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Approach of Condition Monitoring in Industrial
Machinery

A. Sakano, K. Taguchi, H. Mizokuchi

B KA

In industrial machinery fields, 10T (Internet of Things) based solutions are expected to improve O&M (Operation and
Maintenance) efficiency. Condition Monitoring, one of applications leading the realization of loT concept, enables a predictive
maintenance to optimize O&M. In this article, we will introduce NSK's latest approaches for condition monitoring by taking

an example in wind turbine application.
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Technical Trend of Industrial Machinery Bearings

H. Ishiguro

In recent years, industrial machineries demand remained steady and it will continues to good result in the future. In the

globally, efforts to solve universal problems are expanding such as sustainable consumption, production, and climate change

countermeasures for all countries. The industrial machinery industry has greatly contributed to a sustainable society by daily

technological innovation. This paper introduces the latest technology of bearings used in these industrial machines such as

Robot reducer, Servomotor, Mining machinery and Shale gas related machines.
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Technical Trend of Wind Turbine Bearings

K. L. Lee

In recent years, wind turbines are growing in size and shifting their installation location from on-shore to off-shore to
improve power generation efficiency and reduce power generation cost. As higher torque applies to the bearings used
in large wind turbines than conventional wind turbine, larger size and higher capacity bearings are required. Technical
trend, typical failures and its countermeasure details for bearings used in main rotor shafts, gearboxes and generators are
explained. Due to the repair cost for large off-shore wind turbines is higher than on-shore wind turbines, higher bearing

quality control is required to improve reliability of wind turbine.
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GLOBAL ANNUAL INSTALLED WIND CAPACITY 2001-2017
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Fig. 1 Global installation of wind turbine

=1 RESIFESEHKTOPI10
Table 1 Ten of the biggest wind turbine

Order 10 of the biggest Wind Turbine Type
1 MHI Vestas V164 / 8.0MW Gear
2 Adwen AD-180 / 8.0MW Gear
3 Siemens-Gamesa Renewable Energy SWT-8.0-154 Gearless
4 Enercon E-126 75MW Gearless
5 Siemens 6.0 154 / 7.0 154 Gearless
5 Ming Yang SCD 6.0MW Gear
6 Senvion 6.2M152 Gear
7 GE Haliade 6MW Gearless
7 Sinovel SL6000 Gear
8 Dongfang/Hyundai Heavy Industries 5.5MW Gear
9 Hitachi HTW 5.2MW-127 Gear
10 Adwen AD5-135 Gear
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Fig. 6 Integrated Tapered Roller Bearing
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The Technical Trend of Machine Tool Components

M. Aoki, H. Saito

In recent years, machine tool has been under the condition of rapid environment change such as increase of electric

vehicle, expansion of 10T / Industry 4.0 and rising labor cost due to decrease of engineering workforce. Under the

circumstances, machine tool manufacturers promote technological developments to achieve higher productivity and

accuracy. Machine elements that contribute to performance increase of machine tool have to be adaptable to the needs and

technologies of machine tool for greater sophistication.

In this article, we will explain trends of machine tool technologies in recent years and latest technologies of machine

elements such as spindle, ball screw and linear guide based on the trends of loT / Industry 4.0 for machine tool and machine

tool exhibition.
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Fig. 11 Noise level of deflector type ball screw
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Fig. 12 Proprietary simulation technology to analyze
ball behavior in nut

BEE4 SpREO—SHA4R
Photo 4 Roller Guide with highly dustproof seals
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Technical Trends of Railway Products

M. Kameko, Y. Shirosaki, S. Endo ’
R

Trains have been and will be one of the most important transportations in the world especially from the point of mass-
transit and economical way. Safety always comes first in its operation and we have kept proposing the way to achieve that
requirement through its history.

