRTV T

o [T T

ol ST
EEE PR TN ) 0%

I I s | RGR20%A
R 040 | - |A .

|
| '® ©
i AN
\ kS
o3
.
&
\
V-
e
s

O EER

o oI
7Y
(@)

-==-= Ra-sHUBR L | “~.
|| =——Ra-sHUB&HW| |~ -
T T T T -0.5
-0.8 -06 -04 -0.2 0 0.2 0.4 0.6 0.8

BILRE G

B Q‘&.ﬁﬁ' AN
0‘2

03+ ’
~-0.4

B 15 FHEER HODERE, #IEE)

Test results (Longitudinal acc, Lateral acc)

Flc, B16 (7RI K DIC, Ra-sHUB DErftEn{Ed
YODHBE, Ra-sHUB DEACEIMER UICEENT, NV R
IVREICH T 23— LA bOBERIBREZR TS
Y, BEEDALELEIENDNS.

7
g
N - 60
deg/s |. 10 ¥
----- Ra-sHUB% L B
——Ra-sHUB& ")
I I _20

NV RIVAE deg

B16 FHRER (\VRILAE, I—UAbH)
Test results (Steering angle, Yaw late)

Fle, COB® Ra-sHUB O&EIfElE, B17 [CRT &K
SICIEDEBEEEAEN—HULTHY, ERBICHLT
ENR<ERLTWVWS &z L.

08 T 11
% 06| wrm |
it 0.4
0.2
0
02
0.4 1

35t

i)

B

&

L\).-—:’
]

b

=

Kk iR

deg_0_8 [ T T 1T 11

iS5/ s

17 Ra-sHUB DisREEEAE
Ra-sHUB command value and actual angle

64  NTN TECHNICAL REVIEW No.88

EIHIC, AT T UVTDRREABDAESHSH SEE
aEEEHTZFECHIRAT/UYI Iy FOBEY
([CTEGAaRZHTE L.

BHAERICH T2 EREGRAE EEBROERBED
= (FHRE) #E8HU, FTARESHOEMEICK
9590 N—tVIAILIRTF7UVT I NOETH
3. 9bh5, F=9D 90 % HFREEED+ o DES
HICSFEN2HEES, AT 77Uy MOBRasR
3. COEMNNEVEE BRISGEVBSHIRRIETH
B EZNT.

B 18 (CETHBERN SEBH U FTRAREDNTZ,
RKRICAT7ZUVI IV MNOEDERZTRY. BRKIY
Ra-sHUB DErfitEN{Ed W DIFE IS, EHAEEER UICH
NTCRF7YUVT Iy OLBEMELSEY, RSA4/N\—
[CESDTEHZDUPT SN ELEL, AL—XBREBRED
OREE B ol &EZERLTVS.

50 ! !
Ra-sHUB%: L
40 Ra-sHUB#& V) [
AN
30
E /\
A
520
" / \
10 ﬂ \
0
2 15 -1 05 0 05 1 15 2
FR2E deg

BE18 TFHEREDT

Prediction error

K3 RF7UvIIvHOE (90/8—tV5A))
Steering entropy (90 percentile)

Ra-sHUB 72 L Ra-sHUB &5 )

0.73 deg 0.56 deg




7. 80YIC

[T 7V TRBERIN\NTRTF U T] O,
HREB KO, ERMEECDOVWTHEN L.

Ra-sHUB (&, BEIW#EBEZERERFY, h—Y3vE—
LIFEDU I w R7 T2 )UIEEICBEL) 7 TRERERAE
HOEETH Y, FHARDAELEND VAT LATHD.
KR TlF, EEBTOETHERICSBWLT, Ra-sHUB®D
MRICK Y ETESEEEPRIEEN O LT D ERE
et y==1 V) el

SKIF, TEIFRBREENOHDY, T5BD
feREm A B L, Ra-sHUB DEA(LEHET 3.

2 £ X M

1) NTNN\ITRFZUTH90O7, NTN h—L_R—,
https://www.ntn.co.jp/japan/products/
catalog/ja/4601/index.html

2) DR, OEhnE K5E8, PFRES, LUPTEH.
FESES, KWEAN, EMESUEZHLIED
BIER 7 0 T « TEAEEEEN N\ TP U T, B8
BERMEFiEEsTREE, (2018) 20185263.

3) ORI GREER KEHEE FRES WP
W ONHSEL REBIEA, SEmEEMREEE LS
B2RIW7 U T « THAEENNTRPZ UV T
(35 2 =], BBERIaFEERFRE. (2019)
20191269.

4) FEHZES, DRAE KEET, FRES AT7
U > T RBBIRERER N TRF U VT (sSHUB®), NTN
TECHNICAL REVIEW, No.87, (2019) 18-23.

5 FEE<Z. WNEsh, ARMR, Z25ILRUX,
STHEBIE), EnEafmESbDhn U7 ILY A
L+ AF7UVITIY SOEDORTE BEER
M=wME 465 15, (2015) 167-172.

HEEIR

KM & PR &E
B mEIE AL MBI

HBRRRAAD HEBERRFFALD

NTN TECHNICAL REVIEW No.88 65



(=]

AV VP L

Creepless Ball Bearing
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Although there is a tendency to make housings and bearing rings thinner

because transmission are getting more demand of downsizing and lightening
for low fuel consumption in automobiles, outer ring creep is likely to occur.
NTN has developed “Creepless ball bearing” capable of stopping creep

at one direction load condition. This article introduces the feature and
performance of the Creepless ball bearing.
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Types of outer ring creep
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Low Temperature Rise and Low Torque Tapered Roller Bearing
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Power transmission devices such as automobile transmissions and differentials are becoming smaller
due to environmental regulations, and the use of low-viscosity oil and the reduction of the amount of
oil are advancing for high efficiency and power saving. The tapered roller bearing used in such a power
transmission device is required to withstand severe conditions and to have low friction. In order to meet
these demands, NTN has developed a new shape resin cage, and at the same time incorporates design
technology for low torque and low temperature rise, and has both the world's highest level of low torque
and high seizure resistance. This paper introduces the structure and performance of the developed product
"Low Temperature Rise and Low Torque Tapered Roller Bearing".
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Bearing rotational torque test results
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Initiation Mechanism of Peeling in Rolling Bearings, and Its Life Estimation Method

KRB/ Bk * Naoya HASEGAWA  BEH T * Takumi FUJITA
NEE JBIE ** Michimasa UCHIDATE Pal{R EIZ& *** Masayoshi ABO
ARZT 8 ***  Hiroshi KINOSHITA

E—UY T RENVBMZORED—DTHY, 10 umBEOAETEDEFLHOEHRHOESDILEZET. BEDHAENS, E—-UVT
[FREES DEFBMNEC 3HEHERM CRETHLEHBINTNBDY, ZOREADZALRBVERETERICIFBHESNTLIRL.

FHRTIF, GEEDOHRE, REMKAUE, EBIAE, SIUBEREROBRICEIVTE-—UYTOREXNZ X LZREILR.
INSDFERNS, E—UVT OYAETHSE, GBBEORMEASZED BN ICEMU TR UIBERNSELS T EERSHICUE.
e, ERODXDZRALICEDIVE—VYY T DEGIEEREZRREUL. AFERMEI N DIRFREERE TOE—U I EmzEH
ECED.

Peeling, which consists of spalls and cracks with the size of about 10 um, is one of the failures of rolling
bearings. It is known that peeling occurs under poor lubrication conditions which result in direct contact
of surface roughness. However, the initiation mechanism of peeling is not yet completely understood. In
this study, we investigated the formation mechanism by observation of rolling contact surface, surface
topography measurements, residual stress measurements, and contact analysis. These results clarified
that initial cracks of peeling arose from notches which formed due to plastic contacts of surface roughness
asperities.

We also developed a peeling life estimation method based on above formation mechanism. The method

can estimate the peeling lives under pure rolling and boundary lubrication conditions.

1. [FUsIC

T, BERERONES DI TEBEHDEMELD
FEh'esd. CNICE->TEAYES (LU, #352)
FHEEBRETHERAINIENBITHY, X
ZHTOEMSZOE/IEX N Z X LADRRIFEERFME
BICIE>TWLS.

E—U VT HmEEBRMETRET 2HMIZTDEBED
—DOTHY, 10 um BEDAETEDF L BEPEHNE
EUREBADI EBEET V. E— U VIS EGEEDXRE
HINKREL, HE/SSA—IA EHLEBHRICEK-T
KHOSNBELHEDOR/IVHRES & 2 D ZFFHTF
FARESOZFHNOFAREDL) NNINSVERETHE
£UPTV?. Ueh' > T, REES OBEEHEME U T,
BEEMI) (ERATBRULLANE—U VT DHE
SFERTHDEZEZSNTND. TDKDIC, E—U
VIDAAZZXLIFERBICFRBBEEINATVDD, Z
DEFMCOVTHABUBIEDI RN D Y. EES1F, =
HEERBgERONTE—U VI OBRKRETL, &

BHOBRRERLBOMDBRICEIVNVCE-U VT

DEREANZALEFHBICHRT UL Y. e, BB
TICER T 2R UIb HZREFIR ERBIRADDAIE
ERNOHTEL, E—UVITDERFEEDXHZ A
EEENICERLLY. ABD2ETIE, NSO
WTHESNEE—U VT OREXANZALICDVTE
B9 5.

—7, BEEBFUTHSZDEBEUZRTITBHID
ClF, E—=UYIEFEREHRETCEDY—ILENETH
3. BESEF HROE—U VT DAAZILICEDN
leEGHEEEERELL . AED3IBTRHIDOE—
U IHERDHEEACDOVWTIBNT 5.

2E-VYVIDREXAND=Z L
2.1 Z“HEHEER

E—UYJOBIRFRICE B1ICRT ZMEHR
BzRHWz, T—9 ki U8 (T 4177 BRkEnH
Be, BOI—ADHICMUMIFIEBPEZEARSE,
I DRVEEERD ) KRG TEHE S Ble. &Ml B
BHZEZSRIBT IV Ny REHRR (CEMSE
Titofe. EBRAPREEAECBICHE 40 mm, B

* SCImRAT TR
* BFKRFE EHTEE
o TEIRTIRE T2

NTN TECHNICAL REVIEW No.88 77



T 12 mm T4, BEHGFICEAREDOTFVTIL
FEAICEEO MM OISO VI EEUIE. SR
DERMIF JIS-SUI2 T, —BHNRIEANERHREL Z i
Ufc. SR oSNZmEICE, EREME&IciEimnI, &
FHBACBT LT T ZZENZENRELURE. REMHGEE,
BRNBEBULICDDERINBERD 2 BEZER/L
BEANBICL2HABIOFREEATOET BT, RO
H) DIBE D E— U VT DRECRIFTHEFAN
BRE, BRNBOSEM(E DIN 509387 [CEDVWTHEE
Ufc. ®T1ICHBHARFOXREDHES, B, BKLUR
RAEBOREZ, R2ICHBRGEZRT. HBREAFTE
DEaFOH TP U, BRODTZEHEITVEA
5, BREWNICHEETHN 5.0 X 10°AIETDET
fikise U 1.

‘ Driving cylinder ‘ Load

I ] e g
™
‘ Lubrication felt

v

‘ Driven cylinder

B1 —AEEERg

Two-cylinder type rolling contact fatigue tester
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Surface roughness, hardness and thickness of the black oxide layer for test cylinders

Surface roughness (R) um Hardness Thickness of black oxide layer um
Test No. Driving Driven Driving Driven Driving Driven
cylinder cylinder cylinder cylinder cylinder cylinder
1 0.75
0.02 61.5 HRC
2 0.70 2.0
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Test conditions of the RCF testing

Items Conditions
Lubricant poly- a -olefin, VG5
Rotational speed min” 2,000
Load kN 2.25
Maximum contact pressure 23
GPa

Qil film parameter A 0.09-~0.11 (at 40 C)

Total number of

5
loading cycles 50x10
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B2 EFAHEORSEODAFEMRTE
Optical micrographs of rolling contact surfaces
for driven cylinders

(© No.2, 1.0x10°@
No. 2, 1.0 X 10° rev.

B3 LU—TEME AT Uit emEOERsimoOXREHFIR
Surface topographies of driven cylinders measured by laser microscopy
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ENVEBZOE—Y Y IREXHZZX L EZDHFREESE

Az Groove

B : Protrusion

C : Groove

B4 No. 1 DREEMET 0.1 X 10° O&FRICESNIETHDLSBRED SEM &

SEM images of the crack-like marks on the driven cylinder of test No. 1 at 1.0 x 10° rev.

B4, No. 1 OREMET 0.1 X 10° AETIC
BoNfcEz SEM TEHRREUERTH 5. B4 (a) ~ ()
FZNENERDHERMUBDR-RCTHD. B4 () T,
LB (Kcp A-C) Ok CREAFEE Ufzhsh (K9 B-
D) WEELE. INIE, BHRD UHRMOHEMHZETE
TERULUIcCEZRELTWS. B4 (b) DERTTIE,
UDRMODOEASHER AN SEESNfL D ICE
FELTHY, INICKk>TYREE (B E) RS
ncuc. B4 OBERTHYIREE (KNP F) HE
LEINTWIED, UIRE(FEEET D MBOERITE
THYIEFN TV

BE5(C, No. 1 ODREMFET 5.0 X 10° O&fEIC
FELEZ, 7+ 7)VABMED S SEM TEHEL
JcERERT. SHMIRER (NPRIREE) HOE
BRLTWVWBZENDNS.

B5 No. 1 DREEMET 5.0 X 10° O&fHIC

RONCEROKXSMEOMED SEM &
Cross-section SEM image of the crack-like mark

on the driven cylinder of test No. 1 at 5.0 X 10° rev.

