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Introduction to the Revised NSK Rolling Bearings Catalog
(CAT.No.E1103)

Thank you for your interest in this edition of our Rolling Bearings catalog.

Rolling bearings are vital components in improving the efficiency and reliability of
machines, and as technology advances, the requirements of bearings become ever
more challenging.

NSK celebrated its 100™ anniversary in 2016. As a leading bearing manufacturer, we
have continued to make breakthroughs in the research and development of bearings
alongside our customers and have actively contributed to the advancement of
society and the preservation of the environment.

This catalog is a culmination of all our technological expertise acquired over our
100-year history and is intended to provide you with all the information necessary to
make your bearing selection, no matter the application.

The catalog is divided into five parts, labelled A through E. Part A contains general
information for bearing selection. Part B provides information on bearing handling.
Part C lists product information relating to bearing type and dimensions, where you
can also find information on our new High Performance Standard Bearing Series
(NSKHPS™). Part D covers industry-related product information. Lastly, part E
contains appendices with reference information and conversion tables.

We hope this catalog provides you with all the information you need to select the

optimal bearing for your application. However, please don’t hesitate to contact us
should you require any assistance.

NSK Website @ http://www.nsk.com/
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ITYPES AND FEATURES OF ROLLING BEARINGS

1.TYPES AND FEATURES OF ROLLING BEARINGS

1.1 Design and Classification

Rolling bearings generally consist of rolling elements,
two rings, and a cage. 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 further divided by differences in
their design or specific purpose.

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

A 006

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.

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

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

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

(5) Rolling bearings can be used under a 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
A010 to A0O13 and in Table 1.1 (Pages A014 and A015).
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Single-row deep groove ball bearings are the most common type of rolling bearing and are in
widespread use. The raceway grooves on both the inner and outer rings have circular arcs of
slightly larger radii than those of the balls. They are capable of taking radial loads. In addition, axial
loads can be applied in either direction. Because of their low torque, they are highly suitable for
applications where high speeds and low power loss are required.

While they can be used as open bearings, single-row deep groove bearings often have steel shields
or rubber seals installed on one or both sides and are prelubricated with grease. In addition, snap
rings are sometimes used on the periphery. Pressed-steel cages are most commonly used.

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

Individual bearings of this type are capable of taking axial loads in one direction and radial loads.
Four contact angles of 15°, 25°, 30°, and 40° are available. The larger the contact angle, the higher
the axial load capacity. For high-speed operation however, smaller contact angles are preferred.
Usually, two bearings are used in a paired mounting, and the clearance between them must be
adjusted properly.

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

A combination of two radial bearings is called a paired mounting. Usually, they are formed using
angular contact ball bearings or tapered roller bearings. Possible arrangements include: face-to-
face (type DF), in which the outer ring faces are oriented towards each other; back-to-back (type
DB); or same-direction (type DT), in which both front faces are oriented in the same direction. DF
and DB arrangements are capable of taking radial loads and axial loads in both directions. Type
DT is used when there is a strong axial load in one direction and it is necessary to divide the load
equally across each bearing.
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Double-Row

Double-row angular contact ball bearings are like two single-row angular contact ball bearings
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narrower width than two single bearings, and can take thrust loads in both directions.

The inner and outer rings of four-point-contact ball bearings are separable because the inner
ring is split in a radial plane. They can take axial loads from either direction, and the balls have a
contact angle of 35° with each ring. Radial loads are not reccomended. Just one bearing of this
type can replace a combination of face-to-face or back-to-back angular contact bearings.
Machined-brass cages are generally used.

The inner ring of this type of bearing has two raceways, and the outer ring has a single spherical
raceway 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.

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

NU, NJ, NUP, N, and NF are single-row bearing types, while NNU and NN are double-row bearing
types, with designations depending on the design 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 that 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 ring 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 employed.

A011
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Needle roller bearings contain many slender rollers with a length 3 to 10 times their diameter. As a
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 ring. 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 do not use
cages.

Bearings of this type use conical rollers guided by a back-face rib on the inner ring. These bearings
are capable of taking high radial loads and also axial loads in one direction. The HR Series features
a greater quantity of larger rollers, allowing for 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 inner or outer rings of the two opposed bearings. Since they are separable, the inner
ring assemblies and outer rings can be mounted independently.

Tapered roller bearings are divided into three types depending on contact angle; these are 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 that 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.
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Single-Direction
Thrust Ball
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 the ring
attached to the housing is called the housing washer (or outer ring).
Double-direction thrust ball bearings have three rings with the middle ring (center ring) fixed to the
Double-Direction shaft.
Thrust Ball As their names imply, single-direction thrust bearings can take axial loads in one direction, while
Bearings double-direction thrust bearings can take axial loads in both directions.

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.
% NN\
\ /ﬁ N

)
Y

= Pressed-steel cages are usually used in smaller bearings and machined cages in larger bearings.
e ——

z5 —

Spherical Thrust These bearings have a spherical raceway in the housing washer and barrel-shaped rollers obliquely
Roller Bearings arranged around it. Since the raceway in the housing washer is 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.

o Pressed-steel cages or machined-brass cages are usually used.
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Table 1. 1 Types and Characteristics
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1.3 Contact Angle and Bearing Types

The contact angle (o) refers to the angle between a
vertical plane of the rotation axis of the bearing and a
straight line between the points where the rolling
element comes in contact with the inner ring raceway
and outer ring raceway.

Radial bearings and thrust bearings are classified
depending on the size of the contact angle.

Figure 1.3 shows the relation between contact angle
and loading direction on the bearing.

Radial bearing ot: Less than 45°
(A primarily radial load is applied.)

Thrust bearing o.: Over 45°
(A primarily axial load is applied.)

a=0 Contact Angle a =90°

Fig. 1.3 Contact Angle o

A016
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1.4 Types of Load on Bearings

An example deep groove ball bearing is shown below
in Figure 1.4 along with the types of load applied to a
rolling bearing. These are:

a) Radial load

b) Axial load

c) Combined radial and axial load
d) Moment load

(
(
(
(

It is important to select the optimum bearing type
according to the type and magnitude of the load.

(a) Radial Loads (b) Axial Loads

=]
() [—
=]
%’
=

(c) Combined Loads (d) Moment Loads
(Radial Loads+Axial Loads)

Fig. 1.4 Types of Load
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2. SELECTION OF BEARING TYPE

2.1 Bearing Selection Procedure

There are nearly countless applications for rolling
bearings; therefore, operating conditions and
environments vary greatly. In addition, the diversity
of operating conditions and bearing requirements
continues to grow with the rapid advancement of
technology. Bearings must be carefully studied
from many angles to select the best choice from the
thousands of types and sizes available.

Usually, a bearing type is provisionally chosen
considering operating conditions, mounting
arrangement, ease of mounting in the machine,
allowable space, cost, availability, and other factors.
Then the size of the bearing is chosen to satisfy the

desired life requirement. When doing this, in addition
to fatigue life, be sure to consider grease life, noise
and vibration, wear, and other factors.

There is no fixed procedure for selecting bearings.
It is good to investigate experience with similar
applications and studies relevant to any special
requirements for the specific application. When
selecting bearings for new machines, unusual
operating conditions, or harsh environments, please
consult with NSK.

The following diagram (Fig.2.1) shows an example
bearing selection procedure.

© Operating conditions and required

performance

® Environmental conditions

® Dimensions of shaft and housing

Page number

Evaluation of o Allowable space A022, A104
bearing types | e Magnitude and direction of loads A022
e /ibration and shock A044
® Operating speed, maximum speed A022, A098
® Misalignment of inner and outer A022
rings
e Fixing in axial direction and mounting A026 to A029
arrangement
e Ease of bearing mounting and A023
dismounting
e Sound and torque A023
® Required rigidity A023, A192
® Availability and cost

Determination of bearing

type and mounting
arrangement

Determination of

Page number

e o Expected life of machine A032, A034
bearing size © Dynamic and static equivalent loads A050, A052
® Speed A098
® Permissible static load factor A052

® Permissible axial loads (in the case of A064
cylindrical roller bearings)

/ Determination of bearing size /

A 020

Fig. 2.1 Flowchart for Selection of Rolling Bearings
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Evaluation of accuracy

Page number

® Running accuracy
o Rotational stability
® Torque fluctuation

A023
A022, A098, A151
A023

/

Selection of bearing
accuracy class

/

Page number

Examination of
internal clearance

o Fitting -

o Difference in temperature
between inner and outer
rings

® Speed

© Misalignment of inner and
outer rings

© Amount of preload

A175 l

Examination of fitting Page number

e Qperating conditions A154

® Magnitude and character- A154, A156
istics of loads

® Temperature range A156

o \aterials, size, accuracies A164, A270

of shaft and housing

L

Determination of fitting

/

A022

A194

/

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

/

Examination of special

specifications Page number

o Operating temperature A123

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

e Type of lubrication

Selection of special
material, heat treatment
for dimensional stability

Page number

Examination of
lubricating
methods

© Operating temperature range
® Speed

® | ubricating methods

® Type of seals

© Maintenance and inspection

A098
A228
A272
B013

intervals

Selection of lubricating
method, lubricant, and
type of seals

Page number

Examination of
ease of mounting/
dismounting

® Procedure for mounting and
dismounting

® Necessary equipment

® Dimensions affecting

B006, BO11

B006, BO11
A270

mounting
I

Determination of dimensions
affecting mounting and
procedure for mounting/

dismounting

Final specifications for
bearing and surrounding
parts

A229, A231, A236, A238
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2.2 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 bore size. Rolling bearings have
numerous standardized Dimension Series and types
from which to select the optimum bearing. Fig. 2.2
shows the Dimension Series of radial bearings and
corresponding bearing types.

2.3 Load Capacity and Bearing Types

The axial load-carrying capacity of a bearing is closely
related to radial load capacity based on the bearing
design, as shown in Fig. 2.3. This figure shows 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.

2.4 Permissible Speed and Bearing Types

The maximum speed of rolling bearings varies not
only with the type of bearing, but also with size, cage
type, loads, lubricating method, heat dissipation, etc.
Assuming the common oil bath lubrication method, the
bearing types are roughly ranked from higher speed to
lower speed as shown in Fig. 2.4.

2.5 Misalignment of Inner/Quter Rings and
Bearing Types

Because of shaft deflection caused by applied
loads, dimensional errors 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
a)lr;ditions, but usually it is less than 0.0012 radian
When a large misalignment is expected, bearings
with self-aligning capability, such as self-aligning ball
bearings, spherical roller bearings, and certain bearing
units should be selected (Figs. 2.5 and 2.6).

Width Series44. 0 1 2 3 4 5 6
A |3
Diameter Series [2)1 I \ §
- | — ] 1 —— - )
89— %\ ) HH e e
Qmmension egc‘nih-w ® ¥ oo oé\é) cn/c:v—il @ oo/m/ov— c‘n‘c> c‘n )
Series 83858 3 I =22 &R BB 22T 233 3

Deep Groove Ball Bearings T I

Angular Contact Ball Bearings

Self-Aligning Ball Bearings

Cylindrical Roller Bearings

%

Spherical Roller Bearings
Needle Roller Bearings

Tapered Roller Bearings

Fig. 2.2 Dimension Series of Radial Bearings

i Radial Load Capacity | Axial Load Capacit;
Bearing Type 1l Lo 3P 4y -0 30 X

Bearing Types ; Relatzle Perm|§5|ble Spfgd 15

Single-Row Deep
Groove Ball Bearings

Single-Row Angular
Contact Ball Bearings

Cylindrical Roller(")
Bearings

Tapered Roller
Bearings

Spherical Roller
Bearings

Deep Groove
Ball Bearings

Angular Contact
Ball Bearings

Cylindrical Roller
earings

Needle Roller
Bearings

Tapered Roller
Bearings

Spherical Roller —_—
Bearings

Thrust Ball Bearings |

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

Fig. 2.3 Relative Load Capacities of Various Bearing Types

A 022

Remarks == Qil bath lubrication
===+ With special measures to increase speed limit

Fig. 2.4 Relative Permissible Speeds of
Various Bearing Types
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Permissible bearing misalignment is given at the
beginning of the dimensional tables for each bearing
type.

Fig. 2.5 Permissible Misalignment of Spherical Roller
Bearings

Fig. 2.6 Permissible Misalignment of Ball Bearing Units

) Highest Tolerance Comparison of
Bearing Types Accuracy Inner Ring Radial Runout
Specified 1 2 3 4 5
Deep Groove Ball Class2 ~ —+
Bearings
Angular Contact Class 2 ot
Ball Bearings
Cylindrical Roller Class 2 !
Bearings
Tapered Roller Class 4
Bearings
Spherical Roller Normal
Bearings

Fig. 2.7 Relative Inner Ring Radial Runout of Highest
Accuracy Class for Various Bearing Types

2.6 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. The
main spindles of machine tools must have highly
rigid bearings together with the rest of the spindle.
Consequently, since roller bearings are deformed
less by load, they are selected more often than ball
bearings. When extra-high rigidity is required, bearings
are given a preload, which means they have a negative
clearance. Angular contact ball bearings and tapered
roller bearings are often preloaded.

2.7 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
in particular, the noise level is sometimes specified
depending on their purpose. For high-precision
miniature ball bearings, the starting torque can be
specified. Deep groove ball bearings are recommended
for applications in which low noise and torque are
required, such as in motors or instruments.

2.8 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 Accuracy
Class 5, 4 or 2 are usually used.

The running accuracy of rolling bearings is specified
in various ways, and specified accuracy classes vary
depending on the bearing type. A comparison of
the inner ring radial runout for the highest running
la;ccuzracy specified for each bearing type is shown in
ig. 2.7.

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

2.9 Mounting and Dismounting of Various
Bearing Types

Separable bearings, such as cylindrical roller bearings,
needle roller bearings, and tapered roller bearings
are convenient for mounting and dismounting. These
types of bearings are recommended for machines
in which bearings are mounted and dismounted
rather often for periodic inspection. In addition, self-
aligning ball bearings and spherical roller bearings
(small-sized) with tapered bores can be mounted and
dismounted relatively easily using sleeves.

A 023
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3. SELECTION OF BEARING ARRANGEMENT

3.1 Fixed-End and Free-End Bearings ..o A 026

3.2 Example Bearing Arrangements ... A 027
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3. SELECTION OF BEARING ARRANGEMENT

In general, shafts are supported by only two rolling

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 entire system, including bearings
and preloading method

(5) Capability to sustain loads at their proper positions
and to transmit them

3.1 Fixed-End and Free-End Bearings

Usually only one "fixed-end" bearing on a shaft is used
to fix the shaft axially. For this fixed-end bearing, a
bearing type that can carry both radial and axial loads
must be selected.

Other bearings must be 'free-end" bearings that
carry only radial loads to relieve the shaft's thermal
elongation and contraction.

U&EA | T

Fixed-en Free-end (separable bearing)

. JOJCI )

Free-end (non-separable bearing)

1]

Fixed-end

£B- s

No distinction between fixed-end and free-end

I

No distinction between fixed-end and free-end

(- B

No distinction between fixed-end and free-end

E E

Fig. 3.1 Bearing Mounting Arrangements and Bearing Types

A 026

If measures to relieve a shaft’s thermal elongation and
contraction are insufficient, abnormal axial loads will
qulapplied to the bearings, which can cause premature
ailure.

For free-end bearings, cylindrical roller bearings or
needle roller bearings with separable inner and outer
rings that are free to move axially (NU, N types, etc.)
are recommended. Mounting and dismounting are also
easier with these types.

When non-separable types are used as free-end
bearings, usually the fit between the outer ring and
housing is loose to allow axial movement of the
running shaft together with the bearing. Sometimes,
such elongation is relieved by a loose fit between the
inner ring and shaft.

When the distance between the bearings is short and
the influence of the shaft elongation and contraction is
negligible, two opposed angular contact ball bearings
or tapered roller bearings are used. The axial clearance
(possible axial movement) after the mounting is
adjusted using nuts or shims.

-Double-Row Angular
Contact Ball Bearing
-Self-Aligning Ball Bearing
-Cylindrical Roller Bearing
with Ribs (NH, NUP
types)

-Double-Row Tapered
Roller Bearing

-Spherical Roller Bearing

BEARING A BEARING B

-Deep Groove Ball Bearing -Cylindrical Roller Bearing
-Matched Angular Contact (NU, N types)

Ball Bearing -Needle Roller Bearing (NA

type, etc.)

BEARING D,E(?)

-Angular Contact Ball
Bearing

-Tapered Roller Bearing
-Magneto Bearing
-Cylindrical Roller Bearing
(NJ, NF types)

BEARING C(")

-Deep Groove Ball Bearing
-Matched Angular Contact
Ball Bearing (back-to-
back)

-Double-Row Angular
Contact Ball Bearing
-Self-Aligning Ball Bearing
-Double-Row Tapered
Roller Bearing (KBE type)
-Spherical Roller Bearing

BEARING F

-Deep Groove Ball Bearing
-Self-Aligning Ball Bearing
-Spherical Roller Bearing

Notes: (") In the figure, shaft elongation and contraction are
relieved at the outside surface of the outer ring, but
sometimes this is done at the bore.

(%) For each type, two bearings are used in an opposed

arrangement.
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The distinction between free-end and fixed-end
bearings and some possible bearing mounting
arrangements for various bearing types are shown in

3.2 Example Bearing Arrangements

Some representative bearing mounting arrangements
considering preload and rigidity of the entire assembly,

Fig. 3.1. shaft elongation and contraction, mounting error, etc.
are shown in Table 3.1.
Table 3. 1 Representative Bearing Mounting Arrangements
and Application Examples
Bearing Arrangements
Remarks Application Examples
Fixed-end Free-end

ol

(OThis is a common arrangement in which
abnormal loads are not applied to bearings
even if the shaft expands or contracts.

OIf mounting error is small, this is suitable for
high speeds.

Medium-sized electric motors,
blowers

i

(OThis arrangement can withstand heavy loads
and shock loads and can take some axial load.

(OAIl cylindrical roller bearings are separable. This
is helpful when interference is necessary for
both the inner and outer rings.

Traction motors for rolling
stock

(OThis arrangement is used when loads are
relatively heavy.

(OA back-to-back type is used for maximum
rigidity as a fixed-end bearing.

(OBoth the shaft and housing must have high
accuracy and the mounting error must be small.

Table rollers for steel mills,
main spindles of lathes

(OThis arrangement is suitable when interference
is necessary for both the inner and outer rings.
Heavy axial loads cannot be applied.

Calender rolls of paper making
machines, axles of diesel
locomotives

(OThis arrangement is suitable for high speeds
and heavy radial loads. Moderate axial loads can
also be applied.

(OSome clearance is necessary between the outer
ring of the deep groove ball bearing and the
housing bore in order to avoid subjecting it to
radial loads.

Reduction gears in diesel
locomotives

Continued on next page
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Table 3. 1 Representative Bearing Mounting Arrangements
and Application Examples (cont'd)

Bearing Arrangements

Fixed-end ‘

Free-end

Remarks

Application Examples

)

(OThis is the most common arrangement.

Ot can sustain not only radial loads, but also
moderate axial loads.

Double-suction volute pumps,
automotive transmissions

(OThis is the most suitable arrangement when
there is mounting error or shaft deflection.

Olt is often used for general and industrial
applications in which heavy loads are applied.

Speed reducers, table rollers
of steel mills, wheels for
overhead travelling cranes

(OThis is suitable when there are rather heavy
axial loads in both directions.

(ODouble-row angular contact bearings may be
used instead of an arrangement of two angular
contact ball bearings.

Worm gear reducers

When there is no distinction between

fixed-end and free-end

Remarks

Application Examples

)

Back-to-back mou

nting

O[T

Face-to-face mounting

(OThis arrangement is widely used since it can
withstand heavy loads and shock loads.

(OThe back-to-back arrangement is especially
good when the distance between bearings is
short and moment loads are applied.

(OFace-to-face mounting makes mounting easier
when interference is necessary for the inner
ring. In general, this arrangement is good when
there is mounting error.

(OTo use this arrangement with a preload, take
extra care to ensure the correct amount of
preload and clearance adjustment.

Pinion shafts of automotive
differential gears, automotive
front and rear axles, worm gear
reducers

Back-to-back mou

nting

(OThis arrangement is used at high speeds when
radial loads are not so heavy and axial loads are
relatively heavy.

Olt provides good rigidity of the shaft by
preloading.

(OFor moment loads, back-to-back mounting is
better than face-to-face mounting.

Grinding wheel shafts

A 028
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When there is no distinction between

fixed-end and free-end Remarks Application Examples

(OThis arrangement can withstand heavy loads | Final reduction gears of

and shock loads. construction machines
Ot can be used if interference is necessary for
both the inner and outer rings.
(OTake care to ensure sufficient axial clearance
E - o B during operation.
NJ + NJ mounting (ONF type + NF type mounting is also possible.

(OSometimes a spring is used on the side of the | Small electric motors, small
— — outer ring of one bearing. speed reducers, small pumps

Vertical arrangements Remarks Application Examples

(OMatched angular contact ball bearings are used | Vertical electric motors
] on the fixed end.
(OA cylindrical roller bearing is used on the free
end.

(OThe spherical center of the self-aligning seat | Vertical openers (spinning and
must coincide with that of the self-aligning ball | weaving machines)
bearing.

(OThe upper bearing is on the free end.
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4. SELECTION OF BEARING SIZE

4.1 Bearing Life

The various functions required of rolling bearings
vary according to the bearing application and must
be performed for a prolonged period. Even if bearings
are properly mounted and correctly operated, they
will eventually fail to perform satisfactorily due to
an increase in noise and vibration, loss of running
accuracy, deterioration of grease, or fatigue flaking of
the rolling surfaces.

Bearing life, in a broad sense of the term, is the period
during which bearings continue to operate and satisfy
their required functions. This bearing life may be
defined as noise life, abrasion life, grease life, or rolling
fatigue life, depending on which causes loss of bearing
service.

Aside from the failure of bearings to function due
to natural deterioration, bearings may fail when
conditions such as heat-seizure, fracture, scoring
of the rings, damage to the seals or cage, or other
damage occurs.

Conditions such as these should not be interpreted
as normal bearing failure since they often occur as a
result of errors in bearing selection, improper design
or manufacture of the bearing surroundings, incorrect
mounting, or insufficient maintenance.

4.1.1 Rolling Fatigue Life and Basic Rating Life

When rolling bearings are operated under load, the
raceways of their inner and outer rings and rolling
elements are subjected to repeated cyclic stress.
Because of metal fatigue of the rolling contact surfaces
of the raceways and rolling elements, scaly particles
may separate from the bearing material (Fig. 4.1).
This phenomenon is called "flaking". Rolling fatigue
life is represented by the total number of revolutions
at which the bearing surface will start flaking due to
stress. This is called fatigue life. As shown in Fig. 4.2,
even for seemingly identical bearings of the same type,
size, and material that receive the same heat treatment
and other processing, the rolling fatigue life varies
greatly, even under identical operating conditions. This
is because the flaking of materials due to fatigue is
subject to many other variables. Consequently, "basic
rating life", in which rolling fatigue life is treated as a
statistical phenomenon, is used in preference to actual
rolling fatigue life.

