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Establishment of the innovation driven manufacturing, which enables new value creation such as customized products
and innovative products with services, is expected in the age of non-equilibrium and strategy. The holistic measurement
based on integrating different measurement principles and multi-scale data fusion as well as smart in-process and on-
machine measurement technologies will play an important role in the predictive control type manufacturing system. The
connected smart in-process and on-machine measurement systems that give self-recognition ability to the manufacturing
system is also the key technology in Industry 4.0 to establish the innovation driven manufacturing.
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Increasing demand for high-precision parts in aerospace industry
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Rolling Bearing and loT — NTN’s Approach to loT -
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With advancement of |oT, big data collected from various types of equipment are utilized to improve service

and productivity, to reduce opportunity loss by providing appropriate maintenance and so on.

Rolling bearings

are integrated and used in many familiar applications such as transportation vehicles, electrical products, and
industrial machinery. Therefore, rolling bearings are considered as one of the most suitable data collecting
elements. This report introduces NTN’s approaches to loT and future prospects, focusing on sensing

technologies related to rolling bearings.
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Development of Ti-WRIST™ wrist joint module
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NTN has developed the angle control equipment applying a parallel link mechanism which is a type of constant
velocity joint. In order to expand this equipment for appearance inspection application, we expanded the
movable bending angle range from 45° to 90° and developed a wrist joint module which can be positioned toward
any posture in all hemispherical directions at high speed. We changed the name from the conventional “Parallel
Link High Speed Angle Control Equipment” to “i-WRIST™” and started mass production.
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Measurement results of repeated positioning accuracy
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Application of i-WRIST™ to the Robot Wrist Joint
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While the working population is decreasing, in the industrial field, robots come into use for operation of hand
work by human, and to work in cooperation with human there. In such case, the robots are required to perform
delicate hand work in a safe manner and at a sufficient speed.

This report introduces the application of i-WRIST™ (Parallel Link High Speed Angle Control Equipment) that
has proven in a grease dispensing and external inspection to a wrist actuator of robot arm.
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Technical Trend and Features of the Bearing for Robot
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Recently, the robotics market has become very active, and demand is expanding each and every day.
Various types of mechanical equipment, such as reduction gears, are incorporated into robotics, and many
bearings are used. NTN manufactures a wide variety of bearings for robotics applications, and in this section, the
features of bearings used for robotics will be explained based on the technical trends in the industry.
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Application of Condition Monitoring System for wind turbines
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NTN has developed Condition Monitoring System using sensing technology and vibration diagnosis

technology, and provides information services dedicated to the maintenance of wind turbines.

This article

introduces some of the diagnostic methods used in the CMS and results obtained in validation tests, and gives a

perspective of CMS for wind turbines.
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Development of Multi Track Magnetic Ring for High Accuracy Absolute Angle Detection
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As the introduction of industrial robots progresses, more accurate work is
required. Therefore, it is necessary to detect the angle of each joint of the robot
arm with high accuracy. NTN has developed a "Multi-track magnetic ring" that
can realize absolute angle detection with high accuracy at low cost by applying

our precise magnetization technology.
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Development of Sensor Integrated Bearing Unit for Machine Tool Spindles
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Recently, machine tools are required not only high speed, high rigidity and super precision, but also condition
monitoring function and the "Connected Industries" related technology strongly for higher reliability. To realize the
above mentioned machine tools, NTN has developed the "Sensor Integrated Bearing Unit for Machine Tool Spindles"
to detect the various conditions like temperature, heat flux and vibration from the bearings. The unit has the various
sensors inside the outer spacer beside the bearings. This report introduces the features, mechanism and

performance of the unit.
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NTN has developed new angular contact ball bearings, well suitable for machine tool spindles especially taking
advanced multi-tasking which is the latest trend of the manufacturing field. The bearings perform 30% higher basic
load rating and higher allowable axial load through internal design optimization. Thus the bearings support the well
balanced machine tools show high-speed and heavy-cutting capability. In this document, we introduce the design

points and test data.
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Machine Tool Main Spindle Bearings with Air Cooling Spacer for Grease Lubrication
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Recently, machine tools are required multitasking for various processes and works. Though high speed and high
rigidity of spindle bearings are trade-off relationship each others, they are demanded to achieve higher level
performance coinstantaneously. And the application of grease lubricated spindle bearings has been increasing in the
last years because of the strongly trend of the simplification of devices and systems and environmental concerning.
NTN has been developing the application of the air cooling spacer to the grease-lubricated spindle bearings to meet

the above mentioned two requirements.
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NTN has developed the new ULTAGE precision standard angular contact ball bearing, the 72U series for
productivity improvement and energy reducing consumption of industrial machinery with a focus on machine tool. The
newly developed bearing has adopted the new phenol resin cage. We introduce the design points and results of the
above mentioned tests of the “NTN’s ULTAGE precision standard angular contact ball bearing 72U series” that have
created a new epoch in the areas of load resistance, high-speed and lubrication performance in this paper.
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aH =ar
= H A