2.4.2 RZRBILNODAIERER

B 6 [CHtBREDEREBEDKE NS afEH DS
RERT. HEEODIE 0 e (FFREBIGHD=ERISFIRLS D
SEBEUE—CRIEHNTHD. HPICE, afo
DINE VB DR ZIA L TR ULE. No. 1 & No.
2 D O 1FEB5H 0.1 X 10° @EFTETIC 1,050
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~ 1,100 MPa FCTLRL, ZDB—EICEoTIE.
BE, Ome N ERT2REIF NO. 2 DAHNETIE
hofe. ®3I(C0.5 X 10° O&FRORBIHRBEDIEE
D=8 D %S, No. 1 & No. 2 Tla%E
D= CBIEEAEENTRD ST,

1,300

Test No. 1

1,100 1
1
o-vmres 1100
" 900 | 100 r f
MPa
900
700 [ 700
P
J 500 .
0 005 0.1 015 0.2 0.25
500 1 1 1 1
0 1 2 3 4 5

Number of cycles (X10°)

B 6 WEMEDHIENEDILEINS)EEaEDIEDBRER
Relationship between residual stresses at rolling
contact surfaces of driven cylinders and loading cycles

£3 0.5 X 10° O&EFOEEMED
REBINID=8TIRTD
Tri-axial stress components of residual
stresses for driven cylinders at 0.5 x 10° rev.

Residual stress GPa
Test No.
o, g, [ T T, T,
1 -1.53 | -1.34 | -0.37 | -0.02 | -0.01 | 0.00
2 -1.52 | -1.43 | -0.41 | -0.01 | 0.02 | 0.00




243 BHEOREEI/NTX—9

7 [CEREMEOGEBEOXREES /NS X—5 L8
HOMORERZETRYT. SHEDo* - S, &, LWITNHHE
ERBRIBERICEA UIch', IAMEDIBIF No. 2 DFFhYI
&<RBofc. TNUF, No. 2 DFEHANo. 1 EHRT, &
UHC LD EMDBEEDE TIBEE CH o Ic I E%ZR
LTW3.

0.14
0.12

0.1
0.08

0% S,
0.06

Test No. 1
0.04

002 N

No. 2
1 1 1 1 1 1
o 1 2 3 4 5
Number of cycles (X10°)

B7 EEHEOHREEOREHES/ISX—5&
SO OEFR
(o* BEEIERE S DIRLERE,
S,.: FEIER DB FHHER)
Relationship between the surface roughness parameter at
rolling contact surfaces of driving cylinders and loading cycles
(o* @ Standard deviation of peak height,

S, * Arithmetic mean peak curvature)

SO0
y
Vigy
(Circumferential o
direction)

200 40 6

X X
pm Vigy
(Axial direction)
(@) (b)

No. 1, =71
No. 1, Before testing

No. 2, =E&RA1
No. 2, Before testing

2.4.4 EFEICERAUERULIDHERZR

B 8 (CIERMEMT TR & I B E D ERIERELDE S
DEEERT. HEFIONO. 1 & No. 2 DEEE T,
10 GPa LI EDEBMEANFEE LT . —7, No. 1
M 0.5 X 10° @& ClE 10 GPa LI FOFEHDORALES
RSNz, BUAREEHMD No. 2 DEEE ClHE
EREDEETEAD 10 GPa ZFE > TLIz.

B9 I(C, 0.5 X 10° D&l CRtEmEDEmeImEICIE
AUREI—ERBHDORSHANTEERT. BAIC,
BEISHEZRLEI—EANA 6m@) EERBULR
H 1= =B RIET Gum,con (2) L. TTT, it
BONSEE, B 2D xy FENTERDI—ERIEA
HEE 2.5 um AEROREIERK Y AE <Rz
HU, FNSORDFHE LIg, E—IFH) LT
Kepfe. BhTEROIRE CE A IS EE S 2D
51 (1.8~2.0GPa"”?) #RLTWS. No. 1 & No. 2
D 6y (2) [F 5 um TTODFESDLE CHRRINIEBR
TWLH, No. 2 DFERD Gum (z) 1& No. 1 DEEREKH
BERE TS o . Fe, WINORBTD 5vm (2)
[FRE 05 um PECRABEERLTCSY, TOREST
DISHHE 3em (0.5) (&, No. 2 DFEHNo. 1 EHRTH
40 % INED STz, BE, WITNORETH 5vm (0.5) &
Gvm.con (0.5) KB 10 % IEENEH STz

Caninetg
PCRRULG,
GPs
200
175
150
¥
125
am 400
100
75
300 50
25
W | LA 1]
T 20 4D 6D
X X
pm gm
(@) (d)

No.1, 05X 10°@E No.2, 05X 10°[@
No. 1, 0.5 X 10° rev. No. 2, 0.5 X 10° rev.

8 EIEDESREMEDENDH

Contact pressure distributions at real contact area on rolling contact surfaces
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oa. 2 ° e
5 o) o, ()
5.0 ) *:éf‘TestNo.1
or 4 | X
O mcon@
GPa 3
2
"\Yield stress of JIS-SUJ2
: . . .
0.0 1.0 2.0 3.0 4.0 5.0

Depth um

B9 0.5 x 10° & CaEmEnEEmE(C
ER L= —EBRARHDRS AEnh
Depth dependence of von Mises stress acted on the rolling
contact surface of the driven cylinder at 0.5 X 10° rev.

25 EZ
251 E=UVIDFHREEANZXL

B 2 DX ZIEMBEOHEGERN DS, No. 1 DFHERT
RHBABICHEELEE—U VT ORUNG <Bft(E, 2.5 X
10° D&fEERICEELUBNER UTF, PIHER)
MEEUTERLUEDDEZEZSND. £, B3 DX
BEFERAEEE 4 O SEM [CKB2BREERN D, FIHE
HFEBPICRBABICHRELEZIORT—ILDE
MZEEIERUTCTHEELREZEZSND. TIN50
RBICEDVWTCERUEE—UVITDERUEEXHZX
LADBRKXHZR 10 (LT, =9, EREABORETHES
DEEHREEHEDEENEICI LIATN, EEHEIC
BUEFRICK > TUDRDODMONFERIND (Step 1
~2). RICStep 1 ERBEIEEMBLIAZTND T &
T, MODOMEHLEESNS (Step 3). LT, 20D
BDEENT, EERICTEPRELLTDRAER(IC
KO THHEHIRET D (Step 4). EHRDIRRIZE,
Mﬂ@@dB““[&%ﬁ%@?%?DEJ?)T@
WRTHERINTWVD. LFEEDAAZXALICEDTL

&, E—UYT DT HOFEE Y RT(E, HEED
BEUBTEAAEVNESEBINTREZZ5ND. EEIC,
— U I HELE LTz No. 1 OREEIH—EOBIHERIZ,
— UV IOHREETH o1z No. 2 DIREEIHE KV IE
ETCdoholc.
2.5.2 EHREEMEBRULSHEE—-UVITDREE
& DREI%

No. T & No. 2 DREBFARETIE, 7 UdHPEEmR
DD R E>T% (0.5 X 10° TaRLEE) B, &
RIGAUALED Gvn () BYERLTHY, HEECIFEN
EEAMEL TV EEZZ5ND. e, BE5um
E£TD Gwm(z) [ENo. T DA No. 2 KW HAEN -
fefc s, REBPEOBHEZEF(E No. 1 DAFNELLER-
EEEZBN3. LENS, E—UVIDFES (Y
TRUDORESERDIZE) 1, GEEOBRLUGAD
KREL, BEUEEORENAELBRBEFLELRBDE
E25N35.

No. 1 & No. 2 DLWFNDRBHERETE, 6w () |3,
B UEED Gum, con (2) EENTRATH 10 %/NED -
77:. &_TH&" EI\@JE@?EE(L%EE’J(L«HEH L/f—L:_t
Z SN mﬁ®%%tﬁﬁéﬂtmtct%?b
THY, BERARE—U YV IERICEETDEER
5N%. LML, ®IICKRLELSIC, SOOERT
(& No. 1 & No. 2 CRIENRIERBINHICEN RN > e
e, BEGHDEERBEELLLBH 2fcEEZ 5N
%.

BRBMEEICERNERT N 2DRRBRTIE,
0.5 X 10° O&aREO&GEEICER LIS —E XN
B, No. 1 EE&ULTIhEh >, TN, @uab
3LV No. 2 DEREMIE CEMDBBEEERY o -
PINED e EICRBALTRY, TOFERHL No. 2

[Step1] [Step 2]

Drriving cvlinder surface

fé} I:> [Pass through

Rolling | ol asperity
direction ______,.\W

Plastic deformation

E10 wHHEOE—

| Asperity |
(indentation G

Driven cylinder surface

DREFBHEICE—U VITHRELBD S EFEREE
AHBHNS.
[Step 3] [Step 4]

| Another asperity

| indentation _

: Initial crack
Y
* Protrusion flattening
*Motch folding

A

UV T DERFEEANZI

Formation mechanism of a crack in peeling on the driven cylinder
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3. E—-Y VBl EEDRRE

3.1 o ﬁmﬁ@ﬂ%

2ETIELONREE U‘/Q“@%E)@J_X“L\UJ%D%
CEDIVT, E—UYIDERETE=RRELIE ”
B 11 [CHEDHTEEDMERRY. 1D ICHRALIERRSE
HCEHENEFREZITL, SHBICOVWTE—-U Y IFH
tn CEBEICER UIci@R UISHDEE (LU, I6E
fE) ZE8d% (Step 1). TDEE, IGNEERRRL
H EFREISHZBEDIRRIC K > TELT D, FRIL
FeRER IR Z AV I EA T SR BINTRIE DR
SHET . WIC, Step 1 TRIEF—9C<AF—El
ZEAL, =Y J0S-NBEE (Stress - Number
of cycles to failure) Z@IFEHFTICK>TKDH 2
(Step 2). B#EIT, TOSNHEERVTEEDEHE
TOE—U >V IHEGEHET D, TDEEE, HENR
DBEGLE U ZREE U FHRABRET > TZDORETD
INEEZEKSD (Step 3), BSNIZIGAEENS S-N
HiRE XA F—BlEFE>THAHTEIT D (Step 4).
BB, SN EHRIFEEBROME LN O & (T
THINENDD. THRARISE, GEECOLRUHEE
BISHDZEENERT DEaFOEE TEMI NUE L.
EESDRBTE, HENSX—9H 1572 TO3F
#HT, 10" O&amEEE CICEREE COR U BN
DOEENEFHT S.

BRI, LELHEBEETEONDIHEHERDR U H
PREGIDELEERICYI2L—Y3ryddlE
FH UL, AEGHTEETE, RERAREEBRELZT
EEEBRDIERZERIT DT ET, BRUHFEEREILID
ZEDFEZERICEDINTEETES. £, #ids
BINE & (CERY LT S-N B E 4o UL, #EB 0
FEHEECTETD.

[Step 2 S-NEBIRDIER]
u%€> \\\_

Peeling life
[Step 4 F@atH]

[Step 1 E— U/7§EE&F7]EF0)7 IEINE]

Stress

[Step 3 FHEEDHREH THHHER]

BREFDHETD

AT — 5 % e
SNEBRIFD
LU T EE & (5 N AF—AIEER)

...........

Stress

v
Number of cycles HEC—U>VIHEH

B11 E—UYVIERHETEOHBE

Flow of the estimation method of peeling life

3.2 FEGHEEDSFEREICOVT
FHEGHEETE, UFZRELCVWDIEICERLU
RFNRIRSIRN.

1) EP—UYIEFRESEIBREUNN ZERGH) &
=—BRNHTHS.

2) E—UYIEREBREUBADBERE YA F—hIIC
B>,

3) BEICKLZRBORIEDHKIGHETES.

4) B—U2IHEH L, CEBRUGI 6w (z) DRI,
IO (3) DEFHETILD S-N fhig TR N 3.

log Lin= —A log (6vm(z) —S¢) +log B (3)

CCTA, B, S IIHMBICBREDERCTHD.

1) C=—ERIhEE—UVITORERAICERLUE
ZEIEDVTE, B=U YT DORENGHEDBEEEE
DEEICFEZR TIZDCEZRERTDE, BUYEERS
N%.2) &4) CHEAUCYAF—RIEEHHETILD
S-N HfR(F, EENES DFamEEDIHR T—MRIICH
VWBNTHY P19 KFETHZNICRS >, 3) DEE
FORECDOVTIEF, GHE COEFERINERI/NSE
WEHTIFEBOIBRWVREEZEZOND. B, Ao
EADBEREHE, RIRTIFEEN UN DBEFTEBSEM
[CRESND ZEITEENNETHD.

3.3 FiEEEE DRI

B 1 EEHO-HERBRZ R BRBRFGTITV, &
FoHEEDBEZRANC. R ([CHEEEEZ, B 12 (C
HELIE—U Y T%HF® L, EERHF L, EDERER
9. T T, S-NERIE No. 1~ 7 DRET—9 =AWV
TR L, SHBOTEHSE 10° OF TOIHERED
SRefc. BPICEF, Fkt L./ L) DPRE, RIVE,
BRURKEZHE Ule. SEDHEBFEDEETIE,
FonthFFNZFN 0.89, 0.49, 1.82 Tholz. TN,
OFGHETEE " ORBE (FHEHBRETTD L,/ L,
®90%Eﬁ%b098 4.3) EHEEBELTEFEUED
BETHY, AEGHTEENE— 2V ITHEDHTELED 1
DEUTHEATEDEEZS. No. 8 & No. 9 DxtEF
S-N BIRDIERRZ B TRIEL . TNSDHBRDFE
athEFZFNZEN0.61 &£ 1.07THY, No. 1 ~7 &
EDRETHMHECETD xR L.

