Air Turbine Bearings
for Dental Handpieces

NSK Air Turbine Bearings

NSK Bearings:
Ten Times Higher
Corrosion Resistance
Improves Bearing
Replacement Cycle
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Recent Trends in Infection Control and
Their Impact on Bearings
The dental handpiece is one of the most important instruments among the everyday implements used by
a dental practitioner. The dental handpiece, however, poses a potential high risk of cross-contamination.
To minimize cross-contamination risks and also to assure reliability and longevity of dental handpieces,
these instruments are repeatedly sterilized in boiling water and disinfectants and put in an autoclave after
each use. In recent years, higher awareness among patients and dental practitioners regarding crosscontamination has initiated a trend of using alkaline solutions to clean and sterilize these handpieces.
These highly effective sterilizing methods could, however, cause corrosion in the bearings, which can then
lead to lower performance of the dental handpieces. A corroded bearing produces increased vibration
and abnormal noises in dental handpieces and eventually causes defects such as reduced rpm levels.

Solution for High Reliability and Performance,
and Maximum Longevity of Handpieces
The bearings made of ES1 developed by NSK provide 10 times higher corrosion resistance than
conventional bearings made of SUS440C stainless steel in an environment of exposure to a disinfectant
and sterilization agent. NSK bearings offer extremely accurate revolution at an astounding speed of
400,000rpm with minimum vibration in the dental handpiece to provide safe and comfortable dental
treatment.

• Dental Handpiece Usage
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Top Runner in Bearings

Top Runner in Bearings
Technological Strength of NSK
NSK produced the first ball bearings made in Japan in 1916. Since that time, the company has been
contributing to the advancement of various industries through the use of its high-quality bearings in
industrial machinery, precision machines, and automotive components. At present, the company has the
largest share of the bearings market in Japan and is one of the largest bearing suppliers in the world.
For about 50 years, NSK has been developing and manufacturing bearings used in dental air turbine
handpieces in Japan. In recent years, the performance requirement for bearings has become very high
because of the improvement in the performance of air turbines. NSK continues to develop various
technologies with the focus on ultra-high speed rotation, long life (rolling life, autoclave resistance,
and corrosion resistance), low noise, low vibration, and safety through meticulous quality control and
application of high-precision technologies and manufacturing technologies of bearings that the company
has developed throughout its history.
For example, NSK was one of the first bearing manufacturers to discover the effectiveness of Torlon®
(polyamide-imide) as a cage material and introduce it in the world. The company actively pours its energy
into the development of cage materials such as polyimide and polyether ether ketone (PEEK). NSK
has also developed a high corrosion resistant material called ES1* that is perfectly suitable for dental
handpiece bearings. ES1 makes it possible to improve the life of bearings significantly and enable far
higher quality sterilization with no cross-contamination. In a parallel effort, the company has been pushing
forward with improving the precision, manufacturing method, and optimal design of cages to meet the
requirements of ultra-high speed rotation performance and longer rolling life.
*Patent granted

Basic Research
Capacity

Product Development
Capacity

Total
Technological
Capacity
Design Technological
Capacity

Manufacturing
Technology Capacity

• NSK’s four core technologies that form the basis of its technologies and services
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Tribology

Material technology

Analysis technology

Mechatronics technology

Tribology is an advanced friction control
technology for improving load resistance and
durability using grease and surface treatment.

Material technology is a key to further improving
the durability and reliability of bearings that
are generally exposed to a severe operating
environment.

Analysis technology contributes to providing
a virtual evaluation of product performance
as well as optimal designing of products and
speeds up new product development processes.

NSK’s proprietary mechatronics technology combines
the company’s electronics technologies with its
mechatronics knowhow accumulated through
product development and manufacturing conditions.

Full-fledged Global Service Network
NSK has a long track record of overseas business activities during which the company has built up a
highly efficient global support network for our customers in a wide range of industries all over the world.
NSK’s business operation is structured around its five regional business units in the Americas, Europe/
Africa, Asia/Oceania, China and Japan. NSK operates 65 locations in Japan and 200 production sites
and sales locations (excluding representative offices) as well as technical service locations in about 28
countries around the world. At all locations, our Business Division Headquarters, Functional Division
Headquarters and Regional Headquarters work in close collaboration to respond fast and accurately to
the wide-ranging needs of our global customers.