Takuya ISHII
Satoru FUKUZAWA
Norikazu MUNEDA

i

TEMICIEERIE, SIITREEDRDENTED, THEIEFINAETVNEST
HIEIRB CINTEEICEND, ENEICHEIET D Y— hEFERLUARDE
MEZTVD. ERNEDTND MR IE TIERM O MREICKE S HET D,
BB RO Y— NMIIHMEEZEE, MEFEENKRDSND. AsClE, MTv{tT
F L VIR ICHRETeIEM Z B S U fe TIEEMEAEADNTNERE T XD ¥ — KT
DVWCTHENTS.

Machine tools are required to operate at high speed, high precision. The models of using plastics sliding sheet in
guide are increasing. When cutting resistance is high, the models are superior in processing precision by low
vibration. Low friction properties and wear resistance are required to plastics sliding sheet. In this report, characteristic
of sliding sheet formed from PTFE and special filler is introduced.
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Lubrication Mechanism of Low Friction Seal of Ball Bearing for Transmission
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i N 2
MAH &

Tomohiro SUGA
Katsuaki SASAKI
Takahiro WAKUDA

BEED NS YAZ vy a valF ICEREUCEMZRET UV 3 VY=L, Y—ILY
w 7 DS R & DFRENEC FIIBTEAAR D) \SREEZ S EERR (S, SEBFCD L SUHE
RIC KD EZAIHE DR CEERDMBRZEIR L, E7UIY 3 AEZERELTLS.
ARCE, HEEHOX A= LEERETZY T hEHL GEEREREE) BTICKD
RANTAERZHRET D.

A low friction seal for use in ball bearings developed for automotive transmissions has arc-shaped (half-cylindrical
shaped) micro bumps on the sliding surface of the seal lip. This generates a lubrication oil film between the seal lip
and inner ring by a wedge effect in the bump area, thereby achieving low friction.

This article reports the mechanism of fluid film formation and friction resistance by soft EHL (ElastoHydrodynamic

Lubrication) analysis.
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Hub Bearing with Steering Function that Improves Vehicle Dynamic Performance
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NTN has developed a hub bearing with a next generation steering function capable
of improving the motion performance of the vehicle by incorporating the steering angle
adjustment mechanism in the hub bearing.

In this developed product, it is possible to independently correct and steer the left
and right wheels according to the driving situation of the driver, but in this report we
report on the result of the implementation in the mode to synchronize the left and right.
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"Tapered Roller Bearings" with Early Failure Detection Sensor
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In this paper, we introduce "Tapered Roller Bearings" with early failure detection sensor, which can detect
flaking that may occur on bearings during operation. Continuous use of bearings with flaking failure leads to a risk
of damage to peripheral components such as the shaft and housing due to abnormal bearing rotation.
Furthermore, such flaking might also cause secondary damage such as damage to gear parts when flaking debris
from bearings is dispersed and becomes stuck in the gears. Therefore, when flaking occurs on bearings, it is best
to stop operation promptly. However, until now, it was difficult to detect flaking on bearings because it was
undetectable due to the vibrations or noise of the entire machine. The developed product utilizes a magnetic
sensor for the tapered roller bearing, with its own split type filter seal structure. Therefore the developed product
can detect failure and prevent flaking debris from flowing out of the bearings.
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"Tapered Roller Bearings" with early failure detection sensor
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Asymmetrical Spherical Roller Bearings for Wind Turbine Main Shafts
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Wind turbine main shaft bearings are subjected to axial loading caused by wind loads. The use of spherical roller
bearings for such applications results in one row being subjected to larger loads as compared to the opposite row.
Additionally, spherical roller bearings have a characteristic of rolling and sliding due to inherent internal geometry.
These conditions, combined with insufficient lubrication at the roller/raceway contact, lead to wear at the outer
raceway surface. As a result damage might occur particularly in the outer ring raceway surface.

NTN has developed “Asymmetrical Spherical Roller Bearings” for wind turbine main shafts that have an
asymmetrical design utilizing different length rollers and a different contact angle between internal left and right

roller rows in order to address these issues.
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Demand of renewable energy such as hydroelectric power generation is increasing rapidly from rise of global
warming and the interest to the energy mix. NTN already commercialized the NTN Micro hydro Turbine which is used
in existing agricultural canal and industrial canal and makes electric power available in the place where the no power
system exists. NTN develops Grid Connectable NTN Micro hydro Turbine. This paper introduces the features and the

structure of the developed products .
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Correlation diagram between calculated life (a3 X Lion) and
estimated life from experimental results.
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