This article focuses on the technical trend of railway bearings for axle box, gear unit and traction motor for how they can
realize reliability and contribute to safety operation. This article also includes technical information of relevant products of
sensor, condition monitoring system and actuator for active suspension which are gaining their positions especially in the
higher speed trains for more safety and comfortability. We are responsible for contributing to railway operations, from various

points of view, with our technical solutions, now and the future.
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1ISO13482 certificated and practical application of

Guidance Robot LIGHBOT

i
&,
K. Sagayama, M. Mori, A. Tabuchi, Y. Fukushima d >

We have developed a robot that guides visually impaired and elderly people to their destination at hospital. In this report,

we introduce practical application and the approach of social implementation of this robot. Practical application is our ultimate

goal. In order for robots to be accepted by society, we acquired the safety standard ISO 13482 for personal care robots.

We also implemented a mechanism to disseminate sales forms, insurance, maintenance, subsidies, etc. The robot was

introduced to Kanagawa Rehabilitation Center.
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ZBRLU, ANBHhSDAADITHUTRAL—XITEE
L, EBLICHDEEYZOETH0O0R Y hERFEL
2% RIS, ORw MMIHRIER BCUBHE &
BAERREZ dnAG, FAEZEANTHORY e
RREL, EiEE RETE-SI—&HIRZTL, BISIC
EIEURBERDRLREY Y. ESITRRIREED

PE(CEDE, 1Y —ZBRE, BSHhnE
([CILIFOmy hZRFEL, BERSAVEDERARRZ
BEOEWC EERREEICLDTRL, HEENHR
HADSRAMEICH T DEBVBLEATEN ™ Y.

AR TIE, CNIXCTORF, FIARBRTEOR
BZEEIC, RAL HEREOFRHE, T2
ISO13482 DEE, HAEREDLHEMMEDICDNT
B OBEATEHRRICDNTIRND.

2. EAME, HERERNOHG
EEXIEOMR Y MMM HREXKTBIDICE,
Y- CEBEONSICRBHDD, HOE=EN
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3RUEBICTRENDDEER

(1) HRICERIFANSNDcHDEEDIBR
(2) BAENHROEE
(3) ARFEERE, RER, AT F VR, HBIEESH
&R DIz DL EH
FENTIE (1) & (2) OBZEICDOWVWTIHN, 3EICIE
ZEEVEE 1ISO13482 IFICDWVWTC, 4 BiCIH LB
DLDIEDVCEHRZZ RN D .

2.1 ZERE

AR EED SDE=EKECLDLTEDZI M
BANMELDIXY MMIEDE, 2014 F 2 BICHEHT
SNEEESEOR Y bOZ2MI(CET HHE—DEER
M CTH 2 1SO13482 DESZIT ol I\FV Yy
DUV 3—%, YA)\—=FA2VDHAL [THE,
WT 1 BIBDEBEHD ™. Fio, BRIEA V5 —
TI—RZRHA, NEHICBETHEEDOR Y h&
U CFHFRIIDEIS CHD.

2.2 ERMMR

BREWRIETEDOEREBEDS I THD. kD
REBADEVUVIDSIE, AR CRERHE
BERAOFEORY MIREESNDHERIF 1 ~2E0
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B EBRANYRMEVEDISEN S ofe. —7. BR
ETHOTHAEEERRECIEED &S L, BIC
SHEOFEENCEATENEBEBEREDG LD
HIETEDEDIAY MOHD, FENDEEICHEL
<HWVLBRE, HICEnEcd1—Y—0@EELA
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BRRIENA V5 —2 v M EICABL TV DIESRER
([C—BYhDFREBEREERTDE, FRPIUZ
EREEETYY— 152 A (H28) ¥, IEXZEKZ
B ERRHZIRITN 202 A(H24) 7, BRERKS
(TERREN 120 A (H26) '®, EEREERIAZRI 182
A(H26) 9, #EMIImERRR 111 A (H28) 20 &
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HZDEDICNTDENREETHINEBET DL,
2ERENT DDIC 5 B~ 10 BEDD D), =
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3. 1S013482 DHYF
3.1 URIFEAXVbH

1SO13482 (FEFEZEOMR Y FORZLMICEET D
M—DEBEREE LT 2014 F£ 2 BICR TSN U
ROTPEAA S B, RA) ZRX—=X & UERER
®THd(E1) . RAICKOCEBRE BREs%
it UXOFHHLT, URIESEOREELUANILE
TERT S TOCAZFHIINS. BIFEOITERD
BFRROK DI, BERE(SRD SNIEHERERASE
FHEE T, RA IR TA—H—DERET B8 SRR
BOIVET MR- CREFFHEEEZIRE (CE
&ic.

