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Development of Tapered Roller Bearings for Electric/Hybrid

Vehicles

H. Yamanaka, M. Zenbutsu
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With stricter regulations and increasing concern for the environment, consumers and businesses around the world

require better fuel economy from motor vehicles. This has led to the rapid development of electric/hybrid vehicles.

Gearboxes for these vehicles require low-viscosity lubricant oil that reduces unit loss to save fuel/electricity. As a result, the

lubrication environment for tapered roller bearings (TRBs) used in gearboxes has become even more severe, and there is

increased focus on maintaining an oil film to prevent surface damage and seizure.

In this article, we will introduce TRBs with improved lubrication in the contact areas from the roller end surface to the

inner ring rib and greatly improved seizure resistance. A specially shaped plastic cage supplies oil to the roller end surface,

making seizure resistance about seven times greater under low lubrication conditions. Furthermore, we achieved zero

churning loss by significantly reducing the amount of lubricating oil and made the TRBs 10 % smaller and 5 % lighter.
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Demonstration of 2-speed Seamless Shifting for EV
Using Magnetostrictive Torque Sensor

S. Kaneko, S. Yamada, A. Yamamoto
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Introduction of 2-speed transmissions with large step ratio into EVs improves cruising range and driving performance.
However, shifting with large step ratio causes severe shock deteriorating driving comfort. NSK proposes that seamless
shifting can be realized by making use of the magnetostrictive torque sensor and controlling clutches and e-motor with the
torque feedback control signal.

This report shows experimental results of seamless shifting with torque sensor and it's advantages.

1. Fi 4. BEX NV EVYZRWeY— LU AEE
2. Y-LUVAEERIVET L SREIEER

2.1 EV [CBII2EZRDUHEMSE 4.1 HEERE

22 BEWELEREY 3 v IEROMEIL 4.2 V—LUAEEGEORE

2.3 Y—LURAEEDESR

24 I3y FREMNVIBREHRTEREER
3. MLOT4— RNy JHIIICKDY—LLUZR

3.1 YRAFLIER

3.2 MLYT4—RINy Tl

4.3 ZFEARRER

5. f&m

1. =

TEF, “BERERPFHEDHIR P ERBENDEK
ZERIC, BEHHE (EV) OERDEATVD. 5
“BOMERBIDBRIEFICLIDELD EV OBERNDFH
SINTWVBDD, EBEVETHE XA NEICREND
2.

EVICBIDDEELETHREDUERE LT, HR
D2 REDEFOND. HLIFHIC, RELDX
THE2ERRICLDBEUNELREY 3 v I DIER

BEENTDEHIT, BEXNLIE Y ERBWNWTY
SwFEE—IE T 4— R\ THIHT DR %
BELTND Y

IETIF, WMERNLI B UEERLUETA—R
I\ oEIEEEEL, RYFRBICBOTY—LLUR
ZRZEIANT D ET, BRELDKEL EV2 REHE
VAT LCBIFDWER NIV OERMER
g

* BEEKMHGREAE T Y— \D— LA VEiiFEFED

NSK Techwical Journal No. 693 (2021)



NSK

2. Y—=LURZEIVET

2.1 EV [CBIFIZTRDUHEN 4 2-speed _ Max. Torque

BIE, £<0 EV IFE— 5 DHAEEEREL DR S\ & = Max. acceleration
EENLUTHALTWVDN, BYSADICEEE
HELUT, BBAHPRSEERTL>TVBIENS
V). ZT T, BRi(C 2 R e e 5 & T
RELFEHEBSEEDS |E LFEBHILT DT ED , o
T%% (Fig. 1. &z, ZRICKDEWFELEIA o
TEDIeh, BEDUENDARES LD (Fig- 2). Vehicle Speed \ Max. vehicle :

speed UP

Acceleration
e Performance UP

Drive (Wheel) Torque

2.2 BEWELEDERY 3 v IEFBOMEIL e b B
BEZHEI DIEHICE, Low E—F& High T— §g1 1 2Srij)r:fp[;rfc?f;!:eﬁibr?;?ovement by

RORBEHZRELTINENDD. EBELH/ NN 2-speed transmission

B8, E—YDOEMERNELD SWERBEHZILK

TERFEVeYH, BEOIEKDNELESD. WLTC

E—RNCBWVC, ETEND SBZNICEL UcER™E

tLICK2EBENENZ, Fig. 3(CRT. 4H, ZiR

RDERIEER L TLEL. 1 (2|;Z€ve)ed Characteristics of e-motor
BHICRBEZ2501%ETDHCET, BEUESE

BAETCESD. —7. REWIEKICKD, ZFEY 3 v

INREELD. NITHUBEAF, ZREFHC MUY

TUOTRE U ML ZD Sy FHIBBLUE—S

HIBICT 4 — RNy T BTETERY 3 v DR i

HaEgETHDE, RBELTWVD Y. g

Vehicle Speed (Rotation of Tire)

High efficiency

F-Low efficiency

Speed
High efficiency areas

Drive (Wheel) Torque

2 2REFEICKDBEDMG £
Fig. 2 Cruising range extension by 2-speed
transmission

8%

7% — —
6%

5% v
4%

3% /
|/
1% /

0%

Improvement of
cruising range [%]

1 1.5 2 2.5 3 &85 4
Step ratio

B3 EBEOLICHTDREN 2 REEKDERELL
Fig. 3 Optimum step ratio of 2-speed transmission
for improvement of cruising range

8 NSK Techmical Journal No. 693 (2021)



NSK

2.3 V—LURAZRDES

ZRAPDE I8 b D DZEE) & ZERT#R TD LD
BENMEWVWERZY —LAUVAZREEEZL, V—AL
AR EFRIRYT DIcODEBIFHIEICDNTRT

1 HEDOEERERESEXNZIRIS Y FRODTY
DIATSYFTHEEINDY AT LAICEITSD Low
E— K& High €= RO L2 70—7% Fig. 4 (TR
9. Low E=RTRDOVI T4 0 vFHIL—=F
EUTHBEL, High E— RFTIFHEXSHRI S vFH
SN S.

