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Reduction of Cage Noise in Fan Motor Bearings
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M. Sato, T. Onozawa

The expansion of the Internet of Things (loT) and other IT developments in recent years has increased demand for cooling

fan motors used in communication base stations and data center server rooms. Bearings for fan motors may generate cage

noise (CG noise) due to environmental factors, and though countermeasures exist, their effectiveness has been limited.

For this report, we visualized cage wobbling, generally considered to be the cause of CG noise, and clarified the correlation

between wobbling and noise. Furthermore, we reproduced cage wobble by modeling a bearing and conducting a mechanism

analysis. Visualization and analysis results were correlated with each other depending on the friction coefficient used,

suggesting the presence or absence of CG noise can be predicted to some extent. Using this method, we succeeded in

developing a prototype cage that does not generate CG noise.
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Condition Monitoring Solutions
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Digital technologies are being increasingly utilized to realize a sustainable society based on the concept of a circular

economy. In industrial machinery, condition monitoring has been used to maintain equipment and reduce unexpected

downtime, and these capabilities are expected to play a key role as essential technologies for circular economies. This article

introduces the condition monitoring technologies and solutions of Briel & Kjeer Vibro (BKV), which joined the NSK Group in

2021.
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Development of Technologies to Resist Electrical Erosion
in EVs

J. Ono

Electric vehicles (EVs) are a key part in efforts to prevent global warming, realize a sustainable society, and work toward
carbon neutrality. As the use of EVs continues to increase, bearing manufacturers must provide bearings suited to their
unique requirements. In this report, we explore the latest damage trends from electrical erosion in EV vehicles and NSK's
countermeasure technologies. Until now, ceramic balls served as the main response to electrical erosion, but NSK continues
to optimize and develop new solutions, providing more choices to suit varying cost levels and applications.
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Efforts for Higher Reliability and Recent Technical Trends

in Hub Unit Bearings

K. Haraguchi

As the automotive industry undergoes a once-in-a-century transformation towards electrification, stronger environmental

regulations around the world are shaping the active development of electric vehicles (EVs). The improvement of power

consumption in EVs requires lower friction in hub unit bearings. At the same time, hub unit bearings must be designed to

be highly reliable and resist damage even in harsh environments. NSK has developed technologies to achieve both high

reliability and low friction while also establishing a method to predict brinelling depth.
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Performance Study of Rattle Noise in EPS Reduction Gears

Using Multibody Dynamics

M. Harunaga

The adoption of hybrid and electric vehicles is accelerating worldwide, increasing the need for quiet electric power

steering (EPS). The sound and vibration phenomena of EPS systems are influenced by various factors. When these exceed

certain thresholds, EPS systems can affect the sound inside the vehicle. Therefore, much time is spent on solving issues of

EPS noise and vibration. This report shows a case study of EPS performance using simulations of multibody dynamics (MBD)

to efficiently solve vibration issues. In this case study, we analyzed the rattle noise generated in the EPS reduction gear.

Using MBD simulations enabled significant improvements in rattle noise without the need for multiple prototypes.
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Introduction of Efficient Development for EPS Controls

Using Simulation Technology

T. Kobayashi

The automotive industry is undergoing a once-in-a-century transformation, with model-based development proving to be

an effective development method for the times. In the development of electric power steering (EPS), NSK has introduced

model-based development to improve design efficiency with the use of simulations, particularly in the design of EPS

controls. We utilize simulations in many processes, including system configuration studies, the design of assist control

functions, parameter calibrations, and design verification. Here, we introduce actual examples of how simulation technology

is used in the development of EPS controls at NSK.
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Lubrication Condition Monitoring of Practical Ball Bearings
by Electrical Impedance Method