S, AEGHEEDEREBEZLDDIEHIC, TN
RSB BRGCREEBRGICIDEATES AIEDAR
IBHFECHD.
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R4 HFoiEEREDR

LDz D_AEFER DR

Test conditions of the RCF testing for validation of the life estimation accuracy

Test N Surface roughness (R) um Rotational speed Maximum contact QOil film
est No. -
Driving cylinder Driven cylinder min’’ Pressure GPa parameter A
1 0.75 0.11
2 0.40 0.21
2,000

3 0.35 2.3 0.24

4 0.30 0.28

5 0.75 0.02 500 0.06

6 0.75 2,000 1.6 0.12

7 0.40 1,000 0.17

8 0.50 2.3 0.17

2,000
9 0.75 0.11
4.FEDH
g ot AETlEE— U VT DFLE A H = X BT & AT
g T &) DBERICEINTER L. Ffe, E—UVITORE
o N . N o NN e
” ‘ 7lees ARNZALCEDINE— VT HFaRDHEEETTEICD
-~ L 8‘1 Ao W LIz,
= i 1) E—UYIONRERE, SEEOXEESREN
= o | hd L,/ L (All test) EHNICEMT D I ETERSNICYREEN S
o v ian -
s T s
i Max : 1.82 2) BRUILHFGHTER, fiEh') h DIEFEERG
001 ' ' . TOE—U Y IHEmEMOFmH#ETEEBELN ED
0.01 0.1 1 10

12 E—UYTD#ESD & REmDEF

Actual life (£,,) X 10° cycles

Relationship between estimated peeling lives
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and actual peeling lives

BETHETED. SBIE, INUDBIREVE
GEBRGICOBATCESFNEEZRAT D.

AREFEARSSAMROV—2RFE b SAROIR K]
DE63EFE8S (2018) 551 BXUE 9IS (2018)
618 [CBE NN [ ERICKDE—UY T
DREEANZZALEE—D D THIHIC RIS BELIED
FE B H2W & AFEDRERGE Tribology
Online] Mz 145535 (2019) 131 [CHBHIN
fz 5 X [Estimation Method of Micropitting Life
from S-N Curve Established by Residual Stress
Measurements and Numerical Contact Analysis]
DABZEFEDIZBDTHS. BEZHFT NS >le—K
HEEAN BASSAROY 22D IERICKSH L
LET.



Z X M

NEEZ, PEE—, HE, BRONKNEE
BIERE, NTN TECHNICAL REVIEW, No.57,
(1990) 59.

Y. Akamatsu, et. al,, SAE Paper, 891909, (1989).
K. Maeda, N. Tsushima & H. Muro, The
Inclination of Cracking in the Peeling Failure
of a Ball Bearing Steel and its Relation to the
Inclination of the Principal Residual Stress,
Wear, 65, (1980) 175.

A. Qila, B. A. Shaw, C. J. Aylott & S. J. Bull,
Martensite Decay in Micropitted Gears, Proc.
IMechE. Part J. J. Eng. Trib., 219, (2005) 77.
R&)IB%, BHL, ASEEIE. REE. &H' &
MICKDE—UYITDREANZIALEE—U Y
THIHICKRET RPNBOLESE 13, bS54R0O
JRA b, 63, 8, (2018) 551.

R&)B%, BHL, AEEIE. REE. &H' &
MICKDE—UYTDREANZILEE—DUY
THIHICKRET RENIBOLESE 25, bS5 R0O
JRA b, 63,9, (2018) 618.

N. Hasegawa. T. Fujita, M. Uchidate, M. Abo &
H. Kinoshita, Estimation Method of Micropitting
Life from S-N Curve Established by Residual
Stress Measurements and Numerical Contact
Analysis, Tribology Online, 14, 3, (2019) 131.
V. Brizmer, K. Sradler, M. V. Drogen, B. Han, C.
Matta & E. Piras, The Tribological Performance
of Black Oxide Coating in Rolling/Sliding
Contacts, STLE Tribol. Trans., 60, 3, (2017)
557.

DIN 50938, (2003).

HEEIR

10)

)

12)

13)

14)

15)

16)

17)

J. A. Greenwood & J. B. P. Williamson,
Contact of Nominally Flat Surfaces, Proc. Roy.
Soc. London, A295, (1966) 300.

M. Uchidate, Comparison of Contact
Conditions Obtained by Direct Simulation
with Statistical Analysis for Normally
Distributed Isotropic Surfaces, Surface
Topography, Metrology and Properties, 6, 3,
(2018) 034003.

ERKREEZ, BRE— ECKBNK, I\WWis—, T
U754 779 ARD X R=8LIAIEEDHR
([CBIT 7T, BARME R E AR, 75, 750,
(2009) 219.

E. Yhland, Static Load-Carrying Capacity, Ball
Bearing Journal, SKF, 211, (1982) 1

D. Mallipeddi, M. Norell, M. Sosa & L.
Nyborg, Influence of running-in on surface
characteristics of efficiency tested ground
gears, Tribology Int., 115, (2017) 45.

L. Houpert & F. Chevalier, Rolling Bearing
Stress Based Life-Part I, Calculation Model,
Journal of Tribology, 134, 2, (2012) 021103, 1.
S. Shimizu, Fatigue Limit Concept and Life
Prediction Model for Rolling Contact Machine
Elements, Tribology Transactions, 45, 1
(2002) 39.

J.Gnagy, L. Houpert & F. Chevalier, Rolling
Bearing Stress Based Life-Part II, Experimental
Calibration and Validation, Journal of
Tribology, 134, 2, (2012) 021104, 1.

‘n./’

FEIR AT ST

0%

Ay
B T
B s ditisaisil

eI ER

Mg EIE

iz

EFRF BETFH

EERITAS T3

NTN TECHNICAL REVIEW No.88 85



BB DBISREARER L DT DENFEZ 7 L TU X LDFHFE

Development of a Machine Learning Algorithm to Improve
Defect Detection Accuracy for Rolling Bearings

b3 IERI*  Masashi KITAI
Ken-ichi FUKUI

B B—

TN BIE**  Yoshinobu AKAMATSU

BN EBZORMBRBEERA DT TV RACBVTEERFECHS. EERINFITORRT, NRHEREICEEY 1 XD ALREE
RIFTCERND BRI URMBRIEZ R B IER, RBED A XITKY, RIGREICERRMSBENEL T B LZHIBLTND. KT,
BALRMEY A XTHUTAFEERIRE 2 RONNBRUEFEZRH SO EIHRRPERETAICT, REREEEDO Lz b /.

Detecting of rolling bearing defects is important in machine maintenance. Previous studies by the author
attempted defect detecting of rolling bearings with an artificial defect of various sizes on the outer ring
raceway surface, and found that effecting features for the detection depend on the defect size. This study
shows accuracy improvement of the defect detecting accomplished from a defect size-based feature
selection approach that is coupled with a two-step outlier detection method.

1. 1FU®HIC

EmH W EREZ < DOHEEMICBV TN ERVE
EREZRDOEDTHY, BEEP TSN, Mz
BREFASNDDBEIERICSRHICHIED. GHUES
[CHEENEEUIES, DEEHOBEPEGNERIC
FEESZDZRITRL, BEMMEALTVLSE, #
WMBEICHGNRBRI A—IESZIHRRKL. ZDH,
N EHTOEEZERICKHRATDICEFEEENR
%.
EAVESOZIAEE UTIE, EERfOIRNE
EZF fz1E Acoustic Emission (AE) DIRENT — 5 Z W R
EUEDEZEZZ<AWVD. CNETF—9DAIEN
BETHY, BERnaMEUcEFAT,TER &N
BHTH . RETF—IZARAVCEN ) BHZOBRISHR
HICAT2MRE LT, FIZIFIREILREN ©EME,
RERBREDEEMREEZELL, ZO MUY ROZIE
([CRWIREEESRAZIT S IE V. FFT IR DR ERE
E— I DE(LIC K REERETIE Y, £, AE
EARAUCEDI S v I DREFERET 2552 B
H3. UL, INSDOFEIFEH ) BZDIEEICH
SIREMFUEDZEAL, BRUDTTDIZHDESUIE(ICE
ITRHNEPNETHY, KUBEZNRZHAENES
ncua.

—HCEE, DPESOEBICEITZMREZNEEST
o, OEREEMOBEIREZTHET 2545 U THEEEE

ZRAUEFENEEINTVS. HIZE One Class
Support Vector Machine (OC SVM)* #BU\fzK 7]
FHEBRFOEHTIMEE > », Nearest Neighbor Data
Description® %R\ zER8I 3R D EEIRENMRA] 7,
Deep Neural Network/Gaussian Mixture Model
9T LER 7 TO—F ¥ &R U REDESRL Y
BRENHD.

FLEER, NA@EHEEICSEY A XDALXEE
RIFCEP BT L, OC SVM [C KB Rt %=
HHeh, FEOEEEC K> TIERBNEREZEZEY
TERVEEN DD 0. BHE ARET LY, K
IREDAEREZERUCSBRHEIC DV THREE
UTcfER, REEY A XDZEICKY, REgRECHER
BRHEEFEIT D EZRABLE . ZDHRIME
REBEDGE EICE, RRDRMY A X U TR
ERZTOREN D S.

AARTIE, SATRMBY A XICTIH CIEFHERE
2 BONNBREF EZBH SO B IFRIERETE
ZIRETD. PRERELT, BFEANERLFED
RREBEZEEL, ROBLWREREBEEZSD
FA& LT Local Outlier Factor (LOF)' #2&E LTz
1z, Random Forest (RF)"™ [C &2 EFEHE &M/
BRBZET DMEONBREEZHEUL/ER, L
DIEBENF SN DT ENSRMBICKBIRENDFH Z
RABDICELTVD EHIKTL, RFZEYAXDAL
RpZET 2R EEBURZNRE UTKEZERRIC

¥ HTEmEIEAL Bonf LS
RIS AR
ORI BRI AR
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KAL, BHEERD LOF [CX2XRIBREBEICSA D
MRICODVTEBRL.

RERICTREBRGRZER UCIRRTALMERTIA
DRIBREBEZLEL, BRERFADRMEERLEREZ
S Uz, REBY A XTI U RFERIRE 2 ROSAN
EREZITS C&ICkY, BEOWE "' KU DR
BREEENE LUl EZRT.

D, 2BICHBVTHMZFEZFA UGN ) #E
DEERANCET SEEM, 3 FETIEAMETHLS
ANEBEREFE, FEERFTACOVTENS. 48T
FARERFADFORBREMGRZEH L, RRICIEH
ZRg.

2. BEHRR

T, OV B OEA D B ZNT T D OEnhER
DEMTEE LT, BMFEE, SRrUBBFE SRS
DTFEZEHAUCERFENEEINTLS.

BIZE L SENRBER, NRNBED KOG
FICZENZENRBZR TGNV EHZETRE L,
Local Mean Decomposition' @& & U Multiscale
Permutation Entropy’™ [C & 2 4 @4l H & & U,
Laplacian Score (LS)'® [C &k B4 HIBRIRE(T o 1218,
Support Vector Machine based of Binary Tree
(SVM-BT)" =M B C R U Iz Improved SVM-BT
CKDDFEZITDO LT, MERICHERNBLWEETER
K EZFORBEBAEREET D EICHIILRE .
Ffz Bugharbee S FEERMZORE T —I N5
Singular Spectrum Analysis'® ZF B ULERSH ﬁj\
e, IYNS/ERBREIICE DS RMBRE LEVE
DIERICKY, BRZ2OERERG T TOBZDHN
WEERE, NWMEEE, OKIOmEMEDORBEDRLRE
ExB_ LEIERZ. Shao 5FAN@mEEE, ARE
EHE, BERICENTNERDIKRESOXRMBZERITIC
GEAUBEERRE L, RTERELFE (CLY
BRENBOZ 1 -0V Z&EL U Deep Belief
Network™ [C KB REBDHREZITL), SVM PRA X
HEREDMDDEFEICH T DEREDEM 4
muiz?.

UM U, Bugharbee S(&SEm#NEE., ANEHmEIEH,
HLEADESEMICENZN 1 BEOXBEEE T 285
EEMHRELTHY, RBOY A XHEREEEICS
ZBDEERFBERSNTVLRN Y. Ffz, Li 5% Shao
SERMBREDICHDFEE UTHEND W EBICKD
DREEITOTHY, AR UZE TORMBREIEEIC
DVTIFRRT VR 1922,

3.1BRFE
31 #I=E

BRI DFAEGEN ) EHZOIRENIREDAIE T —
IXHEEHEINDHHRNT MLE AT =9 v &L,
DREFEICRDIFEBIRE 2 ROANEREFEAICK
VEBE«ZEHET D, EEFEOXRMBHEETO—0
BERZRE 1 (CRY. BEUEVLWREZEZDIREICE
UT3DDEMEICHT, SREREDDEICEVLTSY
BFACKIERYEDEEEDE L & HEEIRZT
S (B 1 9 Feature Selection).

[ lnput Data v (Featare Vector)

Feamore Selection 1 Feamure Selection 2 J Feanwe Selection 3

[
(it Da v )
!
l

Tngaut Daata +"

Chatlier nﬂﬁrhnu
(151} 3

nr!ﬁ.-mn

fls) 1 Is:j 2

]
et Dt 11 ]
|
]

ml Neaul

|
[ *
[mmanfm
[

Anomaly Score al Anomaly Score &' ] Anomaly Score al

[ Anomaly Veclor a

. +

[ Chatlier Dietection (Znd)
¥

[ Anomaly Score a

B1 RgtRb 70—

Flow of defect detection

BH, PEFECLIZIBEBEEDELRIZEROHT
L), FHEECEZEERICEHUCEEEZAVWCER
BEOEIRZ1TD. RICHEEREDEANT =9 v ™,

€ {1 231ICHL, ERICHANBREFEDFEE,
i ZITL, TNZENOREE N 2&HT 2 (H1
o1 Outlier Detection (1st) 1 /S Outlier Detection
(1st) 3). TOEEREBREDANT =9 vV (3 ZF
NZNERDRBIREZ[WRELTWVD D, WHRUU
HNDRBREIFRETERWVEEN DD, 2T,
BBREDANT—F v ™ (L TR SNDEHD
BEEE M EWNTIAET —IICHLOEDDRY

MU (EEEAXRT ~L, B 19 Anomaly Vector a)
EULTEUERL, COERBERT MUICHULTBEEN
NEREICKLDIEBE«ZEE IS (B 19 Outlier
Detection (2nd)). AR CIFFHAIRNRORAET —
NoBOENZINTDANT =Y ICDOVTIEEFAIC

EREZBEHUILE, EBENSRITROICXRME
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REULEWBZBR S ANT Y DEEGZREEREL
TFHHL, REEOKRNIK>THRT—I DRED
BRZHRIT 2.