CDYVAT LCHBITDIEBNE Y —LUVRAT v Ty
7 % Fig. 5 [CEXNICRT 2. ABAOEEHERO
NLO &, IDVvFIRENVIBREDELZREE T
KBLTWD. v I T RTIE Low E—R, U
I, A4 F—v#, High E— RDIEICE— &7
95, BEEOEMHIAE HALERHIFFIFE(EULE
WERELTWVD. 4+ —Y vHETIEFE— RBITZR
EITDEHE—F MLIZETFTVD.

NUIHETOE ML 7Z (1) KITRT .

Tout:Tcl+i(Tmot_Tcl) (1)

Touw - BABILD

Ta 1 V2VvIFmZENVIBE
i OEDREE

Toa : E—F BLD

NUIRETIEEA MLIEI Sy FIRENVLITE
EE—I MUIICLKDRESND. IS VFImEND
JREDLERICNUT, ML TO-D Low E—K
5 High E— AT LTV, High E— RO
NLO TO—-DBATICHVEIRLEDV NS <IFHD, H
DNIVT DD 7ZBSTEHE—F ML I ZENESE
%)

AF—YPHETOEII MLI7Z(2)RICRT .

Tout = Tcl (2)

AT =Y vHEHTREEDMNLIF OISy FmENLD
BELEEFFLLYD, 75 vFmEMNVIBTEZ—
EICRDIETHEA ML Z—TEICT D

LIehio T, MLIHEDSA T =Y vHEETIS Y
FLENMNVIBEZERICHETET D EHHEENSL
V—LUVRAERDAREETED.

Output shaft

Clutch

\ Brake (One way clutch)

K4 2FRZRED NV TO—
Fig. 4 Torque flow diagram of 2-speed
transmission in Low and High modes

Torque Phase Inertia Phase
<  |e-motor
53
98 Output
X%
o

[ increase to keep output torque constant |

Output

Torque

e-motor

[ Control to keep output torque constant ]

Torque
Capacity

Clutch

Torque flow change Rotational speed change Time

5 I—AURZRDCH DB
Fig.5 Ideal control for seamless shifting

NSK Techwical Journal No. 693 (2021)

9



24 I3vFIERENIBEREREER
U5 vFRENVIBEZQ)NITTRT.

T o< ,LlF (3)

w o BB
F.OZvFi#EN

IS vTFmE NV BEIFERRMCHNICHHIT
d. —hHC, EEMRHIIFig. 6 DKROICEE J2E.
REFEHRABBRICL>TENRTD Y Y. Fe, U
Y—=VRATUVIDINSDEFICKDENBREZS
OHEUNED. LchoT, ZRPICIEELEI S Y
FLENVIBEZHEL CE—IPI S v FZHH
LD ML 7Z—EICRDCEIFE UL,

3. MLIT4—FNyIHIEICKDY—LL
AR
3.1 YAT LB

FECTE LI T4 — )V THIBICKD, 75wy
FEMVIBREODHEREICEASNT, Y—ALL
ARRZERITT D

BCDRERI DYV AT L Fig. 7 [CR9.
T CHEIN ML T 7ZBIAG, BNV %Z
ERUED SISy FHNROE—Y MLIZET 4 —
RISy TS B.

WEIX MLI Y DREEZ Fig. 8 (R, BE
I ML Y FRES (CFREAR, T Z0EE
LigW. &z, EiE3HEMT, BD, FE8THHIEdH
hSURAZ vy 3 VENDEHMENRV. SEIFE#HZ
DOHNE@ICERD (I 12

2w I NNV DMER UTZERIC, SHEERIRICK
DS PREEICIS U CEHEERNZL TS, BWER MLD
TR, COBRKREZEY v T MNIIEERMICERE U2
AIWDA VI TT DV AZLETIRA, IWHZHREU
MNLOIANERET D

10 NSK Technical Journal No. 693 (2021)

// Velocity

u / Temperature
\ Aging

. etc.

6 EERFHOZEER
Fig. 6 Fluctuation factors of friction coefficient

ComtrallEr e-motor torque command
|

1 | Clutch force command

Torque detection

Output shaft

Torque Sensor Clute

Brake(One way clutch)

7 J—LURAZERDIHD MO TP =EEREUIE 2
RERED Y AT LERK,
Fig. 7 System configuration of 2-speed
transmission with Torque Sensor for
seamless shifting

Torque Sensor
(Mounted)

Signal processing unit
< Signal cable

Output shaft Base

(Rotated) Coil

Back yoke

Components of
Torque Sensor

B8 MENNLIEYTDENESR
Fig. 8 Magnetostrictive Torque Sensor



NSK

3.2 BMLITa—FRINy Tl
3.2.1 MLoig
MUZABIZBNT, FTFE ML T 4 — Rty 24
BUBEVSADZE Fig. 9 (a) [CRY. COBEA
BoSyFEENIIBEBEREL, ZNCHLT
E—4 ML ESIEIT DT ETY— AL AR B
. LD LBIROED, 25 vFmE ML SBEE
RICHEET R EIFHLL. FIZIEROLSIC, B

e-motor

Torque

Control
Force

Clutch command

[ Overcapacity by [ error

Clutch

Torque
Capacity

target

L—_

actual
[ Drop by overratio of high mode

Torque

Time

(@) ML T4 —R)I\woELDBE
(a) Without torque feedback

B9 KUIHICHITET1— )Ny THIICKDHEE
Fig. 9 Benefit of feedback control at torque phase

RBOHERZEICID IS Y FLENVIBTENS
Eofetza, HAMNUVIIKETT 2.

