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Congestive Heart Failure Treatment for The 21st Century
— Challenge of NTN Technology for Medical Treatment —

By Chisato NOJIRI

Congestive heart failure (CHF) is the leading cause of death in the majority of the developed
countries. According to an American Heart Association estimate, approximately 4.6 million
Americans have congestive heart failure and there are 450 thousand new cases found each
year in the United States. Although the prevalence and incidence of CHF worldwide is not well
defined, current worldwide projections estimate approximately 22.5 million people have CHF
with 2 million new cases are annually. Currently available drug therapies have shown limited
efficacy. Therefore, there are tremendous opportunities for device companies to target the huge
market for CHF treatment. There are two major therapeutic options for CHF other than drug
therapy. One is implantable cardiac rhythm management (CRM) and ventricular assist devices
(VAD) which should be key players over the next few years.

In this report, | introduce a VAD using a magnetically suspended centrifugal blood pump system.
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Introduction of Hydrodynamic BEARPHITE
(Material : sintered metal)
By Tetsuya KURIMURA

Office automation and audio visual equipment are improving in quality and are also now often
being used in the household. As a result, the requirements for low bearing noise and improved

accuracy of rotation have increase.

Currently, rolling bearings have been used in this application. However there are some cases
where conventional rolling bearings can not satisfy the rotational accuracy and noise level

requirements.

Therefore, fluid dynamic bearings have begun replacing rolling bearings in some applications.
To meet the higher performance requirements, NTN has developed Hydrodynamic
BEARPHITE. Mass production of BEARPHITE bearings has begun for use with scanner motor,
cooling fan motor and optical disc spindle motor applications.

In this publication the NTN Hydrodynamic BEARPHITE products are shown, concentrating on
the Hydrodynamic BEARPHITE unit currently being developed for HDD.
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Technical Trends in Aerostatic Bearings

By Yoshio FUJIKAWA and Akinobu ASAHARA

Aerostatic bearings have the outstanding advantages of precise motion, low friction loss,
cleanliness and long life. NTN offers precise air bearing spindles and air bearing slides with their
drive units. They are mainly applied to precision manufacturing or inspection systems of, for
example, semiconductor devices, memory disks and optical devices. This article outlines the
principle and features of aerostatic bearings and illustrates recent technical trends through
application examples. Topics treated here involve precision air spindles for optical disc
mastering system related with runout accuracy and jitter of rotation frequency, high speed air
spindle driven by air turbine for electrostatic coating, high speed air spindle for small hole drilling
with built-in sensor for monitor cutting force and an air spindle which achieved extremely high

stiffness by higher pressure air supply.
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Development of Magnetic aerostatic hybrid spindle

By Nobuyuki SUZUKI and Hiroyuki YAMADA

The machining of a precision mold for injection molding is being changed from conventional
“electrical discharge machining” to “direct cutting”. High-speed cutting with a fine ball end mill is
a key technology for high efficiency precision machining. NTN has developed a “Magnetic
aerostatic hybrid spindle” for high-speed and high precision cutting. This spindle has a hybrid
bearing that unites a magnetic bearing and an aerostatic bearing. The spindle has the superior
merits of a magnetic spindle and aerostatic spindle, without their liabilities.

This report introduces a comparison of high-speed spindles, the structure and features of the
“Magnetic aerostatic hybrid spindle”, and results of the cutting experiments.
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Numerical Analysis of Herringbone-Grooved Gas-Lubricated
Journal Bearings Using a Multigrid Technique

By Takuji KOBAYASHI

In this paper, a multigrid technique is applied to the compressible Reynolds equation discretized
by the divergence formulation to analyze both static and dynamic characteristics of herringbone-
grooved gas-lubricated journal bearings. The developed code demonstrates quicker
convergence than an optimized successive over-relaxation scheme, and the dominance in
numerical efficiency is especially good at higher values of bearing number (A ) where slow
convergence is generally observed. Comparisons between the present nonlinear orbit solutions
and previously published experimental results show reasonable agreement in both steady-state

and dynamic stability performances.
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Development of an Electronically Controlled Two-Way Roller Clutch
for Transfer Case Applications

By Koichi OKADA, Makoto YASUI , Shiro GOTO, Russell MONAHAN and Ted BAILEY

This paper describes a new two-way, over-running mechanical clutch and electronic control for
four wheel drive systems. This package is called the “Lock On Demand" (LOD) system.

