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Large Super-TF Bearings

A revolutionary combination of longer service life and

superior resistance against wear, seizure and heat.
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Outstanding toughness, performance and economy —
NSK technology sets a new standard for long service life

Outstanding Performance

NSK'’s Large Super-TF Bearings have been especially

designed for outstanding toughness under harsh conditions

of use, where they surpass even NSK's TF Bearings.

Incorporating new materials and new heat treatment

technology, they combine long service life under contami-

nated lubrication with good resistance to wear, seizure and
heat. In comparison with bearings made of conventional
materials, Super-TF Bearings offer

¢ 10 times the service life with contaminated lubrication,

* twice the service life under clean lubrication,

* |ess than one-third the rate of wear and a 40% improve-
ment in seizure resistance,

* dimensional stability superior to that of JIS (Japanese
Industrial Standards) SUJ2 bearing steel or ASTM
52100 bearing steel, and

* improved heat resistance, giving 4 times the service life
at 160°C.

Applications of Large Super-TF Bearings

Large Super-TF Bearings are ideally suited to a wide range
of applications requiring long service life under contami-
nated lubrication conditions. Super-TF technology can be
applied to a wide range of bearing types, including cylindri-
cal and tapered roller bearings, spherical roller bearings,
deep-groove ball bearings, and angular-contact ball
bearings. One representative application is four-row
tapered roller bearings for roll-neck bearings in steel or
aluminum rolling mills, where they are subject to scale
entry and heavy loads.



Large Super-TF Bearings and TF Technology

In its quest for longer bearing service life, NSK has spent many years analyzing the mechanisms of fatigue in bearings under
various conditions, and researching and developing materials and heat treatment processes. The range of approaches to
achieving longer service life taken by our research team are shown in Fig. 1. The technology incorporated in our Large Super-TF
Bearings is designed to maximize service life under conditions where bearings are subject to surface-originating flaking.

Fig. 1 Approaches to achieving longer service life in bearings
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The Development of Super-TF Bearings

The problem: Contaminated lubrication conditions
Bearings may be required to operate under clean or dirty
conditions; under dirty conditions their lubricating oil is
easily contaminated. Metal particles or casting sand in the
lubricating oil make dents in the contact surfaces. As
shown in Fig. 2, stress is concentrated around these dents
and eventually leads to cracking and to surface-originating
flaking. The concentration of stress around a dent is
expressed by the equation [P/Po o< (r/c)%2¥], where "r" is
the radius at the shoulder of the dent and "2¢" is the
shoulder-to-shoulder width of the dent. The greater the
value of "rfc", the smaller the stress concentration and the
longer the service life of the bearing.

The solution: TF technology

NSK is a world leader in the research and development of
material properties to reduce the concentration of stress
around surface dents. As shown in Fig. 3, our work has
revealed that a high level of retained austenite is an
extremely effective means of maximizing the r/c value
around surface dents in the bearing material. TF technol-
ogy is a unique heat treatment process developed by NSK
to optimize the level of retained austenite in bearing
materials. It is the basic technology incorporated in Super-
TF Bearings and is patented in the United States of
America (USP4904094) and Germany (DE3922720C2).

Material Properties of Large Super-TF Bearings
As we have seen, the approach to achieving long service
life taken in NSK's Super-TF Bearings is to minimize the
concentration of stress around the shoulders of surface
dents. A high level of retained austenite helps to maximize
the value of r/c and reduce the concentration of stress
around dents. However, austenite itself has a soft structure
and reduces the hardness of the bearing material. In order
to meet the seemingly conflicting needs for greater
hardness of the bearing material and a higher level of

Fig. 2 Concentration of stress around a surface dent

P/Po value

IEERLRANNE

o
2b
| — i g
TS5\
r I Defect Shoulder
Arbitrary Smooth
Profile

SEERRSREN

Po Stress at Infinity

3 2b: range over which contact pressure does not act (mm)
2c: shoulder-to-shoulder width of surface dent (mm)

Pp: contact pressure without dent (MPa)

P: conlact pressure with dent (MPa)

r: radius of curvature of surface dent (mm)

x/b

Source: Y. P. Chiu and J. Y. Liu, Trans-ASME, Ser-F (1970).