INICHL, ML T4 — RNy IR UISZED
Z#R%Z Fig. 9 (b) [TRT. CDHE, BEEAHMOK
EREICKDENMNVIMME T TS LICEDTH,
E-Y MLIBT «— IV THIEITEINT &2,
HEAONVIZ—EICT DI EDEKD.

ed target by e

Modifi

e-motor

Torque

Initial target
increase by FB control

Clutch command

acv

Control
Force

Clutch

Output
[ Constant output torque

Time

(b) MLIT4—RI\woBDDHE
(b) With torque feedback

Torque
Capacity

Torque

NSK Techwical Journal No. 693 (2021)

11



NSK

322 17— viR

AT =V vHEICBNC, MLI T 10— )Ny Tl
ULEWBEDZEZ Fig. 10 (a) [CRT. AT —Y v
BT ST mENVIBENEH DMLY LFIEFE
ULIEDTE®H, IZvFmENVIBEZ—EICR
DIET, Y—LUVAZR=ZHIEI. LML MNLIH
Bk, VD VFLENVIBEZERICHET DL
(FEELUL). BOKD ICEERBOHERZEICLDTY
TyvFmEMVIBEENHEVCTRE UTcBE, B
WO F—EITTEDTEL.

INICHL, ML T4 — BRIy TR UIEED

\e-motor /

Clutch command

Torque

Control
Force

//

estimation

Clutch

[ Undercapacity by Lﬁ\j acthlc':)l

Torque
Capacity

o Output target

=g

2 \
Drop by clutch torque actua|

capacity decrease

Time

(a) ML T4 —RI\woELDHS
(a) Without torque feedback

B10 (F—viRICBITFET «— N\ IHIEIC K DHE
Fig. 10 Benefit of feedback control at inertia phase

12 NSK Techmical Journal No. 693 (2021)

Z5#R7% Fig. 10 (b) [TRT. BEEAHOMEERZEICK
DHEADNUVIDME TR TS EICEDTH, HAMLD

ERUED SISy FHENZE DT «— N\ JHIfHT
BINSEAcYD, BHMVIZE—EICTDIENHE
3.

Lfehio T, HAMNLIZ ML BV TERLU b
IWIOHTREE-I NI Z, A F—YvHlETRIZY
FHN=ZT 4 — N\ IRITDET, ISV TFE
E NV BEDHEREDFEZRITFICTY—LUR
ZRT D ENTIREETED.

\e—motor /

increase by FB control
Mmodified tar9°
Initial target

Torque

Clutch
command

Control
Force

Clutch

Torque
Capacity

Output

Torque

Constant outputto%

Time

(b) ML T4—RI\wIBDDSE
(b) With torque feedback

—




NSK

4. BEX MLV ZRWCY—LUVAE
RS AR
4.1 HEBREE

BEL ML TRV T 4 — )V IS
KOV =LV AZERZFTFRFBEICCEELT .

Fig. 7 CRrUfc R T L%, Fig. M DXIEEL
B CSER UTe. ARG Y A FEZREHE T D
CETCEMBEICIDREZENEEAETNC &7
BELTWVD.

2 RERAFEE Low E— b& High E—hZHE
LU, EBfEtb%Z 2.8156 & Ufe. #&7% Fig. 12 (TR Y.
IS vFICIPERERI S v TFZERL, HEAHIPHE
THIFLCTWVWS. JU—FICED VDA IS5y F
ZERALTCVS. #EHREOFETTS Table 1(0R7.
A (C[FHER ML T U EEHAALTVD. H
TINVOIEHEIRD T 5> I8 LD EHT R o THEA
EZEMITHET, MERXNLIEVUOAIEEN
EHECEDHDTHDH EZERLTNVD.

4,

4.2 V—LURAEEGIHOEE

OV FHEZD DI\ T—TERIESEBD 7 v T
27 hOREBRZEREY ©. TDER/ (Y —VICEDYE,
NUIETIERESE—Y MLI%Z, 4T —Y vHETE
U2y FH, TIENBEAREE T Ty FHlHEE
T4—FRN\Ny IfT DI ETHA ML Z—EICH
KO EZESKFLTD.

Fig. 13 (a) [EMLIHETOTOY JiH7ZERLT
W\a.

T*uw [FEREAINVD, THhe [FE—F MLIESD
B FalE03yFRIEREDE Ffildo Sy Fl
HESRAE, v, FEERYZREUC—EEZZN
ZNRLTCWVS. FYy [CHHRERIED/INY -2 =5
ADECTE—RBITTSED. tnERDSITYT
GENMNVIBEZERL, ZTNTRHUTE—Y MUY
GBI T4 — R D—REIC, MNLIEVYH

e-motor |F,
+
2-speed

O
Gearbox T

(a) MLOHE

(a) Torque phase

SESNIEEI ML T4 — RNy I DIEGZMA.
—LUVRARRZTD.

\\//

3 o 5| e-motor
o el [ ] N s DC345V
g w< e @ ¢ o
sss M 36 gg sgl]lzs 110 kW
Eg] BN o
sa3|fz3l8<s|ga|]|z3]| 2Nm
o 9% RECH IESE-% [ORL 10,500 rpm
jud @ | Torque Control

1M ¥—LAURZRERIDIcH DA EREMERL
Fig. 11 System configuration for experimental
verification of seamless shifting

One way clutch

Torque sensor

12 2 SRR
Fig. 12 2-speed transmission

®1 FVET
Table 1 Gear specification
Sun Gear Ring Gear | Pinion Gear
Number of
teeth 54 98 22
module 1.25
e-motor
+ Tout
2-speed
Gearbox T
(b) A F—+48

(b) Inertia phase

13 V—LUVRZRDEHD T 4 — R\ THIfE AT I
Fig. 13 Feedback control system for seamless shifting

NSK Techwical Journal No. 693 (2021)

13



NSK

Fig. 13 (b) [34F—Y viECO IOy 7 igEEE
LTWB. T & High E— REEQBZE MNLZ &D
T2 ETE— RBTEBET 2. V IFAHEES
(U VR PEEH) & HABEE (F -+ U 7 BlERE) D8
HEGEMOEABEET LT NG, BEEMO -V i
EEBL. NMUIETRE U BRERERE Ly
SWFDT 14— KT+ T— REM@BITHL, MUY
TUHICEDESNHA ML ERE T — RNy
SEMTBTET, Y— LU AZEETS.

