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Introduction to Revised NSK Rolling Bearing Catalog
RB/B/E/06.15-E1102K

We want to thank you for your interest in this edition of our Rolling Bearing Catalog. It has been revised
with our customers in mind, and we hope it fills your needs.

Recently, technology has been advancing at a remarkable pace, and with it has come a host of new
products in many fields including computers, office automation, audio-visual equipment, medical
equipment, and many others. These striking innovations present a challenge to bearing manufacturers
since there are ever increasing demand to offer bearings with higher performance, accuracy, and
reliability. Manufacturers of diverse equipment have many different bearing requirements including
higher speeds, less torque, less noise and vibration, zero maintenance, survival in harsh environments,
integration into units, and many more.

This catalog was revised to reflect the growing number of NSK products and certain revisions in JIS and
1SO and to better serve our customers. The first part contains general information about rolling bearings
to facilitate selection of the most appropriate type. Next supplementary technical information is provided
regarding bearing life, load ratings, limiting speeds, handling and mounting, lubrication, etc. Finally, the
catalog presents extensive tables containing most bearing numbers and showing dimensions and
pertinent design data listed in the order of increasing bore size. Data in the table are given in both the
international Unit System (SI) and Engineering Unit System (Gravitational System of Units).

We hope this catalog will allow you to select the optimum bearing for your application. However, if
assistance is required, please contact NSK, and the company’s engineers and computer programs can
quickly supply the information you need.

Please also visit our website: www.nskeurope.com

Global NSK: www.nsk.com
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1. Types and Features of Rolling Bearings

1.1 Design and Classification

Rolling bearings generally consist of two rings, rolling
elements, and a cage, and they are classified into radial
bearings or thrust bearings depending on the direction of the
main load. In addition, depending on the type of rolling
elements, they are classified into ball bearings or roller
bearings, and they are further segregated by differences in
their design or specific purpose.

The most common bearing types and nomenclature
of bearing parts are shown in Fig. 1.1, and a general
classification of rolling bearings is shown in Fig. 1.2.

1.2 Characteristics of Rolling Bearings
Compared with plain bearings, rolling bearings have the
following major advantages:

(1) Their starting torque or friction is low and the difference
between the starting torque and running torque is small.

Width,
Snap Ring
i Outer Ring
Cage : Outer Ring Front Face
Rivet | Inner Ring Inner Ring
gall fu E s Back Face
B T
g 5 F
8 & 3 Effective
Inner Ring L& _ Load Center
Raceway Side Face
Outer Ring | i Shield
Raceway J T
I~ Chamfer Dimension

(2) With the advancement of worldwide standardization,
rolling bearings are internationally available and
interchangeable.

(3) Maintenance, replacement, and inspection are easy
because the structure surrounding rolling bearings is
simple.

(4) Many rolling bearings are capable of taking both radial
and axial loads simultaneously or independently.

(5) Rolling bearings can be used under 3 wide range of
temperatures.

(6) Rolling bearings can be preloaded to produce a negative
clearance and achieve greater rigidity.

Furthermore, different types of rolling bearings have their

own individual advantages. The features of the most common

rolling bearings are described on Pages A10 to A12 and

in Table 1.1 (Pages A14 and A15).

Contact Angle

Outer Ring ina Ri
Outer Ring Rib
Back Face Inner Ring g
Inner Ring Rib [— 3= L:Shaped
Front Face i Thrust Collar
.
L53
228
Cylindrical
Roller

Cross-Face Width

Single-Row Deep Groove Ball Bearing

Single-Row Angular Contact Ball Bearing

Cylindrical Roller Bearing

>
. . SQ‘
Bearing Width )
Stand out m%’
Cone Front Face Rib —x Lock Aligning Seat 7 sore b
Tapered Roller one Front Face Ri = —  Center Height ore Dia. =
P ;gl! o Washer | 5 } i | Shaft Washer
Cone Back— 3 Nut S T
Face Rib Contdct Tapered Bore—| Seeve J < 5 ‘ T Ball
. Angle Height ) N
Effective Load i “5— Housing Washer
Center >—-——- - o ——t . Housing ;
cone Back Washer i
one Bac - ia, —
F N L Cone Front Face ; Bore Dia. Aligning
ace Inner Ring_t —T Seat
Cup Front Spherical Roller _JESF={° Outside Dia. ——=|  Washer
Face (up Back face Outer Ring ETE L Aligning Seat __|

Tapered Roller Bearing

Spherical Roller Bearing

Washer 0.D.
Single-Direction Thrust Ball Bearing

Fig. 1.1 Nomenclature for Bearing Parts
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Types and Features of Rolling Bearings
.