Fujisawa Technology Center (Fujisawa City, Kanagawa Prefecture)
Fujisawa Technology Center is the central hub of NSK’s corporate
research and development activities. Almost all business units related
to the development of technologies from the product planning phase
through research, development, production, and introducing the
product into the market, are assembled in this Center. There are
about 1,000 engineers working at the Center. It continues to produce
innovative products that satisfy our customers through the combined
technologies of various applications.
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ISO 9001 Certified Manufacturing Plants and Wide-ranging Equipment

ISO 9001 Certified Manufacturing
Plants and Wide-ranging Equipment
State-of-the-art Manufacturing Plant
NSK has two plants for manufacturing dental handpiece bearings, one in Japan and the other in Malaysia.
Both plants in Japan and Malaysia are ISO 9001 certified and have the latest high-tech equipment for
manufacturing high-quality miniature ball bearings. The bearings are assembled in Class 1000 (or ISO6)
cleanrooms at these plants and are put through the most stringent quality management. NSK also has a
system in place to assure traceability of all its products so that the company can quickly respond to any
problem in product quality.

Fujisawa Plant
NSK Micro Precision Co., Ltd.
Kanagawa Prefecture, Japan

Malaysia Plant
NSK Micro Precision(M) Sdn. Bhd.
Kuala Lumpur, Malaysia

Cutting-edge Manufacturing Equipment and
Inspection System
Miniature ball bearings require submicron level manufacturing precision. NSK uses technological
capabilities refined over years of hard effort and production lines with the latest precision machining tools
to deliver processing accuracy at the submicron level.

Multi-layer washing equipment

Grinding machines

World smallest class bearings

Assembly machines
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Automatic inspection equipment

Complete System of Measuring and Analysis Equipment
NSK has a wide-range of cutting-edge measuring and analysis equipment that is used for improving,
maintaining, and confirming the manufacturing quality and developing improved dental handpiece
bearings.

Roundness measuring instrument

Surface roughness/shape measuring
instrument

Laser particle counter (LPC)

Fourier Transfer Infrared (FTIR) analyzer

Ion chromatography (IC) instrument

Gas chromatography (GC) instrument

Full Evaluation System
NSK has installed the company’s proprietary evaluation
equipment that is used to evaluate the rotation of bearings
assembled in an air turbine and verify the rolling life
performance. NSK has significantly improved the rolling life
performance of its bearings by using ultrahigh precision balls
and high-precision parts that the company has developed
ahead of other manufacturers in the world.
Evaluation equipment

Quick Acoustic Analysis Software
NSK uses the company’s proprietary acoustic analysis software
(ACOUS-NAVI) to quickly analyze abnormal noise detected in
bearings used in the products manufactured at your company
and provides the required solution.

ACOUS-NAVI analysis screen
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Outstanding Features of NSK Dental Handpiece Bearings

Outstanding Features of
NSK Dental Handpiece Bearings
Long Life and High Corrosion Resistance ES1 Stainless
Steel Bearing
NSK has developed a high corrosion resistant material called ES1 that is highly suitable for manufacturing
dental handpiece bearings. ES1 has made it possible to improve the life of bearings significantly and
assure highly effective sterilization with no cross-contamination. The use of ES1 has improved the
bearing material, and as a result, the bearing has far superior corrosion resistance than the conventional
SUS440C stainless steel bearings. The electrical and chemical verification result of our anodic
polarization measurement confirms that the current density (corrosion rate) in the passive state range of
ES1 bearing is about one-tenth lower than conventional stainless steel bearings, which proves that ES1
has superior corrosion resistance.

• Microstructure

• Corrosion resistance (Salt spray test)
20μm

Specimen

ES1
Coarse eutectic carbide
ES1

Standard dental handpiece
bearing material

SUS440C

• Anodic polarization measurement result
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Ultra-high Speed Rotation
To maintain ultra-high speed rotation and long rolling life of air turbine bearings, it is particularly necessary
to produce a high precision cage based on the optimal design. NSK makes continuous efforts to optimize
the design and improve the precision of cage parts for ultra-high speed rotation. As a result, we have
been successful in maintaining a stable number of revolutions even at 500,000rpm.

Number of revolutions

Number of revolutions

• Examples of optimal design of elements and control values

Pocket diameter

Number of revolutions

Gap amount

Roundness of a cage

Gap
control

Pocket diameter

Roundness

8

Outstanding Features of NSK Dental Handpiece Bearings

High Parts Machining Precision for Ultra-high Speed Rotation
and Long Rolling Life, Low Vibration, and Low Noise
In addition to sophisticated material technologies and optimal cage designs, parts machining precision is
particularly important in order to maintain the ultra-high speed rotation and long rolling life of air turbine
bearings. NSK Group manufactures ultra-high precision bearing balls (far surpassing the world highest
standard of balls, namely Grade 3) with original specifications. The company expertly uses these ultrahigh precision bearing balls for its products. NSK has also further improved the precision of the bearing
rings using the high production technologies that the company has built up over the years. The company
applies these technologies for NSK air turbine bearings as standard specifications.