NLIABD S A F— v EANOBITHEI SR D
BIICE S THAL, TT—ABAEHELLEBAT
Fig. 13 (a)& Fig. 13 (b) DRIEETDEZ 2

4.3 EHRAERER

ZRAERDIGER Fig. 14 [C9. ##h(S Fig. 14
(a)-(d) THBELUCHB#HZRL, fitddznenm
B, NLD, IovTFRIEE BEERHORLER
ZmRULCWS. CIT BEFRUOELEEREI (1),
(2) XEABD MLIDRANEN'S Ty 72K EELR
HeEHU, MUIRETRROSKEREOBEERERYZ

4000 4 B <
E 3500 N
z \
- 3000
[0}
[o]
& 2500
s
S 2000 H— Input
2 —— Output \
2 1500 i T

1000 ‘ I ‘

0 02 04 06 038 1 1.2 14 1.6 1.8
Time [s]
(a) EIEREL
(a) Rotational speed
A B
0.7 c
——FF command
© 0.6 H——Measured
S '©
n A
8= 05
Q -
oL
g % 0.4
S5
S 0.3
0.2
0 02 04 06 038 1 1.2 14 16 1.8
Time [s]

(c) 72w FHlfHE
(c) Oil pressure for clutch
14 >—LAURAZRDFBRIER
Fig. 14 Experimental results of seamless upshifting

14 NSK Technical Journal No. 693 (2021)

100 BEERL, BEFRHOLEZRLTCVD. &S
BEEGEHIETU Y TUVIEAR 1 ms (CHIFD 10 =D
BEEEEZERALTCED, NUVIBETISvFODR
ABRTELUCRRMSEHLTVD

E—R(&F Low E— RALED, MULZHEA-BE),
4F7—2viE(B-CE), High E— K (C L&) DIEIC
®B179 2.

Low E=RTRERIUV—FDIVIDITA TS YFN
HEEL, JELHRLE 2.815 DIREZRLTWVND. Z&R%E
BELTO DY FOMERICIFEERHZT M T TL)
%

NUOHETIEI S v FHIEEDERCHEL, 5w
FLENVIBEDERTD. TOHER, High T—
RANBNLZ 7O0-H0BTUHAOMNLIIERAULELD &
TBHDT, BANVIZ—TEICRDICHICE—F ~L
TEIENEES.

A F— v IETIEASLERL (T F V7 OERE) Y
AU, HALERR (F+ U PEERH) E—HITHFTD
B, BN ZE—EICRDKRDICOT Y FhlfHEZ
v hO—ILd D

125 A B @
100
£ »
E
T 50
Q
25 | —— Motor (measured)
——Motor (FF command)
0 —Output (torque sensor)
0 02 04 06 08 1 12 14 16 18
Time [s]
(b) MLZ
(b) Torque
A B C
120
5
S £ 100
ISR
© Q
0B 80
28
S5
O,Q 60 T —"Measured
- ——Used for control
40 T I I \
0 02 04 06 08 1 12 14 16 18
Time [s]
(d) EEHZREL

(d) Friction coefficient



NSK

NSK

TRFETHRIE, DV FERLDMEL High E— R
[CBITR 799, High E— RTEFALEE HAEDH
BERfSNTUVDREEZRLTVD. Z&RETEHI MU
IW—EEHBDRDICEBEZEZERUICE—F MUY
ZADL, HAONLIZE—EITRD

Fig. 14 (b) [T, RIRCHRI T+ — T+ T— Nl
HICKDE—F MLIDEDEE, FECRIEI
IVIBRICEKD T« — R\ THlEHEZDORANBEE DL
RN .

A-BE, DFEDO MULIHETIE, uy& FaDH&EHU
JeOSYwFmMENVIBEICEDETE—YDNLIZ
BN 74— RI4+T—RESEICHULT, v, &
EROEBFHORM CTEUDE—Y MNLIDREZ
T4— RNy JHETHEL TS ENDDD.

Fig. 14 (o) [T, RIBTKRI T« — R T 5 T— Rl
HICKDT v FHIEEDIERES, BEBETERIED
NUIERICEKD T« — R\ THIEZDERIBEE D
&R ZRT.

B-CHE, DFDAFT—IvHHTIE, BEEMD -V
HHEZEERBL, NUIHETHRTE UTCERFRE v, =2/
SR THIELIC DYy FHIEED T 4 — R T 7
D— REDEICHUT, EEOERGHEDTRE TE
U575y FEEMNVIBTEDREZL I ML ER
[CKDT4— RNy IHETHELTVD I ENRDH
5.

&>27TC, Fig. 14 (b) [CERTERIHAINLIIE
A-C EC—EICHRINTVD.

ZDEKDIC, HAHMICEDMIFIEBER ML
HBEAWTCNULIETEFE—Y NLOZE, 41F—+
HTRERISYFHNIZET 4 — RNy IHlEgT DT &I
KDOZRPDH ST ML DEE)EZHRRIRTD ML
EBEDNIWVWY —ALAURZRZFRIZT DR,

Fig. 14 (d) Tl&, EBEOEEMAHEHIEICHERL
CEEFHZEER U TS, 2R (SRR3R
ZELTWBTcs, EEFHMOIERTHEIFH UL
UL, EROEZRGHESIEICERT S ERAHO
BICTeEEN Do fcE UTCH, SEY—ALAUVRERZESR
BRI ETHA NV T 40— R\ JHIEOER
MHREN .

ARTIRY—LUVAZRZBNE U E R #7Z
Io1eh, MLV ZERWET «— RNy JHH
HIIDCET, VDVFENVIBEDHETRES
OHNELICEASNT, B ML ZERICHIEIREET
DDd.

5. f&im

AR TIE, BEEETHREDNERE LU TEMTHD
BDRELDARES 2 REREFExH I D EV EFE)>
AT LCBVT, BED—DTHDYINIFUT ¢
DEtZzEfEU.

O\Z MEDHBDH T LT D—EFIHEIRDA
BWELX NV ERAWNT NUIHETIEE—S MU
O%, AFT—IVvETRITYVFHNIET 4 — Ry
T SERHHFEZRE L. AFEICKOAN
VFRBRCY—LUVRERZERL, YT NITU
TADELEZERIATDHET, BELDKRKELEV2
REEY AT LIBIFDWERX ML UOBERM
ZnUTlc.