The LOD system is composed of a two-way over-running roller clutch, an electronic controller,
and sensors. The controller actuates the roller clutch mechanism, putting the vehicle in 2WD or
4WD based on the information from sensors which measure speed, throttle position, brake

activity, etc.

The two way roller clutch is composed of a cammed inner race, a cylindrical outer race, rollers
and retainer. An electro-magnetic coil is used as the activating trigger for the mechanical clutch.
In this paper, the LOD system is introduced, and details are given for the operation of the roller
clutch and controller. In addition, the results from a finite element analysis (FEA) are included.
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A New Powder Metal with Mechanical Properties Approaching Low Carbon Steel

By William Victor ALCINI

A new powder metal, copper infiltrated iron-phosphorus, has been developed with exceptional
elongation (10%), impact strength (159 N-m), tensile strength (530 MPa), machinability and
modulus (166 GPa). The Fe-P powder is typically used for magnetic applications, but by
copper infiltrating Fe-P the mechanical properties are greatly improved for structural
applications. It is believed that phosphorus improves copper wetting of iron. The improved
wetting causes increased copper penetration into the porosity. The PM can be hardened by
conventional heat treatment processes. It was found that typical case depths and hardnesses
can be achieved by carburizing and carbonitriding heat treatments. The wear characteristics of
the hardened material were comparable to hardened conventional PM and wrought steels. The

material has potential commercial use in applications where traditional PM materials may not
have enough ductility or elongation to failure for a given strength. <A patent is pending>
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A New Test Method for Mode II Fatigue Crack Growth in Hard Steels

By Yukio FUJII, Kikuo MAEDA, Akio OHTSUKA

Flaking type failure in rolling contact fatigue is usually attributed to fatigue induced by a cyclic
subsurface shearing stress caused by contact loading. This type of subsurface crack growth is
essentially a mode II fatigue crack growth under the condition in which tensile mode growth is
suppressed due to the compression stress field arising from the contact stress. Based on this
idea, a new test apparatus was developed to obtain mode II fatigue crack growth characteristics
in hard steels. In this apparatus, static K1 and the compressive stress parallel to the pre-crack
are superimposed to mode II loading. Testing was conducted on bearing steel SUJ2. Test
results showed that stable mode II fatigue crack growth occurred in the region of A K =3-
10MPav m, andA K1 -threshold value for mode II fatigue crack growth was estimated to be
approximately 3MPav m. The apparent effect of load ratio was not observed in the data of R=0

and R=-1.
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The Application of Computer Simulation for Heat Treatment

By Chikara OHKI

A numerical simulation for heat treatment is very effective to solve various problems during heat
treatment (distortion, uneven condition of hardness distribution etc.) and to improve quality
(adequate residual stress and hardness distribution). Thus,a numerical simulation was applied
to analyze various problems of bearings during heat treatment. This paper describes some

analyzed results.
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Simulation for Ball Bearing Vibration

Tomoya SAKAGUCHI and Yoshinobu AKAMATSU

Significant control of vibrations is required for bearings used in data processing machines. An
example, is the non-repeatable run-out (NRRO) in bearings used in a spindle motor for a hard
disk drive. In order to improve the bearing vibration, we have to understand the relation between
form errors of every component and the vibration of the assembled bearing. Therefore a
simulation program for ball bearing vibration with simple algorithm was developed.