Suppose a number of bearings of the same type are
operated individually under the same conditions. After
a certain period of time, 10 % of them fail as a result of
flaking caused by rolling fatigue. The total number of
revolutions at this point is defined as the basic rating
life or, if the speed is constant, the basic rating life
is often expressed by the total number of operating
hours completed when 10 % of the bearings become
inoperable due to flaking.

In determining bearing life, basic rating life is often the
only factor considered; however, other factors must
also be taken into account. For example, the grease

A 032

life of grease-lubricated bearings (refer to Section 11,
Lubrication, Page A228) can be estimated. Since noise
life and abrasion life are judged according to individual
standards for different applications, specific values for
noise or abrasion life must be determined empirically.

4.2 Basic Load Rating and Fatigue Life
4.2.1 Basic Load Rating

The basic load rating is defined as the constant load
applied on bearings with stationary outer rings that the
inner rings can endure for a rating life of one million
revolutions (10° rev). The basic load rating of radial
bearings is defined as a central radial load of constant
direction and magnitude, while the basic load rating of
thrust bearings is defined as an axial load of constant
magnitude in the same direction as the central axis.
The load ratings are listed under C. for radial bearings
and C, for thrust bearings in the dimension tables.
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— Failure Probability

Fig. 4.1 Flaking Example

@
=
=
=
=
=
o

-— Average Life

Life ——
Fig. 4.2 Failure Probability and Bearing Life
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4.2.2 Machinery in Which Bearings are Used and

Projected Life

Selecting bearings with unnecessarily high load ratings
is not advised, as such bearings may be too large
and uneconomical. In addition, the bearing life alone
should not be the deciding factor in the selection of
bearings. The strength, rigidity, and design of the shaft

on which the bearings will be mounted should also

be considered. Bearings are used in a wide range of

Table 4.1 Fatigue Life Factor £, for Various Bearing Applications

applications and the design life varies with specific
applications and operating conditions. Table 4.1 gives
empirical fatigue life factors derived from typical
operating experience for various machines. Formulae
for various life parameters can be found in Table 4.2.

Fatigue Life Factor fy

Operating Period
~3 2~4 3~5 4~7 6~
+Small motors for «Agricultural
home appliances, equipment
Infrequently used or only | such as vacuum
for short periods cleaners and
washing machines
- Power tools
. *Motors for home -Conveyors
Used only occasionally heaters and air *Elevator cable
but reliability is impor- conditioners sheaves
tant - Construction
equipment
*Rolling mill roll +Small motors +Factory motors -Crane sheaves
. . necks *Deck cranes *Machine tools +Compressors
Used intermittently for - General cargo - Transmissions - Specialized
relatively long periods cranes -Vibrating screens transmissions
*Pinion stands +Crushers
- Passenger cars
-Escalators - Centrifugal -Mine hoists +Paper making
separators *Press flywheels machines
« Air conditioning - Railway traction
i i equipment motors
#l%er% It?lt:r: ";'inﬁ?t%li?; *Blowers *Locomotive axle
ol 9 -Woodworking boxes
aily machines
-Large motors
*Axle boxes on
railway rolling stock
. + Waterworks pumps
Used continuously and + Electric power
high reliability is impor- stations
tant * Mine draining
pumps
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Table 4.2 Basic Rating Life, Fatigue Life
Factor, and Speed Factor

Lif ) )
Plafameter Ball Bearings Roller Bearings
Basic 10° (Y , 10° O\ 1
Ratin =Y (L) = = Cls_ E
i g L, 60”( P) 500f;" | Ly 5 On( P) 500f;
Fatigue c
Life Ae£S f-£5
Factor

S L S I S (¢
Speed "~ "500x607 »="500x607
Factor 1 3

=(0.03n)" 3 =(0.037)"10

n, fu--Fig. 4.3 (See Page A036), Appendix Table 12
(See Page E018)

Ly, fu--Fig. 4.4 (See Page A036), Appendix Table 13
(See Page E019)



TECHNICAL INFORMATION

NSK

4.2.3 Selection of Bearing Size Based on Basic Load
Rating

The following relation exists between bearing load and
basic rating life:

For ball bearings L = (%)g ............... (a.1)
10
For roler bearings L = (5 * ----reevvree 4.2)

where L : Basic rating life (10° rev)
P Bearing load (equivalent load) (N), {kgf}
.......... (Refer to Page A30)
C: Basic load rating (N), {kgf}
For radial bearings, C is written C;
For thrust bearings, C is written C,

It is convenient to express the fatigue life in terms
of hours for bearings that run at a constant speed.
In general, the fatigue life of bearings used in
automobiles and other vehicles is given in terms of
mileage.
By designating the basic rating life as Ly, (h), bearing
speed as # (min™), fatigue life factor as £y, and speed
factor as fu, the relations shown in Table 4.2 are
obtained.
If the bearing load P and speed » are known, it's
possible to determine a fatigue life factor fn
appropriate for the desired life of the machine and then
calculate the minimum basic load rating C with the
following Equation:
_fu-P

C 7 (4.3)
A bearing that satisfies this value of
C should then be selected from the bearing tables.

4.2.4 Temperature Adjustment for Basic Load Rating

If rolling bearings are used at high temperatures, the
hardness of the bearing steel decreases. Consequently,
the basic load rating, which depends on the physical
properties of the material, also decreases; therefore,
the basic load rating should be adjusted for higher
temperatures through the following equation:

Cr=ft-C v, (4.4)
where  C : Basic load rating after temperature
correction
(N), {kef}
ft: Temperature factor
(See Table 4.3.)

C : Basic load rating before temperature

adjustment

(N), {kef}
If bearings are used above 120 °C, they must be
given a special dimensional stability heat treatment
to prevent excessive dimensional changes. The basic
load rating of bearings after such special dimensional
stability heat treatment may become lower than the
basic load rating listed in the bearing tables.

Table 4.3 Temperature Factor f;

Bearing

125 150 175 200 250
Temperature °C
Temperature

1.00 1.00 0.95 0.90 0.75
Factor f;
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4.2.5 Correction of Basic Rating Life

As described previously, the basic equations for
calculating basic rating life are as follows:

3
For ball bearings L= (%) ------------------ (4.5)

For roller bearings Ly, = (%) B (4.6)

L, life is defined as the basic rating life with a
statistical reliability of 90%. Depending on the
machines in which the bearings are used, sometimes a
reliability higher than 90% may be required. However,
recent improvements in bearing material have greatly
extended fatigue life. In addition, the development of
the Elasto-Hydrodynamic Theory of Lubrication proves
that the thickness of the lubricating film in the contact
zone between rings and rolling elements greatly
influences bearing life. To reflect such improvements
in the calculation of fatigue life, the basic rating life is
adjusted using the following adjustment factors:

Lya=a18z83L1g ~ooeveeeerereeneeeenes 4.7)

where L,,: Adjusted rating life in which reliability,
material improvements, lubricating
conditions, etc. are considered

Ly, Basic rating life with a reliability of 90%
ay . Life adjustment factor for reliability

a,: Life adjustment factor for special bearing
properties

as: Life adjustment factor for operating
conditions

The life adjustment factor for reliability a,, is listed in
Table 4.4 for reliabilities higher than 90%.

The life adjustment factor for special bearing
properties a, is used to reflect improvements in
bearing steel.

NSK now uses vacuum-degassed bearing steel,
and test results show that life is greatly improved
compared with earlier materials. The basic load
ratings C, and C, listed in the bearing tables were
calculated considering the extended life achieved
by improvements in materials and manufacturing
techniques. Consequently, when estimating life using
Equation (4.7), you may assume that a. is greater than
one.

Table 4.4 Reliability Factor a,

Reliability (%) 90 95 96 97 98 99

ai 1.00 | 0.64 | 0.656 | 0.47 | 0.37 | 0.25

The life adjustment factor for operating conditions
a; is used to adjust for various factors, particularly
lubrication. If there is no misalignment between
the inner and outer rings and the thickness of the
lubricating film in the contact zones of the bearing is
sufficient, it is possible for a; to be greater than one;
however, as is less than one in the following cases:

*When the viscosity of the lubricant in the
contact zones between the raceways and rolling
elements is low.

+When the circumferential speed of the rolling
elements is very slow.

+When bearing temperature is high.

-When lubricant is contaminated by water or
foreign matter.

*When misalignment of the inner and outer rings
iS excessive.

It is difficult to determine the proper value of a; for
specific operating conditions because there are still
many unknowns. Since the special bearing property
factor a, is also influenced by the operating conditions,
there is a proposal to combine a, and as into one
quantity(asxas), and not consider them independently.
In this case, under normal lubricating and operating
conditions, the product (a.xas) should be assumed
equal to one. However, if the viscosity of the lubricant
is too low, the value drops to as low as 0.2.

If there is no misalignment and a lubricant with
high viscosity is used so that a sufficient fluid-film
thickness is secured, the product of (a,xas) may be
about two.

When selecting a bearing based on the basic load
rating, it is best to choose an a; reliability factor
appropriate for the projected use and an empirically
determined C/P or f, value derived from past results
for lubrication, temperature, mounting conditions, etc.
in similar machines.

The basic rating life Equations (4.1), (4.2), (4.5), and
(4.6) give satisfactory results for a broad range of
bearing loads. However, extra-heavy loads may cause
detrimental plastic deformation at ball/raceway contact
points. When P; exceeds C,, (basic static load rating)
or 0.5 C,, whichever is smaller, for radial bearings or
P, exceeds 0.5 C, for thrust bearings, please consult
NSK to establish the applicablity of the rating fatigue
life equations.
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4.2.6 Life Calculation of Multiple Bearings as a
Group

When multiple rolling bearings are used in one
machine, the fatigue life of individual bearings can be
determined if the load acting on individual bearings is
known. However, a machine generally becomes
inoperative if a bearing in any part fails. It may
therefore be necessary in certain cases to know the
fatigue life of a group of bearings used in one machine.
The fatigue life of the bearings varies greatly and our
fatigue life calculation equation

L=(%)P applies to the 90% life (also called the rating

fatigue life, which is either the gross number of
revolutions or hours that 90% of multiple similar
bearings operated under similar conditions can reach).
In other words, the calculated fatigue life for one
bearing has a probability of 90%. Since the endurance
probability of a group of multiple bearings for a certain
period is a product of the endurance probability of
individual bearings for the same period, the rating
fatigue life of a group of multiple bearings is not
determined solely from the shortest rating fatigue life
among the individual bearings. In fact, the group life is
much shorter than the life of the bearing with the
shortest fatigue life.

Assuming the rating fatigue life of individual bearings
as L, L., L; ... and the rating fatigue life of the entire
group of bearings as L, the equation below is obtained:

1 _1 + 1 + 1 B (4.8)
Le Lle Lze l(ie
where e=1.1 (both for ball and roller bearings)

L of Equation (4.8) can be determined easily by using
Fig. 4.5.
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To use this chart, find the L, value from Equation (4.8)
on the L, scale and the value of L, on the L, scale,
connect them with a straight line, and read where the
line intersects the L scale. In this way, the value of L,
in

1 _1 + 1
Ly L¢ Ly
can be determined. Take this value La on the L, scale

and the L, value on the L, scale, connect them with a
straight line, and read where the line intersects the L

scale. In this way, the value L in
1 _1 + 1 + 1
L L¢ Lf Ly
can be determined.

Example

Assume that the calculated fatigue life values of
automotive front wheel bearings are as follows:

280 000 km for inner bearing

320 000 km for outer bearing

Then, the fatigue life of the wheel bearings can be
determined as 160 000 km from Fig. 4.5.

If the fatigue life of the bearing of the right-hand wheel
bearing takes this value, the fatigue life of the left-hand
wheel bearing will be the same. As a result, the fatigue
life of the front wheels as a group is 85 000 km.
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Fig. 4.5 Life Calculation Chart
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4.2.7 New Life Theory

Bearing technology has advanced rapidly in recent
years, particularly in the areas of dimensional accuracy
and material cleanliness. As a result, bearings in a
clean environment can now have a longer rolling
fatigue life than the life obtained by the traditional 1ISO
life calculation formula. This extended life is partly due
to the important advancements in bearing-related
technology, such as lubrication, cleanliness, and
filtration.

The conventional life calculation formula (Equation
4.9) based on the theories of G. Lundberg and A.
Palmgren (L-P theory, hereafter) addresses only
subsurface-originated flaking. In this phenomenon,
cracks initially occur due to dynamic shear stress
immediately below the rolling surface and
progressively reach the surface in the form of flaking.

1 1NV
In Eoc gE s (4.9)
NSK’s new life calculation formula theorizes that rolling
fatigue life is the sum total of the combined effects of
both subsurface-originated flaking and surface-
originated flaking occurring simultaneously.

NSK New Life Calculation Formula

(1) Subsurface-originated flaking

A precondition of subsurface-originated flaking in
rolling bearings is contact of the rolling elements with
the raceway via a sufficient and continuous oil film
under clean lubrication conditions.

Fig. 4.6 plots the L, life for each test condition with
maximum surface contact pressure (Pm.) and the
number of repeated stresses cycles.

In the figure, line L. theoretical refers to the
theoretical line obtained using the conventional life
calculation formula. As maximum surface contact
pressure decreases, the line representing actual life
separates from the conventionally calculated
theoretical line towards longer life. This separation
suggests the presence of a fatigue load limit P, below
which no rolling fatigue occurs. The difference
between NSK's revised theory (Equation 4.10) and the
conventional theory is better illustrated in Fig. 4.7.

ml ocNi/‘lT‘_Ttluth ....................... (4.10)
S A
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IS L Flat washer
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Fig. 4.6 Life Test Results Under Clean
Lubrication

NSK’s new life theory

'

Bearing load (P)

Conventional theory P, : fatigue load limit

Lifetime

Fig. 4.7 NSK’s New Life Theory That Considers
Fatigue Limit

(2) Surface-originated flaking

Under actual bearing operation, the lubricant is often
contaminated with foreign objects such as metal chips,
burrs, cast sand, etc.

When foreign particles are mixed in the lubricant, they
become pressed onto the raceways by the rolling
elements and dents occur on the surfaces of the
raceways and rolling elements. Stress concentrations
occur at the edges of the dents, generating fine cracks
that over time propagate into flaking of the raceways
and rolling elements.

As shown in Fig. 4.8, actual life is shorter than
conventional calculated life under contaminated
lubrication conditions at low maximum surface
pressure. This result shows that the actual life under
contaminated lubrication is further shortened
compared to the theoretical life because of the
decrease in maximum surface contact pressure.
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Table 4.5 Values of Contamination Coefficient a.

; Heavily
Very Clean Clean Normal Contaminated aiEiE
a, Factor 1 0.8 0.5 0.4-0.1 0.05
Greater than 100 pm No filtration,
Application - u — 30-100 pym filtration or no filtration  |presence of
Guide 10 pm filtration | 10-30 ym filtration filtration (oil bath, circulating many fine
lubrication, etc.) particles
Sealed grease-
lubricated bearings ) .
Aoplication for electrical Sealed grease-lubricated bearings  |Normal usage, Egignmﬂzsf%ﬁ“tiﬁgﬁrvﬁ|
E)?a?m les appliances, for electric motors, railway axle automotive hub unit earboxes cohstruction —
P information boxes, machine tools, etc. bearings, etc. gwachines ’etc
technology P
equipment, etc.
(3) Calculation of Contamination Coefficient a.
o o The contamination coefficient in Table 4.5 is
g 50008 B rata determined in terms of lubrication cleanliness. Test
o 4000 aiiotaealie results on ball and roller bearings with grease and
é filtered lubrication show life as a number of times
5 3000 - Shorter than longer than the conventional calculation would
5 eoretical life .
3 suggest. Yet, hardness becomes a factor when foreign
8 mam particles harder than Hv350 enter the bearing, causing
3 dents on the raceway. Fatigue damage from these
5 L, theoretical dents can progress to flaking in a short time. Test
% results on ball and roller bearings under foreign
= 1 000 ‘ ‘ ‘ ‘ ‘ particle contamination show from 1/3 to 1/10 the

10° 10° 107

10° 10° 10" 10"

Repeated stress cycles

=Tl

ig. 4.8 Life Test Results U

nder Contaminated

Lubrication Conditions

Therefore, the new NSK life calculation formula

considers the trend of res
conditions and low load.

ults in life tests under clean
Based on these results, the

new life equation is a function of (P-P,)/C affected by
specific lubrication conditions identified by the

lubrication parameter. |
different types and shap

n addition, the effects of
es of foreign particles are

assumed to be strongly influenced by bearing load and
lubrication conditions. Such a relationship can be
expressed as a function of the load parameter. This

relationship of the new
defined as (P-P,)/C-1/a..

life calculation formula is

The Equation for calculating surface-originated flaking
based on the above concept is as follows:

Inl o / () gy
s )z

T4l
[f(a“(h) 1} 4.11)

conventionally calculated life.

Based on these test results, the contamination
coefficient a. for NSK’s new life theory is classified into
five levels.
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(4) New life calculation formula Lay. T
The following formula, which combines subsurface-
originated flaking and surface-originated flaking, is
proposed as the new life calculation formula:

Ay N G ) N
Ing <N [ SV [ f(a“(h)} (4.12)

Luive = @1 Gxsic - Lig wovevvverresmmmmnnanneenins (4.13)

ansk

Life Correction Factor aysx

The life correction factor ask is the function of 0.01 ‘ ‘
lubrication parameter (P-P.)/C - 1/a. as shown below: ~0.01 01 1 10

(P-Pu)/C-1/ac

"""""""""" (4.14) Fig. 4.9 New Life Calculation Diagram for Ball Bearings

NSK’s new life theory considers the life-extending
effect of improved material and heat treatment by
correcting contamination factor a.. The theory also
utilizes viscosity ratio K (K = v/v; where v is the
operational viscosity and v, the required viscosity)
because the lubrication parameter @, changes with the
degree of oil film formation based on the lubricant and
operating temperature. The theory indicates that the
bhettle][ the lubrication conditions (higher K), the longer
the life.

ansk

Figures 4.9 and 4.10 show the diagrams of correction
factor ansk as a function of the new life calculation
formula. In addition, point contact and line contact are Oy o : -
considered separately for ball and roller bearings ' P=PY/C - /ac

respectively in this new formula.

Fig. 4.10 New Life Calculation Diagram for Roller

. Bearings
List of symbols used:
S : Probability that flaking does not occur after stress
has been repeated N times Table 4.5 Reliability Factor a; Used in New Life
N : Number of repeated stresses Calculauton Formula Laie
T : Internal stress
Tu : Internal stress at fatigue limit Reliability (%) | 90 | 95 | 96 | 97 | 98 | 99
V : Stress volume
Z0 : Depth at which maximum shear stress occurs 4 100 | 062 | 0.53 | 044 | 033 | 0.1

ac : Contamination coefficient
al : Lubrication parameter

(a function of viscosity ratio K) To Access NSK Calculation Tools

Eu !'(F)gggaupepllfaddtﬁrﬁﬁarmg Visit our website at http://www.nsk.com

C : Basic dynamic load rating
e, ¢, h : Constants
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4.3 Calculation of Bearing Loads

The loads applied on bearings generally include the
weight of the body to be supported by the bearings,
the weight of the rotating elements themselves, the
transmission power of gears and belting, the load
produced by operation of the machine in which the
bearings are used, and so on. These loads can be
theoretically calculated, but some of them are difficult
to estimate. Therefore, be sure to correct estimates
using empirically derived data.

4.3.1 Load Factor

When a radial or axial load has been mathematically
calculated, the actual load on the bearing may be
greater than the calculated load because of vibration
and shock present during machine operation. The
actual load may be calculated using the following
equation:

F; :fw Fee Vo 4.15
Fa :fw . Fac } ( ’ )
where F;, F, :Loads applied on bearing (N), {kgf}

F,, F,.: Theoretically calculated load (N),
{kef}
£, Load factor

The values given in Table 4.6 are usually used for the
load factor f,.

Table 4.6 Values of Load Factor f

4.3.2 Bearing Loads in Belt or Chain Transmission
Applications

The force acting on the pulley or sprocket wheel when
power is transmitted with a belt or chain is calculated
using the following equations:
M=9550000H/n..(N- mm)}
= 974 000H / n ....{kgf-mm}

Pom= M/ 7 woeveeenreesiieni 4.17)

where M : Torque acting on pulley or sprocket
wheel (N-mm), {kgf- mm}

P, : Effective force transmitted by belt or
chain (N), {kgf}

H : Power transmitted (kW)
7 : Speed (min™)
7 . Effective radius of pulley or sprocket
wheel (mm)

When calculating the load on a pulley shaft, belt
tension must be included. Thus, to calculate
actual load K, for belt transmissions, the effective
transmitting power is multiplied by the belt factor f,
which represents belt tension. The values of the belt
factor £, for different types of belts are shown in Table
47.

Ky =fo Pveerrvrerereeeesneeeniiee, (4.18)

For chain transmissions, values corresponding to f;
should be 1.25t0 1.5.

Table 4.7 Belt Factor f3

Operating Conditions | Typical Applications fs Type of Belt fo
Smooth operation Electric motors, 1 to1.2
free from shocks | Machine tools, Toothed belts 13102
Air conditioners V belts 2 1025
Normal operation Air blowers, 1.2to0 1.5 Flat belts with tension pulley 25103
Compressors,
Elevators, Cranes, Flat belts 4 tob
Paper making
machines
Operation Construction 1.5t03

accompanied by
shock and vibration

equipment, Crushers,
Vibrating screens,
Rolling mills
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4.3.3 Bearing Loads in Gear Transmission
Applications

The loads imposed on gears in gear transmissions vary
according to the type of gears used. In the simplest
case of spur gears, the load is calculated as follows:

M=9550 OOOH/n....(NAmm)} ________ (4.19)
= 974 000H/ n ...{kgf-mm}

Po=M /7 cooeeeeei (4.20)

Sk =Pk AN G <o (4_21)

K = VPZ+SZ=P SeCO wwoeeeeivvrneean (4.22)

where M : Torque applied to gear
(N - mm),{kgf - mm}
P, : Tangential force on gear (N), {kgf}
S, : Radial force on gear (N), {kgf}
K_ : Combined force imposed on gear
(N), tkef}
H : Power transmitted (kW)
7 : Speed (min™)
7 Pitch circle radius of drive gear (mm)
0 : Pressure angle

In addition to the theoretical load calculated above,
vibration and shock, which depend on how accurately
the gear is finished, should be included by multiplying
the theoretically calculated load by gear factor f,.

The values of 7, should generally fall within the ranges
in Table 4.8. When vibration from other sources
occurs, the actual load is obtained by multiplying the
load factor by this gear factor.

Table 4.8 Values of Gear Factor f;

Gear Finish Accuracy T

Precision ground gears 1T ~1.1

Ordinary machined gears ~ 1.1~1.3

4.3.4 Load Distribution on Bearings

In the simple examples shown in Figs. 4.11 and 4.12,
the radial loads on bearings I and II can be calculated
using the following equations:

Fer =%K ..................................... (4.23)

where  Fc; : Radial load applied on bearing I

(N), {kef}
Fcp : Radial load applied on bearing I
(N), {kef
K : Shaft load (N), {kgf}

When these loads are applied simultaneously, first the
radial load for each should be obtained, then the sum
of the vectors may be calculated according to the load
direction.

c

Ce i U=
@] @] @ D K

Bearing T K Bearing I Bearing 1 Fen Bearing I

Q
<
]
Y
>

Fig. 4.11 Radial Load
Distribution (1)

Fig. 4.12 Radial Load
Distribution (2)
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4.3.5 Average Fluctuating Load

When the load applied on bearings fluctuates, an
average load that will yield the same bearing life as the
fluctuating load should be calculated.