# B

FEFE(CHEDEREE, =1L —Y 32V TTH
NEWVWSEBARFARREECRRHBLUET. Fe, b
WOV DEREICCHAIREEX UTCHIIEBHKIR
R CRRHE L E T

SEXW

1) BHEREX, /)\FHEE, 2B, BEHEEE  #EXNLIEYTDEVA
DEARE —Y—EVYv T bOUTILIA LNVIRAIE— BEhER
firx 2019 FEFARFMHETFRE. 20195291 (2019). 1-6.

2) BEhEiia  BEEKI/NY KT vy, <F1 ofH>EH - BRE
(2015), 113-115.

3) Péar Marklund, Rikard Méki, Roland Larsson, Erik Hoglund, M. M.
Khonsari, Joonyoung Jang : Thermal influence on torque transfer
of wet clutches in limited slip differential applications, Tribology
International, Vol. 40, No. 5, (2007), 876-884.

4) K. Matsuo, S. Saeki : Study on the Change of Friction Characteristics
with Use In the Wet Clutch of Automatic Transmission, SAE
Technical Paper, No. 972928 (1997), 93-98.

5) RS, IR, JEKISE BE NS YA vy a VABER ML
tYY— BIZEEIR. Vol. 35 (2019). 18-23.

NSK Techwical Journal No. 693 (2021)

15



16

NSK

BEERATP7UVIVATLICBITSD

JRAEIERERIFE

)= PN

;‘!_';I_LI

FEE FA

Developments in Steering Performance for Automotive

Steering Systems

M. Nishio

Steering performance, which allows the vehicle to move as the drivers expect, is an important metric for driver comfort.

Steering performance has been tuned by control parameters in steering systems based on the feelings of the experienced

drivers; however, requirement specifications have not been defined, meaning steering performance has not been designed

or evaluated based on quantitative targets. To solve this problem, strategies defining required specifications for vehicles and

steering systems have been developed to design and evaluate steering performance. For example, 1D simulation has been

employed in system design to allow steering performance to be analyzed based on the characteristics of individual units/

components. Further developments aimed at better steering performance and autonomous driving will provide ease and

pleasure for drivers using NSK steering systems.
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Development of Bearings for Industrial Machinery Motors

K. Denpou

Motor power consumption is said to make up 40 to 50 % of the world's power consumption, making motors a key

energy reduction target. High-efficiency motors with improved motor energy efficiency are being introduced. In addition,

power consumption is being reduced by inverter control motors. In recent years, the demand for industrial robots has

expanded rapidly due to the decreases in working populations. These robots use servomotors that can rotate forward and

backward for accurate positioning, and the demand is expected

used in high-efficiency motors, inverter motors, and servomotors.
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High Load Endurance Test Unit for Electric Injection
Molding Machine Ball Screws

A. Ishikawa, K. Namimatsu, N. Sekiya
BEK LB

A high load endurance test unit for electric injection molding machine ball screws was recognized by the Japanese
Society of Tribologists in May 2020's “Tribological Heritage #18.” This test unit was developed in 1990 to evaluate the rolling
fatigue life of ball screws under the high load conditions found in such machines. The unit features:

(M An endurance test that simulates the injection unit of an electric injection molding machine (maximum load: 300 kN,
fluctuating load, short stroke).

@ A test load on the load cell that can be constantly monitored.

® A simple and compact structure that achieves high load testing.

This was a groundbreaking test machine for the time thanks to its unique configuration that matched the development
of ball screws for electric injection molding machines. The test unit is recognized for laying the foundation for endurance
evaluations of these specialized ball screws and contributing to the electrification of industrial machinery. The test unit is now

on exhibit in the NSK showroom.

3. EFSHAERAR—IL U DR
4. HEHE

1. FAHE

2. R—ILR UEaEm AR
2.1 —RRBVIEIN—IL1a U DR Bk EE
2.2 EEGIHERAAEICHIT D R—ILR U DFRE
2.3 EREMABREORE

1. FAHE
SH, BORADTRONDZELDTIZATF vIHmR
(REBHE, BEBHEE, T e BFim BREEES,

SNTVCBEY — M= (A UTc BB ST A
hEsUIe. Lkg TSAFvIRROEE - DS

EENE, R—YAREE) DREAED, S
R TEESNTVS. AR, EREHE
HERCH oD, BIRPEREFREDEN SEHNE
HYESH SN, 1980 FRICTIFHMMDAIEIRDICHL

——XICHInT BIcsh, BEHFHMEE ClIEE MR
(ERt, SBE =mEk, AIXMEEE) RSN,
SHICE>TWS.

BENENEROERERERE L TR—)LRUHN

* BERIMEYY—, HERITZUER
* % EIAE, ARFTEIMHIEEE
* %ok BIEAE, REFAL

36 NSK Technical Jowrnal No. 693 (2021)



FE(FonNdN, BEFHRTEREOS H SRS TR
WDLDBTMERDAEEIFELD, NDEERE
EUTERTN, LM CERASNGATLIDD 1
I EREWVEE kKN OSEaENR—ILRUICERYT
Bdice, TOMAMKICFEBNDofc. TDRIFHL
WIRIE MCHBWCTH, D7 REAEHR I 271
(C, R EICEWVEEREN & FinZFRimA foh—
IWRUDRETH o

BESNHAFE#AR—)LR UDE & & A a5
(&, CTNODELE-ZK(CH UihRIFW iz algElc U,
CORRICHIFDR—)LR UDM Rt 7Z i g &5
TS FHMEEREE DEEEM OB EDOREIC
=0

o, COE8AMARRENAEAR NS /ROJ—
Fx bSAROYV—BES18SICRESNDT,
ClICHBNTD. IRfE, EEREIFIHAY 3—)L—AIC
BRESNTL(BE).

