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Trends of Intelligent Vehicle Dynamics Controls and Their Future

ﬁ EB 1F A Masato ABE
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Following to a survey of recent trends of active motion control of the vehicles, a possibility of the vehicle active motion
control of electric powered vehicles is discussed and the experimental substantiation of the possibility by using the
experimental vehicle is introduced. It is found that the vehicle motion controls which are not available for the ordinary
vehicles so far will become available by an ultimate intelligent active motion control of electric powered vehicles. A vehicle
limit performance is dramatically extended and the tire wear of the vehicle during controlled vehicle motion is significantly

reduced by the controls.
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NTN Module Technology Contributes to Energy Efficiency and CO: Reduction in Automobiles

¥ A& H E* Takehiko UMEMOTO
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In recent years the pursuit of environmental performance, through fuel efficiency improvements for CO2
reduction and the re-use of energy, together with the pursuit of advanced electronic controls for safety and

comfort, is progressing rapidly in the automotive sector.

NTN are traditionally developing and supplying mechanical components such as bearings that reduce heat
generation, friction and energy loss. More recently NTN is supplying automotive manufacturers with Energy
Efficiency Improved Module products that comprise of several different component parts.

This article introduces NTN Module Product lines which are a significant contributor to the improvements seen

in automotive energy efficiencies.
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Recent Technology Trends of In-Wheel Motor System for Automotive

B £ BB* Tomoaki MAKINO

Gl B F* Aiko ISHIKAWA
A4 FB* ChinamilTOU
B " KayoSAKAI

A VKA —IVE—FARDETBEHEIF, RS TV v T MNEEDEREIRICERT DL
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RO DIEFEICHIE CEScd, EMDREMETERZNEICE LIEDTENTES.
FETlF, RERESESEADERE AR E UTHFEND A VikA —ILE—5 DEf
FEICDVTIBENT 5.

In the electric vehicles equipped with in-wheel motors, the degrees of freedom for vehicle design are high
because there is no restriction of drivetrain layouts such as drive shaft. Moreover, independent, quick and
precise control of driving force of each wheel can be realized by in-wheel motor system, meaning that the driving
stability can be improved significantly. This paper describes the technology trends of in-wheel motor system
expected to be powertrain for new generation electric vehicle.
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Electro-mechanical Brake Unit with Parking Brake
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The new brake technology such as regenerative braking and Electric Parking Brake (EPB) has been spreading in
order to meet the demands to improve the fuel economy and convenience of vehicles. It needs to utilize Electro-
mechanical Brake (EMB) which is the final form for the further advanced features of brake.

NTN has developed the EMB unit which has parking brake function.
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Ball Screw Drive Module for Electric Hydraulic Brake
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Recently, EV and Hybrid Vehicle percentage is getting higher at the automotive market main caused by the low
fuel consumption requirement and CO2 emission reduction requirement. Those vehicles have the regenerative
braking system, in order to obtain the vehicle running range expansion and the highest electric efficiency. NTN
have developed the compact lightweight ball screw drive module for regeneration cooperative brake system.

This report introduces the development result and the typical feature for it.
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Low Torque Deep Groove Ball Bearings for EV and HEV
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In order to improve mileage per charge, various approaches for EV and HEV parts to achieve low electricity
consumption, weight reduction, and downsizing are attempted. And also, for bearings to be utilized in EV motors,
further low torque performance is a strong demand. This paper introduces High Speed and Low Torque Deep
Groove Ball Bearing for EV/HEV as Oil Lubrication Type and Low Torque Sealed Ball Bearing as Grease
Lubrication Type from NTN, and explains its features and performances.
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The Reactor Core for HEV Boost Converter
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Nippon Kagaku Yakin Co.,Ltd., as one of the NTN group companies, develops various types of magnetic material
products’). The major product is the Amorphous core which has characteristics of high saturation magnetic flux-

density, low core loss and superior frequency characteristics.