(1) When the relation between load and rotating speed
is divided into the following steps (Fig. 4.13),

Load F; : Speed 7, ; Operating time ¢,
Load F, : Speed 7, ; Operating time %,
Load Fn : Speed hn ; Operating time 'tn

the average load F,, may be calculated using the
following equation:

F,= p\j FPmiti+ FPnato+ -+ Fointn
Nitr+ Nofot - + ntn

where F,, : Average fluctuating load (N), {kgf}
p = 3 for ball bearings

p = 10/3 for roller bearings
The average speed 7z, may be calculated as follows:
_ b+ nstet -+ Nty

m=

(2) When the load fluctuates almost linearly (Fig.
4.14), the average load may be calculated as

follows:
F,.= % (Fiin & 2F ag) woveeeesereseeeens (4.27)
where  F,, : Minimum fluctuating load value
(N), {kef}
F . - Maximum fluctuating load value
(N), {kef}

(3) When the load fluctuation is similar to a sine wave
(Fig. 4.15), an approximate value for the average
load F,, may be calculated from the following
equation:

In the case of Fig. 4.15 (a)

Fi=0.85 Fppy wevveererereseseseeeee (4.28)
In the case of Fig. 4.15 (b)
FoZ0.75 Fpp ververserrnesennnnnennneen (4.29)

(4) When both a rotating load and a stationary load are
applied (Fig. 4.16),

Fy : Rotating load (N), {kgf}
Fs : Stationary load (N), {kgf}

an approximate value for the average load F,, may
be calculated as follows:

a) Where Fx=Fs P2
Fy=Fr+ 08Fs 4 0.2 oo (4.30)
b) Where Fx<Fs P2
Fm»:_FS+0_3FR+0_2FLS .................... (4.31)

O|nty| mot,

Fig. 4.13 Incremental Load Variation
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4.3.6 Combination of Rotating and Stationary Loads

Generally, rotating, static, and indeterminate loads act
on a rolling bearing. In certain cases, both the rotating
load, which is caused by weight from unbalance or
vibration, and the stationary load, which is caused by
gravity or power transmission, may act
simultaneously. The combined mean effective load can
be calculated when indeterminate load is caused by
rotating and static loads. There are two kinds of
combined loads: rotating and stationary, which are
classified depending on the magnitude of the load, as
shown in Fig. 4.17.

Namely, the combined load becomes a running load
with magnitude changing as shown in Fig. 4.17 (a) if
the rotating load is larger than the static load. The
combined load becomes an oscillating load with a
magnitude changing as shown in Fig. 4.17 (b) if the
rotating load is smaller than the stationary load.

In either case, the combined load F is expressed by
the following equation:

FoF Tt FEDFRFsC0S 6 - -vvvovenereraeenees (4.32)

where Fx: Rotating load (N), {kgf}
Fs : Stationary load (N), {kgf}
0 : Angle defined by rotating and
stationary loads

Combined load F can be approximated by Equations
(4.33) and (4.34) which vary sinusoidally depending
on the magnitude of Fy and Fs. Fit+Fs becomes the
maximum load F,.. and Fx—Fs becomes the minimum
load Fin fOr Fx> Fs or Fr<Fs.

FxD Fs, FEFrFsCos 0 cvvvvereeeeeeeeinnnn, (4.33)
Fr& Fs, FEFs—FRC0S 0 +vvvvvevvereneianiiinnn (4.34)

Combined load F can also be approximated by
Equations (4.35) and (4.36) when Frx=Fs.
FR>F5,

F=FR—FS+2Fssin% --------------------------- (4.35)
F R<F S,
F=F5—FR+2FRsin% --------------------------- (4.36)
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Curves of Equations (4.32), (4.33), (4.35), and (4.36)
are shown in Fig. 4.18.

The mean load variation F,, as expressed by Equations
(4.33) and (4.34) or (4.35) and (4.36) can be
expressed respectively by Equations (4.37) and (4.38)
or (4.39) and (4.40).

F.=F ., +0.65 (Fmax_F min)

FR;FS, FomFpt0.3Fg covoveeenneies (4_37)
FRSFy, FumFgt03F, ovveeeenssnnes (4.38)
Fo=F i 40.75 (Fu—Fouin)
FrZ Fy, Fu=Frt0.5Fs woooeeveennee (4.39)
FRéFs, Fm=FS+0-5FR ......................... (4_40)

Generally, as the value F exists somewhere along
Equations (4.37), (4.38), (4.39), and (4.40), the
coefficient 0.3 or 0.5 of the second terms in these
equations is assumed to change linearly along with Fs/
Fx or Fx/Fs. Thus, these factors may be expressed as
follows:
Fs _ Fs _
0.3+0.2 £ ,O_T,R =1

Fy ,DéiFR =1

Fs Fs

or 0.3+0.2

Accordingly, F.. can be expressed by the following
equation:

Fr=F;,
Fo=Fit(0.340.2 i; ) Fy
F‘s2
=F+0.3F+0.2 o (4.41)
FR§F51
Fi
FuFur(03+02- 1) R,
Fy
FRZ
=Fut0.3F0.2 AR (4.42)
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Finax

Fy

Fanin

(a) Rotating load > stationary load

Rotating
load

Combined
load

Stationary
load

(b) Rotating load < stationary load

Fig. 4.17 Combined Rotating and Stationary Loads

For Equation (4.33) Fr>F

For Equation (4.32) F;=0.6 Fy

For Equations (4.35) and (4.36)

Fe=Fy
1 1 1
120° 150° 180°
§

Fig. 4.18 Chart of Combined Loads
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4.4 Equivalent Load

In some cases, the loads applied on bearings are
purely radial or axial loads; however, in most cases,
the loads are a combination of both. In addition, such
loads usually fluctuate in both magnitude and direction.
In such cases, the loads actually applied on bearings
cannot be used for bearing life calculations; therefore,
a hypothetical load should be estimated. This load
should have a constant magnitude that passes through
the center of the bearing and gives the same bearing
life that the bearing would attain under actual load and
rotation conditions. Such a hypothetical load is called
the equivalent load.

A 050

4.4.1 Calculation of Equivalent Loads

The equivalent load on radial bearings may be
calculated using the following equation:

where  P:Equivalent Load (N), {kgf}
F, : Radial load (N), {kgf}
F, : Axial load (N), {kgf}
X : Radial load factor
Y': Axial load factor

The values of X and Y are listed in the bearing tables.
The equivalent radial load for radial roller bearings with
o=0°is

P=F,
In general, thrust ball bearings cannot take radial
loads, but spherical thrust roller bearings can take
some radial loads. In this case, the equivalent load may
be calculated using the following equation:

F. -
where 73:0.55
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4.4.2 Axial Load Components in Angular Contact
Ball Bearings and Tapered Roller Bearings

The effective load center of both angular contact ball
bearings and tapered roller bearings is at the point of
intersection between the shaft center line and a line
representing the load applied on the rolling element
by the outer ring, as shown in Fig. 4.19. This effective
load center for each bearing is listed in the bearing
tables. When radial loads are applied to these types of
bearings, a component load is produced in the axial
direction. In order to balance this component load,
bearings of the same type are used in pairs, placed
face-to-face or back-to-back. These axial loads can be
calculated using the following equation:

Faiz%pr .............................. (4.45)
where  F,;: Component load in the axial direction
(N), {kef}

F, : Radial load (N), {kgf}
Y': Axial load factor

~—a

Center

Assume that radial loads F;; and F,; are applied
on bearings I and I (Fig. 4.20) respectively and an
external axial load F,. is applied as shown. If the axial
load factors are Y; and Y} and the radial load factor
is X, then the equivalent loads P; and P; may be
calculated as follows:

Fig. 4.19 Effective Load Centers

Bearing I

Bearing II

. 0.6
where Fae+0?§3FrH;Y—I '
B 0.6
PI_XFrI+YI (Fae+?HFrH)} _________ (446)
Py=Fyy
0.6 0.6
where  F,. + Yo Fr”<?1 F
PI :FrI
........... 4.47
P=XFoy+ (95 £~ ) @40
I
Eff. Load | ’bﬁ\h Eff. Load
T Center
«a%
Bearing I Bearing II

Fig. 4.20 Loads in Opposed Paired Mounting Arrangement
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4.5 Static Load Ratings and Static Equivalent
Loads

4.5.1 Static Load Ratings

When subjected to excessive or strong shock
loads, rolling bearings may incur a local permanent
deformation of the rolling elements and permanent
deformation of the rolling elements and raceway
surface if the elastic limit is exceeded. This nonelastic
deformation increases in area and depth as load
increases. When the load exceeds a certain limit, the
smooth operation of the bearing is impeded.

The basic static load rating is defined as the static load
that produces the following calculated contact stress
between the raceway surface and center of the contact
area of the rolling element subjected to the maximum
stress:

For self-aligning ball bearings 4 600 MPa

{469 kgf/mm?*
For other ball bearings 4200 MPa

{428 kgf/mm?*
For roller bearings 4 000 MPa

{408 kgf/mm?

In this most heavily stressed contact area, the sum of
the permanent deformation of the rolling element and
that of the raceway is nearly 0.0001 times the rolling
element diameter. The basic static load rating C, is
defined as C,, for radial bearings and C,, for thrust
bearings in the bearing tables.

In addition, following the modification of for basic
static load rating criteria by ISO, the new C, values
for NSK's ball bearings became about 0.8 to 1.3 times
the past values, while those for roller bearings became
about 1.5 to 1.9 times higher. Consequently, please
note that the previous values of permissible static load
factor £ have also changed.

4.5.2 Static Equivalent Loads

The static equivalent load is a hypothetical load
that produces a contact stress equal to the above
maximum stress in the area of contact between the
most heavily stressed rolling element and bearing
raceway under actual conditions while the bearing is
stationary (including very slow rotation or oscillation).
The static radial load passing through the bearing
center is taken as the static equivalent load for radial
bearings, while the static axial load in the direction
coinciding with the central axis is taken as the static
equivalent load for thrust bearings.

(a) Static equivalent load on radial bearings

The greater of the two values calculated from the
following equations should be adopted as the static
equivalent load on radial bearings:
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where P, : Static equivalent load (N), {kgf}
F, : Radial load (N), {kgf}

F, : Axial load (N), {kgf}

X, : Static radial load factor

Y, : Static axial load factor

(b) Static equivalent load on thrust bearings
P,=X,F.+F, OLFEQOC +ovvrrrrrenanens (4.49)

where P, : Static equivalent load (N), {kgf}
o : Contact angle

When F,<X, F;, this equation becomes less accurate.
The values of X, and Y, for Equations (4.47) and
(4.49) are listed in the bearing tables.

The static equivalent load for thrust roller bearings
when

0.=90°is Po=F,

4.5.3 Permissible Static Load Factor

The permissible static equivalent load on bearings
varies depending on the basic static load rating,
application, and operating conditions.

The permissible static load factor f; is a safety factor
that is applied to the basic static load rating, and it is
defined by the ratio in Equation (4.50). The generally
recommended values of f; are listed in Table 4.9. The
values of f; were revised due to the modification of
the basic static load rating criteria. Please keep this in
mind when selecting bearings, particularly for bearings
whose C, values increased.

where G, : Basic static load rating (N), {kgf}
P, : Static equivalent load (N), {kef}

For spherical thrust roller bearings, the value of f;
should be greater than 4.

Table 4.9 Values of Permissible Static Load Factor f;

) - Lower Limit of fs
Operating Conditions
Ball Bearings Roller Bearings

Low-noise applications 2 3
Bearings subjected to vibration and 15 2
shock loads :

Standard operating conditions 1 1.5
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4.6 Example Bearing Calculations

(Example 1)

Obtain the fatigue life factor f, of single-row deep
groove ball bearing 6208 when it is used under a
radial load =2 500 N and speed # =900 min™.

The basic load rating C. of 6208 is 29 100 N (Bearing

Table, Page C024). Since only a radial load is applied,

the equivalent load P may be obtained as follows:
P=F.=2500N

Since the speed is 72 = 900 min™, the speed factor f;

can be obtained from the equation in Table 4.2 (Page
A034) or Fig. 4.3 (Page A036).

f2=0.333

The fatigue life factor £, under these conditions, can be
calculated as follows:

—fCr_ 29100 _
fi=h P =0.333 x 5500 =3.88

This value is suitable for industrial applications, air
conditioners in regular use, etc., and according to the
equation in Table 4.2 or Fig. 4.4 (Page A036), this
|q?rresponds to approximately 29 000 hours of service
ife.

(Example 2)
Select a single-row deep groove ball bearing with a
bore diameter of 50 mm and outside diameter under
100 mm that satisfies the following conditions:

Radial load F,= 3 000 N

Speed 7 =1 900 min™
Basic rating life L;,=10 000 h

The fatigue life factor £, of ball bearings with a rating
fatigue life longer than 10 000 hours is f,=2.72.
Because fo= 0.26, P= F,=3 000 N,

fi=fi f; —026x -Cr =070

3000 —

Therefore, C,=2.72 x 3002060 —31380N

From the data listed in the bearing table on Page C026,
6210 should be selected, as it satisfies the above
conditions.
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(Example 3)
Obtain C,/P or fatigue life factor £, when an axial
load F,=1 000 N is added to the conditions of
(Example 1)

When the radial load F, and axial load F, are applied on
single-row deep groove ball bearing 6208, the dynamic
equivalent load P should be calculated in accordance
with the following procedure:

Obtain the radial load factor X, axial load factor Y, and
constant e, depending on the magnitude of £, F,/Cyy,
from the Dynamic Equivalent Load Table above the
Bearing Table on Page C025.

The basic static load rating C,, of ball bearing 6208 is
17 900 N (Page C024)

JoFa/Cor=14.0x 1 000/17 900 = 0.782

¢=0.26
and F, /F.=1000/2500=04>¢
X=0.56
Y'=1.67 (the value of Y is obtained by linear
interpolation)
Therefore, the dynamic equivalent load P is
P=XF, +YF,
=0.56 x 2500+ 1.67 x 1 000
=3070 N
F =00 048
fi=fi % ~0.333 x 239017000 -3.16

This value of £, corresponds approximately to 15 800
hours of service life for ball bearings.

(Example 4)
Select a Series 231 spherical roller bearing that
satisfies the following conditions:

Radial load F; = 45 000 N

Axial load F, =8 000 N
Speed 7 = 500 min™!
Basic rating life L;,=30 000 h

The value of the fatigue life factor £, which makes
L,=30 000 h is greater than 3.45, according to Fig.
4.4 (Page A036).
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The dynamic equivalent load P of spherical roller
bearings is as follows:

when F, / F.=e
P=XF.+YX,=F,+Y;F,

when F, / F.>e
P=XF,+YF,=0.67 F.+ Y,F,
F, /F,=8000/45000=0.18

We can see in the bearing table that the value of e is
about 0.3 and that of Y5 is about 2.2 for Series 231
bearings.
Therefore, P=XF,+ YF,=F,.+ Y3 F,
=45000+ 2.2 x 8 000
=62 600 N

From the fatigue life factor f,, the basic load rating can

be obtained as follows:
_r Cr _ Cr
fu=ha P =0.444 x 626002345
Consequently, C,=490000 N
The smallest Series 231 spherical roller bearing
satisfying this value of C, is 23126CE4
(C,=505 000 N).
Once the bearing is determined, substitute the value of
Y, in the equation and obtain the value of P.

P=F,+Y,F, =45 000 +2.4 x 8 000
~64200N
10
Ly =500(f; &)

505 000
=500(0.444 x 5000 )

=500 % 3.49 ¥ =32000h

(Example 5)

Assume that tapered roller bearings HR30305DJ and
HR30206J are used in a back-to-back arrangement
as shown in Fig. 4.21, and the distance between the
outer ring back faces is 50 mm.

Calculate the basic rating life of each bearing when
radial load F,.=5 500 N and axial load F,.=2 000 N
are applied to HR30305DJ as shown in Fig. 4.21. The
speed is 600 min™.

Bearing I Bearing II
HR30305DJ [ 401101~ HR30206J

K
; 5915 23.5&1»

2000N |- 838 :

e Iy

Fig. 4.21 Loads on Tapered Roller Bearings

To distribute the radial load F; on bearings I and II,
the effective load centers for tapered roller bearings
must be located. Obtain the effective load center a for
bearings I and I from the bearing table, then obtain
the relative position of the radial load F; and effective
load centers. The result will be as shown in Fig. 4.21.
Consequently, the radial load applied on bearings I
(HR30305DJ) and II (HR30206J) can he obtained
from the following equations:

23.9 _
rl—5500><838 1569 N

59.9
r,1—5500><838 3931 N

The following values are obtained from data in the
Bearing Table:

Basic dyn_amic Axial load Constant
Bearings Ioad(lr‘itlng fa%)r .
(N)
Bearing I (HR30305DJ) 38000 Y=073 0.83
Bearing I (HR30206J) 43 000 Yi=16 0.38

When radial loads are applied on tapered roller
bearings, an axial load component is produced and
must be considered to obtain the dynamic equivalent
radial load (refer to Section 4.4.2, Page A051).
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This is obtained by the following:

0.6 0.6
Fet+ 5 Y: FrH—2000+16><3931

=3474N

0.6 0.6
82 Fi =73 X 1569=1290 N

Therefore, with this bearing arrangement, the axial
load F,. + % F, is applied on bearing I but not on

bearing II .
For bearing I,
F. =1569N
F, =3474N
since Fo;/ F,1=22>¢=0.83
the dynamic equivalent load P, = XF;; + Y| Fy;
=0.4x1569+0.73x 3474
=3164N
The fatigue life factor £, =ﬁ1 Q
0. 42 % 38 000
" aies Y
and the rating fatigue life L, = 500 X 5.04°
=109750h
For bearing II
since Frp=3931N, F,;=0
the dynamic equivalent load
Py =F.;=3931N,
fatigue life factor

_r Cr_042x43000 _
fh—fnP— Soay =459

and rating fatigue life Z, = 500 x 459% =80400h
are obtained.

For face-to-face arrangements (DF type), please
contact NSK.

(Example 6)

Select a bearing for a speed reducer under the
following conditions:

Operating conditions

Radial load F, =245 000 N

Axial load  F,=49000 N
Speed 7 =500 min™
Size limitation

Shaft diameter: 300 mm
Housing bore: Less than 500 mm
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In this application, heavy loads, shocks, and shaft
deflection are expected; therefore, spherical roller
bearings are appropriate.

The following spherical roller bearings satisfy the
above size limits (refer to Page C284):

Basic Dynamic |Constant|Factor
Load Rating
G e |Y,

(N)

1540000 ]0.19] 3.6
2400000 |0.24| 28
2890000 |0.32|2.1

d|D|B Bearing No.

300|420 | 90| 23960 CAME4
460 | 118 | 23060 CAME4
460 | 160 | 24060 CAME4

500 | 160 | 23160 CAME4
500 | 200 | 24160 CAME4

3350000 |0.31|22
3900000 |0.38| 1.8

Since F, / F, = 0.20<e , the dynamic equivalent load
Pis
P=F,+Y;F,

Judging from the fatigue life factor £, in Table 4.1 and
example applications (refer to Page A034), a value of
f», between 3 and 5 is appropriate.

fi=h & —7}’14‘1‘,% ~31t05

Assuming that Y5=2.1, then the necessary basic load
rating C, can be obtained:

¢ - (F+Y,F,) x (3105)
r= 0.444

_ (245000 + 2.1 x 49 000) x (3 0 5)
0.444

=2 350000 to 3 900 000 N

Bearings that satisfy this range are 23060CAME4,
24060CAME4, 23160CAME4, and 24160CAMEA4.
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4.7 Bearing Type and Allowable Axial Load

4.7.1 Change in Contact Angle of Radial Ball
Bearings and Allowable Axial Load

(1) Change in Contact Angle Due to Axial Load
When an axial load acts on a radial ball bearing, the
rolling element and raceway develop elastic
deformation, resulting in an increase in contact angle
and width. When heat generation or seizure occurs, the
bearing should be disassembled and checked for a
running trace to discover whether there has been a
change in contact angle during operation. In this way,
it is possible to see whether an abnormal axial load has
been sustained.

The relation below reflects axial load on a bearing F,,
the load on rolling element @, and the contact angle «
when a load is applied. (see Equations (9.8), (9.9), and
(9.10) in Section 9.6.2)

F.=7 @ sina
= K Z D, {/ (sinag+h)*+cos’a,—1}"*- sina

.............................................. (4.51)

a= sin% ..................... (4.52)
v (sinaot+h)*+cos’a

P A )

my  reri—Dy

Namely, &, refers to the change in Equation (4.52) to
determine a contact angle « corresponding to the
contact angle known from observation of the raceway.
Thus, &, and « are introduced into Equation (4.51) to
estimate the axial load F, acting on the bearing. As
specifications of the bearing are necessary for
calculation, the contact angle « in this case was
approximated from the axial load. The basic static load
rating Ci. is expressed by Equation (4.53) for single-
row radial ball bearings.
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Cﬂr=ﬁ)ZDw2 COS +#vrrrrrrrrrrneanee s (4_53)

where f;: Factor determined from the shape of
bearing components and applicable stress
level

Equation (4.54) is determined from Equations (4.51)
and (4.53):

h p-aAF,
Cor

- K {v({Sinaorh)scosiag-1}¥2. —Sina_

COSay

where K: Constant determined from material and
design of bearing

In other words, % is assumed and contact angle « is
determined from Equation (4.52). Then % and « are
introduced into Equation (4.54) to determine A F..
This relation is used to show the value of A for each
bore number of angular contact ball bearings in Table
4.14. The relationship between A F, and « is shown in
Fig. 4.22.

Example 1

Calculate the change in the contact angle when pure
axial load F, = 35.0 kN (50% of basic static load
rating) is applied to angular contact ball bearing
72150

A =0.212 as determined from Table 4.10 and AF, =
0.212 x 35.0 = 7.42 and a=26° according to Fig. 4.22.
The initial contact angle of 15° has changed to 26°
under axial load.
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a,=40"
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Fig. 4.22 Change in Contact Angle of Angular Contact Ball Bearings Under Axial Load
Table 4.10 Constant A Value of Angular Contact Ball Bearings
Units: kN
Bearing Series 70 Bearings Series 72 Bearings Series 73 Bearings
Bore No. 15° 30° 40° 15° 30° 40° 15° 30° 40°
05 1.97 2.05 2.31 1.26 1.41 1.59 0.838 0.850 0.961
06 1.45 1.51 1.83 0.878 0.979 1.1 0.642 0.651 0.736
07 1.10 1.15 1.38 0.699 0.719 0.813 0.517 0.528 0.597
08 0.966 1.02 1.22 0.562 0.582 0.658 0.414 0.423 0.478
09 0.799 0.842 1.01 0.494 0.511 0.578 0.309 0.316 0.357
10 0.715 0.757 0.901 0.458 0.477 0.540 0.259 0.265 0.300
1 0.540 0.571 0.681 0.362 0.377 0.426 0.221 0.226 0.255
12 0.512 0.542 0.645 0.293 0.305 0.345 0.191 0.195 0.220
13 0.463 0.493 0.584 0.248 0.260 0.294 0.166 0.170 0.192
14 0.365 0.388 0.460 0.226 0.237 0.268 0.146 0.149 0.169
15 0.348 0.370 0.212 0.237 0.268 0.129 0.132 0.149
16 0.284 0.302 0.358 0.190 0.199 0.225 0.115 0.118 0.133
17 0.271 0.288 0.341 0.162 0.169 0.192 0.103 0.106 0.120
18 0.228 0.242 0.287 0.140 0.146 0.165 0.0934 0.0955 0.108
19 0.217 0.242 0.273 0.130 0.136 0.153 0.0847 0.0866 0.0979
20 0.207 0.231 0.261 0.115 0.119 0.134 0.0647 0.0722 0.0816
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Values for deep groove ball bearings are similarly
shown in Table 4.11 and Fig. 4.23.