T. Maruyama, M. Maeda, K. Nakano {qj

Tribology Online Vol. 14, No. 5, 327-338 (2019) DEc=ZHER U CEnEl

In this study, the electrical impedance method was developed to monitor the thickness and breakdown ratio of oil films in
elliptical elastohydrodynamic (EHD) contacts of practical ball bearings. First, it is theoretically shown that the oil film thickness
and breakdown ratio can be simultaneously measured from the complex impedance generated when a sinusoidal voltage
is applied to elliptical contacts. Subsequently, lubrication conditions of practical ball bearings were monitored at an ambient
temperature to verify the measurement accuracy of the developed method. The oil film thickness in the low-speed range was
consistent with the theoretical value calculated by Hamrock-Dowson equation. However, in the high-speed range, the oil film
was thinner than the theoretical value considered an ambient temperature. In this high-speed range, the results of both the
outer ring temperature and bearing torque revealed that the viscous shear heating and starvation were occurring simultaneously,
thus supporting that the measured thickness would be thinner than the theoretical value. Besides, the developed method can
also measure the breakdown ratio, confirming that it increases in the low-speed range where the bearing torque increases. That
is, it indicates that not only the oil film thickness but also the breakdown ratio can be evaluated quantitatively.
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BE, BmADEZ(E 1 DOOERE I LT 2 L
FRWLWSNSZENEL. £oT, kK (23) [TNA
MZFIcEDC). AENRELDEN D #MZDHZ
k[=1EBVEHEZERXS. kK EO#HZOAENR
ThadHa, TLOMZIIEERH (X U Cab it
ENBdDT, H(23)IFRH(24) DK IICREND.

1 kn [ 1 .
=02 =+ +
7 ;i R jo (Ci+ () (24)
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BU, 1 (24) FD /[ - 11F E&@hiF 1 E=ZOD
BEREOHTHD. AIRIE R—ILF YT« RATE
SLERIED K D (CERENE 1 BT D DERMEN 1 DT
Hd5E =1 (805, R—ILaBFET 1 RD
B ED 1 &), MREARDEE /=2 (95D
B, EEMREANEwED 2 EFT) £, AMKRCTIE,
R—ILF 2T« AOBHEHK ™ bRE LcBRA
VE=IVED—RAZELSCH, LIEIEF (24)
ZRWSCEICTD. 75 BEHOMRZAENRE
955G, ECOHMR, RUOETOERMEICHITEHF
BiE7ERkDHDEICESD. T, 1 (22) £ (24)
&b, R(25) R (26)H1FEND.

o _ kniZ]

1= Toosd (25)

[sinf
know|Z|

Ci+C=-— (26)

&2, R(14), R(15), L8 KD, H(25)&
I (26) [FZNZNRELD LD [CREND.

R kn|Z|
a  Icosf 27)
(1-a)ab (L+L) (1-a)ab (L+L)
4h, ooy ) P an Ty
_ (lialab exp [ - [sin8 (L+L)
2y drknew|Z| \ 7x Ty
(28)

L (27) &b, KODHROWREa (L, RADK
DICREND.

_ [Rypcos0

fnlZ| (29)
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—7, £ (28) KD, hi (CEAT DFREEZEEL 28,
SoAJU kW BBE (Lambert W function® *9) 7%
BEAUR. AROERH 2'ICH LT, SUNILEW
W (201F, XX GBO)DKIICERIND.

W exp(W(z')) =z (30)

&2T, (28) & (B0) KD, h [CEAT DGR
EULTHHNKOH 5N D.

) _(1-ajab (L 1 )/

1 2 K‘f‘r—?
W (lialab exp | ¢— [sin6 (é+é)
2yl Anknew|Z| \ 7= Ty
(31

AIFRTIF, EHD ZHaF(CHIT 2 FIGHEES
h[m]7Zkelz. F1505, EHD EARHDO—EB T
BOBMNELDBE, kDD hiFas h ZHNT
R (32) KOKHOEND.

h=(1-a) hi (32)

Bk, (29) & (32) &b, FRBEEFHMZD EHD
EFEARICOITHHIRES, NOTHROIMRRI=Z H5H
mickpondZezmuic. i, 0 (29) & (32)
FR—IVA YT« A BIHBED K S g 2 (C
BEMARREFDT, BRA VE—YVAED—KRILE
AB.