ISO13482 BVRICHTc o TlZF, RETERFEN S DER
SIHEEI S DBENHERINTH D, HARBFRIEE
(LT, JOA) FREHHIERELENEDERZF/LEND

SEIEBAICT TICERE LG " (CHULTRA
BEE, MBS (ICDWVNTIE, RETOEEETOIC.
RA DY — MMIIRIZITECEAFT TRIVF— - BEER
i FEE (LIS, NEDO) 7Oy 7 MIHIF
% O HELLEHERETEROER Y — k 2 &%
FUfc. ER1EREF, EREZBIISTICRAENEL
\/EEHSVE, gkalc, FRAREZ/N\UPZIJU—R
BORREEBELU.

ISO13482 fEE A [CHEVVIBEN (CEE R ZiME
U, EHICHADBEDEIERE CTHE UCBRER
[CEDE, AT 102 EBDBKREZHME L, URD
FHEZITofc. RA Y —hDikR7ZER 1 (IR

FEAY R ZEHIDER, U R I RmEHh EW\DDICx
LCENZNERRZERUC. RDPUAITREDS
VEIRERIE, TODERETCDEEICLDDHDTHD,

SREE O R ZESD . BRLEDEERE, ZEEEDEMR(ICKD, UXITZK
RO RXZE 2 (C"d. Phasel CTl&, {T#k HUTE.
RE, RETOBEFEIO—EBRIC, RETEBAHIDE
&, Phase2 CTl&, M, #&GEF, =E REEIEGEH]
DEEEEO>TULD.
’ URITEIAY S ‘ ----------------- ISO 12100 %&EFE (4 18)
v
UXMEW"?DJQX BRFTv)
— ABLEHR )
—REsE | ZEBEREBIEICHULT
— EA DB ?X?{ﬁf@thXEi@ﬁﬁ
518
v v
REHRITHIE = 1RETR(CHIE A
FRULEVES FBRUEEE
’ PL/SILXG ‘ ------- ISO 13849-1 or
l IEC 62061 % & (6 18)
v
i A L TR RS (718)
v
FREDER (XZa7), X—F2J9%) | (7%57)& J—F0%
818

B1 [SO13482 ODEREEDHME (JQA ERIKD)
Fig. 1 Overview of ISO13482 safety requirements (from JQAs document)
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Fig. 2 Process of ISO13482 certification (from JQAs document)
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Table 1 Extracts from RA

() BEDEEIIRRE

(a) Risk matrix
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(b)EkE=Esmmt, U X o5k
(b) Initial risk assessment
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(c) Risk reduction
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3.2 =it
BREEDNSTEEULABBLID, RADSD
T4—RI\wY, BEMREIES(T CEHEEEREL
fo. RENEAKER 2 (CRT.
REBAVNEESHEENRELTVDED, &
BECHULTIE BRADSHEOTIHEE?, B
PITVXFEYA X, HTEE? #EEL, HE

r2 FEAK B
Table 2 Main specification

S~ D 500 x W 390 X H 960 mm
g8 25 kg

RERE 3 km/h (HIBREGEMA 1 km/h)
BIRAEERO—T |5

T&ERES 5 kg

e Li-ion/\w>U (22.2 V. 450 Wh)
EMC(IT=wv23>) |CISPR11 Class B

FRR TRE 8~30C 40~70%

Human interface

BEAVEICHUTIEFUEIVICKD > TERETRE
EUle. T, RERTCTHEBIDHIEETCHD &
o, EMCICEUTIEF—MEEEBLIOBE LW
CISPR11 @ ClassB DI = vy avaEimlcIRES
Uiz

RE UTCEEMARZRIR I D /csh, BRETZEITHED
fe. YAFLT70OvVvIM, #HK, NREEZZTNZTN
K3 4 5I[IRT.