Example 2

Calculate the change in the contact angle when a pure
axial load F,= 24.75 kN (50% of the basic static load
rating) is applied to the deep groove ball bearing 6215.
Note here that the radial internal clearance is calculated
as the median (0.020 mm) of the normal clearance.

The initial contact angle of 10° is obtained from Fig. 3
on Page C015. A = 0.303 as determined from Table
411 and A F,= 0.303 x 24.75=7.5, thus a=24°
based on Fig. 4.23.

3b
30
a1 L-——'

25 w2 B ’—;—;
_ 465 | |
P w —
? / @= a=0"
g d
3 15 g
<
N4
o
o ]

B

(o}

0 1 2 8 4 5 8 9 10
AF,

Fig. 4.23 Change in Contact Angle of Deep Groove Ball Bearings Under Axial Load
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Table 4.11 Constant A Value of Deep Groove Ball Bearing

Units: kN™'

Bearing Series 62 Bearings

Bore No. 0° 5 10° 15° 20°
05 1.76 1.77 1.79 1.83 1.88
06 1.22 1.23 1.24 1.27 1.30
07 0.900 0.903 0.914 0.932 0.958
08 0.784 0.787 0.796 0.811 0.834
09 0.705 0.708 0.716 0.730 0.751
10 0.620 0.622 0.630 0.642 0.660
11 0.490 0.492 0.497 0.507 0.521
12 0.397 0.398 0.403 0.411 0.422
13 0.360 0.361 0.365 0.373 0.383
14 0.328 0.329 0.333 0.340 0.349
15 0.298 0.299 0.303 0.309 0.317
16 0.276 0.277 0.280 0.285 0.293
17 0.235 0.236 0.238 0.243 0.250
18 0.202 0.203 0.206 0.210 0.215
19 0.176 0177 0.179 0.183 0.188
20 0.155 0.156 0.157 0.160 0.165
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(2) Allowable Axial Load for a Deep Groove Ball Bearing
The allowable axial load here refers to the limit load at
which a contact ellipse is generated between the ball
and raceway due to a change in the contact angle when
a radial bearing, which is under an axial load, rides
over the shoulder of the raceway groove. This is
different from the limit value of a static equivalent load
P, which is determined from the basic static load
rating C. using the static axial load factor Y;. Also note
that the contact ellipse may ride over the shoulder
even when the axial load on the bearing is below the
limit value of P.

The allowable axial load F. ... of a radial ball bearing

can be determined through equations. The contact
angle « for F, is determined from the right terms of
Equations (4.51) and Equation (4.52), while @ is
calculated as follows:

:7Fa
Z sina

0 of Fig. 4.24 is determined as follows:
2 :A4 Q 1/3
: 2M( Zp )

Fig. 4.24 Contact Ellipse

L=
r

Accordingly, the allowable axial load may be
determined as the maximum axial load at which the
following relation is established.

yZ o+l

As the allowable axial load cannot be determined
unless the internal specifications of a bearing are
known, Fig. 4.25 shows the calculated results of
allowable axial load for various deep groove radial ball
bearings.
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Allowable axial load F, ..

kgf kN
x 108
101

100

N\

6205 ————
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N
(@]
w
(@]

Initial contact angle a (°)
Fig. 4.25 Allowable Axial Load for Deep Groove Ball Bearings
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4.7.2 Allowable Axial Load (Rib Breakdown
Strength) for Cylindrical Roller Bearings

Both the inner and outer rings may be exposed to an
axial load during rotation in a cylindrical roller bearing
with ribs. The axial load capacity is limited by heat
generation, seizure, etc. at the slip surface between the
roller end surface and rib and rib strength.

Fig 4.26 shows the allowable axial load (the load
considering heat generation between the end faces of
the rollers and rib face) applied continuously on
Diameter Series 3 cylindrical roller bearings with
grease or oil lubrication.

Grease lubrication (Empirical equation)

] 900 (kedf e
Ca= 9.8f{7n+1 e ~0.023 x (k-d) }(N)

_ 900 (k'd)z _ L \25
, f{ e —0.023 X (k-d) }{kgﬂ

Oil lubrication (Empirical equation)

_ 490 (k-d)* _ nsa
Ci= 9.8f{ i Gop  0.000135 x (k-d) }(N)

_ 1490 (k-d)* _ | e

- f{ ooy~ 0.000135 x (-a) }{kgf}

where C, : Allowable axial load (N), {kgf}
d : Bearing bore diameter (mm)
n : Bearing speed (min™)
f: Load factor
k : Dimensional factor
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In Equations (4.55) and (4.56), the examination of rib
strength is excluded. Please consult with NSK
concerning rib strength.

To enable the cylindrical roller bearing to stably sustain
the axial load capacity, be sure to take the following
points, concerning the bearing and its surroundings
into account.

O Radial load must be applied and the magnitude of
radial load should be larger than that of axial load by
2.5 times or more.

O There should be sufficient lubricant between the
roller end face and rib.

© Use a lubricant with an additive for extreme
pressures.

O Running-in time should be sufficient.

O Bearing mounting accuracy should be good.

O Don’t use a bearing with an unnecessarily large
internal clearance.

Moreover, if the bearing speed is very slow or exceeds
50 % of the allowable speed in the bearing tables or if
the bearing bore diameter exceeds 200 mm, each
bearing must be precisely checked for lubrication,
cooling method, etc. Please contact NSK in such
cases.

f: Load Factor

fvalue
Continuous Loading 1
Intermittent Loading 2
Short-Term Loading 3

k: Dimensional Factor

k value
Series 2 Bearing Diameter 0.75
Series 3 Bearing Diameter 1
Series 4 Bearing Diameter 1.2
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Fig. 4.26 Allowable Axial Load for a Cylindrical Roller Bearing
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4.8 Technical Data
4.8.1 Fatigue Life and Reliability

Where any part failure may result in damage to the
entire machine and repair of damage is impossible, as
in aircraft, satellite, or rocket applications, greatly
increased reliability is demanded of each component.
Recently, such high reliability requirements have been
applied more generally to durable consumer goods
and may also be utilized to achieve effective preventive
maintenance of machines and equipment.

The rating fatigue life of a rolling bearing is the gross
number of revolutions or the gross rotating period
(when the rotating speed is constant) that 90 % of a
group of similar bearings running individually under
similar conditions can rotate without suffering material
damage due to rolling fatigue. In other words, fatigue
life is normally defined at 90 % reliability. There are
other ways to describe the expected life. For example,
an average value is frequently employed to describe
the lifespan of human beings. However, if an average
were used for bearings, then too many bearings would
fail before the average life value was reached. On the
other hand, if a low or minimum value was used as a
criterion, then too many bearings would have a life
much longer than the set value. With these
considerations in mind, a 90 % value was chosen for
common practice. A value of 95 % could have been
taken as the statistical reliability, but the slightly looser
reliability of 90 % was taken from a practical and
economical viewpoint. A 90 % reliability however is
not acceptable for aircraft parts, computers, or
communication systems, and a 99 % or even 99.9 %
reliability may be required in some of these cases.

The fatigue life distribution when a group of similar
bearings are operated individually under similar
conditions is shown in Fig. 4.27. The Weibull equation
can be used to describe the fatigue life distribution
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within a damage ratio of 10 to 60 % (residual
probability of 90 to 40 %). At a damage ratio of 10 %
or less (residual probability of 90 % or more) however,
the rolling fatigue life becomes longer than the
theoretical curve of the Weibull distribution, as shown
in Fig. 4.28. This is a conclusion drawn from the life
test of numerous, widely-varying bearings and an
analysis of collected data.

When bearing life with a failure ratio of 10 % or less
(for example, the 95 % life or 98 % life) is to be
considered on the basis of the above concept, the
reliability factor @, shown in Table 4.12 is used to
check the life. Assume here that the 98 % life L, is to
be calculated for a bearing whose rating fatigue life Li,
was calculated at 10 000 hours. The life can be
calculated as L,= 0.37 x L,,= 3 700 hours. In this
manner, the reliability of the bearing life can be
matched to the equipment and difficulty of inspection
and disassembly.

Table 4.12 Reliability Factor

Reliability, % 90 95 | 96 | 97 | 98 | 99
0 LIO

Life, L rating life L | La | Ly | L, | Ly
Reliability

Factor, a, 1 0.64 | 0.55 | 0.47 | 0.37 | 0.25

Apart from rolling fatigue, factors such as lubrication,
wear, sound, and accuracy govern the durability of a
bearing. These factors must be taken into account, but
the endurance limit of these factors varies depending
on application and conditions.
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4.8.2 Radial Clearance and Fatigue Life

As shown in the catalog and elsewhere, the fatigue life
calculation equation of rolling bearings is as follows:

Lz(g)p ...................................... (4.57)

where L : Rating fatigue life (10°rev)
C : Basic dynamic load rating (N), {kgf}
P Dynamic equivalent load (N), {kgf}
p: Index Ball bearing p=3,

Roller bearing p = %

The rating fatigue life L for a radial bearing in this case
requires the load distribution in the bearing
corresponds to the state with the load factor ¢ = 0.5
(Fig. 4.29).

The load distribution with £=0.5 is obtained when the
bearing radial internal clearance is zero. In this sense,
the normal fatigue life calculation is intended to obtain
a value when the clearance is zero. When the effect of
the radial clearance is taken into account, the bearing
fatigue life can be calculated. Equations (4.58) and
(4.59) can be established between the bearing radial
clearance 4. and a function £ (¢) of load factor ¢:

For deep groove ball bearings:
4,-D,"?

fle)=—=22 N
0.00044(%) ' ™)
- (4.58)
4.-D,}?
fl)s——r Kk
ooz L) thel
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For cylindrical roller bearings:

fle) = — e
0.000077 ( Tfl) ........... (N)
4,-L ... (4.59)
Fley=—— % )
OOOOB(ﬁ) ............ { gf}

where 4, : Radial clearance (mm)
F. : Radial load (N), {kgf}
Z : Number of rolling elements
1 : No. of rows of rolling elements
D, : Ball diameter (mm)
L. : Effective roller length (mm)
L. : Life with clearance of 4,
L : Life with zero clearance, obtained from
Equation (4.57)

The relationship between load factor € and f(¢) and the
life ratio L./L, when radial internal clearance 4, exists
is shown in Table 4.13.

Fig. 4.30 shows the relationship between the radial
clearance and bearing fatigue life in example 6208 and
NU208 bearings.

o
—»

Fig. 4.29 Load Distribution With ¢=0.5
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Table 4.13 eandf(¢), L./L

Deep Groove Ball Bearing Cylindrical Roller Bearing
€ L L.
f(e) i3 f(e) L
0.1 33.713 0.294 51.315 0.220
0.2 10.221 0.546 14.500 0.469
0.3 4.045 0.737 5.539 0.691
0.4 1.408 0.889 1.887 0.870
05 0 1.0 0 1.0
0.6 - 0.859 1.069 - 1133 1.075
0.7 - 1.438 1.098 - 1.897 1.096
0.8 - 1.862 1.094 - 2455 1.065
0.9 - 2195 1.041 - 2.929 0.968
1.0 - 2.489 0.948 - 3.453 0.805
1.25 - 3.207 0.605 - 4934 0.378
15 - 3.877 0.371 - 6.387 0.196
1.67 - 4.283 0.276 - 7.335 0.133
1.8 - 4.596 0.221 - 8.082 0.100
2.0 - 5.052 0.159 - 9.187 0.067
25 - 6.114 0.078 -11.904 0.029
3 - 7.092 0.043 -14.570 0.015
4 - 8.874 0.017 -19.721 0.005
5 -10.489 0.008 -24.903 0.002
10 -17.148 0.001 -48.395 0.0002

Life ratio (L¢/L)

1.2
1.0 f +4
! P=C./5 } 6208
= p it P:c,/m}c:zg 100N
L] “P=C/15
0.8 e ¥
t \\
= (1] \ \\ \
08 / TR IR R %\ T~
: 1 \ \\‘\\\
- / / l': \\\\ \‘\ ~
M NN 1~
0.4 + \\‘\ +
L / [ '1' \\Z/ o
/ ] I’ /Z.~ -
0217 ANU208— (P=C/5 $L2T=
/! C.=43 500N {P:cmo‘/
- 3 P=C/15
z| 7 R
‘/IIIL I ,

—60 —40 -20 0 20 40 60 80 100 120

Radial clearance 4, (um)

Fig. 4.30 Radial Clearance and Bearing Life Ratio
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4.8.3 Misalignment of Inner/Outer Rings and
Fatigue Life of Deep Groove Ball Bearings

A rolling bearing is manufactured with high accuracy,
and careful attention to machining and assembly
accuracies of the surrounding shafts and housing is
critical for this accuracy is to be maintained. In
practice however, the machining accuracy of parts
around the bearing is limited, and bearings are subject
to misalignment of inner/outer rings caused by the
shaft deflection under external load.

The allowable misalignment is generally 0.0006 -
0.003 rad (2" to 10") but this varies depending on the
size of the deep groove ball bearing, internal clearance
during operation, and load.

This section introduces the relationship between the
misalignment of inner/outer rings and fatigue life. Four
Series 62 and 63 deep groove ball bearings of different
sizes were selected as examples.

Assume the fatigue life without misalignment as Ly,
and the fatigue life with misalignment as L,. The effect
of the misalignment on the fatigue life may be found by
calculating Ly /Ly-. Results are shown in Figs. 4.31 to
4.34.

To represent ordinary running conditions in
calculations, radial load F, (N) {kgf} and axial load F,
(N) {kgf} were assumed to be approximately 10 %

6200 F.=510NB2kef],

=0)

Life ratio {(Lg/Le

(normal load) and 1 % (light preload) of the dynamic
load rating C. (N) {kgf} respectively. Normal radial
clearance was used and the shaft fit was set to around
j5. Decrease of the internal clearance due to expansion
of the inner ring was also taken into account.
Moreover, assuming that the temperature difference
between the inner and outer rings was 5 °C during
operation, inner/outer ring misalignment, Ly/Ly-, Was
calculated for the maximum, minimum, and mean
effective clearances.

As shown in Figs. 4.31 to 4.34, degradation of the
fatigue life is limited to 5 to 10 % or less when the
misalignment ranges from 0.0006 to 0.003 rad (2’ to
10"), thus not presenting much of a problem.

When misalignment exceeds a certain limit however,
the fatigue life degrades rapidly as shown in the
figures; therefore, pay careful attention to this matter.
When the clearance is small, not much effect is
observed as long as misalignment is also small, as
shown in the figures; however, life decreases
substantially when misalignment increases. As
previously mentioned, aim to minimize mounting error
as much as possible.

F,=51N{.2kgf}

1 2 3

4 5 6 7

Inner/outer ring misalignment (X1072 rad)

Fig. 4.31 Life Vs. Misalignment
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4.8.4 Misalignment of Inner/Outer Rings and
Fatigue Life of Cylindrical Roller Bearings

When a shaft supported by rolling bearings is deflected
or there is some inaccuracy in a shoulder,
misalignment arises between the inner and outer rings
of the bearings, thereby lowering their fatigue life. The
degree of degradation depends on bearing type,
interior design, radial internal clearance, and
magnitude of load during operation.

The relationship between the misalignment of inner/
outer rings and fatigue life was determined with
standard NU215 and NU315 cylindrical roller bearings,
as shown in Figs. 4.35 to 4.38.

In these figures, the horizontal axis shows the
misalignment of inner/outer rings (rad) while the
vertical axis shows the fatigue life ratio Ly /Lg-o. The
fatigue life without misalignment is Ly-, and the fatigue
life with misalignment is L.

NU215

=0}

Figs. 4.35 and 4.36 show the life ratio for bearings
under constant load (10 % of basic dynamic load
rating C; of a bearing) when the internal clearance is
normal, C3, or C4. Figs. 4.37 and 4.38 show the life
ratio for bearings with constant clearance (normal
clearance) when the load is 5 %, 10 %, and 20 % of
the basic dynamic load rating C..

Note that the median effective clearance in these
examples was determined using m5/H?7 fits and a
temperature difference of 5°C between the inner and
outer rings.

The fatigue life ratio for the clearance and load shows
the same trend as in the case of other cylindrical roller
bearings; however, the life ratio itself differs among
bearing series and dimensions, with life degradation
rapid in Series 22 and 23 bearings (wide type). Use of
a specially designed bearing is advised when
considerable misalignment is expected during
application.

F,=9 660 N {985 kgf} (0.1 C,)

8]
g 0.8 N
o N
© 52um (C3 clearance)
2 0.7 \\\
£
22um (Normal clearance)
0.6

o 2 4 6 8

12 14 16 18 20

Inner/outer ring misalignment (X10~* rad)

Fig. 4.35 Life Vs. Misalignment
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o)

Life ratio {Ly/Lg

=0}

Life ratio {Ly/Lg

=0)

Life ratio {(Lg/Lg

NU315 F,=17 950 N {1 830 kgf} (0.1 C)

72um (C4 clearance)

~
0.7 52um (C3 clearance) S\
~
~
0.6 22um (Normatl clearance) “~
05 N

0 2 4 6 8 10 12 14 16 18 20
Inner/outer ring misalignment (X10~* rad)

Fig. 4.36 Life Vs. Misalignment

NU215 22um (Normal clearance)

o F,=19 320 N {1 970 kgf}
09 (0.2 C,)
o all So \.\
\\\ ~.
0.7 \\\\ /3\.\.\
~. Fi=9 660 N {985 kgf}
0.6f S~ 0.1 ¢)
0.5F F,=4 830 N (492.5 kgf} /4\‘\\
(0.05 C)
0.4 . 2 . N s

0o 2 4 6 8 10 12 14 16 18 20
Inner/outer ring misalignment (X104 rad)

Fig. 4.37 Life Vs. Misalignment

NU315 22um (Normal clearance)

F,=35 890 N {3 660 kgf}
0.2 G)

~
g .
Sso Ny

0.6 S~ =
~_ F.=17 950 N {1 830 kgf}
0.5 F,=8 970 N (915 kgf]j\\ 0.1 C)
(0.05 C,) SS
0.4 >

o 2 4 6 8 10 12 14 16 18 20
Inner/outer ring misalignment (X104 rad)

Fig. 4.38 Life Vs. Misalignment
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4.8.5 0il Film Parameters and Rolling Fatigue Life

As evidenced by numerous experiments and
experiences, the rolling fatigue life of rolling bearings
is closely related to lubrication.

The rolling fatigue life is expressed by the maximum
number of rotations that a bearing can endure until the
raceway or rolling surface of a bearing develops
fatigue in the material resulting in flaking of the surface
due to cyclic stress. Such flaking begins with either
microscopic non-uniform portions (such as
nonmetallic inclusions or cavities) in the material or
with microscopic defects in the material surface (such
as extremely small cracks, surface damage, or dents
caused by contact between extremely small projections
in the raceway or rolling surface). The former flaking is
called subsurface-originating flaking while the latter is
surface-originating flaking.

The oil film parameter 1, which is the ratio between
the resultant oil film thickness and surface roughness,
expresses whether or not the lubrication at the rolling
contact surface is satisfactory. The effect of the oil film
grows with increasing 4. Namely, when A is large
(around 3 in general), surface-originating flaking due
to contact between extremely small projections in the
surface is less likely to occur. If the surface is free
from defects (flaws, dents, etc.), the life is determined
mainly by subsurface-originating flaking. On the other
hand, a decrease in A tends to cause surface-
originating flaking, resulting in degradation of the
bearing’s life. This state is shown in Fig. 4.39.
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NSK has performed life experiments with about 370
bearings within the range of 4 = 0.3-3 and with
different lubricants and bearing materials (@ and A in
Fig. 4.40). Fig. 4.40 shows a summary of the principal
experiments reported until now. As is evident in the
figures, life decreases rapidly at around A4 = 1 when
compared with life values at around 1= 3-4 where life
changes at a slower rate. Life becomes about 1/10 or
less at 4 = 0.5 due to severe surface-originating
flaking.

Accordingly, to extend the fatigue life of rolling
bearings, increase the oil film parameter (ideally to a
value above 3) by improving lubrication conditions.
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Fig. 4.40 Typical Experiment With 0il Film Parameter 1 and Rolling Fatigue Life
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4.8.6 EHL 0il Film Parameter Calculation Diagram

Lubrication of rolling bearings can be expressed by the
theory of elastohydrodynamic lubrication (EHL).
Introduced below is a method to determine the oil film
parameter (oil film to surface roughness ratio), the
most critical component in EHL.

(1) Oil Film Parameter

The raceway surfaces and rolling surfaces of a bearing
are extremely smooth, but have fine irregularities when
viewed through a microscope. As the EHL oil film
thickness is in the same order as the surface
roughness, lubrication conditions cannot be discussed
without considering this surface roughness. For
example, given a particular mean oil film thickness,
there are two conditions that may occur depending on
the surface roughness. One consists of complete
separation of the two surfaces by means of the oil film
(Fig. 4.41 (a)). The other consists of metal contact
between surface projections (Fig. 4.41 (b)). The
degradation of lubrication and surface damage is
attributed to case (b). The symbol lambda ()
represents the ratio between the oil film thickness and
roughness. It is widely employed as the oil film
parameter in the study and application of EHL.

where % : EHL oil film thickness
o : Gombined roughness (o *+0")

o1, 0 - Root mean square (rms) roughness of
each contact surface

The oil film parameter may be correlated to the
formation of the oil film, and the degree of lubrication
can be divided into three zones as shown in Fig. 4.42.
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(2) 0il Film Parameter Calculation Diagram
The Dowson-Higginson minimum oil film thickness
equation shown below is used for figures:
0.54 1 70.7

Ho= 265 % --------------------------- (4.61)
Use the oil film thickness that reflects the inner ring
under maximum rolling element load (where thickness
is minimum).
Equation (4.61) can be expressed by grouping
variables as follows: (R) for speed, (A) for viscosity,
(F) for load, and (/) for bearing technical
specifications, with £ as a constant:

Azt RAFoJeeeeeeeeeeeaaai, (4.62)

R and A may be quantities not dependent on the
bearing. When the load P is assumed to be between 98
N {10 kef} and 98 kN {10 tf}, F changes by 2.54 times
as Foc P Since the actual load is usually
determined from bearing size however, such change
may be limited to 20 to 30 %. As a result, F'is handled
together with term J [F = F (J)]. Traditional Equation
(4.62) can therefore be grouped as shown below:

where T': Factor determined by the bearing Type
R : Factor related to Rotation speed
A : Factor related to viscosity (viscosity grade
«a: Alpha)
D : Factor related to bearing Dimensions
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The vitally important oil film parameter 1 is expressed
by a simplified equation shown below. The fatigue life
of rolling bearings becomes shorter when A is smaller.
In the equation 1= T-R-A-D variables include A for
oil viscosity 1, (mPa-s, {cp}), R for speed » (min™),
and D for bearing bore diameter d (mm). The
calculation procedure is described below.