2. K= USEEm AR
2.1 —MRIER—IL1 U ORGSR
TR S (CERTNDR—ILRUDEHZT
ffi - BRI BIctD, ERKAD NSK TIHE 1 (TR —
L ICEROT v MEEE USSR OM ARz
AL, RENEEHHBESHBEHEQCE . Tl
FHEEUTR, IV RICKD—ERE &t kN
BE) 25X, TORMETTOED (HEEE) %z
IBHECH oI
CDKRSBE L DHBBERDS, BRDEARLC
BVTIE, R—LRQUDOEDHEXOHILISN, T35
[CBNTHZDEZLUENERSNTL.

2.2 FTEHGIHHAAAEICHTDIN—ILR U DFE

1980 FXIC, ENHEHDHFHMEEA —DH—(CH
W CEFBSEREEROREL FRS N, 203K
BIEARYIS MR SRIRE LIc B DD, BICHRINERE
h%2BDTHofk.”? FED—DICR—)LIRALOD
MAMNZEF SNz, ZBEOR—)LRA UOEEIRRZ
BEH2(IRY. BHICIJU-XDRECEBL, B’
ELFBEDEETDDDTHofE. [FLBEFELER.
B(CEB UtlT D EM—ILOBRARSFEEL, Ov
7 (BWELE) [CED.

BEIRHREE T NITERSNDR—ILRUDE
BfZR 2 (9. FICHHMAICERSNDSR—IL
RUEFET mm EVWS/NANO—-TIT, SEEDLE
DR UIERTY 2 VWD BEFRS CTRERASNS.

BB 1 BBSHAEHERAR—ILR DS RE SRS
SRRESLE
Photo 1 High load endurance test unit for electric
injection molding machine ball screws

CDRDIC, FHMFE(CBITDEEE - /NA ~O—
JIEEDRHETClE, SETFHIL CEfeR—)LRAU
DFsIEOFANERTET, CORDERART
DMAFHIZSEREL, R—)L1a UDEHRPEHREET
EEMEI T D ENRFE CTH ol

2.3 SEETMHAGHREDOR

FIHEADR—ILR UL, &AHME kN ETOZEE
FECEVA MO—JEVSERHTHEASINDC
8, CDRDFEERAZHIRCEDHBENVET
dHofc. AMAFEREE 1990 FICRELIZHDT,
Y—MRE—F2F AV INILRZEN U TR—=ILRU
([O&EFEL, M—ILQUISHEEG -7y hMEEITS. &
FFMERTERDBELEOTHD, RATEF
300 kN FTEEITDEDTIRET, KEDEEFH
RICECE UL 3EOO—FEILTRRETS. NI
KO BENFT AR CED UTeM A BR DY Bl RE & 78 D
e, mEvPEE/\(Y—2Z’R 3 [IRT.

FHBRE CIREBECEFEEZS A DICHICIIE
RZAL, SRR CHDdN—ILRUNBET S L
T, BoDOFBEEZEHFHL, EROM A GERHE(IC
FRVEHEE DTS, Ffo, 1EROMA R
—EREZEE T DICDICIFRDEMETHRELTL
1eh, SEfEMAGERESEENEE T Hith, Bt
DKXDICIEDO— b EILZEE L CEEEZRH
THEELEOTCVD. BT, M—ILARUICREE
HMER UIEWVWK D (ICRAEBBHEEET, LEUIcaliasktt
hsons.

NSK Techwical Journal No. 693 (2021)

37



38

F v kB /

& kN

f

o

[FtaferE AR sec
v ~EDDIES fE/\T—>

B1 3ER—)LRUEmMm A SR
Fig. 1 Endurance test unit arranged with three ball screws

BE 2 {HSEHHREE TOR—)LR UESSH
Photo 2 Ball screw damage in early electric injection molding machines

NSK Techmical Journal No. 693 (2021)

v



Bl
S HHE

AIVIOTH JSR)IE YT

B2 EEREREEICERSNSR—ILAU
Fig. 2 Ball screw applications in an electric injection molding machine

Z
il
=
5[ sec i
mE/I\F—>
T Mm—)Lal O—R1t)L(X3)

mid1
SA=D
~NJ)Us
87—
Tk (X3)
B
(BREHZES)

K3 BEFEREERAR—)LRQUSEEHARKREDRES
Fig. 3 Structure of the high-load endurance test unit for electric injection
molding machine ball screws

NSK Technical Journal No. 693 (2021)

39



NSK

ZTOMRER, SEEDHERTHDENS, EFREFMA
MEHImOMTA S CERICEBREN Y > TIL TV
NMIEDTHBED, AUTFVABDBEHLEED

3. EFFHAARERAR—ILRQ U DORRE
SEEMAABDERNSR—ILRUICEET D
FERDEITP, SOCHZ<OEEFTMZRT,
NSK Cl&, BEHEREEOITICEamREmR—
JLRU HTF YU —XZRFEL.

HTF > U—XI&, TETHHEHEREEDBICIN
[CXIHT DEE, NIEMICK> CEaTENZER
LicbDTH D

- BRI INERET

R—)VEZBRETCARELTD. BIEER—/ILE
ZEYPY, h—)LBEIROREIL.

-y hEESmOE—L

R—)VEREOAEZ 180° MEICTHIET, 5
IT7IHBADNS VA EED. Ffe, BEEICKD
R_UE, v ~OESEOMIEDOFEZRRSED
ST DHEE.

100

x A
[ /me
[ /a [¢#
0 fi7as
u |/ #
40
Qi
) 4
- /
e / .
. /
=10 y 4 /
i ; 7
M VAR L VA
7 .
o 58 1 Prax=1650 Mpa |||
m 8% 2 Pmax=1990 Mpa
[T [ T TTTI

1 2 4 6 10 20 50 100
XL EREIENF rev

ABHE (FE) ([CXDFMNDTE

K4 MAEHBRERO—HE]
Fig. 4 Example endurance test results

40 NSK Technical Journal No. 693 (2021)

ETIERE L

1.0

0.8

0.6

0.2

HTF > U —XORFELLITLC, AMAGEBREZ
FRALC, TE@EREE). A O—IZ&ETE
MAFERZIT > CEe. ABRIERO—HIZE 4 (CR9.
R=)LRAUDMAMESE, FEICKIDEEPA SO—2
[CRESFESINDEPHIBRLTC

TNODRBRIFEN D, —MIVEERENFonDET
BAZEELC, AEE - X hO—JfREZERVCHm
srEEEH L. Y

B EDK S HIERZRE DA, BEFHHEER
DOeaEHsAR—/L1al HTF Y U—XZEFR U
(BE3).