3.2 AHH7-%9

RENNIREDRET — 9 Z—EDRBRERCEI X
v hCoEle, sRE B5E BRE vTLUry), N
YRINZAT «)LS (BPF), EYHRAIERBZERU
MEtBZRHMEBL U TN MUELICBDZEANDT—
FvETD. F2REDANEBEHREFAICL2TE
SNERBE « ZHNT—9 LT 5.

3.3 FHEER

REFECHEONDIERE a O XRMBIELIBEZET
i g 21EF L L TERE Anomaly Ratio(AR), Area
Under Curve Score (AUC Score)®” ZFEW3. AR,
AUC Score ODEHTFEIC DOV TR TICRT.

3.3.1 FEEZ Anomaly Ratio

S LIEWAIET =S ICBNT, BT EMDE
TAVDSEBSNBIANT—I vICHL, BEFET
BHINZEHEE « ZR(CEBRARZ XN TEHT 2.
Qieshons (FBRNTRE T DRBIRELUEVMETH Y, EE
T—YICHTBHIREEDTI+ 5 XERT—Y(CHT
DEBEDEERESE U, F2 Ny [FEHEDORRET
DRHET—IICBSENDTIT XY MO ZERT.

U, — { {2 > Gehreshold) 1)

0(2: < @yhreshald)

AR = ——— L 2
|Nps| Z )

3.3.2 Area Under Curve Score

ERHREDFHE IR & UTIEAIZIE U < IEHI & 3B
U7zfl7% True Positive(TP), &fI7%Z1E U < &fl &5
U7z 7z True Negative(TN), &% 358 > CTIER &5
B LTzl % False Positive(FP), [EfIZEER> TEHFI&E
B UTzflZ False Negative(FN) & LTz &, False
Positive Rate(FPR), True Positive Rate(TPR) [FZMN
ZIRHTEZ 6N5.

FP
FPR = 3
FP+TN )

TP
TPR = 4
TP+ FN )
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ROC Curve
\

0.8

0.6
TPR
0.4

AUC Score
0.2

0.0
0.0 0.2 0.4 0.6 0.8 1.0

FPR

2 ROC Curve & AUC Score
ROC Curve and AUC Score

HDDREERE UEWNETD FPR ZZH48)(C, TPR =t
e, REBRELETWVBEZZ(LSBICRD FPR &
TPR DER7%Z 0w b d % T & T Receiver Operating
Characteristic Curve(ROC Curve) 85N 3. ROC
Curve OfII7ZE 2 (T7vg. AUC Score (& ROC Curve
DB CTERIND. EETFT—IEEET—9IN
SEE(COBTIAER IS, AUC Score (£ 1.0 &85, —
ATS VI LIFEBIOHE, AUC Score (& 0.5 &£125.
Lfeht>T AUC Score M 1.0 ILEVWVEZR ENIZE, 1E
B U EE T T IVIEEVERIEEZEESN TN S.

3.4 EBWEIFE

HNEZREFEE LT OC SVM, LOF, Isolation
Forest (IF)*, ##EIRFAE UTRF, LSEAL.
LITFCEFECOVWCEKHT D, BMFEFEOER
[CI& Python 2.7 & Scikit-learn0.19.0 ZRAWe.

3.4.1 One Class Support Vector Machine

OC SVM FIEERT—9ZH2FHZEBICEHRL, &
HZEB LICBVWTIERT —YZR2NSTBIRDH
REDPDZEKRDDZET, ERT—IERBT—I%=
NI BHANRERZRET DFECTHD. RADT—
IPBoNIEE, FHZEB LICERUERIC, B3
DERK)BDMUCERINIBEICHRT —I 2R
BEHRT. KHZEBNOERICAVDH—RIVEHK
DFRICKY, IHREBREEZRIIRA DL DICES.
AR TEFA—RIVERICE AV Y Hh—I)VZEH
Wie.

3.4.2 Local Outlier Factor

LOF [F45HZEE LDOBEICE D<K HNERETFET
H?d. ANEBEFEFEHEELCBVWTEEDREWVESEI(C
PHITBDEVIHREICEDIL. BHHEB LOFBSITH
U, BIZEZSEUFHECAWLS. IRDREZFD
HEROBELEENFEFRUBEICENRORZIER



EHRBT. BICHRDORDEDBENEERDELE
EICHUTEVWSESICENRDRZREE EHFT.

3.4.3 Isolation Forest

IFIZZS V9 LICHHEEDIERDERZTV, $2
F—IBENDSIIIT D FE COFEEDFEOHMED &
CREEZEHITS2FETHD. EET—IFMDIE
BrF—YELMERERF DD, BSEET—9IHIL
I2FTCOFEINFEOHFL <3S, ZNICwL, £
B9 EET—YEBFERDIUEBEER DD, &£
BT —INILT 2 E COF IR L<ES.
CORMEENL, BEDT—YICHUIMIIT2ET
DEBRIEOEHIMEDT —9 K B DEL<E2BEIC
WRODT—IZRHEEHTTY.

3.4.4 Random Forest

RF FREAREFIB U7 VTV TIVEBIC KD D58
FETHD. ANTF—IhSETHEICEVEHDI
BEGZERL, BlEESICHL, REKRICLDD
¥71TD. FICRF DZBERFICESNDBERIEZEIC
BHEODEEEZEHT . XAWHETIE, RF TEHS
NZEEEERMBIREICIL OB BREEIRICAW
fe.

3.4.5 Laplacian Score

LS @BANT -9/ —REUIEBT S T 7ZER
U, 757 LDEFED ./ —RICBIFT2R/YETEDT
SISV T VICEDVWTRHEERZITOFEATH
%. AMRTEF, FHETLCBHINZSTSV7
VA7 DEZRWVTRIGIREECIEN U e B R E0E
R=ZITV), RF & U,

4. FHlsRER
41 RBRRE
REBREBEDFHMICHWERBREEDHRERNZ
310, HRBTICKRIICAIRBOBREY A X%Z
®1(ORT. BREZEEDVEZ (7 F 1 S5FHZ,
FE 1 7216) ZRAL), SNmHERICERDOEGZDHAE
U (R1H 2015 8b) BRUABNRKIFHKREN
BB (R1HBRG) 2RI, AEEFRKICE N EH
FBEICE U S IEAROFEMEABOEHFEZ b &
L. Z02EBHS 8 BOEROAENE Uie. fIXIE,
2b (FHENRNOBEN b D 2B TH2 I LZRKT B.
INSDALRMBIFEEIRS (CK>TEUDIF<BE (T
L—F27) ZBRELLDHDTHY, HENFF B
DYEADERRE, HBEEF(E<BEDIEARUCIREZRE
LTWa.

KEBF, AIXBOBRWERSHZ (F19 ND)
BLRULEDEY A XDANIXREEET DT EE
BEBCIUMIFIEIRET, T@#@OERE 1,000,
1,500, 2,000 min' DEFETEEL, B5NH
B (Radial), K (Horizontal), # (Axial) AHm@ED
RENEEDRAET —9 ZFHBIICAL . FesfiE
FHOEmEE S ICERICT > 2. 2 1 ABDIRE)
MEED1ADRAET—I X P =[x x, = x - x,
D € {Axial, Radial, Horizontal} (&> 2V v JEEE
50 kHz, >PU I8 20 s TAIEL, FEAIX
A XTZENEFNIB3EMAELE. TITAVYT VD
RilFERIDIERZ, x (F1 VT vIRilCHBIFDIR
EIIREIRBOBRGEZRT. FICHWMIOMIRI MK
BCSZDFERXERIT DD, 3TAET DT E(CH
SEAMAHEZ T,

Acceleration Vibration Sensor

Test Bearing

3 XBRBE
Test equipment

K1 AIXRBOERBLUTAX

Shape and size of artificial defect

Symbol Shape of Defect Size mm
ND None
2b Hole ¢0.32
4b Hole ¢0.64
6b Hole ¢1.02
8b Hole $1.36
RG Rectanguler Width 2, Height 10,
Groove Depth 1
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4.2 AHT—-9v,DEH
RENLREDRET —9 X ¥ (FE#h 5 QDEOEHET
TCIAYBMIREIL, BTXYRTEICTT DOEIT XY
hr—o y,(D’ = DG = 1wt X = b2 X = kX = D)
EUTEWE . TCTnlREIXAYNT—YICE
FNDT—IR, j= 1,23, [N/n] FEITAXV K
BS, VT vIRXkBERINDIEFZRT. Lich'>
T, 1 DOAET—9 XV hHE5NZEIAY T —
9y DHRHFR2DLSCBS.

®2 BHAET—IXNOBONBZEITAY FT—5 y, D
Number of segment data y, in each measurement data X

Rotation Speed Number of Segment Data

1,000 min’! 66
1,500 min’! 100
2,000 min"’ 133

R®3 NYRNZT 1 )LIDFESE
Kind of band-pass filter

Filter Frequency Range(Hz)
Raw None

Low1 20-200

Low?2 20-1,000

Mid1 200-2,000
Mid2 1,000-5,000
High1 2,000-20,000
High2 5,000-20,000

FEIAY T =9y IR UL TR 3 (CRTEEEE
=18 T BPF ALIE & 1T - IeiRIBT — 9 ZiSREE T — %
y O Ule, FeBEEE T -9y IR, T
UNRO—RIE Y & FFT MIBZEITVE SN2 B
BEEHOIRIBT — 9 ZERMER T — 9y, BEH
BT —S y " ([CBE FFT B ETVE S NS IRIB
F=I ' IV VBET Iy LUl BEE
&y, ®, R € {TIME, SPEC, CEPS} [CXt L, #mhH'H) &
ZOZHIC—RICALSND T EDZVEE (OA) -
BRAME (MAX) REEX (CF)-RE (KS) -EE (SKN)
[CHNAZHRE (MOF) OMEtEZFER L. EDE,
BRAE EEXR, KE, EEOBHEGEZLTICRT.
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(JA{,-”‘”:' _ i;iyﬁ.m}z (5)
MAXG = max g0 (6)
(:FIJ!:UIH] . MAXJE”JE}J;UA}”J” {?}
K — :_a.i [y;fi:n,n}g:rm ! (8)
P VAT piC L )

(L2, K}
! k=1 |:rT_1' }3

CCT D FHESE, R FHEL, j FEI XY NES
vl Ep P DA VT IRk DBR, 30 (Fy0 D
THE, o &y P DIEERERETY. ZREE )0
([CHL, TRO-—TNBROEMDBEE U TER LI
FIECITA YT =Ty, [CHBFBRSATEAME, S8EE
DEMERE 1 DDRI MLELIZBDE, AHT—Y
vEUfle, RACHHEEHICHEVWTEET 28T
BPF., #iEt&E, U TRAIELEDHZEELEDHD. AL
F—9 v 318 (3%&), BPF (77&), #stE (67),
tUHYRAEAE 37&) Z2ZEUIL, &5 378 @D%
HECTHEHINS.

R4 BANT—9 v [CBENDEHBY

Number of parameters included in each input data v,

Regions | BPFs | Statistics | Sensors | Features

Number of

3 7 6 3 378
Parameters

4.3 ZTHEHRHMCIDFHEDER

AT = v [CBENDIEHOFHEDDICIF, A
TREET A XDEILICKDEEILY, BZOMERID
FECLDESDTOANKRETVRHEDHD. T
T, BB E U TEB(ICERIDEREHZTOEIT XY
hF—9 y NOBHINDE/YEIC DOV TEEFRE
(BEREZTHECTRULE) Z&ELEL, TEREN
0.3 #BZ EHHEBIC DV TIFREEBLUHEDOTRH
SR UTe. 2BICFERT2AET —9 XD@EIRICK L,
A2H TCELEUERHEDDS S, AMUIEBICK>TH
K7 20~40 % DFHEH RN IND. BRESHHE
FEHFRHCKLDERER, BEBITDIZEBICFEATIA
TR AXND DANT—9 v ZEICRHHETE(C
Z Score #&BHUZFEE, sHBICERLRE.



4.4 FHFT—9 - FHEIT—IDEIR

HZDHEBINKNBREBEICSASREZERET
Bc®, FEELTHBICHERIDAET —9 XDHEEE
FSVI LCEBUCREFADFE LFHOZIT o2
B 1 DOKRBREICESNT, ALRET A XND & 2b 7%z
WRICHEEIRT DHEDAET—9 X DEGE D
=R 4 [O~g. FB/FEESALIRIEY 1 X 33 @R
ET—9XD>55, ALXREY A XND & 20 DREIET—
I XZEZNZN 24 ERIRL, ZNZTNOANT—F v,
ZRICOBFECLIBZHYEOEEEDEH L HH
BIRZETole. CORESN/EHBIREDANT —
Iy LU EFED 20 [FEERIRED AN T —
Iy WNATIRES A X 2b ZWHRE U THEM U IR
BOESGZAVLWTCVLWS ZEEZRLTWVD. RICAIX
BBt 4 XAND DANT—9 v/ EANBEREFEDS
BICAL), 10 DEIERTICKIRRENRDELR
BNAN—=INSA—IDEEELERE o’ DEHEITH
fe.