(i) Determine the value of 7 from the bearing type
éTabIe 4.14).

ii) Determine the R value for » (min™) from Fig. 4.43.

(i) Determine A from the absolute viscosity (mPa-s,
{cp}) and kind of oil in Fig. 4.44.

Generally, the kinematic viscosity v, (mm?s, {cSt}) is
used and conversion is made as follows:

p refers to oil density (g/cm?® and uses the
approximate values shown below:

Mineral oil  p=0.85

Siliconoil  p=1.0

Diesteroil  p=0.9

When the mineral oil could be naphthene or paraffin,
use the paraffin curve shown in Fig. 4.44.

(iv) Determine the value of D from the Diameter Series
and bore diameter d (mm) in Fig. 4.45.

(V) The product of the above values is used as the oil
film parameter.

Table 4.14 T Value

Bearing Type T Value
Ball bearing 15
Cylindrical roller bearing 1.0
Tapered roller bearing 1.1
Spherical roller bearing 0.8

100

50

30

20

0.3 |

0.2 T

20 50 100

500 1 000

5000 10000 100 000

Speed 7 (min™)

Fig. 4.43 Speed R
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Example EHL oil film parameter calculations are
described below:

Example 1

Determine the oil film parameter when deep groove
ball bearing 6312 is operated with paraffin mineral oil
(70=30 mPa-s, {cp}) at a speed of » =1 000 min™.

Solution

d =60 mm and D = 130 mm from the bearing catalog.
T=1.5from Table 4.18

R=3.01from Fig. 4.43

A =0.31from Fig. 4.44

D =1.76 from Fig. 4.45

Accordingly, 1=2.5

Example 2

Determine the oil film parameter when cylindrical roller
bearing NU240 is operated with paraffin mineral oil
(70=10 mPa-s, {cp}) at a speed of » = 2 500 min™".

Solution

d =200 mm and D = 360 mm from the bearing catalog.
T=1.0from Table 4.18

R =5.7 from Fig. 4.43

A =0.13 from Fig. 4.44

D =4.8from Fig. 4.45

Accordingly, A= 3.6

(3) Effects of 0il Shortage and Shearing Heat Generation
The oil film parameter obtained above is applicable
when the contact inlet is fully flooded with oil and the
temperature at the inlet is constant (isothermal).
However, these conditions may not be satisfied
depending on lubrication and operating conditions.
One such condition is called starvation, and in this
case, the actual oil film parameter may become smaller
than that determined by Equation (4.64). Starvation
may occur if lubrication becomes limited. In this
condition, the guideline for adjusting the oil film
parameter is 50 to 70 % of the value obtained from
Equation (4.64).
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Another effect is the localized rise of oil temperature in
the contact inlet due to heavy shearing during high-
speed operation, resulting in a decrease of oil
viscosity. In this case, the oil film parameter becomes
smaller than the theoretical isothermal value. The
effect of shearing heat generation was analyzed by
Murch and Wilson, who established a decrease factor
for the oil film parameter. An approximation using the
viscosity and speed (pitch diameter of rolling element
set D,,, x rotating speed per minute #) is shown in Fig.
4.46. By multiplying the oil film parameter determined
in the previous section by this decrease factor Hi, an
oil film parameter considering the shearing heat
generation is obtained:

A=Hi-T-R-A-D woeveeeeini, (4.65)

Note that the average of the bore and outside
diameters of the bearings may be used as the pitch
diameter D, (d..) of the set of rolling elements.

Conditions for the calculation of Example 1 include d.»
= 9.5 x 10* and 7, = 30 mPa-s, {cp} and Hi nearly
equivalent to 1, as evident from Fig. 4.46. Shearing
heat generation therefore has almost no effect.
Conditions for Example 2 are d.z = 7x10° and 5, = 10
mPa-s, {cp} and Hi = 0.76, meaning that the oil film
parameter is smaller by about 25%. Accordingly, A is
actually 2.7, not 3.6.
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4.8.7 Load Calculation for Gears

(1) Calculation of Loads on Spur, Helical, and Double-
Helical Gears

Since they are both mechanical elements, there is an
extremely close relationship between gears and rolling
bearings. Gear units, which are widely used in
machines, are almost always used with bearings.
Rating life calculation and selection of bearings to be
used in gear units are based on the load at the gear
meshing point.

The load at the gear meshing point is calculated as
follows:

Spur Gear:
P =P,= 9 550 000H _

(5) %)
2 2

974 000H

(%)
n| —
2

S1 = Sz = Pltana

9 550 000H

__ 974 000H k)

(%)

The magnitudes of forces P. and S, applied to the
driven gear are the same as P, and S, respectively, but
the direction is opposite.

Helical Gear:

p,=p,-_9550000H _ 9550 000H

(5) %)

__974000H __974000H ... .
o) )
ny ny
2 2
S,=S,= Pitana,
cosp

T] = Tg = P1tan,8
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The magnitudes of the forces P,, S,, and 7> applied to
the driven gear are the same as P, S;, and T3
respectively, but the direction is opposite.

Double-Helical Gear:

Py- P, 9550 000 _ 9 550 000K
(%) (%)
2 2
..................................... (N)
974 000H __ 974 000H . ... (k)

(%) (]
2 2
S1 - SZ - Pltana/n

cosp

P: Tangential force (N), {kgf}
S : Separating force (N), {kgf}
T Thrust (N), {kgf}

H : Transmitted power (kW)

n : Speed (min™)

d, : Pitch diameter (mm)

«a : Gear pressure angle

a, : Gear normal pressure angle
B Twist angle

Subscript 1: Driving gear
Subscript 2: Driven gear

In the case of double-helical gears, thrust of the helical
gears offsets each other and thus only tangential and
separating forces act. For the directions of tangential,
sega;a}igg, and thrust forces, please refer to Figs. 4.47
and 4.48.
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Driving gear
P,

e |
b S

Driven gear

@ Vertically upward from the page
& Vertically downward from the page

Fig. 4.47 Spur Gear

Driving gear Right twist

P, o= = ! T

Left twist —— —

Driven gear

@® Vertically upward from the page
® Vertically downward from the page

Fig. 4.48 Helical Gear
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The thrust direction of the helical gear varies Table 4.15
depending on the gear running direction, gear twist
direction, and whether the gear is driving or driven. Load - .
The directions are as follogvs: ’ Classfication pearing A pearing B
From _ b __a
The force on the bearing is determined as follows: = p DT @ | Bk ©
o
Tangential force: 3 Frgm SA:%S1 t ngajl—bs1 t
k=1 1
P =P= 9 550d000H =9 550d000H < rom a2 R U:dpl/z 4
nl( 2”1 ) nz( 52 ) Ty “Tat+b ! "Ta+b !
(N) Rmed. Fa= VP (S U | Fo=vBi+ (o= U’
__974000H __974000H . . g FZT«
nl(ﬂ) nz( dy ) Load directions shown reference the left side of Fig. 4.49.
2 2

Separating force: S, = S, = P, A0
cosp

ThruSt T1 = Tz = Pl'tanﬁ

The same method can be applied to bearings C and D.

® Vertically upward from the page
® Vertically downward from the page

l a b |
Wan
i
: + -+ .
Bearing A == +—+ Bearing B
+ — +
&3 S|P &3]
T, ® T,
P,
M Ho
Bearing C ! = T Bearing D
Lt
-
c d
T 1

Fig. 4.49
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Driving
left twist

Tyen-

Ty em

Driving
left twist

T
Driving =~
right twist

T,
<—
Driving
right twist

IA"
T
/ —
\
!
N
P
\
/—TL
(]
/A"
§
T,
/ - —
1t
Y
%--E
\
o

¥

TN

o
Driving —
left twist

———
T,
Diving +-4="]

-

/\%
=

left twist \ 4
A\
A\ TN
'
Driving \_T,‘
fght twist |y
Tz /
- /
y )
l,.\‘i /_\
T, 7"
Driving %_72
right twist '
A <t

Fig. 4.50 Thrust Direction
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(2) Calculation of Load on Straight Bevel Gears
The load at the meshing point of straight bevel gears is
calculated as follows:

P, =P,=_9950000H _ 9550 000H

() )

where D, : Average pitch diameter (mm)
: Pitch diameter (mm)
: Gear width (pitch line length) (mm)

a, : Gear normal pressure angle

¢ : Pitch cone angle

Generally, 6+, = 90°. In this case, S, and 7> (or S,
and 7)) are the same in magnitude but opposite in
direction. S/P and 7/P for § are shown in Fig. 4.53.

S

------------------------------------- (N) The load on the bearing can be calculated as shown
__974000H _ O974000H . ... oy oW
= = {kgf}
() el
1 ny
2 2
D,y = dy—w sing,
D, = dy—w sing.
S, = Pitana, cosd;
S, = Pytana, coso.
T: = Pitana, cosé,
T, = Ptana, cosd,
@ Vertically upward from the page
Table 4.16 ® Vertically downward from the page
Load . ) ) )
Classi?iacation Bearing A Bearing B Bearing C Bearing D
b a+b d c
= From P Py= a P, @ Py= a P ® Pczmpz @ PI)Zsz @
3 b ath d ¢
% From S Sa= a S 3 Sp= a Si 1 SCZWSQ = SD:WSZ =»>
[as
_ Dm _ Dw __ Duw __ D .
From T Un= 24 T\ 1 Us= 24 T\ 4 Uc 2(c+0d) T, 4= Up 2(c+4d) T. =
Combined
Rl Load | FA=VEET S U | Fa=yVPoH (S Ui | Fe=yVPIF (S U | Fa= P+ (Sot Uo)
Axial Load F.=T - F.=T, 4

Load directions shown reference Fig. 4.52.
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Driving Gear I 7
(counterclockwise as S
viewed from the opposite d,, D,m—@'-— -IA‘
side of the cone crest) P, S )
L {® S, !
oS |
P, I
v7;
Dy =
oy
Driven Gear
Fig. 4.51
a b
Driving .
Bearing C
| : g
+ | f
+ S i c
Bearing A Bearing B {
T, ;'@“’SZ‘
[ P Driven d
Bearing D
Fig. 4.52
0.5
—— e a
R s A
RSN 2
0.4 ‘\ %
" Q;,Q 8]
TR =T
S/p 03 ™S e .
or ‘1’,.:75o “4\
/P >< -
g AR |
=0 17 ¥V DL NN\ =0
y, pd N
V2 =a\\
LA P INN
7 ~<J \
/ X s
P N
0 6

0 70 80 90
Pitch cone angle § (°)

Fig. 4.53
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(3) Calculation of Load on Spiral Bevel Gears

In the case of spiral bevel gears, the magnitude and
direction of loads at the meshing point vary depending
on the running direction and gear twist direction. The
running direction is either clockwise or
counterclockwise as viewed from the side opposite of
the gears (Fig. 4.54). The gear twist direction is
classified as shown in Fig. 4.55. The force at the
meshing point is calculated as follows:

P, = P, = 95500004 _ 9 550 000H

() )
..................................... (N)
_ 974 000H _ 974 000H .. ...
- (%) - (] (kef)
1 N2
2 2

where «a, : Gear normal pressure angle
B Twisting angle
¢ : Pitch cone angle
w : Gear width (mm)
D.. : Average pitch diameter (mm)
d, : Pitch diameter (mm)

Note that the following applies:
D, = dy—wsing;
D, = dyy—wsing,

The separating force S and thrust T depend on running
direction and gear twist direction as follows:

(i) Clockwise with right twisting or counterclockwise
with left twisting

Driving Gear
Separating Force

_P

S1 =
cosp

(tana, cosd,+sing sind;)

T = (tana, sind;—sin cosd,)
cosp

A 088

Driven Gear
Separating Force

S, = P (tana, cosd,—sing sind,)
cosp

T, = (tana, sind.+sinB cosd,)
cosfs
(if) Counterclockwise with right twist or clockwise with
left twist

Driving Gear
Separating Force

S = (tana, cosd,—sing sind;)

cosf

Thrust P
T = (tana, sind,+sinB cosd,)
cosp

Driven Gear
Separating Force

S, = (tana, cosd.+sing sind.)

cosf

T, = (tane, sind.—sinB cosd,)
cosf

A positive (plus) calculation result indicates that the
load is acting in a direction that separates the gears
while a negative (minus) result indicates that the load
is acting in a direction that brings the gears together.
Generally, 6,+6. = 90°. In this case, 7} and S. (S, and
T.) are the same in magnitude but opposite in
direction. The load on the bearing can be calculated by
the same method as described in Section 4.8.7 “(2)
Calculation of Load on Straight Bevel Gears.”
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1A 1T
NIZZENAN

Clockwise Counterclockwise

Fig. 4.54 Gear Running Direction

Left twist Right twist

Fig. 4.55 Gear Twist Direction

@ Vertically upward from the page
& Vertically downward from the page

Fig. 4.56

A 089



ISELECTION OF BEARING SIZE

(4) Calculation of Load on Hypoid Gears
The force acting at the meshing point of hypoid gears
is calculated as follows:

P, =9550000H _ CosBip ... (N)
nl(@) cosp,
2
974 000H _ cosBi p ............... {kef}
nl(%) cospB,
2
p,=-99550000H ... ... (N)
1t
2
- % ................................ {kgf}
()
2
Dy = Dy S0P
2 COSf

D,y = dyp — wsSing,

where «a, : Gear normal pressure angle
B Twisting angle
¢ : Pitch cone angle
w : Gear width (mm)
D., : Average pitch diameter (mm)
d, : Pitch diameter (mm)
z : Number of teeth

The separating force S and thrust 7" depend on running
direction and gear twist direction as follows:

(i) Clockwise with right twisting or counterclockwise
with left twisting

Driving Gear
Separating Force

S = A (tana, cosd; + sing; sind)
CoSpB,

A 090

Thrust

1=

P
CcospB;

(tana, sind, — sinB; cosd)
Driven Gear
Separating Force
S, = L(tana" €0s6, — sing; sind,)

cosf,

T, = —2—(tana, Sind, + sinB, cosd,)
Cospf:

(if) Counterclockwise with right twist or clockwise with
left twist

Driving Gear
Separating Force

S = B (tana, cosd, — sinB, sind;)
CcospB;

Thrust

P
CcospB;

T (tana, sind, + sinB; cosd)

Driven Gear
Separating Force

S, = L(tana" €086, + Sing, sind.)
cosf3,

Thrust

Tz =

P,
COSPBs

(tana, sind. — sinB, cosd,)
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The positive (plus) calculation result indicates that the
load is acting in a direction that separates the gears
while a negative (minus) result indicates that the load
is acting in a direction that brings the gears together.
For more information on running direction and gear
twist direction, refer to Section 4.8.7 “(3) Calculation
of Load on Spiral Bevel Gears.” The load on the
bearing can be calculated by the same method as
described in Section 4.8.7 “(2) Calculation of Load
Acting on Straight Bevel Gears.”
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The following calculation diagrams are used to
determine the approximate value and direction of
separating force S and thrust 7.

How To Use

1. Mark the gear normal pressure angle a, on the
vertical scale on the side of the appropriate diagram
forSorT.

2. Determine the intersection between the pitch cone
angle 6 and twist angle g. Match your gear
configuration to the text on either side of the =0
line, and use that side when determining the point of
intersection.

. Draw a line through the two points and the opposite
vertical scale. The point where the line intersects the
opposite vertical axis gives the ratio S/P or T/P (%)
of the separating force S or thrust 7 to the
tangential force P.

w

(%)
Left twist, counterclockwise, driving gear 150
Right twist, clockwise, driving gear =
Left twist, clockwise, driven gear sr
Right twist, counterclockwise, driven gear 1130
& —120
—110
—100
~ 90
~— 80
—~ 70
—~ 60
—~ 50
-
— 40
" (+)
I =
S S0- - 30
=554 '+ 20
20-
d‘Q’so L
I=70 — 10 S
o= -0 F
n = — 10
o 5= "
10" =— L ~ 20
. —] g =
15 =4 5 — 30 L
20 =—= L. 40
AS— ~ 50
30" = — 60
— 70
N 80
— 90
—100
Left twist, clockwise, driving gear o 10
Right twist, counterclockwise, driving gear %// <
Left twist, counterclockwise, driven gear $ —120
Right twist, clockwise, driven gear J
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Calculation Diagram for Separating Force S
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(5) Calculation of Load on Worm Gears

A worm gear is a kind of spigot gear, which can
produce a high reduction ratio with small volume. The
load at the meshing point of worm gears is calculated
as shown in Table 4.17. Variables used in Table 4.17
are as follows:

. . Z
. Gear ratlo( = =2 )
1 1 7

W

n: Worm gear efficiency [ pe—— QY ]

tan(y+y)

v: Advance angle ( y= tan",—"z)

10,

. Frictional angle obtained from the following (as
shown in Fig. 4.57):

Vi= 7po17’l1 x 107
cosy 60

When Vxis 0.2 m/s or less, ¢ = 8°.
When Vi exceeds 6 m/s, y = 1°4".

a, : Gear normal pressure angle

@, : Shaft plane pressure angle

Z, : No. of threads (No. of worm gear teeth)
Z, . No. of worm wheel teeth

Subscript 1: For driving worm gear
Subscript 2: For driven worm gear

In a worm gear, there are four combinations of
interaction at the meshing point as shown below
depending on the twist directions and rotating
directions of the worm gear, as shown below.

The load on the bearing is obtained from the
magnitude and direction of each component at the
meshing point according to the method shown in Table
417.

Table 4.17 Gear Loads

Force Worm Worm Wheel

9550 000H N 9550000Hin P P

P (N) & = n y = an o)
n A2 7y _2
Tangential e (N)
P .

974 000H 974 000Hin _ Pin _ P,

T ............ {kgf} " ( dy > tan y tan (*y+{p)
n (%) 2
......... {kgf}
9550000Hp ~ Pnp P 9550 000H N
e tany  tan(y+y) dn ™)
7y AZ n 72
ThrUSt ............ (N)
T
974 000Hn _ Py _ P 974 000H
(@ > ta_n y tan(y—)—(p) T ............ {kg—f}
Ny 2 m (T)
AAAAAAAAA {kg—ﬂ
; Pitana, __ Ptana, Pitana, __ Pitana,
Sepa;atlng sin(y+y)  tan(y+y) sin(y+y) tan(y+y)

............ (N)Y {kgﬂ (N) {kgf}
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" 1
1.81.6"1.4°1.2°

0.2 0.4 0.6 0.81.0 2.0 3.0 4.05.06.0
Vi (m/sec)

Fig. 4.57

Worm wheel

@ \ertically upward from the page
Fig. 4.58 Right Twist Worm Gear & Vertically downward from the page

N

Fig. 4.59 Right Twist Worm Gear (Worm Rotation is Opposite Fig. 4.58)

Fig. 4.60 Left Twist Worm Gear

Fig. 4.61 Left Twist Worm Gear (Worm Rotation is Opposite Fig. 4.60)
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5.1 Limiting Speed (Grease/Qil) . A 098
5.1.1 Correction of Limiting Speed (Grease/Qil) ... A 098
5.1.2 Limiting Speed (Grease/0il) for Rubber Contact Seals
in Ball BEArings oo A 099
5.2 Thermal Reference Speed ... A 099
5.3 leltlng Speed (Mechanican .......................................................... A 099
5.4 Technical Data ..o A100

5.4.1 Rotation and Revolution Speed of
Rolling Elements .o A 100
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9. SPEEDS

NSK uses four definitions of speed, as shown in Table 5.1.

Table 5.1 Overview of Speeds

Speed

Overview

Applicable
Lubrication Methods

Limiting Speed (Grease)

Empirically obtained and comprehensive bearing limiting speed when using grease lubrication. | Grease lubrication

Limiting Speed (0il)

Empirically obtained and comprehensive bearing limiting speed when using oil-bath lubrication. | Oil-bath lubrication

Thermal Reference Speed(')

suitability for high-speed operation.

Rotational speed at which equilibrium is reached between the heat generated by the | Oil-bath lubrication
bearing and the heat flow emitted through the shaft and housing under reference | subject to conditions
conditions defined by 1SO 15312. This is one among various criteria that shows | outlined in 1SO 15312

Limiting Speed (Mechanical)(*) | Mechanical and kinematic limiting speed achievable under ideal conditions for
lubrication, heat dissipation, and temperature.

e.g.
Properly designed and
controlled forced-
circulation oil lubrication

Note (*) Thermal reference speeds and limiting speed (mechanical) are only listed in the tables for single-row cylindrical roller bearings and

spherical roller bearings.

5.1 Limiting Speed (Grease/0il)

When bearings are in operation, the higher the speed,
the higher the bearing temperature due to friction. The
limiting speed is the empirically obtained value for the
maximum speed at which bearings can be
continuously operated without generating excessive
heat or failing due to seizure. Consequently, the
limiting speed of bearings varies depending on such
factors as bearing type and size, cage shape and
material, load, lubricating method, and heat dissipation
of the bearing's surroundings.

The limiting speed (grease) and limiting speed (oil) in
the bearing tables are applicable to bearings of
standard design subjected to normal loads, i.e.
C/P=12 and F,/F; = approximately 0.2. The limiting
speed (oil) listed in the bearing tables is for
conventional oil-bath lubrication.

Some types of lubricants are not suitable for high
speed, even though they may be markedly superior in
other respects. When speeds are more than 70 percent
of the listed limiting speeds, be sure to select a grease
or oil with good high speed characteristics.

Reference

Table 11.2 Grease Properties (Pages A236 and 237)

Table 11.5 Example Selection of Lubricant for Bearing
Operating Conditions (Page A239)

Table 11.6 Brands and Properties of Lubricating
Grease (Pages A240 and A241)

5.1.1 Correction of Limiting Speed (Grease/0il)

When bearing load P exceeds 8 % of the basic load
rating C, or when the axial load F; exceeds 20 % of the
radial load K, the limiting speed (grease) and limiting
speed (oil) must be corrected by multiplying the value
found in the bearing tables by the correction factor
shown in Figs. 5.1 and 5.2.

When the required speed exceeds the limiting speed
(oil) of the desired bearing, then the accuracy grade,
internal clearance, cage type and material, lubrication,
etc. must be carefully studied in order to select a

A 098

bearing capable of the required speed. In such a case,
forced-circulation oil lubrication, jet lubrication, oil-
mist lubrication, or oil-air lubrication must be used.

If all these conditions are considered, a corrected
maximum permissible speed may be obtained by
multiplying the limiting speed (oil) found in the
bearing tables by the correction factor shown in table
5.2. Please consult with NSK regarding high-speed
applications.

