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Perspective for Advanced Vehicle Technology into CASE Era
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What is the CASE (Connected, Autonomous, Shared & Services, Electric)era? The integration of information and mobility has begun a paradigm
change that will drastically change the ecosystem of people, cars, and transportation society, and it can be said that it is a borderless competition
and collaborative era of Silicon Valley players, European car manufactures, new comers, and developing countries. Looking back on the history of
automotive technology, | would like to discuss this perspective with you based on the examples of the evolution of safety, deepening driving, and

mobility city systems that are the foundation of the eco-system.
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NTN's Approach and Effort for CASE
B85 %8 * Koji KAMETAKA

IRTE, BEEE 100 F£(C 1 EOZEHICTEK TR EEDNTVS . ZORKRNERFENL VROV EDH CASE Tdrd . CASE I,
Connected (%77 wk) , Autonomous (EE&Ex) , Shared & Services (h—Yx7UVTEHY—ER / II7 UV T DH%=E
9i8EDH S ), Electric (EXBEHNE) DBYFEEOHIICHD . 2016 ED/NUE—F—a—([CBVNT , HBEFDT A LS—AG -
CEO TV ETFTR - RVYDERREFHEDHDT(II— - FIyFIRDEENRRICHEOTVD . COXRERRNIE, B OERBRIFIC
DHAEILKFELTHY ,, ZNSZ AR CTHBNIT D .

Currently, it is said that automotive industry enters a phase of major change which comes “once in a century”.

One of the representative development trends is CASE.

"CASE" consists from initials of Connected (External connection), Autonomous (Autonomous driving), Shared & Services (Car sharing and service
or Car sharing only) and Electric (Electrical vehicles).

CASE is advocated by Dr. Dieter Zetsche (ex-CEO of Daimler AG) at Paris Motor Show 2016.

This paper introduces our developing activities with this major trend which we are greatly concerned with.
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Hub Bearing Module with Steering Adjust Function

FEE B *  Satoshi UTSUNOMIYA
KA G *  Yuusuke OOHATA

AR Z0# * Norio ISHIHARA
B &E* Atsushi ITO
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(sSHUB®) ZBIR LTz . ABIRR(S , EEDETRRERS A N—REICHUT , EEDEHEIIL
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We have developed a hub bearing module, ‘sHUB’ with steering adjust function incorporating
the steering angle adjustment mechanism in the hub bearing. We demonstrated that the prototype
successfully modified the steering angles of the left and right wheel independently according to the
driving situation of the vehicle and the operation of the driver. The developed hub bearing module will

hence make a significant contribution to the dynamic performance improvement of the vehicle.
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Hub Bearing Module with Motor and Generator Function

78) 1| FARER * Kentaro NISHIKAWA
BH &% *  Hiroki YABUTA

3.

JIAF FEE*  Mitsuo KAWAMURA
B &E*  Atsushi ITO
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Ufc . IR DEFDRENIRICE SR ICHERORET , 48V IAILRNATUYRYZAFT LAEHBEESZ
ET, RENEPEImES HRER LICHIT % . AR ClIEmER MEDE EMRICOVTENT

NTN has developed the hub bearing module combined with a motor generator, ‘eHUB’ . This module
is mounted on an existing vehicle with less modification of the chassis. It will make a contribution to
the improvement of the fuel efficiency and vehicle dynamics practically when it is applied to a 48V mild

hybrid vehicle. This article focuses on the improvement of the vehicle dynamics.
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Development of Control Platform for Electric Module

HEZES* Tatsuji INOUE BlE —&* Kazuhiro AOSHIMA
2 — uichi £ = eigo
A B—*  Yuichi SUGIMOTO KE *‘5}* Keigo MOTOKUBO

In the automotive industry, the development of CASE (Connected, Autonomous, Shared & services, Electric) has proceeded. Many devices
(such as cameras, sensors, actuators, motors, etc.) are used for autonomous driving and electrification. And the software for controlling those
devices increase year by year. The functional safety standard ISO 26262 has been established and development to ensure safety is proceeding.
However the development which is based on ISO 26262 requires larger number of people, costs, and much more skills than conventional
development which is based on IATF 16949. NTN is developing electric motors, actuators, and controllers that contribute to electrification and
By-wire-system. In this article, we introduce the development of control platform for NTN electric motors and actuators.
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Introduction of Sensor Modular Products and Technologies for Autonomous Driving
and Electrification of Automobiles
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CASE (Connected, Autonomous, Shared & Services, Electric) [CARENZEEEDFHIBE
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This article describes what NTN is challenging to meet the emerging requirements on automobiles, ‘CASE’,

focusing on newly developed sensor modular products and technologies applied to the existing automotive

bearings.
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Vehicle Motion Control with In-Wheel-Motors
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A vehicle equipped with In-Wheel-Motors can control the braking / driving force independently in the left and right wheels. NTN has
developed a vehicle motion control that balances turning performance and attitude stability by adjusting the braking / driving force of the In-
Wheel-Motors according to the driving attitude of the vehicle. This paper mainly introduces, among the developed vehicle motion control, the

effect of yaw moment control that we verified by the actual vehicle test.
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History of Development of Bearings for Automobiles Aiming at Low Fuel Consumption