SHEEFIFEBALIRBT A XZNZFN QBDAET—
IXHHBESNZAHT—9 v/ [THL, ANERE
FARCLDERE o #EHUL.

ATIXBEH A4 X ND & 4b, ND & 6b D& E (T
U CHERICHFHERZITV, FEEREDAIT—
v, '6b73\5§’“"f'§a4b P EEHURE F
KNIBIC KW BOSND/HHBIREDAHT =9I v,

s e 2b, 4b, 6b} [CHT BREE o [, WiHT BT

AV RTEICOEDDEBENT Mg = (q,Zb, aj4b,
a®) EUfe. 28 - SHEDA AT =9I v ICHTDE
BENRT ML g Z2ZNTN 2 EBONNBEREFED
FE-FHECAVE. B8, 2B MRV RET —

I X(FEBULEVLDICUL.

Inpaat Dhatav; from 33 Measurement Data X N
n'f'f.arl'l nef'u-rr Size

Inpuat Dhata 2 I:r-:-m 14 Dwata X
of Defect Sm.-. ND and 2b

[ J
i

by Classifics |I|u|1. Mt

Iepuat Dhata o trom 9 Data X ]
of each Dcfecl Size

Input Data v'™ ﬁom O Data X
af mach T.“l-frll Sire

[n;rut Data v iml:n 24 Data X |
off ]-.R-I'HI 'ﬁur ND

off Chalber T}r!ﬂ tion {(141) af mach Defect Sie

¥
[ Select H\'pcr Parameters J _[C:ku.laﬂnn Anomaly Scare af*]

Calculation A.unmaly E-l!nﬂ:t!f
afDnF:ct Size ND

Use Anomaly bcmtuf" for Use Ancmaly Scmtﬂf" for Test
Tram of Oudier Detection (2nd) of Cratlier Detection (2od)

B4 ZBESICHMCAVDAET—Y X DEEE

Selection of measurement data X for train and test

4.5 REEtEHFEE DT

KRR AEE (FEHENRDBET —9 X (I U, o+
NEREFETCHEONZERENMS (1) CKURX
RO A XBOEEXRZEHUCHM L. OERRE
1,500 min' ZRKR & Ueigs, REgH A X EDOHE
WROAET—Y X(F9E SHET—IhBELGN
BZEIAYNT—9yF 100 ETHY, RETAXT
EDFHBRED LT X R F—5 y, OFE I 900 B
B3, ANIXRBHAXTEDEERFE LI AV M TF—
9y, DSEBENBANT—I v, v FIFREBEND
Mla [CRL, ANERBEFECELEHINSIEEE"
Buwcg Uiz, 2BICAVWSAET —9 X (350 B
SUSLCEEL, FETF-IDEVICHTIEER
DFHEFEDETRIBIHREBEZSHE U,

4.6 TlEERER
4.6.1 SNEREFEDLLER
ENNEREFEICOVWTHHERULBWVWESDO
85 E 1,000, 1,500, 2,000 min' [CBIFBAIX
R4 XEREXROBFREZES (CRT. Ffe, AIX
fatr 4 AND & 4b ZWRE U TENEREFIED
AUC Score ZEH UIERZE 6 [, BT —YDiE
WICHT D, RERIETKED/NA/NN—=/VTA—=9ID
Fi5E, &KAE =IME, BRUEEREERS (TR
. XPvI(FEOC SVM [CBIFB U R— XD NLODZE|
BOTRER, yFHIIT I A—=ILDNAIN—INT A —
%, n-neighbors (& LOF ORENIEBEF&EICHITBEE
#, n-estimators (& IF D7 U TIWEBICBITDF
HIZEEOEZRT.
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Anomaly Ratio Anomaly Ratio

Anomaly Ratio

AUC Score

1.0
0.8
0.6
0.4
0.2
0.0

1.0
0.8
0.6
0.4
0.2
0.0

1.0
0.8
0.6
0.4
0.2
0.0

=+—0OCSVM =+LOF -<IF

ND 2b 4b 6b 8b RG
Defect Size

(a) O#EHERE 1,000 min
(a) Rotation speed: 1,000 min-!

+=0OCSVM  +LOF -«IF

ND 2b 4b 6b 8b RG
Defect Size

(b) EEmEE 1,500 min™!
(b) Rotation speed: 1,500 min-’

=—0OCSVM =+~LOF -<IF

wi

ND 2b ab 6b 8b RG
Defect Size

(c) @#EmERE 2,000 min™
(c) Rotation speed: 2,000 min-!

5 SNNBEREFADLEER

Comparison of outlier detection methods

1.0
0.9
0.8
0.7
0.6
0.5

mOCSVM ®m|LOF m|F

1,000 1,500 2,000
Rotation speed min"!

6 FFED AUC Score
AUC Score for each method
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RS5 FET—YIDEVICHT D
NAN=INSA=IDIFS5DE
Variation of hyper parameters for difference of train data

Mt B Hypes Avengs Max Min Btandard
i AT Dirvilan b
TOx WY AB= 1D L= 0t 0% 100
Il E0 o 10 L5 10°% 6.7 =10
(i =3 G 1 LEx 0=t 1.5 = 102
BV 0] o 1w 10 3H w10t
10 s 1 ) 10 2w 104
10 AR S U B S [
133 M 2 =i
LOF s s 5 2 B
a4 = 2 a3
350 i T3 151
[ mestimators 1,5 a7 &) Fal 111
pAL L7 ¥ x5 e 113

B®5 &KW ATREY A X 2b~6b DEERDFH(F
WINH LOF '\bEL. FzB 6 &' AUC Score (T
DWTH LOF "ELWKREEEREZEC. Izi2LLdn
DFETHATIXRBY A X 2b DEEZRDIFH(E 0.3 LU
TTHY, AIRMET A X 4b LLEICHAREWN. |5 £
U, NAIN—=INSA—=IDEIFZET—IDEVICHT
BIEESDENAEL, TNITHVEER(ICIES DEHE
Ulc&#RT 5. 22 C, RigEBEZO LGS
8IC RF [ K DHFHEIRZIT o 1.

4.6.2 Random Forest IC&24FHETEESH

BIIEOHNBIREF AT ERENRE R A TG
AX2DICDVWTRFICEDDEBEEZSTM UL, &
USHICRF DNAIN—INSA—TIDEELEERT D/
&, @EHERE 1,500 min' (BT RF OREARDE %
100, 1,000, 10,000, REARDERAES%Z 10, 100,
1,000 D& TCEE UAT XY A XND & 2b D5
EREENOFEZHERALREY, DEREICERRERR
5NN e, ZDOHLIBIFREARDE Z 1,000, /£
TEARDERRKERSZ 100 &L, BOEmRECHITD95E
FEESHE SRR ZT > . OEmRE 1,000, 1,500,
2,000 min" [CBIFBRATXEY A XIND & 2b DH%E
BEZR7 ICRY. OEEE 1,500 min' [ZHWL
T, ANIXES A4 XND & 2b O FEICIA, ATXREE
B4 ZXND & 4b, ATRES A A ND & 6b ERHRE
UTCTZENZENRF [CKDFHHERZITV, 2BT—ID
EBOVICH U GERSN2BHOSWVEHEZ 10 @i
UTehlz3R 6 (g . ATXRET A X ND, 2b D¥8&
AI RS A XND, 4b DHFEICHBULTCEEEDS
W EZKE, AT+ XND, 4b D9¥EE AT
KEEH 4 XAND, 6b DHFEICHBEBL TCEEEDS WIS
HEBZ KT (THR) TKRELT . Fic, RRNDBFHEFR
StE - 818 -BPF CAIEEAM@) TReL 9 5.

B7 &Y RFICKDDIETIIOEEREICEN ST, A
TIXRETA X 20 ICDVTIHERBICEVREETHEENT



ED. Fle, R6 KWATXMEY A XND & 2b, ND &
4b DR THBEITZRHHER 2@, BLOCALRIKEY
A ZXND & 4b, ND & 6b D3 THET D HHE(F
TEnHTHY, ALREEY A XND & 2b, ND & 6b
DDFEICHIBEIT DIRHE(FRV. TDIs, IXTDORXR
batr+ X7ZE UHHE CFHi 9 5 Z £IF TR

o
o
T

Accuracy
o
~
T

o
R
T

1,000 1,500 2,000
Rotation speed min!

I
o

Bd7 Random Forest [CK2DIBHEE

Classification accuracy by Random Forest

xR6 ST XCEEEDSVFHE
(B#m&EE 1,500 min™)

Features with high importance to defect size
(Rotation speed 1,500 min™)

Cromparis X1 sl 0 Chumprasison ML ad dlx Crampaison NI and 8
1| - TINE-LOW 1| Bslial) CA-TIME-LOW I talisl)  O&-TIME- LU Hsddial)
3 | R TIMELOW 1 {Donanseal]  CUASCTNS LOW | Rt} I T P LETU 2 aT)
1| MAXTIME-LOW] [Hormontal]  OA-CEPS-MIDL (Hadial]  O%-S1EL- LOMWS Mkl
O TEMIE LA 1 {loriacmeal] LA TS AT CF Madial] APOFST 0 LOAW 3 Padial)

O CRPELOW 11 Morizant
0 | CF-CEFS-LOWHosisstal)
T | MOF-TIME-LOW I Aasall
A | OWA-SPEC-LOPY 1] Aninl
8 | MAX-SPEC-LOW I Axbal} OACES-LOW L{Axial)
i | MACF-AFEC-LOW i Axiad) AT LOWY i Axialy

alh  OATIME-LOWE Axial) AT FIPS. LN Hisilial
BUACTIME-LAONY 5 Axsal} SPOF-TIME-MID | Raaliak]
MAX-SPEC-LOWI{Axial) C&-STEC-MIDIRadial)
SEN-FPFC-LOW1{ Axial) MOF-5F FC- M [Fadial)
CACCEMS-KMID L [ Fadial j
MLAX-CEFE- M Racdial)

4.6.3 BHEBIREDAHT—I v ICLD
RIGREAEE

BAIXRBY A XCBEVWTEEEDS U 10 BOF
HEBERIRULHEANI NULEAHDT—9 v &L,
LOF [C LB REgt&EEEZeHE U fc. REpEIREBD AT
F—I vV CHTDALIREY A XEBRBROBGRE
E8 (LT?. AIXFES A X ND & 2b, ND & 4b, ND
E b DHBICENZTNEEEDSVEHEZERL
TEAFT = v, v vy (LKW EBHINZEERE
Feature(2b), Feature(4b), Feature(6b) & U THI(C
Y. BEIC, HEERFIDANDT—9 v, i'o LOF ZH
WCEERRTA XBOEEXRZEH UIBRERER
F& (Original) & UTRY. HEUERBIOA T —9
v, (ST 2ERIGE S EBUTHD. FICFEFHERRZOD
AHT—=I v IR U, ZERIEICKIKED LOF D

DEBESTRICBITDEEHDI, &K, &/, TR
EERT7ITRT.

-=QOriginal -+ Feature(2b)
—=Feature(4b) -+ Feature(6b)
o Lk
§ 0.8
= 06
§ 04
=
< 02
0.0
ND 2b 4b 6b 8b RG
Defect Size
(a) @EHERE 1,000 min’
(a) Rotation speed: 1,000 min~!
-=QOriginal -+ Feature(2b)
-=-Feature(4b) -*Feature(6b)
o 10 e ¥ X
§ 0.8
= 06
§ 04
< 02
0.0
ND 2b 4b 6b 8b RG
Defect Size
(b) OEEE 1,500 min'
(b) Rotation speed: 1,500 min"’
-=QOriginal -+ Feature(2b)
-=-Feature(4b) -*Feature(6b)
o 10
§ 0.8
= 06
§ 04
< 02
0.0

ND 2b 4b 6b 8b RG
Defect Size

(c) OEmEE 2,000 min'!
(¢) Rotation speed: 2,000 min”

B8 AHT—9 v EEROER

Anomaly ratio for each input data v'j

B8 &, ATRKEDY A X 2b NDEEEDH LV
EZBRUIBE, ALRMBY A X 4b Efcld 6b ~D
EBEDSVWRHEZBRULBEICHNR, ATXMEY
A X 2b DREBEFLFTD.