CDOHTF Y U—XDORFEELBERIC, BEGHAE
BORZBIAL, FEDBAEEDICETSEDER
fEDERENTCLe. COXRDEFEKRITHINT B,
ZTNCERASNDR—ILRAL (HTF 2U—X) OmA
MHEICE LSBT END O

FHMEHKTIEFERIENR—/LRUICIERL, #E
DEENFELETD. TDIee, TIHEHRFC(FEL
D, M=) UIFRETEDFE(IC KD IR—ILDEED
BIEERFRELP TV, e, SETEDEHEIC
FBDEICKL O CHBAIDEHEMENMETL, R—
VB TDERERICK O TCEBERZS ITRRIT L
P, MR PO—I(CLDEHZFTDFEDERARICK

0.78

25 50
A hO—22 mm

100

OUINZ RO—2 (L &k BERDEE



NSK

DEEHNEZIOND. CNOHDFEICHT HdHEHREL
CTR—)VEICRBE—XZHEAL, "N—)LETDERE
EmrEU. TOMRZES5(CRT. CDKD
THROMERF, £ TCEHEEM A GEREIC CHEEREN
fc.

EE 3 sama¥sAR—/LRUCIHTF 2 U—X]
Photo 3 HTF Series ball screws for high-load drives

CDROIFHARZR—-RELT, REE—AZER
LU, #HD/\ATAT)UEICHRIGUIcER - S&aTfE
BAR—=ILRUHTF-SRC Y U—XZERUC(BE4).

Bl EDKRSTRBIEZR T, BEFHAFEHEDREET
HoOEM—)LRUDMAME LZRIRTHENTE
fc.

BE4 5% 588HAR—/LIAUIHTF-SRC ~U—X]
Photo 4 HTF-SRC Series ball screw for high speeds /
loads

AERE DN —) LR EIARE
fRIDGRERICT

(a)#87R—)b

5 RFFE—RDHMR
Fig.5 Effect of ball-retaining piece

bRFE—ZAAD

NSK Techwical Journal No. 693 (2021)

41



NSK

4. HEHE

BEISEMREHEE, TOJBEDIAREEDIC, &5
BoEaE, BE REMLEEDUHRED LIEAT
W\ad

INBICHRTBIeHIC, NSKOR—ILRAUE&a
AIMAGEKD, SoFdEa[, SR(ECHEI Tl
EDHSN, BLCESLTETWS.

S, M—ILRUDOARIEEICIEASN, FEHEZG
BBULEDBHDLEBNNS. TDRIIFIRE MIH
WCBHR=ILRUNLELTEE CEDL D, R—IU
A U D@ CFHmZ ki U CHEE L TLETZL

42 NSK Techmical Journal No. 693 (2021)

SEXH

1) fEER, " BEBY—AAHEMEKICET BN . Pm, (1998)
10-13.

2) WESR, W BEY-ARFEREESEZERE . (1999) 28-29, BF)
TR

3) “EmE, =20OM5%5, MR- UOREDEMEIE”, NSK Technical
Journal, No.664 (1997) 9-10.



NSK

[BHEOTEE 7 I F 1 T — 5 DRFES KU A

RER

Mobile Extendable Robot Arm (MERA)
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Maintenance and repair often involves climbing up tall ladders and working around risks such as high-voltage power

lines, gas pipes, and other physical and chemical hazards. Using ladders to conduct inspections comes with significant

risks; falls from ladders account for a large portion of occupational accidents every year. Even though the tasks are easy

and repeatable, they are still not automated. The Mobile Extendable Robot Arm (MERA) is a movable robot arm with a novel

extendable mechanism for reaching high places and positioning an end effector. MERA is composed of a locomotive vehicle

combined with a rotation table and a two-layer, two-degree-of-freedom (2DOF) scissor mechanism. In this paper, we present

the design of the scissor mechanism and a singularity analysis. Based on the analysis of the singularity found in the 2-DOF

scissor mechanism, we propose two novel solutions to the problem.
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Fig. 10 Mechanism to avoid singularity by using embedded pulleys and timing belts
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Fig. 12 Mobile Extendable Robot Arm (MERA)
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Fig. 13 Structure of 1st layer scissor mechanism

52 NSK Techmical Journal No. 693 (2021)



T, DEBOEA, EEEHRETFACEINT0.1 mm
YITRLTVB (6 1=0.1mm). Ffz, NEYELT
CEICKO2TTEREYY—XAZXLDKSCHLF
[CURRITTREIMAATEofz. 22C, B15
[CTRT K DTFRIRIFIEIRZR; D TS(EBLD Y > O 7%= E
FUle. RzEMLTESCDY 2T DEIEZ=RELT
BD, 500 gf BEDERE CMASND.

5.3 YEREINAB

LEECR=EUR 2 REMEREIE 7 IF 21T -5D
REFHFHE, £2COFPIF21TI—FIBKLO NI
BIDE—F NS4/ WP\ T U—ZBEhE EICERE
THIENTEDRICHD. DI, KFEHZEEE

G

(CHSEHBIURIZER CED L, BIECHRNAE
([CIED =X P ZXLDED IR UEBRIC K DHTHRD
URTHRNCE, Bk PRs5EDIMEZTT A (7K
PIEZEERDIEDD'D'D K DIFGFI CHEMATEDE
EDAU Y DD D.