]

3. EERTE
3.1 HERKE

KHFCIE, Fig. 3.1 (ORI 8RB Z LT,
BRA VE—YV ZEDAEREICOVWTIRAL UTZ.
FABEOAENRELDURISRELHMZ 2 @ T
B, FRZEABWVCTTZFITIVEE F. [N] DHETE
S8, COMZHEBEICER A Y E—Y U EEE
R, #=ZAEmOEIERH(CH UM (I e—RY
IS5 EMRINDIVIBIC LCR X—F D 5D3TR
BEZEIMUZ. e, DER#(C(EILARDY A=Y
INILRZRAWVWS LT, E—Y—LiggUITIRET
BIEGA . &, AGEREIE, NERDERE N [min ]
EZALE BTRDOTTHRES h[m] CIMEROBERTER
a [ - RIITEL, #2NmEE T[C | &= MY
 MIN - m] ©EFICAETETCHS. WMZENHm
EFRBNZEEMZNGICERO M CRAEL. &
2MILOE BHEICEETCED#MZ/N\NDIVTICE]D
I CHBif7=0— b IVICEIZETRE L.

3.2 HERA

AMREICAVCEHBRER L, RETHZ 608 (RE:
8 mm, #4222 mm, 1&:7 mm) ToHh, ME&E
(& 52 100 steel (7% :207 GPa, RF7YV !
0.30) CTod. i, RiFssFEEERTHD, Y—ILE
TR CHD. #MZ(CHAUEEBAS L TEPAO
(poly- a -olefin oil, viscosity at 40 C: v =19
mm?/s)ZAWz. D PAO DEEERe o [ — (3,
ZmesE (RMS amplitude @ Ve = 1V) DERE f =
30 Hz~ 1.0 MHz D#FE T € i = 2.0 THDTDT,
€=€q €0=2.0 €0 F/mELTHEEESZEEL
fe. BL, BEDFHER ,=8.85-10"” F/m T 2.
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3.3 FHERFIE

FRRICHITDHMZEHRE, £ CEREKI26TC) T
f7ofc. AHBRZEITORIC, RN IV ZRVNTEER
MR ZBERNRL. BHBHZ 40 mg HAR, &8

axial load

spring

. ) test bearings (608
h: oil film thickness

Ry—)bzxBFUE. R 2 8% ClEnd(CED a: breakdown ratio

117, Fig. 3.1 [CRI([FRZAWVNT7F 7 )LEIED T T outer ring temp.
HEEF UISIRET, [OEn#hc =/ \DY Y TR ) M: bearing torque
EBE (RMS amplitude : Ve = 1.5V, frequency : LCR meter]

f=10MHz) ZEfNLc. HBRZITOE FITUH
(CREBVFEARIRRE (TTEDE, a= 1) [CBITERA

75—977\ ZO [ Q ] 755E|JE LJTC (__’_@ ZO d: D, ;/K carbon brush I AC servomotor
(B3 ZANTHK (29) HDEBSIEST Ro [ Q ] 7K N
ﬁ:. : rubber belt
kn|Z| Fig. 3.1. Schematic diagram of ball bearing test
10= (33) rig.
lcosby

BL. 3 (33) D |Z|[Q]. Boldeg] lF ZoD
AEEEAMETHD. 14, = (33) &3 (29) [TRAT
BTET, aldk | nOFEEZFENT EHDD

3. BT, RRMSONREEES Y, COBIK o
BERIRRECBITD |2 6. T. MD4DDISA—% R ©000000°
([CDWVWCEFAIEZTT oz (sampling rate : 1 Hz). % 5000°°
&, AR Tl B DWEREIERE N = 50 min ' B 1021 B
N5 40 min BICEEZBINSE, REMWICN=
6 000 min ' FTHERZET oz (DR 110 h). 1(())1 ‘ ‘ ‘
RIARDHERIERIFE THEREZ 2 EDDFHET o
B0, BEAVE—FYREEANTESNSFY ol
SHEES %, Hamrock-Dowson Oz ¥ h'S&EHN g .
SIEFHEREES SR U, BL, R UCIEREE © -60| o
PSR & EREDARS (A U D IUHEEE S DFEEETH o°°°oopooooo
3. -90 1 1
10° 102 10° 104 10°
N [min']
4. HEREEER Fig. 4.1. Measured values of modulus |Z| (top) and
phase 8 (bottom) for varying rotational
4.1 |Z| & 6 DAIERER speed N in practical ball bearings; oil:
HERBZ DPNIREIERE N ZZ(b S BTBD 2] & 6 PAO (viscosity at 40 °C: v = 19 mm’/s)