=)

//

0.9
S
go08
=
o
B 0.7
2
15}
© 0.6

4 5] 6 7 8 9 10 11 12
C/P
Fig. 5.1 Limiting Speed Correction Factor Variation
With Load Ratio
Angular Contact Ball Brgs.
1.0 7
\ ¥

09 \ | Deep Groove Ball Brgs
S08
=
-% 07 Spherical Roller Brgs.
i Tapered Roller Brgs.
£ [~—Tapered g
0.6

0.5

0 0.5 1.0 1.5 2.0
E/F:

Fig. 5.2 Limiting Speed Correction Factor for Combined
Radial and Axial Loads
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Table 5.2 Limiting Speed Correction Factor for
High-Speed Applications

Bearing Types CoFrarg;:;iron
Needle Roller Brgs.(except broad width) 2
Tapered Roller Brgs. 2
Deep Grooove Ball Brgs. 2.5
Angular Contact Ball Brgs. (except matched bearings) 15

5.1.2 Limiting Speed (Grease/0il) for Rubber
Contact Seals in Ball Bearings

The maximum permissible speed for rubber contact
sealed bearings (DDU type) is determined mainly by
the sliding surface speed of the inner circumference of
the seal. Values for the limiting speed are listed in the
bearing tables.

5.2 Thermal Reference Speed

The thermal reference speed is the rotational speed at
which equilibrium is reached between the heat
generated by the bearing and the heat flow emitted
through the shaft and housing under reference
conditions defined by 1ISO 15312. This is one among
various criteria that shows suitability for operation at
high speed.
Iggéeference conditions below are defined by 1SO

-Quter ring: fixed, inner ring: rotating

-Mean ambient temperature: 20 °C

-Mean bearing temperature on outer ring: 70 °C

-Load on radial bearings: 0.05 Cor

-Lubrication: oil bath

-Lubricant: ISO VG32 (radial bearings)

-Normal bearing internal clearance

The amount of heat dissipated through the housing
and shaft can be obtained from Fig.5.3. In the figure,
A, (mm?) refers to the reference heat emission surface
area. ISO defines A, as the total area of the bearing's
inner ring bore surface and outer ring outside surface
(for radial bearings) and g, (W/mm?®) as the heat flow
density. Heat dissipation is calculated by multiplying
this surface area (A;) by the heat flow density (q;).

0.080 ‘ ‘
2 - - - - Thrust Bearings
§ 0.040 — Radial Bearings
EE
€5 0020F -l loo o —
$E 0016 -
=< -
8 = 0.010
e
2
&
& 0.005

10 102 10° 10* 10° 100

5X10*
Heat-Emitting Reference Surface A, (mm?)

Fig. 5.3 Reference Heat Flow Density

5.3 Limiting Speed (Mechanical)

Limiting speed (mechanical) refers to the mechanical
and kinematic limiting speed of bearings achievable
under ideal lubrication, heat dissipation and
temperature conditions, such as with properly
designed and controlled forced-circulation oil
lubrication for high-speed conditions.

The limiting speed (mechanical) considers the sliding
speed and contact forces between the various bearing
elements, the centrifugal and gyratory forces, etc. The
values in the tables are applicable to standard bearings
subjected to normal loads (C/P = approximately 12).

In the bearing tables for single-row cylindrical roller
bearings and spherical roller bearings, the thermal
reference speeds, limiting speeds (mechanical) and
limiting speeds (grease) are listed. In the bearing
tables for other bearing types, limiting speeds (grease)
and limiting speeds (oil) are listed.
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5.4 Technical Data

5.4.1 Rotation and Revolution Speed of Rolling
Elements

When the rolling element rotates without slippage
between the bearing rings, the distance the rolling
element rolls on the inner ring raceway is equal to that
on the outer ring raceway. This allows for a
relationship between inner and outer ring speeds #;
and ». and rolling element rotations #, .

The revolution speed of the rolling element can be
determined as the arithmetic mean of the
circumferential speed on the inner ring raceway and
that on the outer ring raceway (generally with either a
stationary inner or outer ring). The rotations and
revolutions of the rolling elements can be related as
expressed by Equations (5.1) through (5.4).

No. of rotations

e (L
D, D,

D.cos’a ) N
2

Rotational circumferential speed

0= 1Dy ( D,, _ D.,cos’a ) NN
‘T 60x10° \ D, Dy 2
(I/8) vvvvvevrmmmrnniiiii (5.2)

No. of revolutions (No. of cage rotations)

"= (1—M)ﬂ+ (1+M)£
D, |2
B 5.3)

A 100

Revolutional circumferential speed
(cage speed at rolling element pitch diameter)

v = — 7D [ (1_ D.cosa )L

© 60x10° Dy, 2
14 Ducosa | me 1y 5.4
H1+ = > (m/s) (5.4)

where D, : Pitch diameter of rolling elements (mm)
D, : Diameter of rolling element (mm)
a : Contact angle (°)
. : Outer ring speed (min™)
;> Inner ring speed (min™)

=

Rotations and revolutions of the rolling elements are
shown in Table 5.3 for inner ring rotating (z. = 0) and
outer ring rotating (»; = 0) respectively at

0°= @<90° and at @ = 90°.

Table 5.4 shows the rotation speed %, and revolution
speed n. of the rolling elements during inner ring
rotation of ball bearings 6210 and 6310.

Contact Angle Rotation/Revolution Speed

a
(min™)

Va

; ‘ (m/s)
0" =<9

e
(min™)

e
(m/s)

a
(min™)

Va

—— (m/s)

Ne
(min™)

Ve

(m/s)
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Table 5.4 Rolling Element Rotation Speed #, and Revolution Speed 7.

for Ball Bearings 6210 and 6310

Ball Bearing y Na Ne
6210 0.181 —2.67m 0.41n;
6310 0.232 —2.04n; 0.38%;
Remarks y = Ducose

bW

Table 5.3 Rolling Element Rotation Speed 7., Rotational Circumferential
Speed »,, Revolution Speed #., and Revolutional Circumferential

Speed v.
Inner Ring Rotation (.= 0) Outer Ring Rotation (z;= 0)
_<i_ >”f. <L_ )”7&
% Y 2 cosa % Y 2 cosa
nD, "
60x10°
) i Me
(=) 5 +y)5
Dy
6ox10°
_ 1. R
vy 2 y 2
7D, "
60x10°
2 2
7 Dy
60x10° "

Reference 1. +: "+ indicates clockwise rotation while “—"

indicates counterclockwise rotation.

2.y = DO (40 <y 9p), = g“' (@=90")

bW
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6. BOUNDARY DIMENSIONS AND BEARING

DESIGNATIONS
6.1 Boundary Dimensions and Dimensions of
SNap Ring GroOVES oo A 104
6.1.1 Boundary Dimensions ..., A 104
6.1.2 Dimensions of Snap Ring Grooves and
Locating Snap Rings - A 104
6.2 Formulation of Bearing Designations ... A120
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6. BOUNDARY DIMENSIONS AND BEARING DESIGNATIONS

6.1 Boundary Dimensions and Dimensions of
Snap Ring Grooves

6.1.1 Boundary Dimensions

The boundary dimensions of rolling bearings, which
are shown in Figs.6.1 through 6.5, refer to the
dimensions that define their external geometry. They
include bore diameter d, outside diameter D, width
B, assembled bearing width(or height) 7, chamfer
dimension 7, etc. All of these dimensions are important
when mounting a bearing on a shaft and in a housing.
These boundary dimensions have been internationally
standardized (ISO15) and adopted by JIS B 1512
(Boundary Dimensions of Rolling Bearings).
The boundary dimensions and Dimension Series of
radial bearings, tapered roller bearings, and thrust
Rﬁa}rir)lgs are listed in Tables 6.1 to 6.3 (Pages A106 to
5).
These tables list boundary dimensions for each
Diameter and Dimension Series by bore number. A
very large number of series are possible; however, not
all are currently commercially available. Representative
bearing types and series designations are shown
across the top of the bearing tables (refer to Table 6.5,
Bearing Series Designations on Page A121 for more
information).
The relative cross-sectional dimensions of radial
bearings (excluding tapered roller bearings) and thrust
bearings for various series are shown in Figs. 6.6 and
6.7 respectively.

6.1.2 Dimensions of Snap Ring Grooves and
Locating Snap Rings

The dimensions of snap ring grooves in the outer
surfaces of bearings and the dimensions and accuracy
of the locating snap rings themselves are specified by
ISO 464. The dimensions of snap ring grooves and
locating snap ring for bearings of Diameter Series 8,
9,0, 2, 3, and 4 are shown in Table 6.4 (Pages A116
to A119).
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Fig. 6.1 Boundary Dimensions of Radial Ball
and Roller Bearings
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Fig. 6.6 Comparison of Cross Sections of Radial Bearings (Excluding Tapered Roller Bearings) for Various Dimensional Series
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Fig. 6.2 Tapered Roller Bearings
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Fig. 6.3 Single-Direction Thrust Ball Bearings
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Fig. 6.4 Double-Direction Thrust Ball Bearings
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Fig. 6.5 Spherical Thrust Roller Bearings
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Fig. 6.7 Comparison of Cross Sections of Thrust Bearings
(Excluding Diameter Series 5) for Various
Dimension Series
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IBOUNDARY DIMENSIONS AND BEARING DESIGNATIONS

Table 6. 2 Boundary Dimensions of

Tapered
Roller 329 320 X 330 331
Bearings
Diameter Series 9 Diameter Series 0 Diameter Series 1
I3 i : : Chamfer i i i i i i Chamfer i i i Chamfer
é Dimension Series 29 TArA Dimension Series | Dimension Series | @i Dimension Series | jriamie
2 I I IR. [ O.R. 20 30 IR. | O.R. 31 I.R. | O.R.
®
2 D D D
B|C|T|B|C|T]|7mn) B|C|T|B|C|T]|7min) B | C| T]|7 min)
w 10| - —|—-|—-—|-|=-|=-|-|=-|=- —-|=-|-=-1=-|=-|=/=-/-1=- —=-|=-1-=-|-=-1|=
n 2| - —|-|-—|—-|=-|—-|—-—|—=-|12 n|—-—|nn|13|—=]|13l03[03]— —|—|—|—|=—
2 15| — —|—|—|—|—|—|—1|—|3 12— |24 —|14]03|03[— —|—|—1]—|-—
3 17| — —|—|—|—|—|—|—1|—|3 1B|—]1B|15]—|15][03|]03[— —|—|—1]—]|-—
04 2|37 11| — [116]12 |9 12 [03]|03| 42 15|12 | 15|17 |—|[17]06]|06)— —|—|—=|—=1]=
22 2|4 — | —|— |12 |9 12 |03[03] 4 5|15 15| —|— | —|os|06]— —|—|—|~—]|~—
05 25| 42 11| — [116[12 |9 12 [03]03| 47 15|15 15|17 |14 [17 06| 06) — —|—|—|—]—
/28 28|45 — | — | — [12 |9 12 [03|03| 62 16|12 | 16| —|—|—]1 1 e e e I
06 30| 47 11| — [116]12 |9 12 [ 03]03| 85 17|13 | 17 | 20 |16 | 20 |1 1 - — | === 1|-
32 32|52 — | —|— |15 |10 [14 |[06]|06]| 858 17|13 [ 17| — | — | — |1 1 e e I A
07 35| 5 13| — |14 |14 [15[14 | 06|06 62 18|14 | 18| 21 [17 |21 |1 1 — == =1 ==
08 40| 62 14 | — |15 [15 |12 |15 | 06| 06| 68 19 |145| 19 | 22 |18 | 22 |1 1 75 26 | 205| 26 | 15 | 15
09 45| 68 14| — |15 |15 [12 |15 | 06| 06| 75 20 [155| 20 | 24 [ 19 | 24 | 1 1 80 26 | 205( 26 | 15| 15
0 50|72 14| — |15 [15 [12 [15 | 06| 06| 8 20 |155| 20 | 24 [ 19 | 24 |1 1 85 26 |20 | 26 | 15| 15
1M 5|8 16| — [17 [17 [14 [17 |1 1 9 23 [175| 23 | 27 |21 | 27 |15 | 15| 9 30 [ 23 | 30 [ 15| 15
12 60| 8 16| — [17 [17 [14 [17 |1 1 95 23 [175| 23 | 27 |21 | 27 | 15| 1.5[100 30 |23 | 30 [ 15| 15
13 65| 9 16| — |17 [17 [14 [17 |1 1 100 23 [175| 23 | 27 [ 21 | 27 |15 | 15| 10 34 | 265| 34 | 15| 15
1470|100 19| — |20 [20 |16 |20 |1 1 10 25 (19 | 25 | 31 | 255| 31 | 15 | 15120 37 |29 | 37 | 2 15
15 75|15 19 | — |20 [20 |16 [20 |1 1 15 2519 | 25 | 31 | 255| 31 | 15 | 15126 37 |29 | 37 | 2 15
6 80 |10 19 | — |20 |20 |16 [20 |1 1 125 29 (22 | 29 | 36 | 295| 36 | 15 | 15[ 130 37 |29 | 37 | 2 15
17 8 |120 22 | — |23 |23 |18 [23 | 15| 15| 130 29|22 | 29 | 36 [295| 36 | 15 | 15| 140 41 |32 | 41 | 25| 2
18 90 |125 22 | — |23 |23 |18 |23 | 15| 15| 140 32|24 | 32 | 39 [325| 39 | 2 15150 45 | 35 | 45 | 25 | 2
19 95|10 22 | — |23 |23 |18 |23 | 15| 15| 145 32|24 | 32 | 39 [325| 39 | 2 15160 49 |38 | 49 | 25 | 2
20 100 |140 24 | — |25 |25 |20 |25 | 15| 15 |180 32 |24 | 32 | 39 |325| 39 |2 15[ 165 52 [ 40 | 52 | 25 | 2
21 105 |145 24 | — |25 |25 |20 |25 | 15|15 | 160 35 (26 | 35 | 43 [34 | 43 |25 | 2 [175 56 |44 | 56 | 25 | 2
22 110 |150 24 | — |25 |25 |20 |25 | 15| 15 | 170 38 |29 | 38 | 47 {37 | 47 |25 | 2 | 180 56 |43 | 56 | 25 | 2
24 120 |165 27 | — |29 |29 |23 |29 | 15|15 |18 38|29 | 38 | 48 |38 | 48 |25 | 2 [200 62 |48 | 62 | 25| 2
26 130 |180 30 | — [32 [32 |25 |32 |2 15| 200 45 |34 | 45 | 85 [43 | 55 [ 25 | 2 e e e
28 140 190 30 | — [32 [32 |25 |32 |2 15| 210 45|34 | 45 | 56 |44 | 56 | 25 | 2 e
30 150 |210 36 | — [38 |38 |30 |38 | 25 |2 |225 48|36 | 48 | 59 |46 | 59 |3 25 — — | —|=|—-1-
32 160 |220 36 | — [38 |38 |30 |38 | 25 |2 |240 51|38 |65 | — | — | — |3 26 — — | —| == 1-
34 170 |230 36 | — [38 |38 [30 [38 | 25|2 |20 57 (43 |57 | — | — | — |3 25| — — | — | == 1|-
36 180 |250 42 | — |45 |45 |34 |45 | 25 |2 | 280 64|48 | 64 | — | — | — |3 25 — — | —| ===
38 190 |260 42 | — |45 |45 |34 |45 | 25 |2 |290 64|48 | 64 | — | — | — |3 25 — — | —| ===
4 200 |280 48 | — |51 |51 |39 |5 |3 |25[30 70|53 | 0| —|—|—|3 26 — — | —|=|—-1-
44 220 |300 48 | — |51 |51 [39 |51 |3 | 25|30 76|57 | 6| — | — | — |4 3 e e
48 240 |320 48 | — |51 |51 [39 |51 |3 | 25|30 76|57 |6 | — | — | — |4 3 e e e
52 260 |30 — | — | — |635|48 |635| 3 |25 |40 87 |65 |8 | — | — | — |5 4 - — | =] =1=-1-
56 280 |380 — | — | — |635[48 |635| 3 | 25|42 87 |65 |8 | — | — | — |5 4 e e e
60 300|420 — | — | — |76 |57 |76 |4 |3 |460 100 [74 [100 | — | — | — |5 4 e e e
64 320|440 — | — | — |76 |57 |76 |4 |3 |40 100 |74 [100 | — | — | — |5 4 - — | === 1|-
68 340 460 — | — | — [76 |57 |76 |4 |3 e - == ==-1-1=- —-|=-1—-|-1|-
72 360 |480 — | — | — [76 |57 |76 |4 |3 e - -] =-==-1-1=- —-|=-1-|-1|-

Remarks 1. Other Series not conforming to this table are also specified by I1SO.
2. In Diameter Series 9, Classification I refers to specifications of the old standard, while Classification 1I refers to
those specified by ISO. Dimension Series without classifications conform to dimensions (D, B, C, T) specified by
IS

3. The .chamfer dimensions listed are the minimum permissible dimensions specified by ISO. They do not apply to
chamfers on the front face.
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Tapered Roller Bearings

Units: mm

Tapered

302 322 332 303 or 303D 313 323 Roller
Bearings

Diameter Series 2 Diameter Series 3

i i i i i i Chamfer i i i i i i i Chamfer >
Dimension Dimension Dimension Dimansion Dimension Series Dimension Dimension Dimansion é

Series 02 Series 22 Series 32 I.R. | O.R. 03 Series 13 Series 23 IR |OR.[ 4 2

©

D D 2

B|C|T|B|C|T|B|C|T]|7rmin) B|C|ICOHT|B|C|T|B|C|T]|7mn

30 9| — 97| 14| — |17 —|—|—|o6|06|3 M|—|— |19 —|—|—1]17]—[179|06]|06] 10 00
32 10 | 9 (1075 14| — (1475 — | — | — |06 |06 | 8 12| — | —|129| — | —|—=|17|—|179]1 1 2 0
35 11 |10 [1175] 14| — |1475 — | — | — [06 |06 [ 42 13|11 | — [1425 — | — | — | 17 |14 [1825 1 1 15 02
40 12 | 11 [1325) 16| 141725 — | — | — [1 1 47 14|12 | — |[1525) — | — | — | 19|16 [2025] 1 1 17 03
47 14 | 12 [1525| 18| 151925 — | — | — [1 1 52 15|13 | — |1625) — | — | — | 21 |18 [2225 15 [ 15| 20 04
50 14 | 12 [1525] 18| 151925 — | — | — [1 1 56 16| 14 | — 17250 — | — | — | 21 |18 [2225( 15 |15 | 22 /22
52 15 | 13 [16.25| 18| 15|19.25 22 |18 | 22 |1 1 62 17|15 | 13 |1825) — | — | — | 24 | 20 [2525/ 15 [ 15| 25 05
58 16 | 14 [17.25| 19| 162025 24 |19 | 24 |1 1 68 18| 15 | 14 [1975) — | — | — | 24 |20 |2575] 15 | 15 | 28 /28
62 16 | 14 [17.25] 20| 172125 25 | 195| 25 |1 1 72 19|16 | 14 |2075) — | — | — | 27 | 23 |2875] 15 [ 1.5 | 30 06
65 17 | 15 [1825| 21| 182225 26 | 205| 26 |1 1 75 20|17 | 15 |21.75) — | — | — | 28 | 24 |2975] 15 | 1.5 | 32 /32
72 17 | 15 [1825| 23| 192425 28 |22 | 28 [ 15 |15 | 80 21| 18 | 15 [2275 — | — | — | 31 |25 [3275 2 15| 35 07
80 18 | 16 [1975| 23| 192475 32 |25 | 32 [ 15 |15 [ 90 23| 20 | 17 2525 — | — | — | 33 |27 |3525 2 15| 40 08
85 19 | 16 [2075| 23| 192475 32 |25 | 32 [ 15 |15 [100 25| 22 | 18 [2725) — | — | — | 36 | 30 |3825 2 15| 45 09
90 20 | 17 |21.75| 23| 19[2475 32 | 245 32 |15 | 15 |10 27| 23 | 19 | 2928 — | — | — | 40 | 33 |42.28 25 | 2 50 10
100 21 | 18 |2275| 25| 21|2678 35 |27 | 35 |2 15 [120 29| 25 | 21 |35 — | — | — | 43|35 [455|25 |2 55 1
10 22 | 19 |2375| 28| 24(2975 38 |29 | 38 |2 15 (130 31|26 | 22 |385| — | — | — | 46|37 [485|3 |25 60 12
120 23 | 20 |24.75| 31| 27[3278 41 |32 | 41 |2 15 (140 33|28 | 23(36 | — | — | — | 48|39 |51 |3 |[25] 65 13
125 24 | 21 |2625| 31| 27[3328 41 |32 | 41 |2 15 [150 35|30 | 25 |38 | — | — | — | 51|42 |84 |3 |[25] 70 14
130 25 | 22 |27.25| 31| 27[3328 41 |31 | 41 |2 15 (160 37|31 | 26 (40 | — | — | — | 55|45 |88 |3 |25 75 15
140 26 | 22 |2825| 33| 28(3525( 46 |35 | 46 |25 |2 |170 39|33 |27 |425| — | — | — [ 58 |48 |615(3 |25 80 16
150 28 | 24 (305 | 36| 30[385| 49 |37 | 49 |25 |2 180 41|34 | 28 |445| — | — | — | 60 |49 |635|4 |3 85 17
160 30 | 26 (325 | 40| 34|425| 55 |42 | 55 |25 |2 |190 43|36 | 30 |465| — | — | — | 64 |53 |675|4 |3 90 18
170 32 | 27 (345 | 43| 37|455| 58 |44 | 58 |3 |25 |200 45|38 | 32 |495| — | — | — | 67 |55 |715(4 |3 9%5 19
180 34 | 29 |37 46| 39(49 | 63 |48 | 63 |3 |25 |215 47|39 | — |515| 51| 35 | 565 73 |60 |775(4 |3 [100 20
190 36 | 30 |39 50| 43|53 | 68 |52 | 68 |3 |25 |25 49| 41 | — [535| 53| 36 |58 | 77 [63 [815|4 |3 105 21
200 38 | 32 |41 53| 46|56 | — | — | — |3 |25 240 50| 42 | — |545| 57| 38 |63 | 80 |65 [845|4 |3 |10 22
215 40 | 34 [435| 58| 50(615| — | — | — |3 |25 |260 55| 46 | — [595| 62| 42 | 68 | 8 |69 [905|4 |3 |120 24
230 40 | 34 (4375 64| 54(67.75 — | — | — |4 |3 |280 58| 49 | — [6375| 66| 44 | 72 | 93 |78 [9875/5 |4 |130 26
250 42 | 36 [4575| 68| 58|71.75 — | — | — |4 |3 |30 62|53 | — [67.75| 70 | 47 | 77 | 102 | 85 [107.75| 5 |4 | 140 28
270 45 | 38 |49 73| 60|77 | — | — | — |4 |3 [80 65|55 | — |72 75| 50 | 82 |108 |90 [114 |5 |4 |150 30
290 48 | 40 |52 80| 67|84 | — | — | — |4 |3 [340 68|58 | — |75 79 — |87 |14 |9 (21 |5 |4 |160 32
310 52 | 43 |57 8| 71|91 — | =] =15 |4 |30 72|62 | — |8 84| — | 92 [120 | 100127 |5 |4 [170 34
320 52 | 43 |57 8| 71|91 — | — | —1]5 |4 |30 75|6 | — |83 88| — | 97 [126 | 106134 |5 |4 [180 36
340 55 | 46 |60 92| 75|97 | — | — | — |5 |4 |40 78|65 | — |8 92 | — |101 |132 | 109140 |6 |5 |190 38
360 58 | 48 |64 9| 604 | — | — | — |5 |4 |40 80|67 | — |89 97 | — |107 |138 | 115146 |6 |5 |200 40
400 65 | 54 (72 |108| 90114 | — | — | — |5 |4 |40 8|73 | — [97 |106| — |117 |145 | 122154 |6 |5 |220 44
440 72 | 60 [79 | 120100127 | — | — | — |5 |4 |50 95|80 | — 105 |114| — |125 |155 [ 132165 |6 |5 |240 48
480 80 | 67 (89 | 130 106[137 | — | — | — |6 |5 |540 102|865 | — 13 [123| — |135 |165 | 136176 |6 |6 |260 52
500 80 | 67 [89 | 130| 1060187 | — | — | — |6 |5 |58 108| 9 | — [19 |132| — |145 |175 | 145187 |6 |6 |280 56
540 85 | 71 (96 | 140 115[149 | — | — | — |6 |5 — — | === —=|=|=1=]—=1—=1—=1—130 60
580 92 | 75 [104 | 150 | 126[159 | — | — | — |6 |5 — — | =] === =|=]=]=|—=1—=]—130 6
— — === =1=1=1=-/=/=1=-1=- =-|=/=-/=|/=|=|=|=]=/—=/|—=]—1]3%0 68
e e e e e e e el e e e e e e e e e e e e e e e e UM 7
Note (1) Steep-slope bearing 303D in DIN corresponds to 313 in JIS. Series 13 bearings with bore diameters larger than 100

mm are designated as 313.
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IBOUNDARY DIMENSIONS AND BEARING DESIGNATIONS