AORY bOFELZEFEEICBULTRT. ITD
LTEEBEICFY T MINTES BBV ARE Ul

- BRTR{E EREE

IR ZREIes, Oy MIAEADRKRDERE (K
FTORER) EHHTdIEEUe. TUTFAREE
VHUEEEL, EAIC—DIFDEFH L. FHOdiE
SEUTHREINDRETDERT—5H, JI/C
U—HERICT, bHBEZRICTIYILVHANEINS
ZTORMEFIZIR CREAIEE L, ORy bDER
REBOLUTCHAETD. tIhodrFIF)LHH%E
T RSA)NASL, KENEWVWEHKT S &,
E—F RSA)N\EEILSE, ESCERESE#CTL—F
T HEmE UTc.

Main controller

RS422

Ethernet
USB

RS232C

’ Force sensor

Obstacle sensor

’ Laser range finder

’ Depth image sensor

Positioning sensor

’ Positioning sensor

Device to set destination

’ Tablet PC USB

’ Remorte controller

USB
W

ireless

K3 JYRFLTOVIK
Fig. 3 System block diagram

Ethernet -
WiFi AP
Embedded
computer
Actuator
‘ws
Motor, Encorder
Motor
Controller Left wheel
Driver
‘ Motor, Encorder
Motor )
Controller Right wheel
Driver

NSK Techwical Journal No. 691 (2019)

51



E4 Ry ~ER
Fig. 4 Assembly drawing of robot
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[BEY, REZRD
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Fig.5 Overview of robot
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- [EEYIRAIRSE

ISO13482 DIMIBEKRTAZIRET 2InBN DD
155, IEC61496 DT HIEDICHE D CBEHR
H{ReErkss (ESPE) ZER UKITNIEESHEL. K6
([CIEEYRRABEZRT. BEEYHEEOICEATD
ERE FBRZ 1 km/h [CHIBRL, B\EOTIEY T b
O 1T 7HICEREEZEITD. VT hD T 7ICKDEE
HIEBICHEEELEL), HDVIFREMNICEFZOOGICE
EMPMRALBEEE, @@FTNZNOMEEERIA
DERZRET HE—YZEILST, OEENEZITD.
EH(COmy MEEDORFEOZBLEREICREL TH
b, TOEEAICESYZRAUICST—Y RS\
ZREIESE, DT —FZEES B CaflnICHEEs
[CEIETED. BEYH S E oI, F&), Fald,
BEICKDUzY MHNBIRTESDN, ZEEERICY
T RENFES BV AERD D, FHICKDBELEDF
lEZzHAUle. BELC LV YIFEEATPL =d %/
fc9.

3.3 il
BEHHR AT LTVB T SRR T B, B
ETole. REPESHERRICONT, TONEER
SHERERY.

3.3.1 EMC

NVLAPRRET AT A MMICTIZvy 3y, A
2T 4 ZTNZENORERERICOVWTEEZITL
KRIDEBHBERFEZBIZT CEDRENTE.

&3 EMCHEER
Table 3 EMC results

490

/e

1000

550

176

6 EEYRAIRE
Fig. 6 Obstacle detecting area of robot
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50.0 dBpV

10.034 MHz
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BEN— MESBEREER |

BN

B

PELEEY)

SELERY)

CISPR Pub.11

I==Neel==) =
SEREBTAEAR Gl 2018

370 dBuV/m

450.000 MHz

35.4 dBpV/m

fait
op

AZ21ZT (HBR

EFARAS

BEINEA =17 (55

IEC61000-4-2 - 2008

it | i
Op | A8

IS RIRER BT A S 1 =7 « B

IEC61000-4-3 : 2006
+ A1:2007 + A2 : 2010

BENT7—ANRSYITV RN N—AN A=21-7 28

IEC61000-4-4 : 2012

HY—IA4=Z2 =T KB

IEC61000-4-5 : 2014
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3.3.2 ETRELRER