(lower) ZAIE UFERICDWT, Fig. 4.1 [TR9. end axial load: £z = S0 N

BUL, F70v MMIEEERH THERZT 272 40 min
BOAERBETHD. |2]~0.1~15kQ, H~—10°
~—90° Toole. L CD|Z| &0 #BLT, &
EREns (D EHD fBMERICHIT 2 HRES h &5
BOWMERaZ&ELHUTE.
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42 FETHZOBBREE=SUVIHER
AEBEZONERLOERLE N = 50 ~ 6 000 min ' &
TEALSBIeROTIMIRES hm], SHERDMRIE
al—] #HZAWEETIC] #@ZHNLI MIN-
m] ZRIE LIckERICDOWC, Fig. 4.2 (TR9. 8L,
B0 MNIFEEGH CHRERZRIRLTHS 40 min
REROAERRCHD, BUFRAT 4 EEERZITD
JEREROFHHETHS. id, HRDRETHHISIRER
ZCHD, FREOTOY MIARRF CTHRFEUCES A
VE—YVREERVWTESNICAERRTHS. &
fe, MRETDAERERZRT IS TRNOEBDIRK
R, BRICBITERHERES Y THd. @2
wmEORAERRICRI REOWIRIE, ERZKRT.
Fig. 4.2 &0, AFEZBVTESNICh(E ER
EECEERICHIIDERELFE—HTDIEHD
hofe. Bl a& MFEEEEICSWVWTHICER
LTWaZens, aFEAFaBESHMMCED L
s Nfe. —75, BREECIHHRESHEEIC

10 —
107 | /_,.,
= /oooo
% —06660
10 L 9°°
10°
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40 |
00
& 20 0°°
: OOOanQOOO
20 +
’IO L L L
10! 10? 10° 104
N [min"]

10°

BII2EWMELDBEL L OTHD, TORKTHE
FLTCLWD &R U, BIC, TOEREETIE
MBFEA LTS T DR L.

I, EEEE (N =100 min~ ) ICBIFS 40 min
BDRIFZ(EICDWVT, Fig. 4.3(CRd. SHEES
FERELH M EESE<HEO>TVDIHEREEFEFE
LW EZBR U, —h, a& MIE, BEWICLL
eBHZRULTVWD I ED DD ofc. DED, B
BMAEUDFEWZ NLOMMEINT DI ENDD D
Iz

B#%(C, BFEER (N=6 000 min~") BIF 2
ZA{tICDWT, Fig. 4.4 10179, a~0&D, FilsH
R CHRESMTONEC S by ofe. e, A&
MDIERN S, SHEHAENT 5 E8Z ML o BB
g EMDDofe. INE, ETHISERENE
MACT D gD ET, SHBEEHITES ML BN
LichbThdEEXASNS. T, Fig. 4.4 £D,
FFEEHIC TH ERT D EDHERUL.
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= 00° T
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Fig. 4.2. Measured values of oil film thickness h (left top), breakdown ratio & (right top), outer ring
temperature T (left bottom), and bearing torque M (right bottom) for varying rotational speed
N: oil: PAO (viscosity at 40 °C: v = 19 mm?/s) and axial load: F, = 30 N; red open circles in
graphs: measured values by electrical method; black dashed line in left top graph: theoretical
prediction at room temperature (26 °C) by Hamrock and Dowson; black dashed line in left

bottom graph: T =26 °C.
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Fig. 4.3. Time evolutions of measured oil film thickness h (left top), breakdown ratio & (right top), outer
ring temperature T (left bottom), and bearing torque M (right bottom); oil: PAO (viscosity at
40 °C: v = 19 mm?/s), rotational speed: N = 100 min™, and axial load: F, = 30 N; red lines in
graphs: measured values by electrical method; black dashed line in left top graph: theoretical
prediction at room temperature (26 °C) by Hamrock and Dowson.
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Fig. 4.4. Time evolutions of measured oil film thickness h (left top), breakdown ratio & (right top), outer
ring temperature T (left bottom), and bearing torque M (right bottom); oil: PAO (viscosity at 40 °C:
v = 19 mm?/s), rotational speed: N = 6 000 min~', and axial load: £, = 30 N; red lines in graphs:
measured values by electrical method.
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fe. #WC, XHTFSEMEZRUVCHREREERDRE
HEEREUERICDOWVT, Fig. 4.6 (TRT.
D y #h (HEEH) (FAERCIERSECEBFBIE ChHd.
Fig. 4.6 (b)&D, &%, BEFRICKDREMHEINE
KLUTWS T EDbhofe.