ROLLING BEARINGS :I

Radial Bearings
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Ball Bearings
Double g
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Bearing __ Double Bearings
el == R
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Needle
Roller Needle Roller Roller
Bearing @ == Bearings | Bearings
Single
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Tapered
Double
— Roller ~ ———
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Bearing Four
i R
Spherical
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Spherical
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Fig. 1.2 Classification of Rolling Bearings
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H il
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Single-Direction Thrust Ball Bearing
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Types and Features of Rolling Bearings

Single-Row Single-row deep groove ball bearings are the most common type of rolling bearings. Their use is very

Deep Groove widespread. The raceway grooves on both the inner and outer rings have circular arcs of slightly larger

Ball Bearings radius than that of the balls. In addition to radial loads, axial loads can be imposed in either direction.
Because of their low torque, they are highly suitable for applications where high speeds and low power loss
are required.

In addition to open type bearings, these bearings often have steel shields or rubber seals installed on one or
both sides and are prelubricated with grease. Also, snap rings are sometimes used on the periphery. As to
cages, pressed steel ones are the most common.

72

Magneto The inner groove of magneto bearings is a little shallower than that of deep groove bearings. Since the
Bearings outer ring has a shoulder on only one side, the outer ring may be removed. This is often advantageous for
mounting. In general, two such bearings are used in duplex pairs. Magneto bearings are small bearings with
3 bore diameter of 4 to 20 mm and are mainly used for small magnetos, gyroscopes, instruments, etc.
Pressed brass cages are generally used.

Single-Row Individual bearings of this type are capable of taking radial loads and also axial loads in one direction. Four
Angular Contact  contact angles of 15°, 25°, 30°, and 40° are available. The larger the contact angle, the higher the axial
Ball Bearings load capacity. For high speed operation, however, the smaller contact angles are preferred. Usually, two

bearings are used in duplex pairs, and the clearance between them must be adjusted properly.

Pressed-steel cages are commonly used, however, for high precision bearings with a contact angle less than
30°, polyamide resin cages are often used.

Duplex A combination of two radial bearings is called a duplex pair. Usually, they are formed using angular contact
Bearings ball bearings or tapered roller bearings. Possible combinations include face-to-face, which have the outer
ring faces together (type DF), back-to-back (type DB), or both front faces in the same direction (type DT). DF
and DB duplex bearings are capable of taking radial loads and axial loads in either direction. Type DT is used

f!
M"\ when there is a strong axial load in one direction and it is necessary to impose the load equally on each
| (j BB beaing.
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Double-Row Double-row angular contact ball bearings are basically two single-row angular contact ball bearings mounted
Angular Contact  back-to-back except that they have only one inner ring and one outer ring, each having raceways. They can
Ball Bearings take axial loads in either direction.

Four-Point The inner and outer rings of four-point contact ball bearings are separable because the inner ring is split in a
Contact radial plane. They can take axial loads from either direction. The balls have a contact angle of 35° with each
Ball Bearings ring. Just one bearing of this type can replace a combination of face-to-face or back-to-back anqgular contact
bearings.

Machined brass cages are generally used.

Self-Aligning The inner ring of this type of bearing has two raceways and the outer ring has 3 single spherical raceway
Ball Bearings with its center of curvature coincident with the bearing axis. Therefore, the axis of the inner ring, balls, and
cage can deflect to some extent around the bearing center. Consequently, minor angular misalignment of
the shaft and housing caused by machining or mounting error is automatically corrected.

This type of bearing often has a tapered bore for mounting using an adapter sleeve.

Cylindrical In bearings of this type, the cylindrical rollers are in linear contact with the raceways. They have a high
Roller Bearings  radial load capacity and are suitable for high speeds.

There are different types designated NU, NJ, NUP, N, NF for single-row bearings, and NNU, NN for double-
row bearings depending on the presence or absence of side ribs.

The outer and inner rings of all types are separable.