Fig. 3 Relationship of r/c value to retained

ric value

austenite level

1.0

0.6

0.4

0.2

0 10 20 30 40 50 60 %

Retained austenite level

retained austenite, we decided to adopt a technique that
would promote the uniform distribution and reduce the
diameter of carbide and carbonitride particles in the bearing
material. To this end, our researchers developed a new
type of steel named SAC2, containing appropriate quanti-
ties of chrome and molybdenum, which are used in the
formation of carbides and nitrides, and have developed
new carburization and carbonitriding heat treatment
techniques that form finer carbide and carbonitride
particles. NSK holds some 10 patents regarding these
technigues in Japan and overseas, including two in the
United States of America, USP4871268 and USP5137375.

Fig. 4 shows the surface structure of a Large Super-TF
Bearing with the even distribution of fine carbide and
carbonitride particles obtained with the new material and
heat treatment. For comparison, Fig. 5 shows the surface
of an ordinary carburized steel bearing. Figs. 6 and 7 show
the results of image analysis of Figs. 4 and 5. From Fig. 6,
it is clear that the Large Super-TF Bearing has more and
finer carbide and carbonitride particles. Fig. 8 shows that
the formation of finer carbide and carbonitride particles
gives Super-TF Bearings greater hardness and higher
retained austenite levels than TF Bearings. As a result,
Large Super-TF Bearings achieve a high r/c value (Fig. 9).

Figs. 4,5 Distribution of carbides and carbonitrides in a Large
Super-TF Bearing (Fig. 4) and ordinary carburized steel
bearing (Fig. 5) (x4000 magnification)
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Characteristics of Large Super-TF Bearings

Large Super-TF Bearings not only achieve longer service
life under contaminated lubrication, but also offer higher
resistance against peeling, wear, seizure and heat. In
addition, they also achieve outstanding cost performance.

Service life under contaminated lubrication conditions
Table 1 and Fig. 10 show the results of service life tests
conducted under contaminated lubrication conditions with
NSK L44649/10 tapered roller bearings. If the service life
(Lto) of an ordinary carburized steel bearing of this type is
taken as 1, then the life of TF and Super-TF Bearings will
be respectively 4.5 and 10.2 (Table 1). NSK’s Large
Super-TF Bearings thus offer over ten times the service life
of ordinary carburized steel bearings. Service life is
generally affected both by the conditions in which the
bearing is used and by the amount of contamination in the
lubricant. Under harsh conditions, service life may fall to as
little as 1/5 of the catalog life. Large Super-TF Bearings for
the first time assure a service life under contaminated
lubrication that exceeds the catalog life of existing products
(Fig. 11).

Table 1 Comparison of service life of L44649/10
tapered roller bearings

Bearing material ~ Ordinary carburized steel TF  Super-TF

Life ratio 1 45 10.2

Wear and seizure resistance

Besides extending service life under contaminated lubrica-
tion conditions, another goal is to increase the bearing's
resistance to wear and seizure by ensuring the dispersion
of a large number of fine carbides and nitrides in the
bearing material. Fig. 12 presents the results of a Sawin-
type wear test, showing the degree of wear and the seizure
limit for different types of bearing material. The test reveals
that Large Super-TF Bearings have superior wear resis-
tance to both SUJ2 steel and TF Bearings. Super-TF
Bearings are also 40% more resistant to seizure than both
SUJ2 steel and TF Bearings.