—A CLERHEEERLUIBE, ALXMBY (X
4b 6b [CHTBREXRFIANTRMEY 1 X 2b ([CWT D

BERLUDBEWMEERY, IREUCAIXREY A
7\“L>157HCBb\’ﬂﬁ.‘jj*%fglatﬁ—l:@“% FER7 LUFE

EF—9IDEVNCHUGEBEHDESDERFERELR
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V. ZOREDEEEREDSANT—I v [CHT 5
RS E RS U TS 3 48N 5.

xR7 FBET—IDEVIINT S Local Outlier Factor
HEHDESDE
Variation of the neighborhood numbers of Local
Outlier Factor for the difference of train data

Feature  Rotation ) Standard
Average  Max Min o

Vector Speed Deviation
1,000 min| 13.3 24 2 8.0
Original 1,500 min™| 9.8 25 2 8.6
2,000 min'| 8.4 29 2 8.3
1,000 min'| 16.0 28 3 7.5
Feature(20) 1,500 min™| 14.0 28 5 6.4
2,000 min| 24.4 29 16 4.0
1,000 min™| 23.1 28 14 49
Feature(4b) 1,500 min™| 14.4 28 2 8.9
2,000 min™| 18.1 27 2 7.2
1,000 min'| 15.2 28 2 7.8
Feature(6b) 1,500 min™| 17.2 27 5 7.0
2,000 min"| 24.4 29 15 4.6

4.6.4 2E&D LOF [CLBDNNERTBIEEE
HFEBRIRICAVFHENDRE

BHBRREDANT -9 v 2RVCBEEIC, B
BROWRE U ATRBY A ZUSNDERERIMET
IEEERMRRT DI, REFATIFFHEIRED
AT =9I v LT REEEETDAET —5 DX
IRTBDEIAVRTEC T DORT ML (BEERT
Mla) ELT2EREDLOF DAAHT—YICHVL, B
EXEREBEZLLE TS, ZD, BEFEDRX
RARERBEIFANT =9 v, ORFEEIRICB (T DHH
BOHICLWZ(TD. T TOEEE 1,000, 1,500,
2,000 min' [EBVT, AHT—9 v DRFEEIRIC
BI2FHEBOHE, BEFEACHSIFIALIXREY A
ZND, 2b, 4b, 6b DEBEDFHBLVES5DE
EDBFRERI ICRT. FBEBERICSITZHHE
D E LOF DIEFEHDOFY, TR, &I\ FERED
BfRZR 8 (LT

B9 &Y, OEEEICK>CRBREBENE LT
DEHEBONIERLD. WINOEEHmEEICSVTH
FHHEH 5 LT CIIATIXREY A X 20 B LV 4b DE
BENMETTD. Ffo, [HHEH 30 U ETROERE
1,500 min' TIEALXRIES A X 2b DEHZEN LFT
2h, EEHEE 2,000 min' TlFATIKREY A X 2b
KU b DEFERNMETL, AIXMEY A XNDDE
BEDFHIN 0.2 FTLERTSD. KR8 LWHHEDH
([CX T DEEMDEVIFESNZL.
RIEREFEDBRICBVTIF, EFERBHSERE
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CHRHBITDCLIERITEINETHD. KCIERRE
BEMINBREZET DHZDOREERDENKEVEG
ERMBIREIFITVP T RS, TTTREREBICEU
IERHBHOEEREZ, AIXMBEYAXNDDES
EN02MUTTHBDT L, MOALIXIEY A XND &
20 DN —IVHKRELBRB I LE UL, FEAIR
Y XAND, 2b DX —I VA EREDIZS I
HEHNDODBVWDDZEIRT DL L. LEERE%E
(CEDFOEHEE 1,000 min' TIRFHER 30 @, O
ERE 1,500 min”" TEIEFHEL 150 B, QEmRE
2,000 min" TEFEEER 10 @72 REERH 08 U Tt
HMEHE UL

——ND -=2pb -m-4b -¢<6b

o 10
T 08
g 0.6
5 04
C
< 02
0.0
1 2 5 10 30 50 100 150
Number of Selected Features
(a) @EmEE 1,000 min”
(a) Rotation speed: 1,000 min”'
——ND -=-2b =-4b —%6b
o 10
T 08
= 06
£
S 04
< 02 | I8
0.0 R
1 2 5 10 30 50 100 150
Number of Selected Features
(b) OEmEE 1,500 min
(b) Rotation speed: 1,500 min’
——ND -=-2b -#-4b —6b
o 10
T 08
= 06
£
5 04 | I i
< 02 I/f/I I I

0.0

1 2 5 10 30 50 100 150
Number of Selected Features

(c) OEmRE 2,000 min'!
(c) Rotation speed: 2,000 min-!

B9 HEERICAVSHHENDOTE

Influence of number of features on feature selection



&8 FHEHITNT S Local Outlier Factor
B DL
Comparison of the neighborhood numbers of Local

Outlier Factor for the number of features

N;g?j; Sf Rotation e i Staerérd
Speed Deviation

1,000 min| 11.2 24 3 7.4

1 1,500 min| 14.9 24 6 7.0
2,000 min"| 16.9 29 8 7.8

1,000 min'| 21.5 29 4 8.3

2 1,500 min| 21.3 27 11 5.8
2,000 min"| 16.2 24 8 7.0

1,000 min| 16.0 25 5 6.5

5 1,500 min'| 17.8 29 2 7.9
2,000 min"| 17.7 29 9 6.7

1,000 min'| 16.3 29 6 8.5

10 1,500 min"| 18.0 25 3 6.6
2,000 min™"| 22.0 29 16 4.2

1,000 min| 16.9 28 3 10.5

30 1,500 min| 18.1 28 6 6.7
2,000 min™| 21.8 29 13 59

1,000 min| 20.7 29 8 7.4

50 1,500 min'| 215 29 2 9.4
2,000 min™| 16.6 28 2 8.5

1,000 min| 15.6 23 8 55

100 1,500 min™| 16.1 29 2 9.4
2,000 min"| 21.3 29 2 8.1

1,000 min'| 16.6 29 5 7.2

150 1,500 min"| 15.6 26 9 5.1
2,000 min"| 17.7 29 8 7.1

4.7 RBEFEICKLDRMEEDEE

Q%% E 1,000, 1,500, 2,000 min' D& EEHRF
HICBWNT, FIEICEE UeRBEHEEISE U IS E
HZEAVWCREFEACIDALIRBT A XEEREERD
AR (IRZEFE, Proposed) ZE 10 (C/RT. B E
U CTHBRIREID AT —9 v, h'5 LOF ZAHWTER
AIRBEY A RBOEREBRZEH UIBEREERFE
(Original) £ UTRY. ERFADGERIGES EFEU
THD. FREHRIRFAEUT Laplacian Score'®
ZRAVCHEEDAIXRRET A ABOREXRZHEFE
(Comparison) & UTERICRY. B 11 (CATXEE
A4 XND, 2bZWRE UCIREFE MERFEBK
OB FE(C KD AUC Score D EIERZRY. E
10 DEEZXR, B 11D AUC Score [CDWT, EFRKF
EEREFE EBFELREFEFEZZNETNLRL,

BEKES % TENRBDHOSNDBDICIE*, BEKE
1 % TENRBOHESNZDDICIE > HAEL L. FleR
9 ([CIREFELMEEFECBITZAEFEHDFY, &,
B\, BREREZRT.

® 10 KWIBERFEATIE, DEEECENSTAIXR
R4 X6b U EDEERIFIFF 1 &Y, ATXEE
A X 20 [CDVWTHIERFE HEBRFACHREHSE
FBEERICERU. FAIRBET A X4b(CDOVTH,
EEFAICH U TIEOEEE 1,000, 1,500 min™ (T
BT, EEFACHUTEODGEEECEN ST, &
BRFERCEFEUR. B11 KUWVWITNDOOEEE(C
BUTH AUC Score [FEEFEZAWND T & TRERF
& WEFACHANYE L. TEEE 1,000 min',
1,500 min™ TIEAIREEY A X ND DEERNIEFRF
EEREFATERENH#SNSDHD®D, AUC Score
HEERICHLELTVWDZELY, BEFEZAVDC
ETRIEBEBEN LU

R KW, ERFALREFAT LOF DEEHDIF
S5DOTEICE(LIFRESNEL.
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Anomaly Ratio Anomaly Ratio

Anomaly Ratio

1.0
0.8
0.6
0.4
0.2
0.0

1.0
0.8
0.6
0.4
0.2
0.0

1.0
0.8
0.6
0.4
0.2
0.0

E10

Comparison of anomaly ratios between original,

96

TERFE, BT A B

-=-QOriginal —+Proposed -¢-Comparison

o [T]

ND 2b 4b 6b 8b RG
Defect Size

(a) CEHRE 1,000 min' (FF#E#30)
(a) Rotation speed: 1,000 min' (30 Features)

-=-Original —-Proposed -#-Comparison

=T

ND 2b 4b 6b 8b RG
Defect Size

(b) @EHERE 1,500 min' (FFHEE150)
(b) Rotation speed: 1,500 min' (150 Features)

-=-QOriginal —Proposed -e-Comparison

T

*

sk ok |_|

ND 2b ap 6b 8b RG
Defect Size

(c) OERRE 2,000 min' (RHHE%10)
(c) Rotation speed: 2,000 min (10 Features)

* BRUKZES % (Significance level 5 %)

** BERKET % (Significance level 1 %)

comparison and proposed method

NTN TECHNICAL REVIEW No.88

B Original B Proposed B Comparison

k%
o 1.0 lﬁ”ﬁl |_||_| sk ko
S 09
0 o8
207
06
05
1,000 1,500 2,000
Rotation speed min-
* L BEKES % (Significance level 5 %)
o BRIKET % (Significance level 1 %)
B11 EEFE HRFESRFFED AUC Score DR

Comparison of AUC Score between original,
comparison and proposed method

K9 EEFLEREEFAICELED
Local Outlier Factor 3afEtE

Comparison of the neighborhood numbers of Local
Outlier Factor between original and proposed method

EDEBRDEE

Rotation Standard
Method Average  Max Min
Speed Deviation
1,000 min"| 13.3 24 2 8.0
Original 1,500 min"| 9.8 25 2 8.6
2,000 min”’ 8.4 29 2 8.3
Outlier 1,000 min'| 16.3 29 6 8.5
Detection 1 500 min'| 180 25 3 6.6
(2nd)
(Proposed) 2,000 rﬂirT1 22.0 29 16 4.2
5. 5% DRE

AR CFHADHR E U REBRE F#ZOMIRZ (T
KBIREDIFSDENKEL, HZOMEBRICLIL
DR EDEBRRENMT(ELTVDEERS. 220,
REFEDBEEICENTCIF, TRICERDIEBEET
DFHHENRETH Y, ]RE, FROEBEETCDT—
IINEZEDTHY, SBREEFEDRIAZFELT
Wna.

FEESORETDHIFETIHF1REBDLOF ICLDE
BEBHRICBWVT, RFEZHAWVHEIS Y ZHICK2DHF
HBERZITOTHY, BT —YELTRBEZEREIT S
WZDRE T —IZFERLTWVWD. LML, EBRDIR
BICBVWTKRBEZEBIT 28MZDIRE T —I ZAFTE
TEREFEAERV. TORRFEELT, BIZEF
Persistent Homology”” » 8B E— RORE > e
DRI FEZRAL, OEmRE PSS (CREF LRV



BHZEHME TSI ET, NEREBERZO LT 2HE
hZZ5N%. Ffzld, Random Forest [C &K 245E0E
RICBVT, BN EDERBATTIL > £
WD ET, RETORAET—9DRD Y (ICESRARMNT
EFILDSBESNZTF—I=ZHMT—9I9EULTHAT
DEZEEZRD. DULIE, GBEEZIRBITSC&
LKW, EBEBFGEREBENETILOT—IEH
BT —9 & UTRIOEBDEZHICFIAT DI ENER
5N3. INSDHUEREICOVNTIFSEIGE ZEES
2.

6.FEH
ALRRZSR T8N ) 8 DOIRENNDHRE T — 9 [T

WU, SBEEBRANFECRBREBEZLEREUIC. 7

SNIZHRZLTITRY.

+One Class Support Vector Machine, Local
Outlier Factor, Isolation Forest M 3 @EDANIE
BREFECKIDRBREBEZLR U IR, Local
Outlier Factor "RbBVRIBRERBEZS. I
U WTNDFECBVWTHAIXNBET A X 2b
DRPEEEFEEF 4b DL EITEEAEL.

«Random Forest (K2 ATREY A XDHFEREED
SHEDREER, ATREDY A XNCK> TIER#HZER
MBZzE T 2HZDNEICEEEDSVVFHERER D
ZEMDofe. T, MUNIALIREY A XS U
Random Forest (CK 2 HBHHMBEIRZITDOTET, IR
DRFBEEEEN LU,

« BERUERBE®RERAICK Y, Random Forest ([CK 2
FFOEIRZ LR WSS (T, KERXEY 1 XDiRH
BEREE T EBR<MINRALIREY A XDRBEIE
HiEEZABICE ESEDd T &CAHIIUTE.
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i EEHIEIC LU EREELIc8S2 [ETFA]

“ETFA” Bearings Strengthened by Fine Microstructure Design

LU E3L* Masahiro YAMADA
Chikara OHKI

AR A3

TN TWVS. INicky,

LA BK** Naota YAMAMOTO

NTN (&, $FFRELEIC KD MR RRESNcRERD DERERHMZ [ETFA] ZBAFELR.
FRHEF, VILTUYANTOvIuIHETSY, MEmHOSE—(COBEINSKSICHES
ARHEET, EMEANEE T OMmS CRERHFamh TSNS,
@i, BLEEEE, MERMZRY. FRTlE, ETFABZOFMBICOVTENTT 3.

NTN designed fine microstructure of steels for improving bearing properties by using a special heat
treatment. The designed fine microstructure shows homogeneous and refined sizes of martensite block
and precipitations in bearings. In our investigations, high impact strength and high wear resistance were
obtained on the test specimens whose microstructures were fine as our designing, and the test bearings
which have the designed fine microstructure show superior rolling contact fatigue lives under both clean and
contaminated lubrication conditions. NTN name these bearings “ETFA”. In this paper, we explain the detail

of ETFA bearings.

1.1FUsIC

BEEOEREL, EZEEMONREICHL, 852
DOEAREFBE(EINZIERICHD. FIZIE, SE
[E1t, BB HEMEERETHSD. DKL SBHERER
BEDBELE ERERMEFBREEHRL, @2
FmER I BN HD. ZDEH, BROE®E
BIEHEENTNS.

T OEREICEF, ZOMEAMEITH DD
WEETHD. HO@EFEFIVWSDONGBY, ZD—
DI, SRRt H3". TNF, BRAFD
BIC K VEMES 2151, HOBENEEZZLS
BEBIETEEBIRSNTVD. BANSNIZMOKS
SRMAEEREICDVWTIE, kNS, IBF—RTF
A MERA LR, BrA) OXRTIOEENERS
NnNTWWs. —5T, BANICKUERRICERINEY
T YA MERRDKESZ RS LTV E
PV, SEETIE, WOBERERD DIENERFHZ
DEWRBER THDVILTVTA STOy T% (LI
JOvIH) DRKESTHDEEZISNTHY, B&E
TR G o e N i Y | s = = S | = I g YRS LD K 76 i PAN
RIVTF VYA MEBEEIET D ENRETHD .