NEDO OOy hRe Ml FE2" 1, Bl
TOWED HEBRBL, HTREUEROZER 4
D&SICHELE. ERAEasrTomE, TaLE
DiRE Uiz, 2B 1 B FhIRCEEY 2 (CORT
BTEEBELR, FREELSUIRBT, 4
HOMBGCHUTEBL. B2 FTOIRTRE
IFEEBEE, 583} EDIRF25ESEDRE,
S8 4 BT TOF B — 3 VEDOB/ SR
(# 1.4 m) ThEES B B RE CAAamsh| it U CE
Ufe. FEE=WORCEEs 228, DERBREN
1 km/h [CHIBRS N B f- A S ARE A O v
RO 1 km/h (3 LTz 1B (5.6 rad/s) [CREL
fo. ZNEN, BEEYHNETET ORv FESHE
BULEWTE, FeRBR 3 ICDOVTIE EDIRERE B7 ETREEHRRE
BEATEDTERUERES L, FHEDIEH Fig. 7 Running stability test
[CHBDEEZEORY BRI 5 —ICTHMEL
(®7), REIEEANC & #HEsR Ui

H5H, RTORRICHBNT, ETRERETEED
FIEDBRISEN P &)L, ETHEIGENE B8y
&5 kg &Ufe.

*fe, BEWRRELT, HER 1,2 OETRE 3 km/h
DENEHAEE 16.7 rad/s & L. lERES & LT
1,23 [CIEST2HTEEHBL, LWFNOEECHO
Ry MGETE, EHUNETUENT S, 18512
EENDTEFRR LI

>

3.3.3 BE1= v MEITMARER
ORy h2EOMAEICDONTIE, BlifiREE g
KU TRAELCHD, ETMAMEICOVTIE, E—

5. il B% FTOBREBICONTHRE U, 388%?j:”“iﬁm@fﬁﬁ .
NEDO DOy MRS ML #2571, @8 el Emesirenee Test ol ening Ll

DR DT ZRIEL, BBRZETE, KU

R4 FETREMEERES
Table 4 Parameter of running stability test
452 No, o BIRVIAARE rad/s HAERARE rad/s
WL Wr WL Wr

1a -5 5.6 5.6 0 5.6
1b -5 5.6 5.6 5.6 0
2 -5 5.6 5.6 0 0
3 5° 0 0 16.7 16.7
4a 0 16.7 16.7 16.7 13.2
4b 0 16.7 16.7 13.2 16.7
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AERESEE, FRRODIB/FEEZ NS LA THREL,
RS ALICNKNDI =T —F=dnAdr, BEZSAS
N&W\HELTVD.

Oy COBRRRZEEL, FEEDE HH(C
NI DEEZRE [CRIHBRY A JIVICTHERDIRL
f1olc. BREINLOE, ORy MOMECETI S
DICHELE NI E, RS A ETEERT HIcDITHE
BNV EDEZERS. UVFYIVEE 3§ (8EE
FSERE7ZE(C 1 014 REIEEH) D35 1 BORSTH
M TED, DFED 507 BEL EETERETH S
CEEHESRME UL

fGRIE, # 588 FREMERENELIED, HIERE
ZimficUle. 58, BILEDORREIE, FEhEEgmn L0
HIN, ZOMHEE 1= hOBERTED, N7PUY
TICOEBHNE U OETENDIBAUICIZH TH
B. INF TR CORFRBRICHNT, REERK
BEICH, MNEE MEIDRIFRRIEHELT
BT, FAHBRTIFRASSNCZEBT, BB &R
BE 9 OMAGBAED, DFDBEK D BETFRM
[CERNTOBBEEZ5ND. BRELD, RTFEDE
{EBHIBFICTEELED, REOEFHEECHD
ZEhmENTe.

x5 FETMAAR/ N Y—
Table 5 Cycle of running endurance test

HEIERHIE af Lo B
PP 3 [km/h] 0.49 [N - m] 1%
TEE 3 [km/h] 0.049IN-m]| 5558%
R 0 [km/h] 0.49 [N - m] 1%
=1k 0 [km/h] 0.49 [N - m] 2%

xR6 EEVRAERFZM
Table 6 Parameter of detecting obstacle test

R No. & HIERE
1 3+0.15 km/h | ®TEEL, @OTEE
2 1+£0.15 km/h | @TEIEE (O7=ZFHEME)
3 1+£0.15 km/h | @CEIEE (@O7ZFEME)
4 1£0.15 km/h | OTELE (@@@ZFHEMNE)