T, 02 RAMBERIEE7 2F 1T —F Tl 1
DOFHEICHUL T4 BEEBLTHED, 2 BRENTT
REHELKS. CORKREBEICLD, 1 D075
TRAUEVRBREICHRCEBEZ U CEB TP AT
BECHD (B16 /). Ffc, RIRODE FIHIDK S
BEEYHHDHED, INZET, RIERONSKHF
WEDEEICT I ERTHIENTED(E 16 H).

o I—I-—/—, y

Previous version (No beam)

15 2 REI T — XD =X LDEHB RUH

Fig. 15 Structure of 2nd layer scissor mechanism

NSK Technical Journal No. 693 (2021)

53



54

B 16 BEEHEETEORY b7 —ADFH

Fig. 16 MERA feature
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Development of an Automated Single-Cell Seeding Device

for Biopharmaceuticals

R. House

The use of antibodies for the research and development of new drugs by the biopharmaceutical industry is steadily

increasing. Antibody production requires that the producer cells originate from a single cell, and NSK hopes to eliminate one

of the uncertainties in the development process by providing monoclonality support data during the seeding operation.

With our machine, the cell never leaves the view of the camera from collection to deposit, a video is recorded of the

entire process, and images are saved from key points. Our machine achieves a single cell seeding accuracy of 94 % and an

operation time of 40 minutes for a 96 well plate.
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Table 1 System specifications

Micro Manipulator XY Stage Z-Axis Pump
Stroke 20 [mm] 150 [mm] 100 [mm] 2799 [uL]
Max Speed 5 [mm/s] 20 [mm/s] 50 [mm/s] -
Resolution 0.1 [um] 1.5 [um] 1 [uml] 508 [pLl]
Microscope Olympus SZX-16
Camera USB 3.0 camera x3
Control Windows PC
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Photo 2 Image processing results a) Detection results, b) Capillary detection results
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Quantitative Evaluation of Effects on Dent-initiated
Flaking of Rolling Bearing (Part1: Evaluation of Dent-
density p,)
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Dent-initiated flaking is a major failure mode for rolling bearings. An accurate prediction of bearing life is required as
bearings are increasingly used in various severe conditions. Bearing life is affected by oil-film thickness and the size and
hardness of debris that exists in the lubricant. In this research, we conducted endurance tests under various conditions. Our
results found that dent-initiated flaking life is correlated with dent density on the raceway, and dent density is affected by oil-
film thickness and the size and hardness of debris in the lubricant.
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Table 1 Operating conditions for life tests

1

'Radial load

Test bearing

Housing

Lubricant

FFonsn SR OIS
Fig. 1 Schematic of life test rig

Test No. Al | A2 | A3 | A4 AE | B1 | B2][B3]|B4]BS
Load, kN 6.2

Rotating speed, min™ 3000

Lubrication system Oil bath

Hardness of debris, HV 870

Particle average diameter, um 170 46
Quantity of debris, mg/1.2 L 25 | 20 | 50 20 10 | 50 | 20
Lubricant VG68 VG32 | VG10 VG68 | vG32 | vG10
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Fig. 4 Inner ring surface appearance after life tests with different lubricants (B-3 VG68, B-4 VG32, B-5VG10)
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Quantitative Evaluation of Effects on Dent-Initiated
Flaking on Rolling Bearings (Part 2: Evaluation of
Factors Influencing Dent Density p,)
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Operating environments for rolling bearings are becoming more severe and diversified due to increasing needs for lower
energy consumption and higher efficiency. Therefore, dent-initiated flaking on the raceway surface caused by debris in the
|ubrication environment remains a problem. Previous studies have revealed that the end of bearing life caused by debris
has a strong correlation with the number of indentations formed on the orbital raceway surface. In this report, the influence
of the size of debris and oil film thickness on dent density is quantified. As a result, a calculation formula was obtained for

accurate prediction of dent density from central oil film thickness, the size of debris, and the amount of debris.
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Figure 1 [CERMSHBREEOMEZRT. A5k
#HMZEUTRBEL#Z 6206 (RE 30 mm, AE
62 mm) ZAWc. WS KUEEMAICEF, SUJ2
BRATUGER UM ZAWNTHE D, (REFsRIFEIERE U,
AERCIE, HABRAZ(CEZRES Y VILEEZERFLT
Wna.

Table 1 [CEREAS5HEFEAHZRI. EYE(Qantity
of debris) (FEWREREEYEZEN HHE L TKHT
Wd. BULIB(CK > TS ZFI 870 HV ICFAEL
EAF—=ILT Uy b2, IRBIERICK o CHIRZHRIA.
ERASAEYE VTRV, BYDKRES, B
MEZI\SA—5EU, 5t 12 BEDRBRZEmUTC.
L ERHBEER SR (3 10 min., EIERE(E 3000 min™'
& Ule. ERMASHEBREREOHZONHRIEEHR
BzEBMABTSBEMEBEICI > THREL, ERY
ZHEL, BAEEHECODERER = BEEE 04
(Dent-density, count/mm?Zst&UTz.

x®1 EENSHBRM
Table 1 Operating conditions for indentation tests

1

A [ o]

Test bearing

Housing

ERMASHBREBEDHES

Fig. 1 Schematic of indentation test rig

Test No. ci]c2[c3|ca|D1|D2|[D3][D4]|E1|E2]E3]E4
Load, kN 6.2

Rotating speed, min™ 3000

Lubrication system Oil bath

Hardness of debris, HV 870

Size of debris, pm 59 103 181
(:Qouuanrl[ti/t%?f debris, 25.6 48 09

ISO viscosity grade of VG VG VG VG VG VG VG VG VG VG VG VG
lubricant 10 32 68 150 10 32 68 150 10 32 68 150
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Hub Unit Bearing Sealed by Plastic Sensor Cap
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Photo 1 Hub unit bearing sealed by plastic sensor cap
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Ball Screw Units for Electric Hydraulic Brake Systems
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High-Safety Redundant Column EPS
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Thin-Section Ball Bearings for Strain Wave Gearings
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Photo 1 Thin section ball bearing for strain wave
gearings

1 REIERERRE
Fig. 1 Strain wave gearing
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Sealed-Clean Four-Row Tapered Roller Bearing with Long-Life/Water-Resistant Grease
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High Durability Precision Ball Screw
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