Some cylindrical roller bearings have no ribs on either the inner or outer ring, so the rings can move axially
relative to each other. These can be used as free-end bearings. Cylindrical roller bearings, in which either
the inner or outer rings has two ribs and the other ring has one, are capable of taking some axial load in
one direction. Double-row cylindrical roller bearings have high radial rigidity and are used primarily for
precision machine tools.

Pressed steel or machined brass cages are generally used, but sometimes molded polyamide cages are
also used.

ROLLING BEARINGS A 11




Types and Features of Rolling Bearings

Needle
Roller Bearings

Tapered
Roller Bearings

Spherical
Roller Bearings

A12

Needle roller bearings contain many slender rollers with 3 length 3 to 10 times their diameter. As 3 result,
the ratio of the bearing outside diameter to the inscribed circle diameter is small, and they have a rather
high radial load capacity.

There are numerous types available, and many have no inner rings. The drawn-cup type has a pressed steel
outer ring and the solid type has a machined outer ring. There are also cage and roller assemblies without
rings. Most bearings have pressed steel cages, but some are without cages.

Bearings of this type use conical rollers quided by a back-face rib on the cone. These bearings are capable of
taking high radial loads and also axial loads in one direction. In the HR series,
the rollers are increased in both size and number giving it an even higher load capacity.

They are generally mounted in pairs in a manner similar to single-row angular contact ball bearings. In this
case, the proper internal clearance can be obtained by adjusting the axial distance between the cones or
cups of the two opposed bearings. Since they are separable,

the cone assemblies and cups can be mounted independently.

Depending upon the contact angle, tapered roller bearings are divided into three types called normal angle,
medium angle, and steep angle. Double-row and four-row tapered roller bearings are also available.

Pressed steel cages are generally used.

These bearings have barrel-shaped rollers between the inner ring, which has two raceways,

and the outer ring which has one spherical raceway. Since the center of curvature of the outer ring raceway
surface coincides with the bearing axis, they are self-aligning in a manner similar to that of self-aligning ball
bearings. Therefore, if there is deflection of the shaft or housing or misalignment of their axes, it is
automatically corrected so excessive force is not applied to the bearings.

Spherical roller bearings can take not only heavy radial loads, but also some axial loads in either direction.
They have excellent radial load-carrying capacity and are suitable for use where there are heavy or impact
loads.

Some bearings have tapered bores and may be mounted directly on tapered shafts or cylindrical shafts using
adapters or withdrawal sleeves.

Pressed steel and machined brass cages are used.



Single-Direction
Thrust Ball
Bearings

Double-Direction
Thrust Ball
Bearings

Spherical Thrust
Roller Bearings

Single-direction thrust ball bearings are composed of washer-like bearing rings with raceway grooves.
The ring attached to the shaft is called the shaft washer (or inner ring) while that attached to the
housing is called the housing washer (or outer ring).

In double-direction thrust ball bearings, there are three rings with the middle one (center ring) being
fixed to the shaft.

There are also thrust ball bearings with an aligning seat washer beneath the housing washer in order to
compensate for shaft misalignment or mounting error.

Pressed steel cages are usually used in the smaller bearings and machined cages in the larger ones.

These bearings have a spherical raceway in the housing washer and barrel-shaped rollers obliquely
arranged around it. Since the raceway in the housing washer in spherical, these bearings are self-
aligning. They have a very high axial load capacity and are capable of taking moderate radial loads when
an axial load is applied.

Pressed steel cages or machined brass cages are usually used.
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Types and Features of Rolling Bearings

Table 1.1 Types and Characteristics of Rolling Bearings
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2. Bearing Selection Procedure

The number of applications for rolling bearings is almost Then the size of the bearing is chosen to satisfy the desired
countless and the operating conditions and environments also life requirement. When doing this, in addition to fatigue life,
vary greatly. In addition, the diversity of operating conditions it is necessary to consider grease life, noise and vibration,
and bearing requirements continue to grow with the rapid wear, and other factors.

advancement of technology. Therefore, it is necessary to There is no fixed procedure for selecting bearings. It is good
study bearings carefully from many angles to select the best practice to investigate experience with similar applications
one from the thousands of types and sizes available. and studies relevant to any special requirements for your
Usually, a bearing type is provisionally chosen considering the  specific application. When selecting bearings for new
operating conditions, mounting arrangement, ease of machines, unusual operating conditions, or harsh

mounting in the machine, allowable space, cost, availability, environments, please consult with NSK.

and other factors. The following diagram (Fig. 2.1) shows an example of the

bearing selection procedure.