3.3.4 [EEMRHRER

NEDO @ORy hREMEEIF £, ¥ _Eal—
S WAEVENREBEEERONR v hORE >
ZZRU, B6 ICRUCESYRABREDZNZEN
DOEFICH LT, Bk, E7zHEST SmizsRiEL
Je. ETBEIEOVIU—, BIEBEEYE L TER
60 mm OBEVERZER L. SBRRHZR 6 (TR
9. BEEYRAABORRO—FZR 9 [CRT. &
LEREEYICH LT, ORy MZIEENSEASEZD
EEFEHAL, BEFVC EZREER UL

H9 EEYRAEERD—HE]
Fig. 9 Example of obstacle detecting test
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3.3.5 EERIEHR K7 EORESBREM

A O BERBOER 2 #SRBL, £E% Table 7 Parameter of compound environmental test
BORY MRV Y—(CTRBET . O B BE |
Ry NOBEEE, ©EREICEDE, ORv haE masE (B 5833 T+2T|70 % £3 %| 16h
IEREECR 7 ORBRAEICREL, TrklcRef B8 W™ B |50£2T | WesL | 16h

Bt (IERAE), B4R (JUvTJIckd0Omy b
BRIFE) DB EiER 21TV, BEEWLC s Ule.
EERBEABROKTZR 10 [TRT.

34 ¥Za7Ilb, SN

ISO13482 FY Z a7 IILFHHEEDHWRICIED.
AOMR Y bOBAEKFRESFDHRZ/EL TS
CENSEERBITOOMY MEEYZa2 7))L, ORY
NELEDEHDHIIN =TI, SEBODAVTFUR
RREERACAVTF VAR Z a7 IVEZER L, 8
DEEZRITC. Fle, INIVBRRICEDTHD,
RATUXZ{Em%E, ALARP sHEDIERICEILT,
Oy MMISNIVZEE UTe. $BEEDVEDZ S
WEED RS v ITHh SOFRIEEZETS.

. A B 10 ESRERER
3.5 ERETEERA], RISEEFH Fig. 10 Compound environmental test

ISO13482 3, BR(CEITBIETHD, ZOR
SElCanfe o Tld, HEHEBAS, BLEERAHICH L
THENDS.

#HPI0 1SO9001 BRSEBBOD I = 5881 BT AA )
EaiE LI Eﬂ e
SBEHEEASICEL TR, ER0OBE, BEJOE EEME-F o
2, NESOBREBEEUT, B, FIESEE e A
fEUr. LT - E
BEEBAGICEL T, EROEE, FEARS
OEEHCHLT, FRICES, FIBSIUBARE,
ETRE, HEREOSRECET 2REBOXE
ETE STz

3.6 SIEUS
2017 £3 B 13 BIC JOA (HARE R KD " SEIEESR

BT EOFESEZHZ(@11). 11 FIED 1S013482 Fig. 11 150 13482 Certificated

DICHN, La—T A VT T—AEET BHE

BIDOR v k& LTI RAIDREE S e
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4. HHE#»#I<KD
41 LVHI, U—2R, (REE{EH

LEMBRINTD, BAREBEDEL), HDHWIE
BTLNOMRY hZEEAT D EIFEFURN R, BRFEA
H7ZIERT HH T, WrDBEEICEU—X, LYFI)L
EVDSTERECHNIERMERATIFESBRECTYIETE
HZEBHHOIIERHPTV. Ffe, U—RIFERELR
EfEESRE, RAMICEPERFENIDTET/ \— L
EWLh, LFILTHNIFREIND THEEFAEET
HDTENHEAD/\— RILMEVNC EHERERE LT
DHhoTEL.

U—XmOPHEEARICIE, UFILEWVWDTERET,
RFAV TEHEDOERREZEELULND, ZTO®RICU—X
ETBDT =AMLV, ROMRY MIBUCERET
HdEER, U—RAemtimzl, B12 DK DEE
HZBEUT.