In this paper, results from this program were compared to past experimental and analytical
studies to confirm the validity of this algorithm. Next, the effect of the ball angular interval on
bearing vibration was analyzed and experimentally determined for the case where the ball
angular intervals were irregular due to the existence of the cage clearance, bearing vibration
occurred. Additionally the amplitude increased as the axial load for the bearing increased.
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Grease Life Prediction for Sealed Ball Bearings

By Takayuki KAWAMURA, Masami MINAMI, Masakazu HIRATA

Sealed ball bearings are used widely in electric motors and automotive components. An
appropriate grease is selected for the each application, considering grease life, bearing torque,
sound characteristics, etc. In recent years, as these components have become progressively
more compact, the sealed ball bearings have been required to operate at higher temperatures
and rotational speeds. In such cases, grease life has become more critical in determining the
bearing’s overall life. Therefore, it is important to estimate grease life in order to select the
appropriate grease and predict the life of the final product.

In this paper, the grease life formulas for both urea and lithium soap greases were generated.
The formulas take into account rotational speed, temperature and the applied load. The grease
life formulas were further improved to be applicable to outer ring rotation bearings.

It was found that the grease life in bearings with outer ring rotation was shorter than for bearings
with inner ring rotation. The difference in cage rotational speed was found to affect the grease
life. By adding a correction factor for outer ring rotation to the rotational speed term, the same
grease life formula, independent of rotational type, can be utilized.
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Operating Characteristics of Cylindrical Roller Bearing
under High Temperature and High Speed Conditions

By Kenji FUJIl and Masatsugu MORI

The development of a cylindrical roller bearing that is capable of operating at speeds of 3-4
million an and temperatures of 300-400°C is a basic theme of the advanced components
technology study for innovative gas-generators. New materials need to be applied to bearings
so that they can survive these severe operating conditions. The new carburized race material
with added Chromium has higher hardness and 5 times the fracture toughness at high
temperature than the current M50. Low mass Silicon Nitride rollers are an effective
countermeasure for reducing centrifugal loading during high-speed operation. As a cage
material, Ni-Cr alloy sprayed TiAl has a 50% lower mass and better friction and wear
characteristics than the current silver-plated SAE4340. Ether-based lubricant has a higher flash
point than 300°C and excellent thermal resistance.

Testing of bearings made from these materials and lubricated with under-race lubrication using

the advanced lubricant were conducted. From the results, it was confirmed that the optimized
design with new materials enables the cylindrical roller bearing to operate up to 3.5 million dn

and 300°C and with a low roller slip rate.
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Dynamic Analysis of Needle Roller Bearings in Connecting Rod Big-End Applications

By Hiroki FUJIWARA and Takuji KOBAYASHI

Needle roller bearings used a connecting rod big-end application of a reciprocating engine are
subjected to applied loads and angular velocities of the rotating race that vary in both magnitude
and direction. In order to study the dynamics of those bearings, we have developed a dynamic
simulation code which includes the effects of cylinder-gas pressures and apparent forces. The
dynamic model assumes in-plane motions of the bearing elements, thus eliminating any motion
in the axial direction and roller skewing. The obtained set of differential equations of motion of
the elements is numerically integrated to provide a real-time simulation of the bearing
performance.

In the present study, the cage translational motion is also experimentally measured under the
condition that the bearing center is stationary with constant applied loads. Comparisons
between the experimental results and numerical solutions show reasonable agreement, thereby
verifying the basic interaction models among the bearing elements.

