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Latest Trend of Main Spindle for NC Machine Tool
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This paper overviews today's technologies and future trends in high-speed spindles for machine tools. High-speed
machine tools have been popularized in order to meet the progress of machining technologies led by the technical

progress in tools, and the progress in workpiece materials. We consider that such a progress will continue for a while,
and that spindle systems will continue to get faster. The dmn value may reach as high as 4 million in near future.
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Development of Eco - friendly Oil Jet Lubricated Angular Contact Ball Bearings
for Machine Tool
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The lubrication system is critical for the high-speed operation of a machine tool. In 1992, NTN
developed a complex lubrication system with oil jet lubrication and an under-race lubrication system
for angular contact ball bearings with dmn < 390 million (dm = ball pitch circle diameter, n = speed). In
order to increase the speed limit of an angular contact ball bearing, the “Eco-friendly Oil Jet
Lubrication System” was developed. In this paper, the Eco-friendly jet lubricated bearing and the
lubrication system are introduced. This document summarizes a test that measured the power loss
and temperature of bearings (70mm bore, dmn value = 500 million) using this new lubrication system.
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Minimizing Lubricant Supply in an Air-Oil Lubrication System

oo ood*
Yoshinobu AKAMATSU
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Masatsugu MORI
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Roller bearings for machine tool main spindles must have low vibration, low friction, and ability to operate at high
speed. NTN'’s environment-friendly ULTAGE series HSL-type air-oil lubricated angular ball bearing meets all of these
requirements. The HSL-type bearing supplies lubricant via the inner ring surface by delivering an air-oil mixture to the
cone-shaped counter bore of the inner ring. The traditional lubrication method of supplying the air-oil to the inner
ring/roller contact surface produces an air-piercing sound as the rollers cut through the flow of the air-oil mixture, and
this new structure successfully eliminates the air-piercing sound. It also successfully reduces the required amounts of

oil and air.

This paper describes the technology for minimizing the lubricant supply that was applied to the HSL-type angular ball
bearing, and more specifically, evaluates the limit of the counter bore tilt angle and the swash clearance, lubricant
viscosity, effects of air flow rate, uniformity of oil, and the factors for the minimum required oil amount. It then
concludes that the swash angle is determined by the dmn value and that smaller wettability of the tube results in more

uniform lubricant supply.
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Development of Long Life Grease for High Speed Application
— “ME-1" Grease for Motor Bearings —

[ I I R
Hidenobu MIKAMI
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Electric motors are used in many household and industrial applications. They are essential to our
daily lives. Motors are expected to be quiet and highly efficient. The motor bearings, too, should
have low noise and low torque. For these reasons, Li soap/ester greases are widely used in motor
bearings. They exhibit low torque and excellent acoustic characteristics. Several years ago, greases
having urea thickener and poly-a -olefin (PAO) or ester oils were developed to extend the life of
motor bearings, and today they are seeing increasingly wide use. The market, on the other hand, still
demands even longer bearing life. A new grease needs to be developed to meet this demand.

To extend the life of a grease, it is necessary to prevent oxidation of the base oil. Thermal
oxidation stability of the base oil and oxidation inhibiting additives play a large role in extending the
life of the grease, so it is necessary to use the proper inhibitor. In this paper, the effectiveness of
oxidation inhibitors suitable for PAO and ester base greases is discussed. The paper also introduces
NTN'’s “ME-1" long life grease electric motor grease that was recently developed based on this

knowledge.
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"ULTAGE" Series Precision Bearings for Machine Tools
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To meet the market needs for faster, more efficient, and more precise machine tool main spindles,
NTN has created new bearing designs and recently reorganized our product line into “ULTAGE

Series” bearings.

The paper explains, various bearing types and their applications in plain terms. The paper also
describes the configurations of “ULTAGE Series” bearings.

ULTAGE is a term created by NTN combining ‘ULTIMATE' and ‘STAGE' to represent NTN’s pursuit
for the highest level of precision in machine tool bearings.
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ULTAGE Standard Angular Contact Ball Bearings, 79U/70U type
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Machine tool bearings require high speed capability, long life, and consideration of the operating
environment. To meet such needs, NTN has developed a new standard angular contact ball bearing,
the 79U/70U type, which has superb performance and adds rich variation to our ULTAGE Series
product line. This paper describes the features of NTN's standard angular contact ball bearings that
have created a new epoch in the areas of high-speed, load resistance, and lubrication performance.
These improvements make the 79U/70U ULTAGE Series worthy of the title "The New World

