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Issues on Electrification and Autonomous Driving for Automobiles
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An overview of large-scale R&D projects of our country in the manufacturing industry field on automobiles was described.
Technical issues and market forecast on next generation-automobiles, special issues on electrification/autonomous driving,
and the roadmap in the transportation field were also described with public information of each ministry in our country. It is
important to develop additional value with cooperation of industry/academia/government aimed to solution-oriented
“connected industries” based on Japan’s high technologies and faculties in the manufacturing filed.
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NTN Approach toward the Electrification and Autonomous Driving
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130 years have passed since the automobile with the internal combustion engine appeared on the market and
it's a convenient transportation, on the other hand, (1) the effect on carbon dioxide emission on global warming,
and (2) economic loss caused by heavy traffics and human damage caused by the accident. For the former,
strengthen the regulation of carbon dioxide emissions and automobile companies are launched the small engine
with supercharger, diesel engine, hybrid vehicle (HEV / PHEV), electric vehicle (EV) etc. on the market. They
are also promoting the electrification and high efficiency of auxiliary machinery products for lower fuel
consumption. For the latter, it is in the direction to obligate driving assistance such as automatic braking, and
automobile companies are also moving on to introducing autonomous driving technology on the market.

In order to contribute to these trends, NTN also developed a new electric motor / actuator. | introduce NTN's
efforts for electrification and autonomous driving including existing units and module products.
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Development of Electric Motor, Actuator Series

A*  Kimihito USHIDA
H*  Masashi NISHIMURA
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Action to improve fuel economy by applying various electric devices is accelerated while the fuel efficiency
regulation of automobiles progress globally. In addition, the practical use of autonomous driving technology will

advance, and it is predicted that by-wire system will be greatly advanced mainly on the function of "running",

turning" and “stopping". Under such a situation, the application of electric actuators that operated for each
function with electrification and by-wire has been expanding. In this section, we introduce the electric motor /

actuator series developed by NTN.
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Hub Module with Motor and Generator Function
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L—5 & @EIEUICHUBEY 2 —ILZBEFE LTV S.

As the regulation on fuel consumption and CO2 emissions being strengthened, practical application of 48 V
mild hybrid systems is expanding mainly in Europe. The NTN is developing a HUB module that combines a Hub
bearing and a Motor Generator in order to contribute to further fuel economy improvement in combination with

the existing 48 V system.
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EVI—2F 42 X | X OO0 |0
SRR X | X | X | X |O|O
NLORGSYD T X | X | X | X |O|O
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Mounting position of HUB module
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eHUB system component

3.3 BfFfttx
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| /EM /\ :> (eHUB)

Dy
(a) PO+eHUB (P5)

eHUB)
™
0

U7
(b) PO+P2+eHUB (P5)

E5 eHUBYRT LEADHA

Examples of eHUB system configuration

=2 eHUBZHEIEDEIEIF48Y MHEVY AT LDOBFE
Target values of existing 48V MHEV system with eHUB

Bl R T LEERE Y27 LBEE
CO2BEH{ER=R 25%
REER 25%

g AsgOafE) ChEL X)
EVRE+oU—T 10sLA_EfiREE
IVIIATA—RFT 4T 50~ 130km/hCEHE
FET VA b
NS4 3>av bO—)L(TCS) R VR b
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&3 eHUBB#&IHR (1@=72D)

Target specification of eHUB (per 1 wheel)

IE H B ] B
BAHS kW 10
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ERENLY Nm 20
9 o= mm ¢ 160LLF
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4. BEFENKHR

4.1 HUBEYa2—-)b
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B EEEDHEHTHS. SAFEMDEARLEIIEE KWT
HBHN, E—HYREFETOEEICKIDTI0 kKWIEN
DRLHNABETHD .

H6 HUBEYa—IU
HUB module

x4 HFROMLER

Prototype specification

IH B B i M fE
RAHA kw 10 5
RAENELEE min- 2,600 1,200
RABMLY Nm 60 60
T LY Nm 20 25
bANRES mm ¢ 159
] mm 115
B8 & ke 13

4.2 HBREE
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AREME Ule., AREMNDOEEHREZE7(CR
9. B (a) [CHUBEY 1—)LODEmmETIFIREZ
Y. BHROED, BEFOHUBICH LT, #AM@IC
F7ty hLTWDTEND, BERRDMITEET L
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—3, BRUBHAIY AT LF, #EEETHDMicro
Auto BoxI (dSPACE#t) ZEREALTWLWS. Ny T
UBROA VN\—FIFhmk@ZFEUc. ER0BF
flEI1=wv b (ECU) FREET, NERZFRT
% ETHUBEY 12— )LDFHilZ B 58y (CE T BE
7FRCP (Rapid Prototype Control) DREBAEEX
.