Numerical simulations were generated for a two-stroke engine application. The results show an
appreciable increase of slip ratios of both the rollers and cage compared with the numerical
solutions generated under the corresponding static operating conditions. Also, the interactions
between the rollers and cage pockets were found to be more frequent and intensive. Numerical
results from the model were capable of demonstrating the effects of bearing design parameters

on the roller/cage interactions.
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Dynamic Analysis of Forces Generated on Internal Components of a Double Offset

Constant Velocity Universal Joint (DOJ) by utilizing ADAMS Software
By Yoshihiko HAYAMA

The Constant Velocity Joint (CVJ) consists of several components which move in 3-dimensions
as they rotate and transmit torque. Investigation of the motion and dynamic forces generated on
these components is important in the development of a CVJ. Various experimental methods for
measuring the motions and forces in a CVJ were investigated. Although it is very difficult to
measure the parameters directly. Because of advancements in computer technology, Computer
Aided Engineering (CAE) offers major advantages to the design and development in the
automotive industry. By using CAE, it is possible to accurately evaluate the motion and forces
generated on the CVJ internal components.

This paper describes the analysis of dynamic forces generated on the components of a Double
Offset Constant Velocity Joint (DOJ) using the ADAMS dynamic modeling software. ADAMS
can solve non-linear multi-body dynamic problems, so it can accurately model an assembly of
multiple parts. In this analysis, contacts between the CVJ components were assumed to follow

the Hertzian contact theory and friction forces were not taken into consideration.
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Improvement of Insulated Bearings Coated with PPS Resin

By Masaki EGAMI and Hideji ITOH

Electrically insulated bearings coated with Polyphenylene sulfide resin (PPS) are currently used
in traction motors on railway rolling stock to prevent electric corrosion. However, the internal
temperature rise in the PPS insulated bearings is higher than in ordinary bearings because the
thermal conductivity of the PPS is low and the PPS layer also acts as a heat insulator. A
change of interference fit may also occur due to creep deformation of the PPS layer. By
changing the resin material and reducing the thickness of the resin layer, the lives of the
bearings insulated with PPS were increased and they required less maintainance.

This report describes the general properties of the new resin material and the performance of
the improved bearings. The improved bearings show good performance in that the electrical
insulation property is the same as the current insulated bearings, the internal temperature rise is
reduced approximately 15°C, and the change in fitting interference is reduced to one-seventh of
the value when compared with the current insulated bearings.
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Bearing with Integral Revolution Sensor

By Hiroyoshi ITO and Takashi KOIKE

A bearing with an integral revolution sensor will reduce the size and assembly time when
compared to an application which uses a bearing and a general rotary encoder.

This report is includes the results of thermal shock tests of the magnetic encoder, both
unmounted and mounted in the finished bearing assembly.
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Magnetic Field Analysis of Integrated Sensor Bearings

By Takashi KOIKE and Yoshitaka NAGANO

Many electromagnetic parts (actuators, sensors, etc) are used in automobiles. NTN has many
electromagnetic products that include hub bearings with a built-in ABS sensor, integrated
sensor bearings, and electromagnet MCUs (mechanical clutch unit). The design of these
products is difficult, because magnetic flux leaks to the surroundings and magnetic materials
have non-linear magnetic characteristics. Magnetic field analysis using FEM is a useful design
tool for solving these problems. In this paper we describe the development of the high
performance integrated sensor bearings supported by the magnetic field analysis.
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Development of Ball Screws for Electric Servo Injection Molding Machines

By Masahiro NOBUTOMO Yasushi SHIBATA Kimihito USHIDA Takayuki OWADA

In comparison with hydraulic injection molding machines, electric servo injection molding
machines consume less than a third oh the electric power, can control positioning of the mold
with higher precision, and use no oil, which contributes to a cleaner environment. With these
features highly valued in the market, electric servo injection molding machines have become
widely accepted within a short period of time. Among the background factors in the acceptance
of this significant change is the introduction of servo-motors which provide high output and a
critical element of these servo-motors is the high load capacity ball screw.

NTN has successfully developed a series of ball screws with high load capacity for electric

servo injection molding machines.

A NTN, a variety of tests have been conducted using a newly constructed dedicated test
machine to evaluate the performance of ball screws used in electric servo injection molding
machines and to investigate modifications for various applications.

Described in detail below are the results of these tests and how they were used to make desired

design modifications.
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