This article introduces the Amorphous reactor core to meet high current and compact for Hybrid electric vehicle.
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Hub Bearing with an Integrated High-Resolution Rotation Sensor
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Wheel Speed Sensor is one of the most important sensors on a vehicle and used not only for ABS but also for
various control systems. We have developed a new sensor device for high-resolution rotation sensing application and
now the sensor can be integrated on hub bearings. In this article, we present the function of the high-resolution
rotation sensor hub bearings along with some of the novel data measured on the test vehicle.
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PCS-H/J (TURIRI RRTSAV I\NTIaAUh)

Press Connect Spline Hub Joint

E R VNI
XH

Takayuki NORIMATSU
Tsutomu NAGATA
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In the automotive industry in the world, low fuel consumption is an important issue , the lightening to become one of
the solution is demanded from every part constituting a car. NTN developed the lightening of a hub bearing and the

CVijoint in order to meet these demands.

This report introduces "PCS-hub joint" which is lightening by connecting a hub bearing and CVjoint by "the press

connect method" that is NTN original technology.
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Next-generation High Efficiency Fixed Type Constant Velocity Joint "CFJ"
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The demand of low fuel consumption to the car from consideration of environment has increased in recent year. In
NTN, in order to realize high efficiency of drive shaft, we developed a fixed constant velocity joint which reduced
torque loss by original design. This paper introduces the feature and performance of the CFJ.

1. FANE

HROBHEEROLERECH S [EMREL] =
KIRITHCHICIE, FRERZB T D BB O KR
W AREIRCHD .

II VNS0, ZRE (FERE RENEHC
DodRSATI v T MR TCIAVICEESND.
DRSATIvINE, ASETHDT 4 T7 LY
VILFTEESY A VRIOE A AEZE O EER LT
b, BICRAURETBESNCMNUVIGEZTEDCE
o, FERI 342K~ (Constant Velocity Joint :
BIRCVY) EFENSD. CVJIF—m|mMIC, I3 1>
PAEIFXRELENDHHEABICAS A FUEWLEER
CVJ&E, IJaA Y hAIFINEVWDASA NAEERL
DEHCVIZY v I NCERBLTCHER T S. (E1)

CVJIE, RTITRT KD ICEINTESRDIEN TlF
BHEBHE MUVIEERDNEVD, ERE(EDIZH, &
S5IEHMEMB_ENKDOSND KD ITEoTC.

E2(C, NTNICBIFTDEERFRY 342 bOBRE
{EEBRIEDEEZRT . NTNIFEEXCVIDL
B7ZER, B - OV)\U NCTEWELEY X3
ZOWESR<HEL, BFEOREBEBICEMULTE
e, =7, L SERCVIE, ERD I D= 7ZE
AR LTz hUR—REIRFERTHD, MLIEKEE

ERCVIICHENTNEL, 0.2%IEETHD.

AiElE, BEXCVISWVWTHEBDEEIER Z KR
IoMBEEETZRAL, EBJICHU MUIEREZS
MUz, [CRJ] DRREMBEZIRNT D,

54

FE=E
(T4 77w )LFT)

HRSA4TY v

[ Lo SEECV |

EEXCVJ

RSAT2 v T hDECE
Layout of drive shaft

1

XK1 EBAOGESSBO—MRIIE ML UIBRD
Torque loss of drive-train
BB i ~UOERER
IR 1~5%
{EENEE 1~5%
gxahEd (CVJ) 1%

*BEIESEEAE RS54 T bL—UEIMER

-64-



o EEE TSRS 3 1 b [CFJ]

100% A 10% A20% %)

A T """ - — 100
AERE 1 'I =

fEeRm I 80%
(BER—L) -

L O e T i O |
5

| BEE v b .
AR U—2 _
[CLBTA XTI - F3E

() e

BJ CFJ
1990's 2000's 2011 2012
F R

H2 NINEEXHFERY 312 hOBRE(LEMFTIEDEE
Transition of the weight saving and increase in efficiency of NTN’s fixed constant velocity joint.

2. CRJDIBELER

2. 1 CFJO#EE

CRJIE, M—ILDFMEE(NS v I)ZRA TN -
N, 05 MO ZmET 8EDR—IL, SRUMN
—IERFI BT —ITHEREND (A3) .