= f& *  Takashi YASUNISHI
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Hybrid vehicle/Electric vehicles (HEV/EV) that represent the next-generation vehicles, future expansion are expected.
On the other hand, in emerging countries such as Asia and Africa, there is still high demand for conventional vehicles (engine type) on a global
basis due to population growth. In addition, from the point of environmental regulation, each automotive manufacturer is focusing on the
development of vehicles with low environmental impact. We will introduce the history of the development as a bearing for automobiles, about

“Low Fuel Consumption” required for automobiles.
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History of Development of Axle Bearing Aiming at Low Fuel Consumption

B8 5 * Makoto SEKI
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Axle bearing has been innovated by integrating the surrounding components. This article introduces the
transition of axle bearing type and the latest NTN's technology.
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History of Development of Constant Velocity Joint Aiming at Low Fuel Consumption
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NTN commercialized the constant velocity joint for the first time in Japan in 1963, and after that, worked on lightweight, compact and high
efficiency to meet the evolving needs of automobiles. This article looks back on the history of NTN's constant velocity joints contributing to

lower fuel consumption in automobiles.
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Low Friction Hub Bearing II

in this report.
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The Fuel efficiency regulations have been strengthening, therefore the good fuel efficiency is one of
the important requirements from the field. Based on this background, NTN has been developing the low
friction Hub Bearing continuously.

The Low Friction Hub bearing I applicable to such around 60% low torque requirement is introduced
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Fuel-efficient Compact Chain Tensioner
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The fuel efficiency regulations have been forwarded, therefore the automotive industry is developing
electrical technology. On the other hand, efforts are being made to reduce engine fuel consumption.
Based on this background, The "Fuel-efficient compact chain tensioner" that achieves downsizing and

a significant reduction of oil supply for a hydraulic chain tensioner that adjusts the tension of the timing

chain is introduced in this report.
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Fixed Constant Velocity Joint with Ultra High Angle and High Efficiency “CFJ-W”
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In the future, it is increasingly required to improve the energy efficiency of automotive parts and the added value of automobiles. So, by
applying NTN's proprietary technology, we have developed the fixed constant velocity joint "CFJ-W" with the highest maximum operating angle

and high efficiency in the world.
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Compact Plunging CVJ for Propeller Shaft “HEDJ-P”
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Constant velocity joints for propeller shaft have been applied to 4WD and FR vehicles since the 1970s. And further small size and light weight

are desired to CVJ for propeller shaft.

This article introduces the new product “HEDJ-P” for propeller shaft.
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New Technology of Rolling Bearings Contributing to Low Fuel Consumption
of Automobiles
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To reduce the fuel consumption of automobiles, rolling bearings are required to be lighter, smaller and have lower torque. Additionally, for
electric automobiles, the rolling bearings that are used at high speed rotation and prevent electrolytic corrosion are also required.
In this paper, the technologies for these requirements are explained from the viewpoints of lubrication, numerical analysis, and materials.
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Verification of Torque Reduction for Low Torque Seal Ring by Fluid Analysis
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In order to achieve demands of fuel consumption standard, seal rings for automotive transmission are required to further reduce torque and oil
leak. NTN developed “Low Torque Seal Ring” and started mass production. It has V-shaped lubrication grooves, which reduces torque by 60% in
comparison with conventional products. This article introduces fluid analysis results of torque reduction by V-shaped lubrication grooves in “Low

Torque Seal Ring” .
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Analysis of Dynamics of Hub Bearings under Moment Loads

RO Bt *  Tomoya SAKAGUCHI
HEE BA*  Naoto SHIBUTANI

NTRFPUYT DRlEIFEBIEDEMEE EICHET DERBFIED—DTHD.
INETORMEDERTRURAIEERERNEELE LIREETThNTHEY, AR DR
IREERRRNTHofc. T, ARTIE, BHUEZOEIZETIRT L
“IBDAS” ZRWTC, O&EFRD/NTNPUYT DRI ZERE L. ZDRR, BIR
HOEIEFERLREZDSIEV—AT, E—XVNIHIT ZAEMDIBEEDIRAIC
[FERFTUYRIROERESENIAEY BT EZHERU.

Stiffness of hub bearings is an important factor for vehicle handling stability. Analysis and measurements for the hub bearing stiffness have been done
only under non-rotating inner ring conditions but not done under rotating inner ring conditions. Hence, the authors have examined the rotating hub
bearing stiffness by using a bearing dynamic analysis system “IBDAS” . This examination shows that rotating hub bearing stiffness coincides with the
nonrotating one and hysteresis, that is response delay, exists in displacement curves of inner ring alignment angle against varying moment.
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