Standard."”
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HTA U Type ULTAGE Angular Contact Ball Bearings for Axial Loads
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A new angular contact ball bearing has been developed for machine tool applications, particularly
lathes, that require a high-speed main spindle with high rigidity and load resistance. This paper
introduces the HTA U-type angular contact ball bearing for axial loads, which offers high-speed
performance while maintaining the rigidity and load resistance of traditional bearings.
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High Speed and Long Life Double-Row Cylindrical Roller Bearings
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NTN has developed a new high-speed and long-life double-row cylindrical roller bearing
(NN30xxHSRT®6 type) for the ULTAGE Series product line. High-speed is accomplished by
optimization of the internal design and adoption of a light-weight and high-strength PEEK resin cage.
Furthermore, the addition of grease reservoirs inside the cage pockets extends the lubrication life.
This paper outlines the development process.
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Next generation deep groove ball bearing for high speed servo motor

0 O a=*
Chikara KATAGIRI

O o ooo
Kenichiro NAITO

ooboobOboobOoOooobOooobOooobooon
obobobOooOoooobooooboobobobonoo
ooooboooooboboooobobobooo.ooobooo
ooboooobooboooobooobooooboooooo
obobobooOooooboooooobobobono
ooooooo.
oobooobbooocACObObOOODOOoOobOOooDOoO
O000denOd=9500dn0 00000000 mmOnO
0000 minl000000000000O0O000O0O0O0O
o0 boooOobOoobooboboo.cooobooooo
ooooooooog.

In the past, servo motors have been developed by focusing mainly on machine tool and robot use. Recently, servo motors
are being more widely used in general industrial apparatus and in manufacturing equipment for products such as
semiconductors or electronic parts.

Due of the growth of these applications in recent years, demand has increased for high-speed servo motors with high
accuracy. High-speed angular contact ball bearings are typically used in these servo motors. Since they are easier to handle
than angular contact ball bearings, the demand for deep groove ball bearings has also increased for high-speed applications.

Because of this increased demand, NTN has developed the “Next Generation Deep Groove Ball Bearing for High-speed
Servo Motor” that can be used in applications with dmn < 950,000 (dm = ball pitch circle diameter, n = speed). In the past,
only angular contact ball bearings could be used at this high dmn value. This new bearing also has a longer life than the
previous deep groove ball bearing used in a servo motor application.

This report introduces the characteristics, including several test results, of NTN’s new design named the “Next Generation
Deep Groove Ball Bearing for High-speed Servo Motor.”
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Example of FEM analysis under centrifugal force with synthetic resin new design cage (displacement of radial direction)
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NTN has developed a color filter repair system (product name: Multi-Repair System) that is capable of repairing all of
the various production defects in liquid crystal color filters. This system was developed jointly with Takano Co., Ltd.
and offers new functions such as review and tape grinding in addition to traditional laser cut and ink pasting functions.

Integrating all of these functions into a single unit provides a great benefit in terms of improved repair quality, reduced

repair time and equipment cost, and smaller machine footpoint. It has already received acceptance by many users.
This paper outlines the system and explains the available functions.
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Repair system for the 6th and 7th generation LCD color filters
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The NTN color filter repair system fixes defects in color filters which are primary components of liquid crystal

displays.

The most important feature of this system is the ability to apply ink to a white spot on the color filter, commonly

referred to as a "white defect".

The repair process of the liquid crystal color filter involves a backlight observation mechanism to verify the conditions

before and after the repair.

Today, LCD screens are becoming larger, and consequently the size of the glass that is used in the production is

also increasing. Naturally, the repair system must also be larger. This growth in size may pose a structural problem

for the traditional backlight observation mechanism in the near future.

This paper details a reflective type backlight mechanism that NTN has recently developed for large-size substrates

(the 6th and 7th generation sizes).
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In recent years, PDP is expected to rapidly penetrate into the market. However, rib defects occasionally occur during
the manufacture of PDP substrates. If the substrate has a rib defect, the image quality of the PDP is poor. Therefore,
equipment that can repair this rib defect is in demand. To meet this demand, NTN has added various functions to
NTN’s conventional repair equipment and developed a rib repair device.

This device makes repairs by repeatedly applying on paste the defective portion, baking it, and measuring the shape
of the repaired portion with a non-contact displacement gauge. After filling the defective portion with paste, the upper
surface of the rib is finished by machining. Surplus paste is removed from the side surfaces with a cutting laser and
scratch needle.

This paper provides an outline of this equipment.
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NTN'’s air spindles are used in production and inspection equipment for magnetic discs. The major issue of such air

spindles is how to improve the rotational accuracy. NTN studied the correlation of the rotational accuracy and the feed

hole arrangement on an aerostatic journal bearing, and as a result NTN has developed a staggered triple-row feed

journal bearing. This paper presents the numerical analysis results of the performance of the staggered triple-row feed

journal bearing and describes the rotational accuracy of the prototype air spindle that is equipped with this bearing.
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Nanometer accuracy positioning system
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This paper describes two types of very high precision positioning systems. One is the linear positioning stage that is

capable of one nanometer accuracy. This stage consists of an Air Slide, Linear Motor, and Laserscale. The other is

the rotational positioning Air Spindle that has a resolution of 151-million increments per revolution. We recently

completed development of an exclusive controller system, the Nanoscale Controller.
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