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Prospect on Environmental and Energy Vehicle Technologies
- Improving Conventional Technologies and Electrifying the Vehicle -

Zx

2R

X E

SREAFAZHRS -

hOEEEDES

gLy Yasuhiro DAISHO
TRIVE—HHER

AVUVEET —BIVER, SEORENEHHAZRGICES Ulc £T, MEO_ il
DREICERZZ LGNS, SEMILK EH20MFEREEFMAIZREHITDHEHDEFE
END. INSIFZOR, MEMEIROWEZRIEC, MBI & RMIBEIMTICEID 2 BHRE
- RBEZEHSZENRARTHD. TNEABIHC, \ATUy RE, &
TBEEE, IS5V I\(T Uy RE, EmMOEE(L, BEARERE - TRILF—DFA
FICKD—BOEAIRECODAIEHIRZHIET DUENHSD. £DDIF, BEMEICIE,
FEIVIR—RY FOEMHEEEIEIX MERFFBRERDICODEEZRE CHD. EHEMS
[CBIFBINSD L REFFICANED SHEEHERITEIE ZRFEINETHSS.

To comply with ultimately stringent emission regulations, automakers are being forced to develop ultra low-emission
engine systems by optimizing combinations of technologies related to combustion, aftertreatment and fuels. These
vehicles are expected to retain their positions as state of the art technologies for two decades to come. More emphasis will
be placed on improving fuel economy and disseminating hybrid and electric vehicles, lightweighting the vehicle, and
utilizing renewable energy and fuels to reduce oil dependence in the transportation sector, thereby mitigating global
warming. High performance, cost-effective major components are most essential for these electrified vehicles. With eyeing
these trends, we should develop comprehensive strategic technologies in the global market.
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Market and Technology Trends in the Automotive Industry
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Ministry of Economy, in April 2010 after the collapse of Lehman Brothers, a new strategy to build long-term
and short-term response of the automotive industry and society as a whole, "Next-Generation Automotive
Research Strategy”, A study in The results are published "A strategy next-generation vehicles 2010".

Then, We began to see signs of revival even in the domestic auto industry.2011,this strategy is beginning to rise

scenario is a little difference.

We have seen from the perspective of the development of automotive bearings and related products, we
analyzed the present and future market and technology trends in the automotive industry.
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In-Wheel Motor System
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Much attention has been paid on electric vehicles for their high environmental performance with increasing global
environmental concerns. In-wheel motor is the driving system of electric vehicle that has advantages for effective
interior space and vehicle driving performance owing to the independent traction control ability at each wheel. NTN
has developed “In-wheel motor system” with a sensor-based control system for the forthcoming electric vehicle age.
This paper describes the evaluation of the reducer and motor. In addition, the vehicle test with the developed system

is reported.
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Development of In-Wheel Motor System for Electric Commuters

A B t* Tetsuya YAMAMOTO
JIl 2 F* Aiko ISHIKAWA

L
E e
L EH fii** Wataru YAMADA

NTNCIFESHEEEROBHND ELED A2 —FAHDA VKA —ILE—F
AT LZERFELCVNS. RELAVIRA—ILE—YI1Zy b&, 1440 2VF K
A —JVARICINE D, HBRE@ICEVNCTHA VIRA —ILE—YDRFRTHHIERNRA
N—ADEMEAZRI CENTEE. FRTEEFEFE LA VIRA—ILE—F Y

AT LB KU ZNZEH UIcABREmIC DOV THERRT .

NTN has developed an In-wheel Motor system for the commuter vehicles which can become the stepping stone of
the electric vehicle (EV) spread. The developed in-wheel motor unit can be installed within the 14 inch wheel. In the
test EV, it was shown that the space in the car was able to be utilized effectively. In this paper, the developed In-wheel

Motor system and the test EV are introduced.
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One Motor Type Electric Vehicle Drive System
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In order to increase the cruising range per charge of one-motor type electric vehicle by improving the powertrain
efficiency, "One-motor Type Electric Vehicle Drive System" involving a 2-speed transmission has been successfully
developed. For reducing the size and weight of the transmission while keeping high torque capability, a two-way roller
clutch as the shift mechanism has been adopted. This paper describes the composition of developed system, the
structure of the transmission, the principle of gear shift, and the result of gear shift tests on a test bench and a test

vehicle.
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Development of New Steer-by-wire System