• Example of precision of balls

• Example of ring precision
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NSK Super precision ball specifications

Low Noise and Low Vibration
NSK has significantly minimized the acoustical noise and vibrations of bearings by improving their
roughness and roundness using NSK’s advanced machining technologies as well as with the adoption of
ultra-high precision parts.

• Bearing noise and vibration level that surpass other manufacturers’ bearings
Bearing noise (Anderon value)

100

100

80

80

60

60

40

40

20

20

0

9

Bearing noise level (G value)
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Product Lineup

Product Lineup
Bearing series

Width

100 Series

2.380mm

(Smooth type)

φ3.175mm

φ6.350mm

150 Series
(Groove type)

Outer ring counterbore

B3Z-100X

BH3Z-101X

BH3Z-102X

B3Z-100

BH3Z-101A

BH3Z-102A

B3Z-150X

BH3Z-151X

BH3Z-152X

B3Z-150

BH3Z-151A

BH3Z-152A

FBC3Z-200X

FBH3Z-201X

FBH3Z-202X

FBC3Z-200

FBH3Z-201A

FBH3Z-202A

FBC3Z-250

FBH3Z-251A

FBH3Z-252A

2.779mm
(0.1094”)

2.380mm
(0.0937”)

Width

φ3.175mm

φ6.350mm

Inner ring counterbore

(0.0937”)

Width

200 Series
(Flange type)

2.779mm
(0.1094”)

2.380mm
(0.0937”)

Width

φ3.175mm

φ6.350mm

Angular contact bearing

Deep groove
bearing

2.779mm
(0.1094”)

250 Series
Width

2.779mm
φ3.175mm

φ6.350mm

(0.1094”)

Standard specifications
• Ceramic ball bearings
• To maximize bearing performance, NSK has adopted ABEC9(P2) grade tolerance for the inner ring bore
diameter. The tolerance of other parts is ABEC7(P4) grade.
• NSK can supply bearings with two classifications of the inner ring bore diameter tolerance (from -0.0025
to -0.00125, and from -0.00125 to 0mm).
• NSK can manufacture bearings with custom laser markings upon request.
• NSK uses the high-safety low-viscosity lubricating oil CF1 as standard specification. Bearings with BF7
grease are also available.

Optional specifications
• Stainless steel ball bearings are also available.
• Bearings with different widths for the outer ring and inner ring are also available.
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Integral bearing
Inner ring counterbore

BH3Z-103X

BH3Z-103A

BH3Z-104X

BH3Z-103B

BH3Z-153X

BH3Z-153A

Outer ring counterbore

BH3Z-104A

BH3Z-104

BH3Z-154X

BH3Z-153B

FBH3Z-203X

BH3Z-154A

BH3Z-154

FBH3Z-204X

FBH3Z-203A

FBH3Z-203B

FBH3Z-204A

FBH3Z-204

FBH3Z-253A

FBH3Z-253B

FBH3Z-254A

FBH3Z-254

Preload stabilization
Stabilization of preloading using a spring is extremely important for air turbine bearings. There are three
management points ((1) to (3) below) for this task. For optimal performance of bearings, the bearing
assembly height at the time of preloading is absolutely important. NSK can verify the design setting value
of the bearing assembly height at your company to assure stable preloading.
Management
point (1)

Management
point (2)

Management
point (3)

Bearing assembly
height
Preload
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Product Lineup

Example of Product Code
Please use the following example product code of an NSK standard dental handpiece bearing (Smooth
type 100 series) as a guide to select a bearing according to requirements such as bearing width, material,
and lubricant to be used.

B3Z100X -H-20SN34 T52C ZS CG9 7A U438 CF1X
(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

(1) B3Z100X: Model name indicating basic bearing number for air turbine
(2) -H-20SN34: Ceramic ball (-H-26: Optional stainless steel ball)
(3) T52C:
Torlon® polyamide-imide cage
C, J, P, etc.: Cage type
(4) ZS:
Single shield
(5) CG9:
RIC 0.008mm to 0.010mm (Recommended by NSK)
(6) 7A:
Special tolerance class (ABEC7+ID: ABEC9)
(7) U438:
Special specification for air turbine
(8) CF1X:
Special oil (Food grade) or BF7N: Special grease

Delivering the Optimal Performance of NSK Bearings
Importance of a perfect fitting
To get optimal performance out of NSK air turbine bearings, the bearings must be correctly fitted
on the shaft and in the housing. To provide this optimal performance, Class ABEC9 tolerance (from
-0.0025mm to 0mm) is used for the inner ring bore of NSK bearings. NSK can supply bearings with two
classifications of ring bore diameter tolerance (from -0.0025 to -0.00125, and from -0.00125 to 0mm).
This choice of tolerance makes it easy to stabilize the bearing fitting on the shaft. A stable fitting reduces
air turbine vibrations, noises, and irregularities in the revolutions per minute, thereby assuring long life.