4.3 HERESZAMOERER

HEFEHBE AT, NREEBZREUCEE
[CDWT, Fig.4.5Cw7. Fig.4.5 (b) (¢ N =50
~6 000 min~' ETEEGS B DERERTHD,
ETMICRE<ER UEREERRT 2 ENTE

| wear track

Fig. 45. Photographs of inner rings for v = 19 mm?/s, N = 50 to 6 000 min™', and F, = 30 N;
(a) photograph of inner ring before experiments and (b) photograph of inner ring after

experiments; red arrow: rotation direction of inner ring.
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Fig. 4.6. Surface roughness profiles of inner rings for v = 19 mm?s, N = 50 to 6 000 min™', and F, = 30
N; y-axis: coordinate across rotation direction of inner ring, f(y): height of surface roughness,
Rq: root mean square roughness; (a) measured profile before experiments and (b) measured

profile after experiments.
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5. EZ
5.1 HIRAIEFEEDIREE

Fig. 4.2 Kb, AFEF=RBLTESNIEhIE &
EEE TIIERICHBIIDIEmmHEES & FEF—HLT
W EDhhofe. —h, BEERTIFERESLD
PELLEOTHD, COR, SHRNWEE TH LR
LTWB T END, BABER S REUTUE
EEZOND. BEXTIC, BMFAOSICSITHE
BHDBRED TEZEUWERE UTEROE R MEE
&ICDWVT, Fig. 5.1(CR9. Fig.5.1&b, T%#
ZEUCERMEREOTOY M) KbE, xFELZH
WTESNE h(EEDTOY b DAREISENT &
bbb ofe. DFD, EHD £ AOERICHIT 28
HDREF, #HZNEEE TIDDHEICERECTHD
T ENTRBENTE

*/z. Fig. 4.4 &0, SEELHTIZ A& MBEW
[CAUYAZVITHERLTWD ERER L. &
DFERDS, B CHOWVWTHEEBRADREDIRU
HEUTWVeTEDDND. DED, COSREFTIE
BAMEEAE T THELESEHBEDELUTHD, ZOMRF
RAFEZAVCOHEES FEREXI D PELE O
EEZZ5N%. FlcFig. 5.2 kD, SEEEHICHL
T MBSEA UTc DB ERSEERTSH D EEZ BN,

ETAT, AARTHEUCES A Y E—F VL
[&. Fig. 2.3 ("9 &DIC EHD #EaEIIERICHT2
MERECDERUCIEDEBYMTHD. ZIT.
CDEFEDREATCEREICSADEEICDODVTE
Rl GEEBUEVWEESHEES h (X, = (26)
[CC=0FEZRALIREKLOKDSND.

n (1—a)? ab knew|Z|
[sin@

h=— (34)
Fig.5.2(& C EZEUCHEES h[ml & C %
ZEULALVHEES h' [m] ZEBEUIcBRTH .
BL, RVEREAAR THVCESE RS 608 (15
MiEa) ZURE UICEATHD, ROREITBED
iR 2 TER U R—ILA T« A BB (r, =
127 mm, REFf) ZRxRELeyzalb—y 3y
ERTHD. EHEODERD, SHEAK L TLEL
REE(DED, a=0)ERELTLS. Fig.5.2&D.
CEEZELEVES, HEESHECEEING T
bbb ofe. &, BMSOEAER—ILAYT (R
SRRBEDIEAEL R UIER, C HHEAER
RICREFIFEERRLD T ENDD e, DFED
EMEEDORRICE>T, HBAEEECRIET
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Fig. 5.1. Theoretical predictions of oil film
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temperature T; oil: PAO (viscosity at
40°C: v =19 mm?s) and axial load:

Fa =30 N; red open circles in top

graph: measured values by electrical
method; red dashed circles in top graph:
theoretical prediction at outer ring
temperature T by Hamrock and Dowson;
black dashed line in top graph: theoretical
prediction at room temperature (26 °C)
by Hamrock and Dowson; black dashed
line in bottom graph: T =26 °C.
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Fig. 5.2. Effect of C, on measurement accuracy

of h with no breakdown area (i.e., a =
0); h: theoretical values considering C,,
h': theoretical values not considering

C,, red line: simulated results of practical
ball bearing, red dashed line: simulated
results of ball-on-disc-type apparatus.
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DEADHEESHELEDIFS C DEBEINS
<HEOTWD. ZTT, £ (15) &3t (18) &b, S
BENZAEUIED C & C, DANEFEDOVTEE
Ufe. SHE#RS(ICDOWT, Fig. 5.3[CRd. BEE
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CHEII 2fchd, AEUCHIRES EREMHESDLET
HOHME/TA=FAN [ — | ZFEL, HEREDRHER
a EDBERICDOVWCHRNIZ. CCT, NFRALDK
H5ND Y.
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,Rq12+Rq22 (35)

BUL, K (35) D h [m] FAFEZAVTAEL
TEEGHEES, Ry M), Ry Im] (FERENMAE, KUEH
RNEREEEO _EFIGEITHD, ZTNZEN Ry =
4.0nm, Re=76NnNmM Tdobd. NEaDERICDON
C, Fig.5.4(C~"d. BL, MHOREHHIF 4 0
HBRZEITOIRERECTHD. Fig. 5.4 &b, N1<3
DiFE, NHEATDEFEEaEBMT S ENbh o
fz. Johnson 5 *9 (&, EiZiEfd DREHESDERE
BOVHEREES (SR UTIR7 YV 3T TCEA5ND &R
TU, ERENICN< I THENMEHITDCEEZRH
LTW%. &oT, Fig.5.4 &0, KFEFhIEIT
Tl aBEENICFHI CECVSD =R U,

&CAT, Fig. 4.3 &b, RREECldas MH
BEW 28 ZnU WS T EZREBELTWLD. O
BThH5, TEREMNINMEUDEENEBADIEFE, &%~
LI BMEINS BT DD ofc. Bowden 5474,
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Fig. 5.3. Comparison of C; and C, varying h with
no breakdown area (i.e., @ = 0); h: true
oil film thickness, C;: capacitance in
lubricated area within contact area, C;:
capacitance in surround area completely
filled with oil, red line: simulated results
of practical ball bearing, red dashed line:
simulated results of ball-on-disc-type
apparatus, black dashed line: C; = C,.
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Fig. 5.4. Relationship between film parameter /
and breakdown ratio & in practical ball
bearings; oil: PAO (viscosity at 40 °C: v
=19 mm?/s) and axial load: F, = 30 N;
red open circles: measured values by
electrical method; black dashed line:
N =38,
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D, 2R BERICIDREEIOPARELLLE DT L
BDIEZEERLTHD, INSOBEEERIS Fig. 4.2
([CRUTERDIC, EEREETabEM ULz (T7505,
EREMAEUR) CEZRMITDRERTHD.
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Ulz. AR THESINZHIRICDOWT, BIFCRTY.
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Nomenclature

a
as

a

/'l

semimajor axis of contact ellipse between rolling element and inner ring
semimajor axis of contact ellipse between rolling element and outer ring
mean semimajor axis of contact ellipse expressed as @ = (a1 +a2)/2

semiminor axis of contact ellipse between rolling element and inner ring
semiminor axis of contact ellipse between rolling element and outer ring
mean semiminor axis of contact ellipse expressed as b= (b, +b,)/2

mstimated mean semiminor axis of contact ellipse expressed as p'= /gh —

frequency of sinusoidal voltage
height of surface roughness in y-axis direction
oil film thickness in lubricated area

. _— . . hy—h Iy + 1y
maximum oil film thickness in surround area expressed as /2= /13— D