> Operating conditions and required
performance

> Environmental conditions

> Dimensions of shaft and housing

Evaluation of Page number
bearing types > Allowable space A18, A40
> Magnitude and direction of loads A18
> Vibration and shock A18
> Operating speed, maximum speed A18, A39
> Misalignment of inner and outer A18
fings
> Fixing in axial direction and mounting A20 to A23
arrangement
> Ease of bearing mounting and A19
dismounting
> Sound and torque A19
> Required rigidity A19, A98
> Availability and cost

Determination of bearing
type and mounting

arrangement

Determination of | Page number
bearing size > Expected life of machine A24, A25

> Dynamic and static equivalent loads A32, A34

> Speed -

> Permissible static load factor A34

> Permissible axial loads (in the case of A35

cylindrical roller bearings)

Determination of bearing size

Fig. 2.1 Flow Chart for Selection of Rolling Bearings
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Evaluation of accuracy |

> Running accuracy
> Rotational stability
> Torque fluctuation

Selection of bearing
accuracy class

Examination of > fitting

Page number
A19
A18, A39, A83
A19

Page number

interal clearance > Difference in temperature
between inner and outer
fings

> Speed

> Misalignment of inner and
outer rings

> Amount of preload

Determination of
internal clearance

Study of cage > Speed

> Noise

> Operating temperature

> External vibration and shock

> Rapid acceleration and
deceleration

> Moment load and misalignment

Selection of cage type
and material

A97

A18

A100

Examination of fitting Page number

> Operating conditions A84

> Magnitude and character- A84, A8S
istics of loads

> Temperature range A85

> Materials, size, accuracies A86, A102
of shaft and housing

Determination of fitting

Examination of special
specifications

Page number

> Operating temperature A59

> Environment (seawater,
vacuum, gases, chemicals,
etc.)

> Type of lubrication

I
Selection of special
material, heat treatment
for dimensional stability

Examination of > Operating temperature range
lubricating > Speed

methods > Lubricating methods

> Type of seals

> Maintenance and inspection

intervals

Selection of lubricating
method, lubricant, and
type of seals

Examination of
ease of mounting/
dismounting

> Procedure for mounting and
dismounting

> Necessary equipment

> Dimensions affecting

mounting
I

Determination of dimensions
affecting mounting and
procedure for mounting/

dismounting

Final specifications for
bearing and surrounding
parts

Page number

A108, A109, A112, A114

A39

A107
A104
A125

Page number
A118, A123

A118, A123
A102
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3. Selection of Bearing Types

3.1 Allowable Bearing Space

The allowable space for a rolling bearing and its adjacent
parts is generally limited so the type and size of the bearing
must be selected within such limits. In most cases, the shaft
diameter is fixed first by the machine design; therefore, the
bearing is often selected based on its bore size. For rolling
bearings, there are numerous standardized dimension series
and types, and the selection of the optimum bearing from
among them is necessary. Fig. 3.1 shows the dimension
series of radial bearings and corresponding bearing types.

3.2 Load Capacity and Bearing Types

The axial load carrying capacity of a bearing is closely related
to the radial load capacity (see Page A24) in 3 manner

that depends on the bearing design as shown in Fig. 3.2. This
figure makes it clear that when bearings of the same
dimension series are compared, roller bearings have a higher
load capacity than ball bearings and are superior if shock
loads exist.

3.3 Permissible Speed and Bearing Types

The maximum speed of rolling bearings varies depending,
not only the type of bearing, but also its size, type of cage,
loads, lubricating method, heat dissipation, etc. Assuming the
common oil bath lubrication method, the bearing types are
roughly ranked from higher speed to lower as shown in Fig. 3.3.

3.4 Misalignment of Inner/Outer Rings and
Bearing Types

Because of deflection of a shaft caused by applied loads,
dimensional error of the shaft and housing, and mounting
errors, the inner and outer rings are slightly misaligned. The
permissible misalignment varies depending on the bearing
type and operating conditions, but usually it is a small angle
less than 0.0012 radian (4').

When a large misalignment is expected, bearings having a
self-aligning capability, such as self-aligning ball bearings,
spherical roller bearings, and certain bearing units should be
selected (Figs. 3.4 and 3.5).