Fig. 10 Service life of L44649/10 bearings under contami-
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Worldwide Sales Offices

NSK LTD.-HEADQUARTERS, TOKYO, JAPAN www.nsk.com
INDUSTRIAL MACHINERY BEARINGS DMSION- EADQUWERS tel: 03-3779-7227

AFTERMARKET BUSINESS DIVISION-HEADQUARTERS  tel: 03-3779-8893
AUTOMOTIVE BUSINESS DIVISION-HEADQUARTERS  tel: 03-3779-7189
PRECISION MACHINERY & PARTS tel: 03-3779-7163
DIVISION-HEADQUARTERS

Africa

South Africa

NSK SOUTH AFRICA (PTY) LTD.
Johannesburg

Asia and Oceania

Australia:

NSK AUSTRALIA PTY. LTD.
Melbourne

China:
NSK HONG KONG LTD.
Hong Kong
Shenzhen
KUNSHAN NSK CO., LTD.
Kunshan Plant tel: 0512-5771-5654
CHANGSHU NSK NEEDLE BEARING CO., LTD.
Jiangsu Plant tel: 0512-5230-1111
NSK STEERING SYSTEMS DONGGUAN CO., LTD.
Dongguan Plant tel: 0769-2962-0960
ZHANGJlAGANG NSK PRECISION MACHINERY CO., LTD.
Jiangsu Pla tel: 0512 5867-6496
SUZHOU NSK BEARINGS CO., LTD
Jiangsu Plant tel: 0512-6665-5666
NSK CHINA TECHNOLOGY CENTER
Jian g tel: 0512-5771-5654
NSK ( HANGHN) TRADING CO., LTD.
Sha tel: 021-6235-0198
NSK FI PFIESENTATIVE OFFICES www.nsk.com.cn
Beljing tel: 010-6590-8161
Guangzhou tel: 020-3786-4833
Chen tel: 028-8661-4200
NSK (CHINA) INVESTMENT CO., LTD
Shanghal tel: 021-6235-0198
Changchun tel: 0431-8898-8682
NSK CHINA SALES CO., LTD.
tel: 021-6235-0198

NSK VV?QHNEFI (SHANGHAI) CO., LTD
Plan . 021 -3365 5757
AKS PHECISION BALL (HANGZHOU) cO
Plan ;0571 2280 1288

tel: 011-458-3600

www.au.nsk.com
tel: 03-9764-8302

tel: 2739-9933
tel: 0755-25904886

India:
HANE NSK STEERING SYSTEMS LTD.
Chennai tel: 044-274-66002
NSK LTD. INDIA BLANCH OFFICE
Chennai tel: 044-2446-6862
Delhi tel: 0124-4104-530
Kolkata tel: 033-4001-2062
Mumbai tel: 022-2838-7787
NSK-ABC BEARINGS LTD.
Chennai tel: 044-2466-6862
Indonesia:

PT. NSK BEARINGS MANUFACTURING INDONESIA
Jakarta Plant tel: 021-898-0155

PT. NSK INDONESIA www.id.nsk.com

Jakarta tel: 021-252-3458
Korea:
NSK KOREA CO., LTD. www.kr.nsk.com
Seoul tel: 02-3287-0300

tel: 055-287-6001

Mal?sm:

NSK BEARINGS (MALAYSIA) SDN BHD www.my.nsk.com
Shah Alam tel: 03-7803-8859

NSK MICRO PRECISION (M) SDN. BHD. www.my.nsk.com
Malaysia Plant tel: 03-8961-3960

New Zealand

NSK NEW ZEALAND LTD.

Changwon Plant

www.nsk-rhp.co.nz

Auckland tel: 09-276-4992
Philippines:
NSK REPRESENTATIVE OFFICE

Manila tel: 02-759-6246

Slnﬂaﬂ
'T'EFINATIONAL (SINGAPDHE) PTE LTD.
I: 6496-8000
NSK SIEIGAPORE (PRIVATE) LTD. www.nsk- slngapnra com.sg
E‘:mgapore tel: 6496-8000
Ta
T.?_IWAN NSK PRECISION CO., LTD.

aipel tal 02 2509-3305
TAIWAN NSK TECHNOLOGY CO.,
Taipei tel 02 2509-3305

Thailand:
NSK EEAFHNGS (THAILAND) CO., LTD
g el: 02641-2150
NSK BEARINGS MANUFACTURING (THAILAND) CO,, LTD.
Chonburi tel: 038-454-010
SIAM NSK STEEHING SYSTEMS CD LTD.
el: 038-522-343