Table 6. 3 Boundary Dimensions of

Thrust Ball Brgs. 511 512 522
Spherical Thrust
Roller Brgs. 292
Diameter Series 0 Diameter Series 1 Diameter Series 2
8 Dimension Series Dimension Series Dimension Series
£
2 d 70 m 10 71 11 72 ‘ 92 ‘ 12 ‘ 22 22
= D 7(min)| D 7(min)| D 7 (min.) {7y (min.
2 (min.) (min.) Central Washer (min) 1 {min.
T T T
d; B
4 4 12 4 — 6 | 03 — - = - | = 16 6 — 8 — - = 03 | —
6 6 16 5 — 7 | 03 — - = — | = 20 6 — 9 — - = 03 | —
8 8 18 5 — 7 | 03 — - = - | = 22 6 — 9 — - = 03 | —
00 10 20 5 — 7 ] 03 24 6 | — 9 03 26 7 — 1 — - = 06 | —
01 12 22 5 — 7 | 03 26 6 | — 9 03 28 7 — n — - = 06 | —
02 15 26 5 — 7 | 03 28 6 | — 9 03 32 8 — 12 22 10 5 06 | 03
03 17 28 5 — 7 | 03 30 6 | — 9 03 35 8 — 12 — - = 06 | —
04 20 32 6 — 8 | 03 35 7] = 10 03 0 9 — 14 26 15 6 06 | 03
05 25 37 6 — 8 | 03 42 8 | — " 06 47 10 — 15 28 20 7 06 | 03
06 30 42 6 — 8 | 03 47 8 | — " 06 52 10 — 16 29 25 7 06 | 03
07 35 47 6 — 8 | 03 52 8 | — 12 06 62 12 — 18 34 30 8 1 0.3
08 40 52 6 — 9 | 03 60 9 | — 13 06 68 13 — 19 36 30 9 1 0.6
09 45 60 7 — 10 | 03 65 9 | — 14 06 73 13 — 20 37 35 9 1 0.6
10 50 65 7 — 10 | 03 70 9 | — 14 06 78 13 — 22 39 40 9 1 0.6
" 55 70 7 — 10 | 03 78 0| — 16 06 90 16 21 25 45 45 | 10 1 0.6
12 60 75 7 — 10 | 03 85 " — 17 1 95 16 21 26 46 50 | 10 1 0.6
13 65 80 7 — 10 | 03 90 " — 18 1 100 16 21 27 47 55 10 1 0.6
14 70 85 7 — 10 | 03 95 11 — 18 1 105 16 21 27 47 55 | 10 1 1
15 75 90 7 — 10 | 03 100 11 — 19 1 110 16 21 27 47 60 | 10 1 1
16 80 95 7 — 10 | 03 105 " — 19 1 115 16 21 28 48 65 | 10 1 1
17 85 100 7 — 10 | 03 110 11 — 19 1 125 18 24 31 55 70 | 12 1 1
18 90 105 7 — 10 | 03 120 % — 22 1 135 20 27 35 62 75 | 14 11 1
20 100 120 9 — 14 | 06 135 16 | 21 25 1 150 23 30 38 67 85 | 15 1.1 1
22 110 130 9 — 14 | 06 145 16 | 21 25 1 160 23 30 38 67 95 | 15 1.1 1
24 120 140 9 — 14 | 06 155 16 | 21 25 1 170 23 30 39 68 | 100 | 15 1.1 1.1
26 130 150 9 — 14 | 06 170 18 | 24 30 1 190 27 36 45 80 | 110 | 18 15 | 11
28 140 160 9 — 14 | 06 180 18 | 24 31 1 200 27 36 46 81 120 | 18 15 | 11
30 150 170 9 — 14 | 06 190 18 | 24 31 1 215 29 39 50 89 | 130 | 20 15 | 11
32 160 180 9 — 14 | 06 | 200 18 | 24 31 1 225 29 39 51 9 | 140 | 20 15 | 11
34 170 190 9 — 14 | 06 | 218 20 | 27 34 1.1 240 32 42 55 97 | 150 | 21 15 | 11
36 180 | 200 9 — 14 | 06 | 225 20 | 27 34 1.1 250 32 42 56 98 | 150 | 21 15 | 2
38 190 | 215 " — 17 1 240 23 | 30 37 1.1 270 36 48 62 | 109 | 160 | 24 2 2
40 200 | 225 11 — 17 1 250 23 | 30 37 1.1 280 36 48 62 | 109 | 170 | 24 2 2
a4 220 | 250 14 — 22 1 270 23 | 30 37 1.1 300 36 48 63 | 110 | 190 | 24 2 2
48 240 | 270 14 — 22 1 300 27 | 36 45 15 | 340 45 60 78 — - = 21 | —
52 260 | 290 14 — 22 1 320 27 | 36 45 15 | 360 45 60 79 — - = 21 | —
56 280 | 310 14 — 22 1 350 32 42 53 15 | 380 45 60 80 — - = 21 | —
60 300 | 340 18 24 30 1 380 36 | 48 62 2 420 54 73 95 — - = 3 —
64 320 | 360 18 24 30 1 400 36 | 48 63 2 440 54 73 95 — - = 3 —

Remarks 1. Dimension Series 22, 23, and 24 are double-direction bearings.
2. The maximum permissible outside diameter of shaft and central washers and minimum permissible bore diameter of
housing washers are omitted here (refer to the bearing tables for thrust bearings).
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TECHNICAL INFORMATION | NSK

Thrust Bearings (Flat Seats) — (1)

Units: mm
Thrust Ball
513 523 514 524 Bros.
Spherical Thrust
293 294 Roller Brgs.
Diameter Series 3 Diameter Series 4 Diameter Series 5
Dimension Series Dimension Series D'@E”S‘U” 5
eries £
73 ‘ 93 ‘ 13 ‘ 23 23 74 ‘ 94 ‘ 14 ‘ 24 24 95 2
D 7 (min,) 1 (min.f D 7 (min.) (min.| D 7 (min. £
Central Washer (min i Central Washer| (min 7 (min) o)) d 8
T T T
dy B d> B
20 7 — | n —| =] =] 08| — - - = - - - = |- — - =] - 4 4
24 8 —| 12| =] —| —]o06|— - - = - = - = |- — - -] = 6 6
26 8 —| 12 —| =] =] o068 | — — - - - - - = | = — e 8 8
30 9 — | 14 —| =] =] 08| — — - - - - - = | = — e 0 00
32 9 —| | =] =] = ]o06]|— - - = - - - = |- — - - - 2 0
37 10 —| 15| —| —| =] 06| — - - = - = - = | = — - -] = 15 02
40 10 —| 16| —| —| —]o06]|— - - = - = - = | = — 52 21 | 1 17 03
47 12 — | 18 —| =] = | — — o —| = e — 60 24 | 1 20 04
52 12 — | 18] 3| 20 8 1 03 60 16 | 21 24 | 45 15 N 1 06| 713 29 | 11 25 05
60 14 —| 2 38| 25 9 1 03 70 18 | 24 28 | 52 20| 12 |1 06| 8 34 | 11 30 06
68 15 — | 24| 4| 30| 10 1 0.3 80 20 | 27 32 | 59 25 | 14 | 11 06100 39 | 11 35 07
78 17 22 26 | 49| 30 | 12 1 0.6 9 23 | 30 36 | 65 30 | 15 | 14 06 [ 110 42 | 15 40 08
85 18 24 | 28| 52 | 3 | 12 1 06 | 100 25 | 34 39 | 72 35 | 17 | 11 06120 45 | 2 45 09
9% 20 27 | 3 58 | 40 | 14 11| 06 |10 27 | 36 43| 78 40 | 18 | 15 0613 51 | 2 50 10
105 23 30 | 35| 64| 45 | 15 11 | 06 | 120 29 | 39 48 | 87 45 | 20 | 15 06 | 150 58 | 21 55 11
10 23 30 | 35| 64| 50 | 15 11| 06 | 180 32 | 42 51 93 50 | 21 15 06| 160 60 | 21 60 12
15 23 30 | 36 | 65| 55 | 15 11 | 06 | 140 34 | 45 56 | 101 50 | 23 | 2 1 170 63 | 2.1 65 13
125 25 34| 40 | 72| 85 | 16 11 |1 150 36 | 48 60 | 107 55 | 24 | 2 1 180 67 | 3 70 14
135 27 36 | 44| 79| 60 | 18 15 | 1 160 38 | 51 65 | 115 60 | 26 | 2 1 19 69 | 3 75 15
140 27 36 | 44| 79| 65 | 18 15 | 1 170 41 54 68 | 120 65 | 27 | 21 1 200 73| 3 80 16
150 29 39 | 49| 87| 70 | 19 15 | 1 180 42 | 58 72 | 128 65 | 29 | 21 111215 78 | 4 8 17
155 29 39| 50 | 8 | 75| 19 15 | 1 19 45 | 60 77 | 135 70 | 30 | 21 11|25 82 | 4 90 18
170 32 42 | 85| 97 | 8 | 21 15 | 1 210 50 | 67 85 | 150 80 | 33 | 3 11250 90 | 4 100 20
190 36 48 | 63 | 110 | 95 | 24 | 2 1 230 54 | 73 95 | 166 9 | 37 |3 11270 95 | 5 10 22
210 41 54 | 70 | 123 | 100 | 27 | 21 | 1.1 | 250 58 | 78 | 102 | 177 95 | 40 | 4 15|30 109 | 5 120 24
225 42 58 | 75 [ 130 [ 110 | 30 | 21 | 11 | 270 63 | 8 | 110 | 192 | 100 | 42 | 4 2 320 115 | 5 130 26
240 45 60 | 80 | 140 | 120 | 31 21 | 11 [ 280 63 | 85 | 112 | 196 | 110 | 44 | 4 2 340 122 | 5 140 28
250 45 60 | 80 | 140 | 130 | 31 21 | 11 [ 300 67 | 90 | 120 | 209 | 120 | 46 | 4 2 360 125 | 6 150 30
270 50 67 | 87 | 153 | 140 | 33 | 3 11 | 320 73 | 95 | 130 | 226 | 130 | 50 | 5 2 380 132 | 6 160 32
280 50 67 | 87 | 153 | 150 | 33 | 3 11 | 340 78 | 103 | 135 | 236 | 135 | 50 | 5 21| 400 140 | & 170 34
300 54 73| 95 | 165 | 150 | 37 | 3 2 360 82 | 109 | 140 | 245 | 140 | 52 | 5 3 420 145 | 6 180 36
320 58 78 | 105 | 183 | 160 | 40 | 4 2 380 8 | 115 | 1580 — —| =15 — | 440 150 | 6 190 38
340 63 85 | 110 | 192 | 170 | 42 | 4 2 400 90 | 122 | 155 — —| — |5 — | 460 155 | 75 | 200 40
360 63 85 | 112 — | = = | 4 — | 420 90 | 122 | 160 — —| — |68 — |50 170 | 75 | 220 44
380 63 85 | 112 - =] = 4 — |40 90 | 122 | 160 — —| — 1686 — | 540 180 | 75 | 240 48
20 73 95 | 130 —| =] =15 — | 480 100 | 132 | 175 — —| — 1686 — | 580 190 | 95 | 260 52
40 73 95 | 130 —| =] =15 — | 520 109 | 145 | 190 — —| — 1|86 — | 620 206 | 95 | 280 56
480 82 | 109 | 40 | — | — | — |5 — | 540 109 | 145 | 190 — —| — |8 — | 670 224 | 95 | 300 60
500 82 | 109 | 140 —| =] =15 — |58 118 | 155 | 205 — —| — |75 | — |70 236 | 95| 320 64
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IBOUNDARY DIMENSIONS AND BEARING DESIGNATIONS

Table 6. 3 Boundary Dimensions of

Thrust Ball Brgs. 511 512 522
Spherical Thrust
Roller Brgs. 292
Diameter Series 0 Diameter Series 1 Diameter Series 2
8 Dimension Series Dimension Series Dimension Series
£
2 d 70 n 10 71 11 72 ‘ 92 ‘ 12 ‘ 22 22
= D 7(min)| D 7(min)| D 7 (min.) {7y (min.
] (min, (min, Central Washer (min) 1 {min.
T T T
d; B
68 340 | 380 18 24 30 1 420 36 | 48 64 2 460 54 73 | 9% — - = 3 —
72 360 | 400 18 24 30 1 440 36 | 48 65 2 500 63 85 | 110 — - = 4 —
76 380 | 420 18 24 30 1 460 36 | 48 65 2 520 63 85 | 112 — - = 4 —
80 400 | 440 18 24 30 1 480 36 | 48 65 2 540 63 85 | 112 — - = 4 —
84 420 | 460 18 24 30 1 500 36 | 48 65 2 580 73 95 | 130 — - = 5 —
88 440 | 480 18 24 30 1 540 45 | 60 80 21 600 73 95 | 130 — - = 5 -
92 460 | 500 18 24 30 1 560 45 | 60 80 21 620 73 95 | 130 — - = 5 -
96 480 | 520 18 24 30 1 580 45 | 60 80 21 650 78 | 103 | 135 — - = 5 —
/500 500 | 540 18 24 30 1 600 45 | 60 80 2.1 670 78 | 103 | 135 — - = 5 —
/530 530 | 580 23 30 38 | 11 640 50 | 67 85 3 710 82 109 | 140 — - = 5 —
/560 560 | 610 23 30 38 | 11 670 50 | 67 85 3 750 85 15 | 150 — — | = 5 —
/600 600 | 650 23 30 38 | 11 710 50 | 67 85 3 800 90 122 | 160 — - = 5 —
/630 630 | 680 23 30 38 | 11 750 54 | 73 95 3 850 100 132 | 175 — - = 6 —
1670 670 | 730 27 36 45 15 | 800 58 | 78 | 105 4 900 103 140 | 180 — - = 6 —
1710 710 | 780 32 42 53 15 | 850 63 | 8 | 112 4 950 109 145 | 190 — — | = 6 —
1750 750 | 820 32 42 53 15 | 900 67 90 | 120 4 1000 112 150 | 195 — — | = 6 —
/800 800 | 870 32 42 53 15 | 950 67 | 90 | 120 4 1060 118 | 155 | 205 — - = 75 | —
1850 850 | 920 32 42 53 15 | 1000 67 | 90 | 120 4 120 122 160 | 212 — - = 75 | —
/900 900 | 980 36 48 63 | 2 1060 73 | 95 | 130 5 180 125 170 | 220 — - = 75 | —
/950 950 | 1030 36 48 63 | 2 1120 78 | 103 | 135 5 1250 136 180 | 236 — — | = 75 | —
/1000 1000 | 1090 M 54 70 | 21 | 1180 82 | 109 | 140 5 1320 145 190 | 250 — - = 95 | —
/1060 1060 | 1150 / 54 70 | 21 | 1250 85 | 115 | 150 5 1400 155 | 206 | 265 — - = 95 | —
/1120 1120 | 1220 45 60 80 | 21 |1320 9 | 122 | 160 5 1460 — | 206 — — - = 95 | —
/1180 1180 | 1280 45 60 80 | 21 1400 100 | 132 | 175 6 1520 — | 206 — — - = 95 | —
/1250 1250 | 1360 50 67 8 | 3 1460 — | = |5 6 1610 — | 216 — — - = 95 | —
/1320 1320 | 1440 — — 95 | 3 1540 — | = |5 6 1700 — | 228 — — - = 95 | —
/1400 1400 | 1520 — — 9% | 3 1630 — | — |18 6 1790 — | 234 — — — | = | —
/1500 1500 | 1630 — — | 105 | 4 1750 — | = |19 6 1920 — | 252 — — — | = |12 —
/1600 1600 | 1730 — — 105 | 4 1850 —| = |19 6 2040 — | 264 — — —| = |15 —
/1700 1700 | 1840 — — |12 | 4 1970 — | = |22 75 | 2160 — | 276 — — —| = |15 —
/1800 1800 | 1950 — — | 120 | 4 2080 — | — |20 75 | 2280 — | 288 — — — | = |15 —
/1900 1900 | 2060 — — | 130 | 5 2180 — | — |20 75 — — — — — - = | = —
/2000 2000 | 2160 — — | 130 | 5 2300 — | — |23 75 — — — — — - = | = —
/2120 2120 | 2300 — — | 140 | 5 2430 — | — |243 75 — — — — — - = | = —
/2240 2240 | 2430 — — | 150 |5 2570 — | — |258 9.5 — — — — — - = | = —
/2360 2360 | 2550 — — | 150 | 5 2700 — | — |25 95 — — — — — - - | = —
/2500 2500 | 2700 — — |60 | 5 2850 — | = |22 9.5 — — — — — - = | = —

Remarks 1. Dimension Series 22, 23, and 24 are double-direction bearings.
2. The maximum permissible outside diameter of shaft and central washers and minimum permissible bore diameter of
housing washers are omitted here (refer to the bearings tables for thrust bearings).
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TECHNICAL INFORMATION | NSK

Thrust Bearings (Flat Seats) — (2)

Units: mm
Thrust Ball
513 523 514 524 Brgs.

Spherical Thrust

293 294 Roller Brgs.

Diameter Series 3 Diameter Series 4 Diameter Series 5

Dimension Series Dimension Series D'@E”m 5

eries £

73 ‘ 93 ‘ 13 ‘ 23 23 74 ‘ 94 ‘ 14 ‘ 24 24 95 d 2

D 7 (min) (min)} D 7 (min.){y (min)| D 7 (min. £

Central Washer| (min i Central Washer| (min 7 (min) (min 8

T T T
dy | B d, | B

540 90 | 122 | 160 —| = |5 — | 620 125 | 170 | 220 — | — |75 | — | 750 243 | 12 340 68
560 90 | 122 | 160 —| = |5 — | 640 125 | 170 | 220 —| — |75 | — | 780 250 | 12 360 72
600 100 | 132 | 175 —| — |8 — | 670 132 | 175 | 224 —| — |75 | — |80 265 | 12 380 76
620 100 | 132 | 175 —| — |8 — | 710 140 | 185 | 243 — | — |75 | — |80 272 | 12 400 80
650 103 | 140 | 180 — | — |8 — | 730 140 | 185 | 243 —| — |75 | — |90 2% | 15 420 84
680 109 | 145 | 190 —| — |8 — | 780 155 | 206 | 265 —| — | 95| — |90 308 | 15 440 88
710 112 | 150 | 195 —| — |8 — | 800 155 | 206 | 265 —| — |95 | — | 980 315 | 15 460 92
730 112 | 150 | 195 —| — |8 — | 80 165 | 224 | 290 — | — | 95 | — [1000 315 | 15 480 9%
750 112 | 150 | 195 —| — |8 — | 870 165 | 224 | 290 —| — |95 | — |w060 335 | 15 500 /500
800 122 | 160 | 212 — | — | 75| — |[920 175 | 236 | 308 —| — |95 | — |09 335 | 15 530 /530
850 132 | 175 | 224 — | — | 75| — |90 190 | 250 | 335 —| = [ — |10 355 | 15 560 /560
900 136 | 180 | 236 — | — | 75 | — [w030 195 | 258 | 335 —| = |12 — 1220 375 | 15 600 /600
950 145 | 190 | 250 — | — | 95 | — |10 206 | 280 | 365 —| = |2 — 1280 388 | 15 630 /630
1000 150 | 200 | 258 — | — | 95 | — |[1150 218 | 290 | 375 —| — |5 — 1320 388 | 15 670 /670
1060 160 | 212 | 272 — | — | 95 | — [1220 230 | 308 | 400 — | — |5 — 1400 412 | 15 710 /710
120 165 | 224 | 290 — | — | 95 | — |[1280 236 | 315 | 412 —| = |5 — - —| = 750 /750
1180 170 | 230 | 300 — | — | 95 | — |1360 250 | 335 | 438 —| — |15 — - — | = 800 /800
1250 180 | 243 | 315 — | = |12 — |1440 — | 354 — —| = |5 — - —| = 850 /850
1320 190 | 250 | 335 — | = |12 — |1520 — | 372 — —| = |5 — - -] = 900 /900
1400 200 | 272 | 355 — | = |12 — |1600  — | 390 — —| = |5 — - —| = 950 /950
1460 — | 276 — — | = |12 — |1670 — | 402 — —| — |15 — — — | — | 1000 /1000
1540 — | 288 — — | — |1 — 17170 — | 42 — —| — |5 — — — | — | 1060 /1060
1630 — | 306 — — | = |15 — |1860 — | 444 — —| = |5 — - — | — | mn20 /m20
1710 — | 318 — — | = |15 — 1950  — | 462 — —| = |19 — —  — | — | 180 /1180
1800 — | 330 — — | = |19 — 2050  — | 480 — —| = |9 — —  — | — | 1250 /1250
1900 — | 348 — — | = |9 — |2160 — | 505 — — | = |19 — —  — | — | 1320 N320
2000 — | 360 — — | = |19 — 2280 — | 530 — —| = |19 — — — | — | 1400 /1400
2140 — | 384 — — | = |19 — - = = — - = | = — —  — | — | 1500 /1500
2270  — | 402 — — | = |9 — - - = — - = | = — — — | — | 1600 /1600
- - - - - == |- - - - — - = |- - —  — | — | 1700 /1700
— - - - == |- - - - — - = |- - —  — | — | 1800 /1800
- - - - - = = | = - = = — - = | = — —  — | — | 1900 /1900
- - - = - == |- - = = — - = | = — — — | — | 2000 /2000
- - - = - == |- - - = — - = | = — —  — | — 2120 /2120
- - —| = - - = | = - = = — - - | = — —  — | — | 2240 /2240
- - - = - == |- - = = — - = | = — —  — | — | 2360 /2360
- - - = - == |- e — - = | = — —  — | — | 2500 /2500
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IBOUNDARY DIMENSIONS AND BEARING DESIGNATIONS