P A &

R4 bSvIRIRK
Configuration of track form

{8 -
i | P EETEPY
st :
J
®3 CFJDERK £
Configuration of CFJ [ -
\
\‘-._ 5 s
= 1]
2.2 CRJDisE s
NUZBAEIZ B1ct, CVIRDEEMEBDE \
EHEIEET DREEERALL. M5 ~SwoER—ILOEE
BR1  NREABOMIIR NS v & =875 [CIE Layout of track and ball
S, BhED M v o EBENTRICE
B (E4)

BR2 NE LSy IENR NS Y JOERZEL
[CESE, RRICKN—ILZEE (H5)



NTN TECHNICAL REVIEW No.81 (2013)

3. MLIEXRERDOLL#

CVJD ML IERIE, BEMEBOBRICKDI X
ILF—ORICERTD.

M6, RITmEBJDZANKREZRT . Wi - Sk
DhSv IR EICERL, TNOHAOFLZED
IAY MRLDEDEVICRYABICTFS UL THD. &
NZIET DM—)UIF, <SUBTZEEMRITDA-H
WOV IICHEASN, T—IICKDREFESNSD.

JaAVMIMNLIDEREIND L, NS HNERD
Sy oER—ILAEML, <SUBDEETR—)b
[CET—Y%ZBTH (F) BFEETDH. EHICTDTE
BEEODHOIFED, F—INKEENHAIKES
BRU F—INKEENEHNIKEECHETD.

CFJDRFEICHIZD, FEMEMDIENT, IDE
EFIHIEES (W6 @, ®) OEZEENDERICER
Lic.

E7(C, RETDALNZRT . 2IETHRNfcKLD
(C, CRJFEEDE SR b3S w U ZiRECECE
LCTWS. CDlcbiR—=IbhWT—I 7389 (F) D
Mz, NEmOROR/l (F1) &BAl (F2) DXEIC

B2 I 2 =27

[ RbER()
OHNER NS w o ER—IU
@M S w7 ER—IU
@ —IER—I
@ —IWIRE & NERSEE (O 6)
®OF —IUNIREE NRERE (< _>8)
(EIEIEDIs, ~SwoER—LOERMSR NS Y IEICORT. )

X6 IRIT@EBJDIES
Composition of EBJ

-66-

RODIFTDIENTESD. F1, FRERESHEU
T, MDOPEETHHCHEVICHERSN, F—ID
HAAZUNIHISNGD . TOR/R, T —I &N,
BROT —Y ENEHE CFHLE T S IKE MBI AR )72 KiE
(BT ENTED.

F1 sl
Folfid]| |
SV
i=FeEll
SR bSwvo
=Yeii]
AR

K7 CRJORESS
Contact force of CFJ

4. fETIC K DIREL

H8(&, CFJEEBJDIKEEREA I ZHIBIRTIC KD
KD, tERUIcBDTHS. CRIF, LWFNDIaA> bk
BEICOVTHIRERAMNIHED THEVLC EHOD'S.

WMEWSICKD MNVIBXRERDLU L HHENES
DELNTLS LN, BTRRN SBHEER TTC.

BE, T—IERBOVTHEKRDERNEFESN
TWa.

. -— CFJ

’lf — EBJ (E¥U—X)

3w

iq

t nﬁ

o &

o il

N Vi

B

i1}

&
A comnepaany)

0 2 4 6 8 10 12 14

JaAVrEE

E8 IREEREARIDIRATIER

Analysis result of contact force of spherical part



o EEE TSRS 3 1> b [CFJ)

5. BEttaetEt

5. 1 GEMR(NLIERE)

E9l&, CRJ, EBJBKU, k¥ 3/ h&ELT
HWRATLLEDNTNDBID ML IIBKRFEZ R
LIcBDTHD.

RITMEBJIE, BJKDB MLIBREHNNELF
MECTHDHZENDND. CRIE, YaAYbhAE
B° LA ETEBJD MU IBRERZRBIC TN EDHRFIE
g CEDERRTE.