Chachoen %
NSK ASIA PACIFIC TECHNOLOGY CENTER {T HAILAND) CO,, LTD.
Chonburi : 038-454-631
Vietnam:

NSK VIETNAM CO., LTD.

anoi
NSK REPRESENTATIVE OFFICE
EHo Chi Minh City
ur

NSK EUHOPE LTD. (EUROPEAN HEADQUARTERS) www.eu.nsk.com

tel: 04-955-0159
tel: 08-822-7907

Maidenhead tel: 01628-509-800
France:
NSK FRANCE S.A.S

Paris tel: 01-30-57-39-39
Germany:
NSK DE TSCHLAND GMBH

Dusseldorf tel: 02102-4810
NSK PFIEC!SION EUROPE GMBH

Disseldorf tel: 02102-4810

NEUWEG FERTIGUNG GMBH
Munderkingen Plant

Ital*:
NSK ITALIA S.P.A.

tel: 07393-540

Milano tel: 0299-5191
INDUSTRIA CUSCINETTI S.P.A.
Torino Plant tel: 011-982-4811

Netherlands:
NSK EUROPEAN DISTRIBUTION CENTRE B.V.

Tilburg tel: 013-4647647
Poland:
NSK EUROPE LTD. WARSAW LIAISON OFFICE

Warsaw tel: 022-645-1525
NSK BEAFIINGS POLSKA S.A.

Kielce Plan I: 041-366-5001

NSK EUFIDPEAN TECHNOLOGY CENTER POLAND OFFICE
Kielce tel: 041-366-5812
NSK STEERING SYSTEMS EUROPE (POLSKA) SP.Z0O.0.

Walbrzych tel: 074-664-4101
Spain:
NSK SPAIN S.A.

Barcelona tel: 093-433-5775
Turkey:

NSK FIULMANLAFI! ORTA DOGU TIC. LTD. STI.
Istanbul tel: 0216-355-0398
United Kingdom
NSK BEAR NGs EUHOPE LTD.
Peterlee Plant tel: 0191 -586-6111
NSK EUROPEAN TECHNOLOGY CENT

Newark tel: 01636 605-123
NSK UK Ltd.

New, tel: 01636-605-123
NSK PFIECISION UK LTD.

Newark tel: 01636-605-123
NSK STEERING SYSTEMS EUROPE LT

Maidenhead tel: 01628-509 800

North and South America
NSK AMERICAS, INC. (AMERICAN HEADQUARTERS)

Ann Arbor tel: 734-813-7500
Argentina:
NSK ARGENTINA SRL
Buenos Aires tel: 11-4704-5100
Brazil:
NSK BRASIL LTDA. www.br.nsk.com
Séo Paulo tel: 011-3269-4786
Canada:
NSK CANADA INC. www.ca.nsk.com
Toronto tel: 905-890-0740
Mexico:

NSK RODAMIENTOS MEXICANA, S.A, DE C.V. www.mx.nsk.com
Mexico City tel: 55-5390-4312
United States of America:
NSK CORPORATION www.us.nsk.com
Ann Arbor tel: 734-913-7500
NSK AMEFIICAN TECHNOLOGY CENTER
Ann Arbol tel: 734-913-7500
NSK PHEC!SION AMERICA, INC. www.npa.nsk.com
Franklin tel: 317-738-5000
NSK STEERING SYSTEMS AMERICA, INC. www.nssa.nsk.com

Bennington tel: 802-442-5448
NSK LATIN AMERICA, INC. www.la.nsk.com
Miami tel: 305-477-0605

NSK Ltd. has a basic policy not to export any products or technology designated as controlled items by export-related laws. When exporting the products in this
brochure, the laws of the exporting country must be observed. Specifications are subject to change without notice and without any obligation on the part of the
manufacturer. Every care has been taken to ensure the accuracy of the data contained in this brochure, but no liability can be accepted for any loss or damage
suffered through errors or omissions. We will gratefully acknowledge any additions or corrections.
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