EESFBEIC, BHRBLEBICLY TOY ITRZER
e LTz JIS SUJ2 RORFmH DEsaE R #= ZREF
LTWB 7. ToSUJ2 "Ez(E, J'0w 7ROt
BIEICIA T, REBICKDMERULESHRMNMTS S

ncns 9.

Sy, £5SUJ2 Ry O BUIER T Z It U
JOvINEMEEUEEShh DERERMER R
HOMZTEIFICICFEAFELULE. NTN FZOEFESHZ =
[ETFAl &L, ERELTWVS.

AR TIE, ETFAESOFEMICOVWTIENT 5.

2. ETFA Off#a#E

2.1 HEEREIRRIREE

FREMBIE, Cr, MoZEE IS ERFRMCTHD.
HHERRMIC, BREBLESGRNMEENIER
U, ZORME#RZHIEUZ. |11, ETFA DF
HEMERDERRFENIZTHZ (LI, CRE) DFFH
EHEUTRY Y. RFERBICHANT, ETFADIB Y #i
JOv IR, fTEYEMETSHY, &5IC, TEYO
HEEFSL.

B1(C, EFO0-I~N« 207 F 54— (EPMA)
THEUZETFA DIRFRBE, EREEDREEIDHD
RERH7ZRT. REICIF, HTHEDICERTIHWOLWEE
EENSHERIN, XY, BLEYWHDVIFREL
YHRHIC, D OBEBEICFELTVSZENDND.

E2(C, MEEXREICHSTDIHy MR, FTHYDE
BB FEME (SEM) &%ZRd. ETFA OfESENIF
i<, ZOEYEHETHE—aBLTVS.

* eI BT FeE
> EREMBRALS RS
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BRI IC & W EEEE LIc#is2 [ETFA)

&1 ETFA OFFH

Feature of the developed bearings
I8H KD ETFA
Az awEmmAn | SLEERAT,
RERRE 5 1R
BEREE 152 1R
EETE A 1R
THEYPDORES A (Zg Y IR .
Y DE A E4% 0.0 050 1.00 1.50 2.00
By fiOKRES A (Zg KEDSDRS mm
T4 b7 Oy TROAES 1RAE i
s REE 1S B1 EPMA [CKD ETFA DIRER - BEREE
DHTHRER DS
2.2 JOvIrRFRIAEE Typical depth profiles of C and N concentrations of
B3(C. SEERECHIIETH Ty THO the developed bearings
BRGZERT. JTOYINERERE, BFERAHEO

i (EBSD) AIC kY AR LI A BIBR AT v s R
THd. ETFADIBYH, TOvIHE, ERBOTN :
EHRTHM@THS. B4, TO0vITHRD {011} iR
REERT. 70y IHOBRBIHBER, RSO
TNEHANTRHENCNS <, ZOBRENEEL.

. “ 4
B5(C. CN570vIROTLRE BEU, 2 S £ /e

DFHF7 ART h7ZERT. INSOER, HEEE B2 #HEEXREICHITSIHY R,
K(ICHHFBITZH IOV IRICTEHEINIEDDTHS. D SEM 15451
ITRHBE, HEEHFAD IOy JHNEZDEBEDOKRE SEM-micrographs of prior austenite grain boundary and
WBICELEHhYE, FOSSTEEN, O IREER precipitations near race surfaces of the bearings
[CX LT 30, 50, 70 % [CHET BHZEDZTNSDRID
FHETHD. RBEOTOY ITHRROEF, BRE
FEOFMCESTIHAL, PRI REICBVTHE B EDKSIC, ETFA BZ0OEETREIF, J'0w JHL,
BROIBEANERDS5NS. WY DOERAREN MM N DE—CTHD.

I=!

1
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>

4

i 001 1071

B3 #EEXRECSIDBY N, JILTVTA IOy IROEREERE
Observation images of prior austenite grain and martensite block near race surfaces of the bearings
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max = 1.788
— 3.000
— 2 615
— 2 280
1.987
1732
1510
1.316
— 1,147
w—1.000
— 0.872

B4 #}EERREICSIZTILT VYA TOYIHO {011} BRE

{011} pole figure of martensite block near race surfaces of the bearings

5.0

B {ERm@m
4.0 B ETFA

5 mEIHRE OUTAGUYIEA

EHEE %

5.0

m ERE
4.0 B ETFA

30 50 70
EEE %

T WONNEEHREN e O TAG Y I=A

B5 #HEEXREBICHIFZIVILTVTANTOY IR
DOYINER, BROZDFEEHTPART b
Martensite block size and aspect ratio near race surfaces
of the bearings

3. ETFA i DErEhiEHEom
3.1 ERENESHEom R ERSEM

LEESEFmARE, BPHEET, EWEANES
TNICTITofc. B6 ICHBREOBIENZ, #+2 (CHER
ZtERYT . HHRRICEAINDHBE@ZE, HI
WTA8ZTHD. FMEBETDOHEmIIRTIE,
SA (BR300 mm X #ZE 62 mm X 1@ 17.25 mm)
WL, N5 DEEZITo . BEWEABEBTIDE
R ClE, ZOFHOBERDEFEEZSH D, &
ZABROWZB (KE 85 mm X #HE 165 mm X

1856 ~ 58 mm) DZTEMEDEDOMZICH L, N
6 ~ 9 DFEBRZITofc. R B DFERTIF, PEHD
EMEEZSHDCH, mEEERZFRED 17155
(TR Uz,

B6 nEhEHFHomn RSN

Schematic drawing of the life test rig

R2 mENEHFanalBRAEL

Conditions of the life test

=S| ]} A = B
— (ERE 1 150 kN
gxgﬁfﬁjg“’ 48.5 kN ETFA : 168 kN
- (ERENKELL 5)
SY7IEE 17.64 kKN 53.9 kN
FEUTIEE 1.47 kN 294 kN
=y g X 2.9 GPa
B AEMEE 2.5 GPa (ks 22 G
iR OlEmERE 2,000 min”’ 500 min’’
R SO VG 56 ISO VG 100
RYfeta SRETEHfMNEK | SREILEMMNEK
Ry 100~ 180 um | 100~ 180 um
Ry 700 ~ 800 HV | 700 ~ 800 HV
R RYE 10g/L 04 g/l
3.2 EFHEETOREESFEFm

ETFA 85%(3, LWI1H 10,000 h ML E@EERE Nc,
KEGETELESN. LI T, ZOFFHEET
Fonld, FAABRRUTOERERFSD (Lion = 243 0)

[CEEX, HASHICRVWEEZXS.
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3.3 EWPEANBBTORERS S0

7, EMENEENORAERIERZRYT. ETFA
WEROEYENEB NOEBEHFwE, EREDE
NEHRL, BHTR2BULTHS.
HLEEHICLDF<EEHF, ZTOWRERDEWNICK
D, RERREENERRCARIENG'Y. mE
EH, BHICKBNNEPORESHERICEET .
ZDfesh, ETFA T, EERFONSIEPZELNSE S
DRDHDEHESNS.
RYPRANEBTICHITBF<EEE BEEYICKY
ERSNIEERDEBRMREER LGRS, DK
ERERMG B, PEEERRANOICEELTEDR
RUBERIDMNEICE>THEETDEZEZSNTV
3. BREANBOERRMICS I DEHRER,
By KOWMMEICHESTELETS P, Dz, BFE
ROEYENEB TOERENEHFanlE, T0Ov THD
MHEICRUBELELTVDEEZ SN D.

R HEmE T
N
o

10
5
2 A
1
10 102 103
Fin h
a) #xZA
99
80 o e °
2 . R o o
(=
i
B 20
i
E 10 ® °
% 5 ETFA
# B
1
10! 102 102
Fan h
b) #3B

B7 ZEWENERETNOGENRSFHFnaliRiER

Results of the life tests under contaminated lubrication conditions

4. ETFA DOEZEEE

4.1 BBEHRFN
Yy V/E—BBHABREEES SRR (- 2070) T

102  NTN TECHNICAL REVIEW No.88

Tofe. JHEEEIRIE, 55 mm X 10 mm X 10 mm
DU /yvFRTHD. ABRTEE, JIS Z 2242 (THEHL
LIcBHDTHhd.

4.2 EHEEE
R3(C, YPIIE—FEHARDBERZRT. ETFAD
EEREL, ICRMOZNEHBRULTH 1.8 8THS.

x®3 TYILE—EHEE
Charpy impact values of the specimens at room
temperature and - 20 C

[J/cm?]
HERE 84 nE ) ETFA
Ba 53 98
R (-20C) 50 95

4.3 M@ EDEH

E8I(C, BEARED./ vFEMODKBEERR,
BKRY, ZNOBERB\EFICBITZ U Y vEYITRER
9. HRICIFSEM ZFEARAL, vV J(ICEIxR
JLF—DEEL X 480 3%E (EDX) =AW E. #5485 a),
d) DILKREFHERRIEE b), e) (CHHLTWVD. Y
B J®IFE, BRKEEFD), o) (CTER. Fie, HER
%¥ a), d) DEDAICIE, HHTETOLE 4T EAEEZ
SNyl

TERM DERIWIBEREE, 1By MR CTORFRIKIET
H5. IEMSRHERBFEORE, 5 umBE CTHD. R,
By RREICE, Cr RTEYODBNEESIN, ZN
SITEYDRESF, BT 500 nm LU THS.

it ETFA

i .
3 b ]
e

8 BEABRFIEED SEM 54K
BRUCr v EVTHBH
SEM-micrographs and EDX-mappings of the fracture
surfaces near the U-notch after impact test



—73. ETFA OFRIIREREIL, KINIKZRTHD. i
HEEHBERDOEE, 10 umBETHS. WEICE
T4 VLIV EHERIN, TNODAETIEBHD
150 ~ 500 nNmETH 2. Fc, WAEICIE, Crx
WHEYDODEHERIND. TNOSDORESE, BH
$©1 100 nm LI~ TH 3.

Bl EKY, ETFA I, Cr SEMEY DR FIRTH ]
Hlan, BrigEseitcncnaezzsns .
o, EUTHEMBBENMBALTVWEZENS, Hi
WNEUZEFEICKVWENNNEHONTVDEERS
N9 gMELEE, JO0v I8 FTHEYOB/EM
MEICKVEULTVNBEEZ SN S.

5.ETFA DmEEFEE

51 EFEHERFM
HRICTUNVRERARET LY. BT, H

BHEEOHMENETRL, R4(1C, ABREFMHEZRT. HE

EEIRIE 15 mm X 6 mm X 3 mm DIRIRTHS.

HFM BB OEAROIKRE, 5442 40 mm, =i

R 60 THh3.

|- F7ilE

a5 " t EI:{!&H_

HFEH _
RS A

B9 UN\VHERABRMEIIEN

Schematic drawing of Savin type wear test rig

®/4  EREEERRA

Condition of the wear test

S| RERM
CEE] 50N
TEADEXIZEMEE 0.49 GPa
U DBNRE 0.05 m/s
U SENEFR 60 min

EEEIEI L— R

ISO VG 2

felaIt T )bV R
BFHE 40 mm
GEEZZEES R 60
HFEMREHES Ra 0.01 um

5.2 MHEFEM
RS5(C, BEFRFARICLDILEREZRT. ETFADE

EBFREER, ERMODZENELERL, 1/2 BLUTTHS.
WEFREDF —5 -k, TREFLRIIREEFET
BHDEHEIND 2.

RS J[ABFOHERE

Specific wear rate of the specimens
[ X 10" mm3/(N-m)]

— HBH et ETFA
ekt 701 120
ETFA 357 166

5.3 TMHEFEER_LDIEH

B 10 (S, ABRAEFRDIEZEMBER SEM R,
BRUEDX [CXDBRT Y EYTRERT. HERMD
BFRICE, BEFREN L SEAE (EFHEE) (S8
AEBEINTWVS. —73, ETFA OEFERFHRIBOML
BERENLBEICERINTVD. INSERENTE
RENTRREICIF, BENERH SN S.

MR EHRTETFA F, NS <, TOXREAEIC
FEERMETEDI I —(CHEIN, TNSHBERE
EREOBAMBRZSSO TNDEEZISND. TD
fER, YEFEFENNHIN, BEREOSEENHRS
SNBTEICRY, ERATORIEMBESNEE
i 6“% 23) 24).

PEEH ETFA
a) d)
i _—
\ S dae g
S
200 2000 pm
) ; €l

B 10 B EFREOIFRMERS,
SEMRH FUBERY v EV TRl
(HEFHMDFHEM EE UHE)

Optical micrographs, SEM-micrographs and oxygen
mappings of the wear traces for the specimens
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AhE Tl HEMSIE IC K > TRBELINIcEY
WEhs [ETFA] [2DOWCERRUTe. SR OEmENE
FHEF CRERMFIERBRDZENSZREL LOD
Te, [ETFA] [FEA' Y @R DERREOBEILIC,
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FEMEETY 21—l [I-WRIST®] O:EREHC&EEm L

Application Examples and Function Improvements of the Wrist Joint Module “i-WRIST™”

° 0eEF B
FIR SEifc *

Sy #aiT *

uE ¥R

I-WRIST.

Keisuke KAZUNO

Masaki KAGAMI

Yuki SHIMURA
Yukihiro NISHIO

B%ER &5 *  Hiroshi ISOBE
=R #E*  Jun MIDOMAE
IR ;BB **  Seigo SAKATA
AFH B ** Naoki MARUI

NTN T, EEIa4/ VD —ETHB/NSUILUY IHiE= N U BEHIHEBEZmERL "7,
2018 £ 8 B&W [I-WRIST®| DERRTEEZRHBUL . INFTHERBEDEE L BAMED
& LB ISVICHIEUTEBHT, SEICEER =X &8, TNSO=—RI(CH X 5E5
ZERFL, NSRRI _ EERUDT, AT TRENSDEEECDOVWTIBN TS .