ﬁ

™ K 5T 8™ Katsutoshi MOGI
K B & F* Tomohiro SUGAI
% H E* Ryo SAKURAI

£5 K {B =* Nobuyuki SUZUKI

BEOEAEKEECIZ T, BREEROD h—AZRAB T DHEBMR AT 7\ D1 Vgt
VAT LERFEURE. BEURRRY AT LARBY AT A2ROBEICHH LT T—ILE
—THBEZERATVS. RBRAOBEXBEHECHAERZEHL, HERDKFRTSHS b—
ERBREDSUGRAT—IDKRBLEEDT T —ILt—TJHEZF B L. E5IC,
EESFETICKD b—ERBEEN YA VDAY v TRERZE 5T L ZRUT.

NTN has been developing a new steer-by-wire system. In addition to steering function, this steering system makes it
possible to adjust toe angle. The developed steering system is provided with fail-safe functions corresponding to
various failures in system. We replaced the original steering system of electric vehicle with the developed one, and
evaluated the adjustable toe angle mechanism and the fail-safe function when a motor for steering is out of order. An
analysis of vehicle dynamics shows that the adjustable toe angle prevents wheels from slipping.
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Development of Two-seat Electric Mobility with In-Wheel Motors
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The electrified vehicle is thought to be suitable for small mobility, due to the advantages of the quietness, low-heat-
generating and no exhaust gas. Especially, In-Wheel Motor allows the smallest space for powertrain and drivetrain.
Moreover, In-Wheel Motor can realize the high performance driving by the independent steering mechanism for all
wheels. NTN development team of young engineers have designed a two-seat electric mobility that provides the
performance of “Pivot Turn” and “Lateral Move” with In-Wheel Motors. This paper introduces the feature and structure

of the electric mobility.
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Multi Axis Load Sensor Integrated Hub Bering
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In the car, an advanced vehicle control system is possessed to ensure safety, and various sensors
are installed in vehicle to sense and control vehicle conditions.

However, the responses of control in case with conventional yaw- and G-sensors installed on
vehicle are supposed to be delayed, because they begin to detect after changing vehicle posture.

For further upgrading of the vehicle control, this "Multi Axis Load Sensor Integrated Hub Bearing"
has been developed, which could detect the frictional force change of tire at the position near road

surface in real time.
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Hub Bearing for Severe Environment
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With increase of automobile demand in the emerging market, cars driven in severe environment
such as non-paved road or cold and snowfall whether are increasing in number.
Hub-bearing applicable to such a severe condition is introduced in this report.
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Light Weight and High Efficiency Drive Shaft for Rear Wheel Drive Cars
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“Light and high efficiency drive shaft exclusively for rear wheel drive cars” which is reduced mass
by 16% and reduced torque loss rate by 40% in comparison with the conventional product, mainly
used for rear wheel drive (FR) luxury cars, has been developed.
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Ball Screw Unit for Electro-actuation of Automotive

ot

iZI & B B* Koji TATEISHI

N TUy REZEZD, HYVUYIYIVEDORMRELEHEICCOHHBDHIREE,
HK[IHARADI U —/EDHEENEICTEFOCVD. —H T, EMREELZEMER
LZBEITHELEECITONTVD. INSZEERT Slcsd, BROMHERIBIEH
MERDFENHERBD SEEE—IHIANEBTLTHED, R—ILRUZRALDH
BHLLERLTWVD.

NTNTIZ 1990F KD CDEBENMEICEDE TR—ILR U DERMFEZED, ELE
mZ1=y MEUCEBEIR—ILAL7IFaI—51=y hOHBRAZITOTUS.
AR CRRINETT > CRICEEN—ILRUIZ= Y FOBEARFECDOWVWTIENTT 2.

In the automotive market, a lot of new hybrid cars and low fuel consumption and low emission
engine have been developed to reduce CO:= emission and to be cleaned exhaust. Conversely, many
projects are going on for market to achieve more car amenity or safe driving to apply quick and

reliable electric motor drive utilizing ball screw.