—MREVIC, T34 hBEDIEINT § AEERRD
EEBOHARELED, MUIBXRIFIRILT DEEIC
HBHD, CRIEY 342 bBEDFEDHRIFICLL,
MULOBRFEWVREZ#ERF LTS, CDEH,
SUVigEEFENEL Y 34 Y D RHTAEDER
MAELFDEMNCFIZEHTHZET, £KD—E
DEKEHZHROFONSD .

2.0

-o-CFJ
15| EBJEYU—X)
—-BJ{ERY AN

_ -

JaAVhAEE °
B9 MULIBRELR

Comparison of torque loss rate

BN =7
=

R

120

100

#I50% R

¥

e ]
o

Gl aNENITTANG
3

o
o

o
(@)

no

S

o

CFJ EBJEZU—X)

E10 Y342 hKREREDHER
Comparison of joint surface temperature

5.2 BELR

CRJCEBJDRE EFFMOEERZE10(CRT .
CRJIE MULIERDHESTECHADINZ LD
TE, EBJICHULY 34 Y bREEEZHIS50%IE R
TED. INICKDZEOERDEABREOINADETEE
8B,

6. F&H

VaA T MEEAEG U EOAEEREEICHEWVNT, 1’
TOEY U —=XICHUT MUVIBREZXH CTEDR
HRASESMEEEXCV [CRJ] ZFHFE U, HEERE
[CKD, WBRICRET DEFENZABICERL, 57
REKEODESNE, BEMERLIC.

S, TOLDMEO LEERDBIDENT, ME
BERICENTOREROBEERNCVIELTTO—/UbIC
MEEAL, KD —BOMIKRIBREICERMUIZL).

SEX

1) 28 F, mis 5 BeFEA (54°) BEE
CVJ (TUJ) . NTN TECHNICAL REVIEW No.75
(2007), 16-19.

2) #EAN BEIEEMRR - #if - BEELZ/\V K
Jvo, HEHMiE, RR (1979), 3-35.

3) BiR B, B\ A2 /eI V/\U hNEEXER
Y34k (EBJ) . NTN TECHNICAL REVIEW
No.66 (1997) ,28-31.

pE=plin2

SEIEE S S
RS54 T bL— 0B



NTN TECHNICAL REVIEW No.81 (2013)

[ AT ]

BEIEOZEREAR LI V=LY VT DRFE

Development of Low Torque Seal Ring for Automotive Transmission
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Further lower level of torque and oil leak is required of seal rings used in AT and CVT as fuel economy standards of
cars is higher in the future. Therefore, NTN developed “Low Torque Seal Ring”, which is made of PEEK resin and
equipped with specially-shaped lubrication grooves by injection molding, keeps low torque (60% reduction) and low
wear properties in comparison with NTN conventional products and keep its oil leakage characteristic equal to
conventional one. This article introduces the characteristic and performance of “Low Torque Seal Ring”.
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The sintered machine part becomes high-strength, and the adoption of the automobile use increases recently.
A sintered part had characteristic that it could produce the parts of a complicated shape with high productivity, but
securing of strength of the part was difficult to have the porous compared to cast alloy. Therefore, NTN reviewed the
material and process of forming and sintering at first, and developed that raises the strength of sintered materials by
doing it densely. In addition, NTN introduces about the sintered materials for the special environment as corrosion

environment or keeping away lubricant.
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KREAEFR=EZEHL LcJdIS-SUJ2DERENEH Fin

Rolling Contact Fatigue Life of Highly-carbonitrided JIS-SUJ2

anZsHiE LT,

BABBTZRUEmIHESECHD. TORR,
D2f5, SUJLETEHRARDIEIEEL Lo, HERE@).,
ﬁb‘:))l

RSN DRRE( LI (FERD D FZ DR
THDIENHSNTVDH,

RAEREEEEFMORERIFEASH TIFEL).
BLABRAZZEEDJIIS-SUJ2(SAES2100, 100CreHEY)MEh b ST #4mL, &
BB S ARl
(2)FBHICEERMOMMN T ZINA fcalER, (3)EFMHRDIEECHD. HER(1)IEEY
HER(1)DXREZEZFEEO.4mass%mDIFHEmIFSUJMEFRE LR
(B)TlFEEIC,
BRE(EC KD, RAEREE®0.4mass%IC T DEFEN D EMZTOMRER LEICEMESZD.