• Shaft material: Martensitic stainless steel (SUS400 family)

(Please contact NSK to use bearings for shafts made of stainless steel other than martensitic stainless steel.)
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Inner ring circumferential stress (kgf/mm2)

Internal clearance after mounting (%)

Inner ring circumferential stress

Contact NSK immediately if you encounter troubles
Bearings are used for wide-ranging applications and are a critical part that significantly affects the
performance of a product and device. An air turbine in particular is a precision medical device used at
an ultrahigh speed rotation of about 500,000rpm. Even a slight deviation in the performance of bearings
will significantly affect the operation of a product and device. There are, however, cases where it is
often difficult to determine whether a trouble symptom is caused by a bearing or some other part. NSK
finds the solution to all your troubleshooting needs with its rich experience of over 50 years and the full
advantage of the company’s advanced analysis technologies.

Troubles you may encounter
Case 1: Unable to get expected results despite efforts to improve air turbine performance.
Case 2: Irregular acoustic noise (tone) of air turbine
Case 3: The acoustic noise (low tone) is stable, but the vibrations are somewhat large and the rolling life is short.
Case 4: The acoustic noise has a low tone that we think is highly favorable, but we are not sure.

• Bearing wear
Generally, the rolling life of air turbine bearings comes to an end when the cage is worn or damaged,
which slows down the revolutions per minute and causes increased vibrations. Reducing and
controlling cage wear is the key factor for extending rolling life. NSK’s high optimal designing
capability and parts machining precision together with the customers’ high assembly technologies
and the dental practitioner’s good maintenance of a dental handpiece are indispensable to reducing
and controlling cage wear.

Even cage wear

End of rolling life (long life)

Please contact NSK if a cage is not evenly worn as shown in the photo above.
In cases such as below, NSK may be able to help resolve the problem.
• Poor precision bearings
• Low assembly precision of handpiece manufacturer
• Poor maintenance of handpiece by dental practitioner
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P: Phone
NSK LTD. HEADQUARTERS, TOKYO JAPAN
INDUSTRIAL MACHINERY BUSINESS DIVISION-HEADQUARTERS P: +81-3-3779-7227
AUTOMOTIVE BUSINESS DIVISION-HEADQUARTERS P: +81-3-3779-7189

Africa

South Africa:
NSK SOUTH AFRICA (PTY) LTD.
JOHANNESBURG

P: +27-11-458-3600

Aisia and Oceania

Australia:
NSK AUSTRALIA PTY. LTD.
MELBOURNE
SYDNEY
BRISBANE
PERTH
New Zealand:
NSK NEW ZEALAND LTD.
AUCKLAND
China:
NSK HONG KONG LTD.
HONG KONG
SHENZHEN
NSK (SHANGHAI) TRADING CO., LTD.
JIANGSU
NSK (CHINA) INVESTMENT CO., LTD.
JIANGSU
BEIJING
TIAN JIN
CHANGCHUN
SHENYANG
DALIAN
NANJING
FUZHOU
WUHAN
QINGDAO
GUANGZHOU
CHANGSHA
LUOYANG
XI'AN
CHONGQING
CHENGDU
NSK CHINA SALES CO., LTD.
JIANGSU
India:
NSK INDIA SALES CO.PVT.LTD.
CHENNAI
GURGAON
MUMBAI
Indonesia:
PT. NSK INDONESIA
JAKARTA
Korea:
NSK KOREA CO., LTD.
SEOUL

P: +61-3-9765-4400
P: +61-2-8843-8100
P: +61-7-3347-2600
P: +61-8-9256-5000
P: +64-9-276-4992
P: +852-2739-9933
P: +86-755-25904886
P: +86-512-5796-3000
P: +86-512-5796-3000
P: +86-10-6590-8161
P: +86-22-8319-5030
P: +86-431-8898-8682
P: +86-24-2334-2868
P: +86-411-8800-8168
P: +86-25-8472-6671
P: +86-591-8380-1030
P: +86-27-8556-9630
P: +86-532-5568-3877
P: +86-20-3817-7800
P: +86-731-8571-3100
P: +86-379-6069-6188
P: +86-29-8765-1896
P: +86-23-6806-5310
P: +86-28-8528-3680
P: +86-512-5796-3000
P: +91-44-2847-9600
P: +91-124-4104-530
P: +91-22-2838-7787
P: +62-21-252-3458
P: +82-2-3287-0300