_ o Ix + 7y ab
coordinate of ellipsoid center from x-y plane expressed as /3 =hi+ 5 1-

mean oil film thickness expressed as #=(1—a) I
imaginary unit

number of bearings

number of contact areas per rolling element
number of rolling elements per bearing

radius of rolling element

estimated radius of rolling element in rotation direction expressed as ry' = ;—X b
y
effective radius in rotation direction of rolling element
effective radius in rotation direction between rolling element and inner ring
effective radius in rotation direction between rolling element and outer ring
mean effective radius in rotation direction expressed as 7x = (rx1+7x2) /2
effective radius perpendicular to rotation direction of rolling element
effective radius perpendicular to rotation direction between rolling element and inner ring
effective radius perpendicular to rotation direction between rolling element and outer ring
mean effective radius perpendicular to rotation direction expressed as 7y = (ry1+ry2)/ 2
time
coordinate in rotation direction
coordinate across rotation direction
complex number
capacitance in lubricated area within contact area
capacitance in surround area completely filled with oil
axial load
alternating current (AC) expressed as I = |1 |exp(j (wt — 0))
amplitude of alternating current

[m]
[m]
[m]

[m]

[m]
[m]
[m]

[m]

[HZ]
[m]
[m]

[m]

[m]

[m]
[—1
[—1
[—1
[—1

[m]

[m]

[m]
[m]
[m]
[m]
[m]
[m]
[m]
[m]
[s]
[m]
[m]
[—1
[F]
[F]
[N]
A
(Al
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l. - RMS amplitude of alternating current expressed as . :\/% |] [Al
M bearing torque [N-m]
N rotational speed [min~"
R, resistance in breakdown area under dynamic contact condition [Q]
R resistance of the breakdown area under stationary contact condition (i.e., @ = 1) [Q]
R, root mean square roughness [m]
Ry root mean square roughness of rolling element [m]
R root mean square roughness of inner ring [m]
S1 Hertzian contact area (m?]
S, surround area of EHD contact (m?]
T outer ring temperature of bearing [T]
V  sinusoidal voltage expressed as ¥ = |V|exp(jor) W
|V| amplitude of sinusoidal voltage [V]
Ve RMS amplitude of sinusoidal voltage expressed as V. = \/% 14 V]
W Lambert W function

Z complex impedance expressed as Z = J/I=|Z| exp(j6) [Q]
|Z| modulus of complex impedance under dynamic contact condition [Q]
|Zo] modulus of complex impedance under stationary contact condition [Q]
a breakdown ratio of oil films [—1]
€ complex dielectric constant of ol [F/m]
€0 dielectric constant of vacuum [F/m]
€a relative permittivity of oil [—1]
¢ dimensionless constant expressed as ¢ =1—+/1— (rv/7y)? [—]
6 phase of complex impedance under dynamic contact condition [deg]
6o phase of complex impedance under stationary contact condition [deg]
v kinematic viscosity of ol [mm?/s]
w angular frequency of AC voltage expressed as w = 2xf [rad/s]

/A film parameter expressed as A =/ Rqi?> + Rg2? [—]
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Assistive Robot to Aid Medical Staff in Patient Transport

T. Okamura
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Recent work style reforms and the ongoing decrease in the working population are creating significant challenges for
medical staffing. We developed a robot to assist in the transport of patients on stretchers in hospitals as a way to ease labor
shortages and support healthcare staff in this physically demanding task. Through an implementation project sponsored by
Kanagawa Prefecture, we compared the physical burden of moving patients on a stretcher with and without the assistive
robot at Shonan Kamakura General Hospital. Using the Ovako working posture assessment system (OWAS), we found that
the manual transport of stretchers is AC4, a work posture with an extremely harmful effect on the musculoskeletal system.

Using the assistive robot reduces the OWAS level to AC1, the lowest level of risk to the provider.
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ROBUSTGRD™ Improved Seizure Resistance Grease
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NSK Ball Screw for High-Load Drives: Long-Life Specification
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Ball Screw Unit for Electric Hydraulic Brake Systems
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Integrated Bearing and Resolver
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Deep Groove Ball Bearings with Enhanced Overhang Strength for EVs
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Compact and Lightweight Redundant Column Type EPS
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