£ & K™ Daisuke SATO
KA  73* Chikara OHKI

SR T PEYENRB N COREMEICER
ZDfe,

(W)AEERICOY 77 T )VERZMS UTcHER,

REZEHR=2E0.dmassmhREMZERI CEH

Carbonitriding for rolling bearings has been known to prolong rolling contact fatigue lives under both clean and
debris contaminated lubrication conditions. However, a relationship between surface nitrogen concentrations
and RCF lives has not yet been clarified. To this end, we prepared carbonitrided rolling bearings with various
concentrations of surface nitrogen. The kind of steel was JIS-SUJ2 (52100 and 100Cr6 equivalent). We
conducted three types of RCF tests; (1) with Rockwell indentations on the inner ring raceways, (2) with oil
containing hard steel particles, and (3) with clean oil. Test (1) emulates to evaluate RCF lives under debris
contaminated conditions.Test (1) exhibited the following results; the average RCF life of 0.4 mass % surface
nitrogen concentration was about 2 and 3 times longer than that of conventional carbonitrided and nitrogen free,
respectively. Both tests (2) and (3) also demonstrated that an RCF life with 0.4 mass % surface nitrogen
concentration was longer than that of the others. Hence, it has been proven conclusively that carbonitriding with
high surface nitrogen concentrations brings about excellent bearing performances.
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Effect of Naturally Derived Antioxidants as Surface Treatment

HO B N* Yosuke TAGUCHI
W18 BELF*  Eriko ITAHASHI
= F T {E* Hidenobu MIKAMI

FSAROY—HFEPHREZEA LS EDFEDD EDICKEIENGD. HI
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&, RIBICEBULLWRELENETNTVD. FRTIF, [RATEILH] Z0

A & UTeREIEIC K2 BRI PER MR DB LICDOWVWTEN T 5.

Surface treatment is one of the techniques of improving the tribology characteristic and corrosion resistance.
For example, dry processings such as DLC and wet processings such as plating and black oxide have been
used to machine parts. However, since some wet processings contain an environmental pollutant in waste fluid,
an environment-friendly surface treatment is desired. In this paper, we introduce improvement of friction
characteristic and bearing endurance by a surface treatment which used "natural derived antioxidants" as

processing agent.
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Grease Leakage Prevention for Double-Row Angular Ball Bearings
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L

Grease leakage from sealed bearings filled with grease makes bearing lives shortened and the peripheral
parts polluted. The grease leakage generally occurs between relatively rotating inner seal grooves and seal rips.
Hence, the authors had developed shape modified ribbon cages which suppress the grease transfer to the seal
grooves and improved grease leakage prevention performance of ball bearings.

By adapting the approach of grease leakage prevention for ribbon cages to snap cages, grease leakage
prevention performance of double-row angular ball bearings was examined. These experimental results
revealed that the bearings with the modified snap cages have excellent grease leakage prevention performance.
In addition, structure analyses of the cage were conducted and the modified snap cage was confirmed to be
strong enough in practical use.
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b) Shape modified cage
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Maximum principal stress of cages due to centrifugal force
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Speed of faster ball

Speed of slower ball

Contact loads by balls
a) Loads acting on cage due to orbital speed variation of balls

Displacement constraint

Constraint of circumferential direction
b) Boundary condition of cage stress analysis
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Boundary condition of cage stress analysis due to orbital
speed variation of balls
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A Creep Mechanism of Rolling Bearings

AP #* Tsuyoshi NIWA
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The mechanism of creep phenomena, in which a bearing ring gradually moves circumferentially to the
stationary shaft or housing mating with the ring, has not been clarified yet. The author found a “surface traveling-
wave creep” mechanism based on a numerical analysis and theoretical consideration. The creep is featured by
movement in the same direction as the bearing rotation. In addition to the creep mechanism, this paper
proposes a design requirement to prevent the creep.
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L : Length of load zone
gi : Load of rolling element i
x; : Position of rolling element i
,v: Displacement
: Shear modulus

u
G

v : Poisson’s ratio
B : Integral Constant
w

: Pitch between rolling elements
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