4
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0
89

Width Series — 0 1 3 4 5 6
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Deep Groove Ball Bearings —————————t—— =
Angular Contact Ball Bearings

Self-Aligning Ball Bearings

Cylindrical Roller Bearings
Spherical Roller Bearings

|
Needle Roller Bearings }

Tapered Roller Bearings 3

Fig. 3.1 Dimension Series of Radial Bearings

Axial load capacity

Radial load capacity
1 12 3 4

Bearing Type

Single-Row Deep
Groove Ball Bearings

Single-Row Angular

Contact Ball Bearings

Cylindrical Roller(")
Bearings

Tapered Roller
Bearings

Spherical Roller
Bearings

Note(") The bearings with ribs can take some axial loads.

Fig. 3.2 Relative Load Capacities of Various Bearing Types
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Deep Groove
Ball Bearings

Anﬁu\ar Contact
Ball Bearings

Cylindrical Roller
Bearings

Needle Roller
Bearings

Tapered Roller
Bearings

Spherical Roller
Bearings

Thrust Ball Bearings =

— =
——

—

Remarks === 0il bath lubrication
=== With special measures to increase speed limit

Fig. 3.3 Relative Permissible Speeds of Various Bearing Types



Permissible bearing misalignment is given at the beginning
of the dimensional tables for each bearing type.

Fig. 3.4 Permissible Misalignment of
Spherical Roller Bearings

Fig. 3.5 Permissible Misalignment of Ball Bearing Units

] Highest Tolerance comparison of

Bearing Types accuracy inner ring radial runout
specified 12 3 4 5

Deep Groove Ball Class 2 i

Bearings

Angular Contact Class 2 —

Ball Bearings

Cylindrical Roller Class 2 m—

Bearings

Tapered Roller Class 4 |

Bearings

Spherical Roller Normal

Bearings

Fig. 3.6 Relative Inner Ring Radial Runout of Highest
Accuracy Class for Various Bearing Types

3.5 Rigidity and Bearing Types

When loads are imposed on a rolling bearing, some elastic
deformation occurs in the contact areas between the rolling
elements and raceways. The rigidity of the bearing is
determined by the ratio of bearing load to the amount of
elastic deformation of the inner and outer rings and rolling
elements. For the main spindles of machine tools, it is
necessary to have high rigidity of the bearings together with
the rest of the spindle. Consequently, since roller bearings are
deformed less by load, they are more often selected than
ball bearings. When extra high rigidity is required, bearings
are given a preload, which means that they have a negative
clearance. Angular contact ball bearings and tapered roller
bearings are often preloaded.

3.6 Noise and Torque of Various Bearing Types

Since rolling bearings are manufactured with very high
precision, noise and torque are minimal. For deep groove ball
bearings and cylindrical roller bearings particularly, the noise
level is sometimes specified depending on their purpose. For
high precision miniature ball bearings, the starting torque is
specified. Deep groove ball bearings are recommended for
applications in which low noise and torque are required,

such as motors and instruments.

3.7 Running Accuracy and Bearing Types

For the main spindles of machine tools that require high
running accuracy or high speed applications like
superchargers, high precision bearings of Class 5, 4 or 2 are
usually used.

The running accuracy of rolling bearings is specified in various
ways, and the specified accuracy classes vary depending on
the bearing type. A comparison of the inner ring radial runout
for the highest running accuracy specified for each bearing
type is shown in Fig. 3.6.

For applications requiring high running accuracy, deep groove
ball bearings, angular contact ball bearings, and cylindrical
roller bearings are most suitable.

3.8 Mounting and Dismounting of Various
Bearing Types
Separable types of bearings like cylindrical roller bearings,
needle roller bearings and tapered roller bearings are
convenient for mounting and dismounting. For machines in
which bearings are mounted and dismounted rather often for
periodic inspection, these types of bearings are
recommended. Also, self-aligning ball bearings and spherical
roller bearings (small ones) with tapered bores can be
mounted and dismounted relatively easily using sleeves.
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4. Selection of Bearing Arrangement

In general, shafts are supported by only two bearings. When

considering the bearing mounting arrangement, the following

items must be investigated:

(1) Expansion and contraction of the shaft caused by
temperature variations.

(2) Ease of bearing mounting and dismounting.

(3) Misalignment of the inner and outer rings caused by
deflection of the shaft or mounting error.

(4) Rigidity of the