NTN started to develop the new ball screw unit and actuator in 1990s. And now there are some ball
screw products which was modularized with peripheral parts. This article introduces the development
result and the feature of this ball screw unit and actuator unit.
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Low Torque Deep Groove Ball Bearing for Transmissions
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To achieve low fuel consumption for the environmentally-driven requirement, we have developed to
focus on the tapered roller bearings as low friction.

NTN continues to develop to focus on ball bearings by analysing of friction in oil lubrication and
developed low torque deep groove ball bearing for transmissions. This paper introduces the structure
and performance of the subject bearing.
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Technology Trends of Auto Tensioner
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Auto Tensioner has been widely adopted for the automobile engines since 1980’s , with the trend
towards high-performance automobile engines, in order to improve durability and to achieve low
noise of the timing belts which are used for the camshaft drive. In recent years , a further downsizing
of the engine and the demand to improve reliability becomes strong, and major trends include a
change from timing belts to timing chains and use of serpentine drives with single accessory drive
belt. Furthermore, about the concerning for environmental issues including global warming becomes
strong, the development to reduce the fuel consumption technology is speed up, and making to
compact, lightening, and the demand of to be low friction are more required to Auto Tensioner.

NTN supplies various types of hydraulic Auto Tensioner for camshaft drive system and accessory
drive system, this article introduces the current technology of Auto Tensioner.
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The main reliability issues of Automobile strut bearing is sealing, that must be protected from
severe environment as a muddy water intrusion. Based on its know-how and experience, NTN-SNR
developed the 2" Generation Strut Bearing

This article introduces the feature of NTN-SNR floating seal and performance its sealing and
bearing torque.
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NTN-SNR Low Torque and High Capacity Pulley Bearing Unit for Water Pumps
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Water pump for car engine activates the circulation of coolant between engine and heat
exchangers. This is a very important part needing high reliability, especially for seal and bearing that

are the strategical components of this pump.

Actual evolutions and additional functions of timing and accessory belts lead to have higher load,
temperature and lever arm on the bearing. Therefore bearing internal design must take these

conditions into account.

Pulley bearing unit of NTN-SNR for water pump has been developed to meet market demands.
This papers introduces the structure and performance about developed pulley bearing unit for

water pump.
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Development of System for Rolling Bearing Design Optimization
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There are demands for rolling bearings used in automotive transmission and differential gear, to

improve their torque, size, weight, life and rigidity.

In order to achieve those demands, a system for rolling bearing design optimization has been
developed. This paper introduces the system with application examples.
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Rapid Evaluation of Shear Fatigue Properties of Rolling Bearing Steels
Up to Giga-cycle Regimes
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In rolling bearings, subsurface flaking failures occur under pure rolling contact fatigue conditions. In such
failures, one of the crack initiation factors is believed to be the repetitive orthogonal shear stress. The shear
fatigue properties can be obtained by torsional fatigue testing. However, up until now, it has been all but
impossible to establish the shear fatigue properties of giga-cycle regimes because of conventional low loading
frequency tortional fatigue testers. By contrast, ultrasonic fatigue testing is employed to assure high loading

speeds.

We have developed an ultrasonic torsional fatigue tester which enables for the rapid evaluation of shear
fatigue properties. A loading frequency of 20,000 Hz is quite high, and as such results in a radical reduction of
testing duration. For example, when loading cycles of 10'° are applied, the conventional testers (loading
frequency: 10 Hz) require over 32 years to complete testing, as compared with the ultrasonic torsional fatigue
tester requires only seven days. This tester is effective for the property evaluation of rolling bearing steels.
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Two-Dimensional Dynamic Analysis of Cage Stress for Needle Roller Bearings
Supporting Connecting Rod in Reciprocating Engines
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In this paper, the author numerically analyzed cage stress in needle roller bearings supporting connecting rods
used in reciprocating engines by using a dynamics model of rolling bearings considering both roller and cage
motions and elastic deformation of the cages. The analyses were conducted in four conceivable conditions in an
engine for a small-size motorcycle; maximum-torque, maximum-power, maximum-speed and overrun-speed.
These results show that cage stress rises at a moment immediately after the explosion and at a crank angle of
approximate 90 degrees after the top dead center in the intake stroke and the cage stress increases with the

crank rotational speed.
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Piston

it
:

Connecting Rod

Rollers

Crank
+, e*/ center

1 ETYREERR

Analyzed objects and analysis coordinate

Rl ITVIVBSLUOMZOFEHETETOEBRMY
Specifications of engine, bearing and lubrication condition

454 J)VEXIE 125 ccifs

TV THR 27.6 mm
Jv0Ow RERSE 102.7 mm
dv0Ov RE=ZE 0.0552 kg
dv0Ovw R&ELVUE* 35.9 mm

* KismDHFDLHDHDEE)
Jv0Ov RgEE—X>V K~ 202 kg-mm?@

EANVES 0.0480 kg
BSFEETT

ZA 26 mm

DA 33 mm

CHE 3.495 mm

CHRSE 10.8 mm

CDEE 16

BEm EfEE 1005 mme/s@40 T

11.8mme/s @ 100 C

KRR 135

&2 TUIVEBEENF
Operating condition of reciprocating engine

BERME | EERE min! | RKER RVEE KN
2NN 5,000 16.3
7] 7,500 13.9
ReEE 9,500 9.7
F—=I\—=3> 10,500 7.6
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FEH CORRNINIDEEZER T DICHICEH DR Slip ratio of cage rotation
DERZRUZ). Hhd "Com." [FEHMHETEZ, 800
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Q400
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. . - <~ Maximum principal stresses recorded at the top
DHMIEAEFENTS. EAMYETVOY FOEE 16 stresses observed points on a cage
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=~ ~ = — S T T . B3 A NUIERG TORETTER
ERISYIRLDSHRICED STHETH S, Various resultsxof numerical analysis in condition of
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Force N

Maximum stress MPa

20000 -
— Piston load |
== Bearing load [
15000 | i
10000 !
i
5000 L . TN
- u ‘f ‘\ . s T AR
\‘Ii Y i J ‘M( i | \_l’ \U
0 | 1 |
0.06 0.066 0.072 0.078 0.084 0.09
Time s

a) EX b YBRUEHZDEE
Piston and bearing loads

800

T Exp.

600 <4 s
I

400
200

01
-200

0.06 0.066 0.072 0.078 0.084 0.09

Time s

b) REFBRDRAEIN]
Maximum principal stresses recorded at the top
16 stresses observed points on a cage

H4 SELDFRATOENMER

Various results of numerical analysis in the condition of

Force N

Maximum stress MPa

"Maximum-power"

20000 =
— Piston load
— - Bearing load
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10000 n n
4l A
5000 44} N e — Tul
L \ ) f -.\
i ‘\_’ 'L_/r [V ¥ S kY A\l
0 L [
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Piston and bearing loads

800

xh. .
- e
7 T

W -

600
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0.021 0.017 0.022 0.027 0.032

Time s

b) RErEsDERAEILS]

0.037

Maximum principal stresses recorded at the top

16 stresses observed points on a cage
H5 EEEEFHE CTOFTIER

Various results of numerical analysis in the condition of

"Maximum-speed"
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Maximum principal stresses recorded at the top
16 stresses observed points on a cage

E6 #—/\—ZVEHETORITER
Various results of numerical analysis in the condition to
"Overrun-speed”
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Maximum stress on the cage
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Bearing load N

5000

Cage slip ratio %
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Com./Exp.
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Maximum stress on the cage
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Crank angle degree
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FEEHICERT 229, 2ADREEEH L VFREFREAD Bearing load, cage slip ratio and the maximum principal
FIEREL . stress of cage with respect to crank rotation angle
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rank
rotation

E8 &J&KXMULIFRH FORFFZRDRADINSIFEER
(BaRiTiE LoER#%10.5° )
Bearing appearance when the highest principal stress in
the cage occurs in the maximum-torque condition (10.5°
angle after the top dead center in a explosion stroke )