BB, REMCTIE, ECUDHRGEIFTHEDT, ICEE
eHUBIFHIZFIETH S .

(a) HUB €Y 1—)LiEH;
Setting of HUB module

(b) BEEAICEH LRIV AT LE/NYTY
Control system and battery set in the test vehicle

H7 HBEEmADeHUBDES,
Setting eHUB in the test vehicle
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Evaluation point of vehicle test
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4.3. 1 BREIAEWR

E—-RETHEARG, WLTC (Worldwide
harmonized Lightduty Test Cycle) £— K=&
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H8 MEE— hEITHER
Driving test result on WLTC mode
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O Ex-High 7% U
w15 o o Ex-High &b
=
% 10 o] u]
= o
£ 5 o g
% o
0o
-5
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SOCZILE %

H9 MEBE— METABRGR
Driving test result on WLTC mode
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g oo o Ex-High &b
Eﬁz 4 10 8 go o
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$ 2 [0) S OO0 o
% ©

2 ul

-1 -0.5 0 0.5 1

SOCZ(LE %

10 MEBE— NETEER GKK)
Driving test result on WLTC mode (Enlarged view)
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Driving test result on WLTC mode (condition A)

X6 RHAAICHITHXEREE b—5IUIAE
Section and fuel efficiency (condition A)
MEWER % | SOCELE %

Low 3.40 0.05
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E12[TRUlcED, A5 4 VEINME uDEEICESL
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12 EubEsBRrA

Driving method of low friction road

R7 R BB

The condition of low friction road

= B =< i i st 7] =t
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— REHIH
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ZEITEERE m
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Test result on low friction road
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[ X1

B{REENHIG-Vectoring il IC RZIF T B2E

Influence of Vehicle Body Motion on the Effects of G-Vectoring Control

5 K Iff K*  Yuta SUZUKI
2 EM* wWeipeng CHENG
INIR F —**  Shuichi KOSAKA

HEEICBULT, RSAN—DRODDREICEGCEDTENETETE
ELEOTVD. FNSERRT DHIMEGED—DIC, BEHDEES)EE
L CHiES & 3> hO—)L g BG-Vectoring®) Control (LR, GVC)
&3, TORIE%ET VF 5 1 THEH T #xFull-Drive-By-WireE
ISEAL, EEEICRET DO0—)LEEEE Y FBEHERT 51707
VBN RSAIN—[CEDKDIHEEESZ BONFH L.

G-Vectoring control (GVC) which controls longitudinal acceleration in coordination with lateral motion has been
installed in an experimental vehicle that can adjust the anti-dive mechanism. Only the pitch motion
characteristics of the vehicle body were changed during lane changes, and the vehicle planar motion
characteristics itself are kept unchanged. Drivers’ steering model parameters during lane change for the vehicle
with/without GVC are identified. Then, the handling quality evaluations by the drivers are compared and
analyzed by using the driver parameters identified and the influence of the vehicle body motion on GVC effect is
investigated. It is found as a result of the study that the nose-dive pitch motion caused by the control is important
for GVC to be effective in improving the vehicle handling quality.

7F) [G-Vectoringl &, BIA—hET 1« TY AT LAAMBHREHDEREHIECY .
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T, BREFBENDIENEFOERICIE, L
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2. G-Vectoring ControllcB§LT
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DIFET, BWEECH U CRIREE ZEES TS
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EREOUMESE, (1) (SRIRZERELE.
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Lateral jerk I N s :
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Schematic concept of GVC algorithm
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M2 EEkEm
Experimental vehicle
xR1 E@EETT
Vehicle parameters
EZ B} #H B
g = m 709 [kg]
A —)LRN—2 I 2.05 [m]
HiERD SEILF COIER If 1.012 [m]
®EmH HELF COERE Ir 1.038 [m]
AiE sy R df 1.415 [m]
#BWbhLY R dr 1.415 [m]
E=Tay hs 0.417 [m]
I—BEE—XV hs 512 [kg-m2]
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Anti-dive/anti-squat geometry