Omy bOREICDOWVTIE, CNETICIHOMRY b
EYIRRAEERERDT—F 2 T T )—TETHRE
2P A—H—EDFIROIFEINTED, HLDHRE
S EDHBREICKD, EEYBESTHRIR, BERR
[CDWVCIEAXA—D—EU—RE1HIAL, [EERFTE
ERERERR, BARBEBREERIRICOVCIEERE
BENBIEFEOIEENDRRDEMNE U TNATRIEECH
Y ekt So) a

4.2 XVTFVRRSF
MAEBRIEET, BRICIRY A IV T ZEETE
TLSEmBdaHD, KRR CRENDERDFHEET
DHREMDHS. U o T, HEIFEANRREZ
[RUC, BEERERTRINTDHIEEL, XUTFVAD
RERZEHANICERE UICRIC, XVT T UVARHNES
goHEE LTS

4.3 EAfBE

LTEMRBERZBICICHIC, BEFVEAZEIE U
Y, HEROBEVBRZESUEND DD,
ORy FEFADOEE IR b2 RFD I EIFRFRN D
5. LPL, ERAEINIEORY FOBRAMZFED
EHSBREAICTIFEANTERL. Lehio T, H
RADRITDEDTEDMHEICDOVWTHEA, R
SUfe. NMEOMRY BMIDWVWTE, EAMBTHIERE
BigSNDODHD, EUMTRRAEANBAREEIFH
F#4E (LIS, AMED) h'EiEL CWLDBDHGH DD
EHONRBEDOMN Y FOHFDHRTHD, NE.
BALDEFEANDOOMR Y MEOLWERICIFHID RA
TULEW. BRT, MEAAEFCTORMAICEHL, &
ATEofMBEHEIFAEL T, FRUCHEENIC
BHAHTEDBDREFEREL TV, HE—, R/
BEANRET, BAMBENERICEO 2. TRy ~D
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Development of Omnidirectional Mobile Electric Wheels
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K. Fujioka, Y. Qoishi

In recent years, many automatic guided vehicles used in factories and logistics sites move and turn by the difference in

rotation between two driving wheels. However, considering effective utilization of space, it is desirable to be able to move

in all directions. In addition, it is common for such an unmanned conveyance vehicle to automatically travel to a destination

while traveling on a previously programmed route. However, in some situations, such as fine-tuning the position or moving to

a different location from the programmed route, it may be more efficient to move the dolly manually.

From these demands, we have created and evaluated omnidirectional mobile electric wheels that can be operated

electrically and manually.
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Analysis Prediction Technique of Flaking Expansion
in Roller Bearings for Wind turbines

T. Chifu, K. Zhou, H. Mizokuchi

B AR

Wind power have been rapidly spread as clean energy. In recent years however, profitability has been emphasized.
Therefore, bearings for wind turbines are required to have a lifetime longer than a general flaking lifetime. In order to realize
it, NSK is conducting research on prediction analysis technology of flaking expansion. This report describes the prediction
analysis method well in agreement with the reproduction test.
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Low-Torque Ball Bearings for High-Efficiency Motors
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Photo 1 Low-Torque Ball Bearings for High-Efficiency
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FETE (mm)

& i L
6200 10 26 8
6201 12 32 10
6202 15 85 1
6203 17 40 12
6204 20 47 14
6205 25 52 15
6206 30 62 16
6207 85 72 17
6208 40 80 18
6209 45 85 19
6210 50 90 20
6211 55 100 21
6212 60 110 22
6213 65 120 23
6214 70 125 24
6215 75 130 25
6216 80 140 26
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Fig. 3 Mechanical Loss Rate and Motor size

FETE (mm)

E PARES B
6300 10 35 1
6301 12 37 12
6302 15 42 13
6303 17 47 14
6304 20 52 15
6305 25 62 17
6306 30 72 19
6307 35 80 21
6308 40 90 23
6309 45 100 25
6310 50 110 27
6311 B8 120 29
6312 60 130 31
6313 65 140 33
6314 70 150 85
6315 75 160 37
6316 80 170 89
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Optimized Long-Life Cylindrical Roller Bearings for Continuous Casting Machines
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Large Size Anti Inner Ring Fracture Spherical Roller Bearings For Paper Machines
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Photo 1 Inner Ring Fracture (Spherical Roller Bearings)
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Photo 2 Large Size Anti Inner Ring Fracture Spherical
Roller Bearings for Paper Machines
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Vibration Control Actuator for Train Cars
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