Malaysia:
NSK BEARINGS (MALAYSIA) SDN.BHD.
P: +60-3-7803-8859
SHAH ALAM
PRAI
P: +60-4-3902275
JOHOR BAHRU
P: +60-7-3546290
IPOH
P: +60-5-2555000
Philippines:
NSK REPRESENTATIVE OFFICE
MANILA
P: +63-2-893-9543
Singapore:
NSK INTERNATIONAL (SINGAPORE) PTE LTD.
SINGAPORE
P: +65-6496-8000
NSK SINGAPORE (PRIVATE) LTD.
SINGAPORE
P: +65-6496-8000
Taiwan:
TAIWAN NSK PRECISION CO., LTD.
P: +886-2-2509-3305
TAIPEI
TAICHUNG
P: +886-4-2708-3393
TAINAN
P: +886-6-505-5861
TAIWAN NSK TECHNOLOGY CO., LTD.
P: +886-2-2509-3305
TAIPEI
TAICHUNG
P: +886-4-2358-2945
TAINAN
P: +886-6-505-5861
Thailand:
NSK BEARINGS (THAILAND) CO., LTD.
BANGKOK
P: +66-2320-2555
Vietnam:
NSK VIETNAM CO., LTD.
HANOI
P: +84-4-3955-0159
NSK REPRESENTATIVE OFFICE
HO CHI MINH CITY
P: +84-8-3822-7907

Europe

United Kingdom:
NSK EUROPE LTD. (EUROPEAN HEADQUARTERS)
P: +44-1628-509-800
MAIDENHEAD
NSK UK LTD.
P: +44-1636-605-123
NEWARK
France:
NSK FRANCE S.A.S.
P: +33-1-30-57-39-39
PARIS
Germany:
NSK DEUTSCHLAND GMBH
P: +49-2102-4810
DUSSELDORF
P: +49-711-79082-0
STUTTGART
P: +49-5361-27647-10
WOLFSBURG
Italy:
NSK ITALIA S.P.A.
P: +39-299-5191
MILANO
Netherlands:
NSK EUROPEAN DISTRIBUTION CENTRE B.V.
P: +31-13-4647647
TILBURG
Poland:
NSK REPRESENTATIVE OFFICE
P: +48-22-645-1525
WARSAW

: Head Office

Russia:
NSK POLSKA SP. Z O.O.
P: +7-812-332-5071
SAINT-PETERSBURG
Spain:
NSK SPAIN S.A.
P: +34-93-433-5775
BARCELONA
Turkey:
NSK RULMANLARI ORTA DOGU TIC. LTD. STI.
P: +90-216-477-7111
ISTANBUL
UAE:
NSK BEARINGS GULF TRADING CO.
P: +971-4-804-8200
DUBAI

North and South America

United Sates of America:
NSK AMERICAS, INC. (AMERICAN HEADQUARTERS)
ANN ARBOR
P: +1-734-913-7500
NSK CORPORATION
ANN ARBOR
P: +1-734-913-7500
NSK PRECISION AMERICA, INC.
P: +1-317-738-5000
FRANKLIN
SAN JOSE
P: +1-408-944-9400
NSK LATIN AMERICA, INC.
MIAMI
P: +1-305-477-0605
Canada:
NSK CANADA INC.
P: +1-905-890-0740
TORONTO
MONTREAL
P: +1-514-633-1220
P: +1-877-994-6675
VANCOUVER
Argentina:
NSK ARGENTINA SRL
P: +54-11-4704-5100
BUENOS AIRES
Brazil:
NSK BRASIL LTDA.
P: +55-11-3269-4786
SAO PAULO
P: +55-31-3274-2591
BELO HORIZONTE
P: +55-47-3422-5445
JOINVILLE
P: +55-51-3222-1324
PORTO ALEGRE
P: +55-81-3326-3781
RECIFE
Peru:
NSK PERU S.A.C.
P: +51-1-652-3372
LIMA
Mexico:
NSK RODAMIENTOS MEXICANA, S.A. DE C.V.
P: +52-55-3682-2900
MEXICO CITY
P: +52-81-8000-7300
MONTERREY

< As of March 2014>
For the latest information, please refer to the NSK website.
www.nsk.com
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