NTN developed an angle control equipment applying a parallel link
mechanism which is a type of constant velocity joint, and started mass

production under the product name of the “i-WRIST™” from August 2018.
Up to now, we were able to meet many inquiries for automation and labor saving about appearance
inspection process, and acquired more advanced needs for product specifications. We have just developed
the upgraded product to meet these needs, and have significantly improvement its functions, we would like

to introduce it.

1. 1FUIC

BEt - BAMEDZ—XITKY, £EMDH EZEHN
EUTEERORY MRRICERLTWVD. Ffe, E
ATIEHBAODRNC LD AFAEBNEELLL, Z
DFWERFEREUTELROR Y FOBANESH 5NT
3.

NTN (& 2012 FITIRED/SS LIV ¥ 7 #eg 7 A
LIcAERIHMEBEZRERL, EXRORY MIBFR
BECHNNERAEEZEI 2T —ABHARPE
BAREIFICBEULTE . &BIC, TNETAFE
EICHE-> CEEERRPEFERBROMNEGRE
AE~DRRAZY—- v h&EL, 2018 &5 FEHEIE
EVa2—)b [IFWRIST®] DERE (2019 FICHIZEER)
TEERRBUL.

KFETlE, NTN A5 U e A EBRE R\ DEASE
B, BLY, EOICHEEEE_ESETZ-WRIST® [IWS &
U—X| OFE, #eE [INTRERY X T LEHEHIIC
DVTHBNT 5.

2. i-WRIST® D=

1 (2 -WRIST® RFEDFER ZR Y. i-WRIST® A&
RKEFHEBD/NZ VIV VI #EEZDRBZHIET 2
REEE N OB IND. EREEEICEESN/Z3 D
DE—IZBEHFEHL, 2 BHE FinAa, koA O
BEZRBZERET D.

-WRIST® ODAEEREE, 35DUYIR (B1~5
3UVIR) OS5 250EFIEINE—RICEETDN,
3FITRTDUYVIRICE—IZRBIT D ET, EED
BEONY ISy azf]EHEL, UBROEEZD
FEETLS.

(#25K] |~ o] (I-WRIST.

1) il

BE1 i-WRIST® D&
Schematic of i-WRIST™

* EFREINSEREARL
> e IS ATE MERIRRFARL
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FEBEEHEY 21 —)L [I-WRIST®] OERSEH& R L

@FEHAIY MO—5

O mPAYES )

I/0, Ethernet |

MECHATROLINK-II *

(AEA V5 —TT—2R) L |

H—7K RS

r—JILER
HY—KE—% ]
M1 M2 M3 Rz
\ Y ) \ _’
, NEER [l
O I-WRIST KiF 7oF1I-%

G
NTNERFEER G
®,®,06
DEERBALSR
(NTN3#EE)
B (=)
POF1I-4 TUF1I-%

¥ MECHATROLINK- I [, MECHATROLINK BRREDEFREIR TS

B2 BIEEEDI AT LBRE
Configuration example of automation equipment

B 2 (Ci-WRIST® Z#dA A IZEENERBDEEY
BYRF LERAIZERY. FWRIST® (&, BEIZT7F 2
IT—9%0&xrJF1I—9EHIEGETREICHM
AFENS. NTN &, @ -WRIST® Ak, @QFHIY b~
O0—3, OFRIVV-ILORELY bZERHL, =
BRI, 1—YFIBIYATLAAYTITU—IICED
TG - BIFSNS.

2.1 i-WRIST® D#5E

SERBSTCEORY bEFRUEEEIL - AL
DEMEHHBEN(EDHSNTWVD. LML, ORY
MORBETIFRL, HRALRRENSHFHEY (CEENME -
BANENEF T, SHEEEOHRICHBEEREZEL
Ture.

FWRIST® (&, CTOXRIBEFERBDEBEHRT D
3 DDFRZERD.

1) &M
INT  FIU MR D K SIRIERD FEBHEAE(E,
BMERD —JDONERBOR, LHONSTF O—
FIRHENENCSD, 9T NI A LDEREICIERSR
W& ofz. -WRIST® (D B ZRE G HESETITA S
fe8, T5BBIT NIA LERICSE5T 3.
-WRIST® &/V - FIU MEEDI T hI A L=EE 3

i}
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(CRT 4 RA\FFO—FI2EETCHR U, EE/N
g=2F O-0-0—-@—-0-@—-0—-0-0&lL
fe. ZORER, FWRIST® (3 1.4 7, /¥ - F)U MEE
(F4.0F &Y, FWRIST® (& 2.8 & L& S TEIE
IR LR UL.

[®] 7% [m]
-+
& (M)
(O )

@ ©)
b) /> F )L

a) i-WRIST®

B3 W&EENY—Y (TiRNnSEEK)
Operation pattern for comparison
with view from the end effector side

2) B

—MREY(C, EEAORY MX—AFREDOORY b
SEERALTVREEGHEL, ORY NOBRRYUE
AT 4 —FUIRTIE, FOTSZTDRHD
EFRIENNEE TGS,

—73, FWRIST® [&, ERIYY—)VBEELTHE/S
SA—IDEEPT 4 —F VI BEFTDIENTE, &



FNRBR IO SV ITEEBOHEBNAETHD. BE
NI — DRI, B4ICRIERIVY—)VEET
FWRIST® DB 2EE 7 I F 1 T— IR EDZEEZ
EEEANDLTITD. &, JOGEBIET I-WRIST® ¥
BV IF1I—IREZMEDMEICEE T HE,
EZEERITDHEDHD. &6IC, NV IV ETR
RELLEENI—VZERTEDYVY I D7 (BD)
HIEELTWVS. TNS WWRIST® DEBEIR, +B2E
DEZEZIINIL, BEITETHS.

B4 FHIVYV—-)LOBREBER

Operation screen of dedicated console

UBEER - (FEIBATIER

L {DEFL
-

T REEE

BES AT

5 MAVNT—9ImEV T~
Point data edit software

3) BAR—X

ORy hZFRLUTCTEEET B, BEBAR—AP
MROEESA VD ODKIBREEHNEEELD &
' d.

-WRIST® (3, BE7ZIJF1I—9PO&Gr/IF 2
I—9EEFPEBTERITDEZ/ELTVD. D—
DB BV AT LABRE LIRS, BRI7Z7JF 2
I—9 XY#) O O—JZFDIEEICL, EES
FZEIVINT METED. HHERETIE, 0100 mm
XEET 100 MM EBEDD—JICRUTIEET 155,
EBY 1 X7%Z1E 800 mm XB{TE 850 mm &9
EDTE, AFEEDAR—RAICEHBLEEZRET
BT EDOEETHSD (H6).

Ffe, B7(CEROOMRY b (ZEEHORY ~) &
ZW& -WRIST® ZER U CESEEBERELICBE

DRET A AR UIEH (A X—Y) &RYT. D
BN S, FWRIST® ZERITNIE, KEHDIR—IT
EBEEETETDIEN DN D.

L' > T, i-WRIST® (&, £ERBEDIAR—IARE
BREDRBARICEMT D ENTIBETH S.

B6 HEDIV/VIME (A X=)

Compact equipment (image)

s -wWRIsST
l_'\-_;_";"
r'_'l I
| 1
o g —— - »
#1.5m #0.8m

B7 FEDREYA XLRH (4 A—)
Installation size comparison example of
automation equipment (image)

3. NBRERE T OEREH

NTN (& 2018 ££(C i-WRIST® D& e B85 U T LK,
ICHEREARTREZ LIFTNS. BICEMER
DI—=7ICHL, EHENSERICT TO—FOEER
RAB<FHIINTLD. WRD—JDEEMIE, 7
WEIA DR @GR, FUARERE, &
FEREERR I EN'SH 2.
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FHBESEY 1)L [i-WRIST®] O:ERAEH & Eaem L

31 FTSAVEEBRH

B8ICATTAVEBE U THETSNIEHRREE
BOYRAT ©EMBIETRT. AERTIE, -WRIST® (&
HERBICTOTZRBATEESIN, AASERBEIZY
ME -WRIST® el (CHEE SN D, D—J(FEE 7Y
FaI—9 XYZ8) BELULQE S/ IF1I—9ICKD
CRE), OEEND.

KB TIE, FWRIST® OEEZE, TJ—7JDEE,
OER(CKY, THEANSDF FO—FZOJEE UTeks
REF/IJF2I—9 XY@ OX O—TJZ5EHEL,
EB2AEDOI/VT MEICDRIFTNS.

BE)7IF1T—5 (Z8h) i-WRIST®

BE7ZIF 1T~ (Xih)

8 FISAVEEEN
Configuration example of off-line system

3.2 AVSAVREEBRHI

RO (CAVTAVEBEUTERFINEANEHRESE
BOYATLEBRAZRT. SERTIE, AAXASTER
BAEEEH U i-WRIST A EE 7 I F 1 T—9 (XYZ &)
[CTREEZEATEEHIND. BEON)L TRV E
ERNZI—J(CWL, £AENST7 O—-FF5T
EWTES.

BE7JF2T—%5 (Xem)
BE)/IF21T—5 (Z8h)

BE7IF1T—5 (Yh)

i-WRIST®

N)bh3RY

9 AUSAVKEBHH

Configuration example of in-line system
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4. i-WRIST® [IWS ¥ U—2]
INFTHBERERRZY 'Y bEULTRMBLT
TBDT, FHR=—XITHIHT D -WRIST® [IWS
U= U, IWSYU—X) ZBEFE UL
IS IWS U —XDFEREREC DV TR S.

4.1 i-WRIST® DsRESE

B 10 [CIWS Y U—XDRKRNRHREABAS KU
NA/TELADERERZTRY .

2018 FICEEZRIB UIZIRIE, REASEISE 10 a)
DRIFPEEICRE LT,

WS Y U—XTlE, i-WRIST® DRE, BLUHEIE
DETCERTND 7 I F 1T —5 DERES Z G
/U, E@E (B10 b)), #EE (B 10 ) DRE
AEICEHRLOEEE Uz,

Q) EEE
10 REHMG

Installation direction



4.2 WHTDVATLIER

IWS ¥ U—XTl&, -WRIST® “HEFESETERT D
BE /7 I7F1I—79, BLUOOGFIFa1I—9%3
BV AT LERD/NY I — 3 U EKIBICHETE L.

-WRIST® NDEBHEYICDOVWTH, TNETIVRI
J179 NEREBEAETEAXASERE) (CERTEL
TV, WSTVU—-XTlE, T—I7%BHIDE
POgEE L. TNICKY, £UZBLDY AT LB
&1 —YONEIRTIBEIC TR D.

Ffz, FWRIST® DEEERICIFY 2T AR EDEITEE
BEREZELUT, FWRIST  COEG 77 F 1T —9DE
B, BrUBEH 7 IF1I—9IDMNBEZEZRET D
N-EER" &, D—T LOBEXREZZEECLT
D—J LOMNBBLOEEAOZEREST D “T—JKE
ER" ENHD. IBESIE, ERERKR, YATLAERRK
OEESEZHERAIY MO—JICRELREY I ND T
FPTITADLIEFE LR, TNICKY, I—HDPEE
BRI D VRAT LA VT I U—I N EMISEESE
ZRE - BRI T BT LR, KB, BRURETD
ZENTES.

B11(CIE, IWSYU—XTHRIGT DY AT LER
DRI ZETRT. I—TORRICEDE, PTEDER
ERIOEIRTED.

BBl (1), (2) & REHNSHBOTEERY AT A
ﬁm@EU,%ﬂ%ﬂm¢®E8,E9®%m%hm
EEK)

BEAE (3), 4), (5) (& IWSIYU—XTHIC
T UV R T LEBRTHS. BEE 3) &, OEF
JF1T—9Ti-WRIST® ZE#E S5 &EC, TUR
I 7T 090EE% -WRIST® DEZ (G U THETE
2. #BEl (4) & TD—INYRUVITDIRT LE
G, BIEmFEEGEREDNEREIR D — T DNERIRE
CELTWD. #EEH (5) &, ERSEZI-WRIST®
ZOER 77 JF1T—YICEBHL, SHICZDOER7 T
FaI—9=BEFFIF1IT—ITXYZEHABICUE
RHITDEHMTHSD. AEREITNSE, ROTH@N
50—J%ZB FF2 7 O0—-FbogEsgt, FZE
NEBREARICBNT, FEFD—0D2HMN 5 D%E
BICHWIHRTEDS.

-ﬁk&-

< .
-WSsST EEPIF1I—9
B#H7IF1I-9 (IVRITI09) e

(Z#)

BE#H7IF1TI—Y
(Xah)

E#B7IF1I—9

(Z3h)
O#&%rIFa1IT—5

~
BEF7IF21I—5  f -WEIST
(Y#h) (IVRTIDT09)

BE#H7IF1TI—Y
(0—2) ’

)
HALAY(2)

AL (T)

O&rI7F1I—5

)’ BEEH7IF2T—9
(Z3h)

E@j?%ﬂ 9
(Z3)
(TZVRIDTI9)
(D—2)
(D—2)
BEBH7IF1I—Y T ST

(Yé) ﬁ i
Ld - ' W
BE7IF1I—9 B#H7IF1I—9
(&) %;9 (Xeh)

HRLBY(4)

(TYRITTT9)

B#H7IF1I—9
(X

HALAI(3)

BHrIF1I—Y BHFIF1T—Y
(&) (Xah)

BH7IF1I—9
(Z#m)

O#E7rIF1T—5 (D—=2)

Qo

e

(TVRITTO9)

AL (5)
B11 YRT LBHEOAERSA
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Deployment and Improved Reliability of Condition Monitoring System for Wind Turbines
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NTN is providing information services using condition monitoring system for wind turbines. This article
introduces market trends of the CMS and gives some future prospects of CMS service for wind turbines.
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Mechanism for Initiation of Peeling in Rolling Contact and the Effect of Black Oxide
Treatment on the Suppression of Peeling (Part 1, Part 2)
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Mechanism of running-in on rolling contact surface
with the black oxide layer
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