Upper arm

Lower arm
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Simplified driver model
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History of Constant Velocity Joints
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In 1963, Constant Velocity Joints (CVJ) have been started production by NTN for the first time in Japan. NTN
responded to changes in the automobile industry and worked on the development of CVJ. And CVJ has grown to

be the foundation product of NTN. In this article, to celebrate the 100th Anniversary of NTN, | look back on the
history of CVJ.
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History of Axle Unit Bearings for Automobile
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Axle unit bearing has been innovated by integrating the surrounding components. This
article introduces the transition of bearing type and the latest NTN'’s technology.
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ULTAGE*! Tapered Roller Bearing for Automotive Application
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NTN has developed the “ULTAGE Tapered Roller Bearing for Automotive Application” that delivers the world's
highest standard of high-load capacity and high-speed rotational performance with optimal internal design of
bearing. Tapered roller bearings for automobiles are used in transmission components such as transmissions and
differentials, and need to have a high-load capacity to operate conditions that are becoming increasingly harsh in
recent years, including the greater loads due to higher power output of automobiles, as well as greater unbalanced
loads caused by the lower rigidity due to lightweight housings. The tapered roller bearings also need to provide low
torque required for lower fuel consumption and high-efficiency and high-speed rotational performance in low
temperature. The developed “ULTAGE Tapered Roller Bearing for Automotive Application” is a new, compact
series lineup that has been modified with optimal design technology for the shape of tapered rollers that maximize
the rolling operating life as used for the Large Size Tapered Roller Bearing. This design maximizes the potential
operating life with minimize of contact surface pressure between the rolling element (rollers) and raceway (inner
and outer ring), even when there are high loads or unbalanced loads. It is introduced design and performance of
“ULTAGE Tapered Roller Bearing for Automotive Application” contributing to fuel saving.
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High Speed Rotation Ball Bearing for Pulley
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Layout of auxiliary belt becomes complicated by engine downsizing, and high speed rotation performance of
pulley bearings accompanying miniaturization of pulley diameter is required.

NTN has developed “High Speed Rotation Ball Bearing for Pulley” capable of handling 20,000min! at outer
ring rotation (by #6203).

This article introduces the feature and performance of the High Speed Rotation Ball Bearing for Pulley.
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Ultra Low Friction Sealed Ball Bearing for Transmission
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Along with fuel-saving of automobiles, demands for lightweight, compact and low torque are increasing. In this
report, we will introduce characteristics and performance of developed products with both low torque and long
life of sealed ball bearing for transmission to utilize tribology technology.
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Low Friction Hub Bearing
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The fuel efficiency regulations has been strengthening, therefore the good fuel efficiency is one of the
important requirement from the field. Based on this background, NTN has been developing the low friction hub

bearing continuously.

The hub bearing applicable to such around 50% low friction requirement is introduced in this report.
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Chain Tensioner for Motorcycle Engine
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NTN has developed the hydraulic auto tensioner of timing belt drive and timing chain drive unit for engine

camshaft drive application.

Since 2004, NTN has started to supply timing chain tensioner for motorcycle engine application.
Today | would like to introduce new technology of auto tensioner to reduce engine noise and increase

durability performance.
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Light Weight Drive Shaft for FR vehicle R series|
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For the purpose of improving environmental performance, weight reduction is also required in the rear wheel

drive system which is often adopted for luxury cars.

In this paper, | introduce the features and performance of "Light weight drive shaft for FR vehicle" developed for

rear wheel drive car.
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Effects of Lubricant on Hydrogen-Related Rolling Contact Fatigue Life Improvement
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In rolling bearings used under severe conditions such as automotive electrical instruments and auxiliary device,
an early bearing damage is occurred and accompanied by unique white microstructures below the raceway
subsurface. The main cause is thought to be the result of hydrogen embrittlement. One of the possible
mechanisms of this flaking failure is due to metal contact between the steel surfaces, i.e. exposing active fresh
metal surfaces, by which the lubricants decompose. Subsequently, hydrogen is generated and penetrates into
steels. This report introduces the outline of NTN'’s hypothesis concerning about the hydrogen-related failure
mechanism and in addition, countermeasure by lubricant.
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Relationship between Cage Stress and Degree of Freedom of motion in
Dynamic Analysis for Needle Roller Bearings
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In dynamic analysis considering elastic deformation of cage, it requires a long time to calculate cage stress. To
shorten calculation time, a two-dimensional analysis was conducted whose degrees of freedom of motion were
restricted to three. However, an influence of the restricted degrees of freedom in this analysis was not clarified.

In this paper, the influence of the restricted degrees of freedom on cage stress and its generating mechanism are
discussed by calculating both two-dimensional and three-dimensional analysis for needle roller bearings in
planetary gears.
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We manufacture and sell composite material products molded from resin and metal powder. These products are
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functions. In this paper, we introduce composite material products that contribute to low fuel consumption and high

performance of automobiles.
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