Centrifugal force
due to braring's
. orbital motion

]"l)(:\({'t force

'1
\
\ Cage

i rotation

Center lix{g
to the crll nk center

a) BEBERIDIFEEED 5 CRE5EE
Roller and cage in non-load zone just before the explosion

Centrifugal force
due to braring's
Ol'bitaz motion

\ Load zone

'l‘rzu'\.cl:ion forces
by raceways
\
\
\ Cage
\ rotation

Center iin"ge
to the crank center

b) BRHERDRRFEDIENDT]

Enhanced force on cage bar at the explosion

H9 BEEBORFESEONNILEFOREEXNZ I
Stress rise mechanism of cage at the explosion
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Bearing appearance when the highest principal stress in
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degrees after the top dead center in a suction stroke )
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Eh DR ORSENZEH N AT LIBDASORETT
Integrated Bearing Dynamic Analysis System (IBDAS)

B9 B MIEF Mariko SEKIYA

NTNIZ201 1£IC, &EH D EZOMEENEHEN > X7 LAIBDAS (Integrated
Bearing Dynamic Analysis System) ZZf{tUfz. IBDASIE, EHDEITEE
FNTNDBER LIV AT LT, GEFCRFEOCEHEDEEZERL, REiss
ZHEMERE UCTIRADHNZEFET AT LTHD. Webs 5 —TJ 11— =BV
BENENIBIC KD, KiBFTEDEIRDAIREE KT,

A|ET(F, BHEENTEBNZFETOBMEZLLER U, |IBDASORFHZIRN,
ETSIENTND I NE TOENIZBITSEHIZBRICT EDHD.

A new analysis system, IBDAS (Abbreviation for Integrated Bearing Dynamic Analysis System), has been
developed in 2011. IBDAS is a dedicated platform for rolling bearing dynamic analysis which can consider an
elastic cage and balls/rollers with 6 degrees of freedom. With automation and user-friendly web interface, a large

reduction in operation time can be achieved.

In this paper, static and dynamic analysis will be compared as guidance, and a brief explanation of IBDAS and

examples of dynamic analysis will be shown.
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Comparison of static analysis and dynamic analysis
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Hybrid PEEK Sliding Bearing
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PTFE based bushings are used for the main bearings of air conditioner compressors. Recently, the series of
demands on the compressors such as enhancing efficiency, downsizing and lighter weight have been increased.
To meet these requirements, NTN has developed “Hybrid PEEK Sliding Bearing” which has the injection
molding PEEK resin layer such as 0.5mm thickness on the bore of a sintered metal bushing, with the objective
of improving the friction/wear properties and anti-seizing performance. This article introduces the characteristics,
structure and performances of Hybrid PEEK Sliding Bearing.
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Air Spindle for Ultra High-precision Machine Tools
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The air spindles are used for such as the inspection equipment of the semiconductor wafer and the hard disk.
NTN is producing air spindle for ultra high-precision machine tools to use our skills and experience.
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w2 UZ7EEHARDY VS
Measurement result of jitter by linear power source

EEnRE EE E At Jvs

min’! nsec +%
500 | 213.0 | 180.1 | 190.9 | 205.5 | 195.0 |0.00009
1800 82.1 72.7 68.5 84.3 67.6 |0.00013
5400 33.5 28.2 27.9 31.8 26.5 | 0.00015
10000 20.8 21.2 17.4 21.2 18.8 |0.00018
15000 14.1 12.2 11.5 13.6 14.3 |0.00018
20000 9.3 10.3 10.9 10.8 10.2 | 0.00018

x®3 PWMEREHADI v S
Measurement result of jitter by PWM power source
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min’’! nsec +%
500 [101429.1| 97723.3| 77618.2 | 93284.7 | 89962.5 | 0.04226
1800 5664.6| 5950.3| 6932.7| 5636.8| 5379.7 | 0.01040
5400 685.8 752.9 531.4 582.7| 781.4|0.00352
10000 237.5 191.5 220.1 357.4| 268.6 |0.00300
15000 128.3 117.8 163.6 135.4 149.5 | 0.00205
20000 162.3 72.8 121.3 184.2 97.2 | 0.00307
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