Table 6. 4 Dimensions of Snap Ring Grooves and Locating Snap Rings — (1)
Bearings of Dimension Series 18 and 19

ab
7y
™
N
¢ D
Applicable Bearings Snap Ring Groove

d Snap Ring Groove Snap Ring G:;Jove Position Snap Ring Groove | Radius of

Diameter —— - - Width Bottom

D D Bearing Dimension Series b Corners
Dimension Series 1 18 19 I

18 19 max. min. max. min. max. min. max. min. max.
— 10 22 20.8 20.5 — — 1.05 0.9 1.05 0.8 0.2
— 12 24 22.8 22.5 — — 1.05 0.9 1.05 0.8 0.2
— 15 28 26.7 26.4 — — 1.3 1.15 1.2 0.95 0.25
— 17 30 28.7 28.4 — — 1.3 15 1.2 0.95 0.25
20 — 32 30.7 30.4 1.3 1.15 — 1.2 0.95 0.25
22 — 34 32.7 32.4 1.3 1.15 — — 1.2 0.95 0.25
25 20 37 35.7 35.4 1.3 1.15 1.7 1.65 1.2 0.95 0.25
— 22 39 37.7 37.4 — — 1.7 1.55 1.2 0.95 0.25
28 — 40 38.7 38.4 1.3 1.15 — — 1.2 0.95 0.25
30 25 42 40.7 40.4 1.3 1.15 1.7 1.55 1.2 0.95 0.25
32 — 44 42.7 42.4 1.3 1.15 — — 1.2 0.95 0.25
— 28 45 43.7 43.4 — — 1.7 1.55 1.2 0.95 0.25
35 30 47 45.7 45.4 1.3 1.15 1.7 1.55 1.2 0.95 0.25
40 32 52 50.7 50.4 1.3 1.156 1.7 1.55 1.2 0.95 0.25
— 35 55 53.7 53.4 —_ —_ 1.7 1.55 1.2 0.95 0.25
45 — 58 56.7 56.4 1.3 1.15 — — 1.2 0.95 0.25
— 40 62 60.7 60.3 — — 1.7 1.55 1.2 0.95 0.25
50 — 65 63.7 63.3 1.3 1.156 — — 1.2 0.95 0.25
— 45 68 66.7 66.3 — — 1.7 1.55 1.2 0.95 0.25
55 50 72 70.7 70.3 1.7 1.65 1.7 1.65 1.2 0.95 0.25
60 — 78 76.2 75.8 1.7 1.55 — — 1.6 1.3 0.4
— 55 380 77.9 77.5 — — 2.1 1.9 1.6 1.3 0.4
65 60 85 82.9 82.6 1.7 1.55 2.1 1.9 1.6 1.3 0.4
70 65 90 87.9 87.5 1.7 1.65 2.1 1.9 1.6 1.3 0.4
75 — 95 92.9 92.6 1.7 1.55 — — 1.6 1.3 0.4
80 70 100 97.9 97.5 1.7 1.65 2.5 2.3 1.6 1.3 0.4
— 75 105 102.6 102.1 — — 2.5 2.3 1.6 1.3 0.4
85 80 110 107.6 107.1 2.1 1.9 2.5 2.3 1.6 1.3 0.4
90 — 115 112.6 112.1 2.1 1.9 — — 1.6 1.3 0.4
95 85 120 117.6 1171 2.1 1.9 3.3 3.1 1.6 1.3 0.4
100 90 125 122.6 122.1 2.1 1.9 3.3 3.1 1.6 1.3 0.4
105 95 130 127.6 1271 2.1 1.9 3.3 3.1 1.6 1.3 0.4
110 100 140 137.6 137.1 2.5 2.3 3.3 3.1 2.2 1.9 0.6
— 105 145 142.6 142.1 — — 3.3 3.1 2.2 1.9 0.6
120 110 150 147.6 1471 2.5 2.3 3.3 3.1 2.2 1.9 0.6
130 120 165 161.8 161.3 3.3 3.1 3.7 3.5 2.2 1.9 0.6
140 — 175 171.8 171.3 3.3 3.1 — — 2.2 1.9 0.6
— 130 180 176.8 176.3 — — 3.7 3.5 2.2 1.9 0.6
150 140 190 186.8 186.3 3.3 3.1 3.7 3.6 2.2 1.9 0.6
160 — 200 196.8 196.3 3.3 3.1 — — 2.2 1.9 0.6

Remarks The minimum permissible chamfer dimensions 7, on the snap-ring-groove side of the outer rings are as follows:
Dimension series 18 : For outside diameters of 78 mm or less, use a 0.3 mm chamfer.
For all others exceeding 78 mm, use 0.5 mm chamfer.
Dimension series 19 : For outside diameters of 24 mm or less, use a 0.2 mm chamfer.
For 47mm or less, use a 0.3 mm chamfer.
For those exceeding 47 mm, use a 0.5 mm chamfer (However, for an outside diameter of
68 mm, use a 0.3 mm chamfer, though note this is not compliant with ISO 15).
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Side Cover —~ |- Housing
i *\g[‘ (Geometry of locating snap ring fitted in groove)
e
e
$D;
#x |
Units: mm
Locating Snap Ring Side Cover
G t f S Ri
Cross Sectional Thickness eogi]t?::dyfig Gr%;l;\)/e na 31%[;5%%2?%
i . eference
LAl ) D Height ; ; (Reference)
Ring Number Slit Snap Ring
e f Width Outside D
g Diameter D, X
max. min max. min. approx. max. min.
NR 1022 2.0 1.85 0.7 0.6 2 24.8 255
NR 1024 2.0 1.85 0.7 0.6 2 26.8 27.5
NR 1028 2.05 1.9 0.85 0.75 3 30.8 3156
NR 1030 2.05 1.9 0.85 0.75 3 32.8 33.5
NR 1032 2.05 1.9 0.85 0.75 3 34.8 355
NR 1034 2.05 1.9 0.85 0.75 3 36.8 37.5
NR 1037 2.05 1.9 0.85 0.75 3 39.8 40.5
NR 1039 2.05 1.9 0.85 0.75 3 41.8 42.5
NR 1040 2.05 1.9 0.85 0.75 3 42.8 435
NR 1042 2.05 1.9 0.85 0.75 3 44.8 455
NR 1044 2.05 1.9 0.85 0.75 4 46.8 47.5
NR 1045 2.05 1.9 0.85 0.75 4 47.8 48.5
NR 1047 2.05 1.9 0.85 0.75 4 49.8 50.5
NR 1052 2.05 1.9 0.85 0.75 4 54.8 55.5
NR 1055 2.05 1.9 0.85 0.75 4 57.8 58.5
NR 1058 2.05 1.9 0.85 0.75 4 60.8 61.5
NR 1062 2.05 1.9 0.85 0.75 4 64.8 65.5
NR 1065 2.05 1.9 0.85 0.75 4 67.8 68.5
NR 1068 2.05 1.9 0.85 0.75 5 70.8 72
NR 1072 2.05 1.9 0.85 0.75 5 74.8 76
NR 1078 3.25 3.1 1.12 1.02 5 82.7 84
NR 1080 3.25 3.1 1.12 1.02 5 84.4 86
NR 1085 3.25 3.1 1.12 1.02 5 89.4 91
NR 1090 3.25 3.1 1.12 1.02 5 94.4 96
NR 1095 3.25 3.1 1.12 1.02 5 99.4 101
NR 1100 3.25 3.1 1.12 1.02 5 104.4 106
NR 1105 4.04 3.89 1.12 1.02 5 110.7 112
NR 1110 4.04 3.89 1.12 1.02 5 115.7 117
NR 1115 4.04 3.89 1.12 1.02 5 120.7 122
NR 1120 4.04 3.89 1.12 1.02 7 125.7 127
NR 1125 4.04 3.89 1.12 1.02 7 130.7 132
NR 1130 4.04 3.89 1.12 1.02 7 135.7 137
NR 1140 4.04 3.89 1.7 1.6 7 145.7 147
NR 1145 4.04 3.89 1.7 1.6 7 150.7 152
NR 1150 4.04 3.89 1.7 1.6 7 1565.7 157
NR 1165 4.85 4.7 1.7 1.6 7 1715 173
NR 1175 4.85 4.7 1.7 1.6 10 181.5 183
NR 1180 4.85 4.7 1.7 1.6 10 186.5 188
NR 1190 4.85 4.7 1.7 1.6 10 196.5 198
NR 1200 4.85 4.7 1.7 1.6 10 206.5 208
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Table 6. 4 Dimensions of Snap Ring Grooves and Locating Snap Rings — (2)
Bearings of Diameter Series 0, 2, 3, and 4

ab
7y
™~
6N
¢ Dy
Applicable Bearings Snap Ring Groove
i Snap Ring Groove Snap Ring Gg)ove Position Snap Ring Groove Ragfius
Diameter — - Width Bottom
Bearing Diameter Series c
] - D D b orners
Diameter Series ! 0 2,3, 4 7
0 2 3 4 max. min. max. min. max. min. max. min. max.
10 — — — 26 24.5 24.25 1.35 1.19 — — 1.17 0.87 0.2
12 — — — 28 26.5 26.25 1.35 1.19 — — 1.17 0.87 0.2
— 10 9 8 30 28.17 27.91 — — 2.06 1.9 1.65 1.35 0.4
15 12 — 9 32 30.15 29.9 2.06 1.9 2.06 1.9 1.65 1.35 0.4
17 15 10 — 35 33.17 32.92 2.06 1.9 2.06 1.9 1.65 1.35 0.4
— — 12 10 37 34.77 34.52 — — 2.06 1.9 1.65 1.35 0.4
— 17 — — 40 38.1 37.85 — — 2.06 1.9 1.65 1.35 0.4
20 — 15 12 42 39.75 39.6 2.06 1.9 2.06 1.9 1.65 1.35 0.4
22 — — — 44 41.75 41.56 2.06 1.9 — — 1.65 1.35 0.4
25 20 17 — 47 44.6 44.35 2.06 1.9 2.46 2.31 1.65 1.35 0.4
— 22 — — 50 47.6 47.35 — — 2.46 2.31 1.65 1.35 0.4
28 25 20 15 52 49.73 49.48 2.06 1.9 2.46 2.31 1.65 1.35 0.4
30 — — — 55 52.6 52.35 2.08 1.88 — — 1.65 1.35 0.4
— — 22 — 56 53.6 53.35 — — 2.46 2.31 1.65 1.35 0.4
32 28 — — 58 55.6 55.35 2.08 1.88 2.46 2.31 1.65 1.35 0.4
35 30 25 17 62 59.61 59.11 2.08 1.88 3.28 3.07 2.2 1.9 0.6
— 32 — — 65 62.6 62.1 — — 3.28 3.07 2.2 1.9 0.6
40 — 28 — 68 64.82 64.31 2.49 2.29 3.28 3.07 2.2 1.9 0.6
— 35 30 20 72 68.81 68.3 — — 3.28 3.07 2.2 1.9 0.6
45 — 32 — 75 71.83 71.32 2.49 2.29 3.28 3.07 2.2 1.9 0.6
50 40 35 25 80 76.81 76.3 2.49 2.29 3.28 3.07 2.2 1.9 0.6
— 45 — — 85 81.81 81.31 — — 3.28 3.07 2.2 1.9 0.6
55 50 40 30 90 86.79 86.28 2.87 2.67 3.28 3.07 3 2.7 0.6
60 — — — 95 91.82 91.31 287 267 — — 3 2.7 0.6
65 55 45 35 100 96.8 96.29 2.87 2.67 3.28 3.07 3 2.7 0.6
70 60 50 40 110 106.81 106.3 2.87 2.67 3.28 3.07 3 2.7 0.6
75 — — — 115 111.81 111.8 2.87 2.67 — — 3 2.7 0.6
— 65 55 45 120 115.21 114.71 — — 4.06 3.86 3.4 3.1 0.6
80 70 — — 125 120.22 119.71 2.87 2.67 4.06 3.86 3.4 3.1 0.6
85 75 60 50 130 125.22 124.71 2.87 2.67 4.06 3.86 3.4 3.1 0.6
90 80 65 55 140 135.23 134.72 3.71 3.45 4.9 4.65 3.4 3.1 0.6
95 — — — 145 140.23 139.73 3.71 3.45 — — 3.4 3.1 0.6
100 85 70 60 150 145.24 144.73 3.71 3.45 4.9 4.65 3.4 3.1 0.6
105 90 75 65 160 165.22 154.71 3.71 3.45 4.9 4.65 3.4 3.1 0.6
110 95 80 — 170 | 163.65 163.14 3.71 3.45 5.69 5.44 3.8 3.5 0.6
120 100 85 70 180 173.66 173.15 3.71 3.45 5.69 5.44 3.8 3.5 0.6
— 105 90 75 190 | 183.64 183.13 — — 5.69 5.44 3.8 3.5 0.6
130 110 95 80 200 193.65 193.14 5.69 5.44 5.69 5.44 3.8 3.5 0.6

Note (') The locating snap rings and snap ring grooves of these bearings are not specified by ISO.
Remarks 1. The dimensions of these snap ring grooves are not applicable to bearings of Dimension Series 00, 82, and 83.
2. The minimum permissible chamfer dimension 7y on the snap-ring side of outer rings is 0.5 mm. However, for
Diameter Series 0 bearings with outside diameters of 35 mm or below, it is 0.3 mm.
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Side Cove fﬁ Housing
| ver —
¢
D.
$Dx #:

jgr (Geometry of locating snap ring fitted in groove)

Units: mm

Locating Snap Ring

Side Cover

G S i
Cross Sectional Thickness e"é"n:t’éijyfiﬁ'er%?;"v?'”g Stepped Bore
i . eference
Lzl ey Height " ; (Reference)
Ring Number Slit Snap Ring
e f Width Outside D
g Diameter D, X
max. min. max. min. | approx. max. min.
NR 26() 2.06 1.91 0.84 0.74 3 28.7 29.4
NR 28(1) 2.06 1.91 0.84 0.74 3 30.7 314
NR 30 3.25 3.1 1.12 1.02 3 34.7 35.6
NR 32 3.25 3.1 1.12 1.02 3 36.7 376
NR 35 3.25 3.1 1.12 1.02 3 39.7 40.5
NR 37 3.25 3.1 1.12 1.02 3 41.3 42
NR 40 3.25 3.1 1.12 1.02 3 44.6 455
NR 42 3.25 3.1 1.12 1.02 3 46.3 47
NR 44 3.25 3.1 1.12 1.02 3 48.3 49
NR 47 4.04 3.89 1.12 1.02 4 52.7 53.5
NR 50 4.04 3.89 1.12 1.02 4 55.7 56.5
NR 52 4.04 3.89 1.12 1.02 4 57.9 58.5
NR 55 4.04 3.89 1.12 1.02 4 60.7 61.5
NR 56 4.04 3.89 1.12 1.02 4 61.7 62.5
NR 58 4.04 3.89 1.12 1.02 4 63.7 64.5
NR 62 4.04 3.89 1.7 1.6 4 67.7 68.5
NR 65 4.04 3.89 1.7 1.6 4 70.7 71.5
NR 68 4.85 4.7 1.7 1.6 5 74.6 76
NR 72 4.85 4.7 1.7 1.6 5 78.6 80
NR 75 4.85 4.7 1.7 1.6 5 81.6 83
NR 80 4.85 4.7 1.7 1.6 5 86.6 88
NR 85 4.85 4.7 1.7 1.6 5 91.6 93
NR 90 4.85 4.7 2.46 2.36 5 96.5 98
NR 95 4.85 4.7 2.46 2.36 5 101.6 103
NR 100 4.85 4.7 2.46 2.36 5 106.5 108
NR 110 4.85 4.7 2.46 2.36 5 116.6 118
NR 115 4.85 4.7 2.46 2.36 5 121.6 123
NR 120 7.21 7.06 2.82 2.72 7 129.7 131.5
NR 125 7.21 7.06 2.82 2.72 7 134.7 136.5
NR 130 7.21 7.06 2.82 2.72 7 139.7 141.5
NR 140 7.21 7.06 2.82 2.72 7 149.7 152
NR 145 7.21 7.06 2.82 2.72 7 1654.7 157
NR 150 7.21 7.06 2.82 2.72 7 169.7 162
NR 160 7.21 7.06 2.82 2.72 7 169.7 172
NR 170 9.6 9.45 3.1 3 10 182.9 185
NR 180 9.6 9.45 3.1 3 10 192.9 195
NR 190 9.6 9.45 3.1 3 10 202.9 205
NR 200 9.6 9.45 3.1 3 10 212.9 215
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6.2 Formulation of Bearing Designations (Example 4/ NU 3 18 M CM

Bearing designations (or "bearing numbers") are Radial Clearance for
alphanumeric combinations that indicate the bearing Electric-Motor Bearings CM
type, boundary dimensions, dimensional and Machined Brass Cage
running accuracies, internal clearance, and other

T

related specifications. The boundary dimensions Nominal Bore Diameter 80 mm
of commonly used bearings mostly conform to Diameter Series 3

the organizational concept of ISO, and the bearing NU Tvoe Gyl |
numbers of these standard bearings are specified Rg”ngeea?’”']Bd”CE’
by JIS B 1513 (Rolling bearings- Designation). Due

to a need for more detailed classification, NSK uses  (Example5)NN 30 17 ch1 p4

auxiliary designations other than those specified by TT

JIS. Accuracy of ISO Class 4
Bearing designations consist of a basic designation Radial Clearance in Non-
and supplementary designations. The basic Interchangeable Cylindrical
designation indicates the bearing series (type) and Roller Bearings CC1

the width and diameter series as shown in Table 6.5. Tapered Bore (Taper 1:12)
Basic designations, supplementary designations, and Nominal Bore Diameter 85 mm
the meanings of common numbers and designations

are listed in Table 6.6 (Pages A122 and A123). Contact Diameter Series 0
angle and other supplementary designations are —— Width Series 3
shown in successive columns from left to right in Table

6.6. For reference, some example designations are H§||£¥p§e§}’,'n'gdr'°a'

shown here:
(Example6)HR 3 02 07

Small Diameter of Outer Ring
Raceway and Contact Angle
Conform to ISO
(Example 1) 6 3 08 2Z C3 Radial Clearance €3 Nominal Bore Diameter 35 mm
(Internal Clearance Designation) Diameter Series 2
Shields on Both Sides Width Series 0
(Shield Designation) Tapered Roller Bearing

E\IBoorpeinﬁLanobrgr{Jiameter 40 mm ——High Capacity Bearing

Diameter Series 3 l Bearing

W

Single-Row Deep ~ { Series (Example 7)2 4 0 /1000 CA M K30 E4 C3
Groove Ball Bearing/ Designation Radial Clearance C3

(Example2)7 2 20 A DB C3 Quter Ring with Qil

Axial Clearance C3 Taser%%vgggd Oil Holes

Back-to-Back Arrangement (Taper 1:30)
Contact Angle 30° Machined Brass Cage

herical Roller Beari
Nominal Bore Diameter 100 mm Sp e'rlca 0 erl earing
. . Nominal Bore Diameter 1 000 mm
Diameter Series 2

Single-Row Angular Contact Ball Diameter Series 0

Bearing ————Width Series 4

(Example 3)1 2 06 K +H206X —————————Spherical Roller Bearing
Adapter with 256 mm Bore (Example 8)51 2 15

Tapered Bore (Taper 1:12) —LNominal Bore Diameter 75 mm
Nominal Bore Diameter 30 mm L Diameter Series 2

=

E1

Diameter Series 2

Height Series 1

Self-Aligning Ball Bearing Thrust Ball Bearing
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Table 6. 5 Bearing Series Designations

Dimensions Dimensions
. Bearing . Bearing
Bearing Type Seri Type Bearing Type Seri Type Width
CIEs Width |Diameter ClEs or Diameter
Height
68 6 0 8 Double-Row NNU49  NNU 4 9
Single-Row 69 6 Q) 9 Cylindrical NN30 NN 3 0
Deep Groove 60 6 (1) 0 Roller Bearings
i 62 6 0 2
Ball Bearings - ° 20; : R NA 4 s
Needle Roller NA49 NA 4 9
) 79 7 (1) 9 Bearings NA59 NA 5 9
Single-Row
70 7 (1) 0 NA69 NA 6 9
Angular Contact
Ball Bearings 2 ! ©) 2
Y 73 7 ©) 3 329 3 2 9
12 ] 0 ) 320 3 2 0
Self-Aligning 13 1 ) 3 =20 s s 0
Ball Bearings 22 (1) 2 2 T 4 Roll 331 3 3 1
23 ) 2 3 apere oller 302 3 0 2
Bearings 322 3 2 2
NU10 NU 1 0
332 3 3 2
NU2 NU (0) 2
NU22 NU 2 2 303 3 0 3
NU3 NU ©) 3 323 3 2 3
NU23 NU 2 3
NU4 NU (0) 4 230 2 3 0
NJ2 NJ 0) 2 Sonerica 231 2 3 1
NJ22 NJ 2 2 pherica 222 2 2 2
Roller
NJ3 NJ (0) 3 Bearings 232 2 3 2
NJ23 NJ 2 3 213 (1) 2 0 3
Single-Row NJ4 NJ (0) 4 223 2 2 3
Cylindrical NUP2 NUP ©) 2
Rollgr NUP22 NUP 2 2 511 5 1 1
Bearings NUP3 NUP o) 3 512 5 1 2
NUP23  NUP 2 3 Thrust Ball JE 5 ! 3
NUP4 NUP o) 4 Bearings with Sk 5 1 4
e N ] R Flat Seats 522 5 9 9
N2 N () 2 523 5 2 3
N3 N (0) 3 524 5 2 4
N4 N (0) 4
i 292 2 9 2
NF2 NF ©) 2 ?Ehencsl |
NF3 NF ) 3 : rugt oller 293 2 9 3
NF4 NE ©) 4 earings 294 2 9 4

Note (1) Bearing Series 213 should logically be 203, but customarily it is numbered 213.
Remark  Numbers in parentheses ( ) in the width column are usually omitted from the bearing number.
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Table 6. 6 Formulation of

Basic Designations
Bear External Features
earin . .
Series 8) Bore Number | Contact Angle Internal Design Material Cage
Seals, Shields
Code Meaning |Code Meaning |Code Meaning |Code Meaning Code Meaning |Code Meaning |[Code Meaning
68  Single- 1 B8 1mm Angular A Internal Design Case-Hardened | M Machined- | Z Shield
Row Deep Diam. Contact Ball Differs From g Steel Used in Brass Cage } on One
69 B i i zs
Groove Ball | 2 2 __ bearings Standard Rings, Rolling Side
60 Bearings A Standard Elements Only
: 3 3 ContactAngle | J Smaller Diameter
_ . of 30 of Outer Ring
70  Single-Row : Raceway, Contact )
72 Angular : Angle, and Outer z Shields
Contact Ball 9 A5  Standard Ring Width of W Pressed- 778 } on Both

73 Bearings 9 Contact Angle Tapered Roller . Steel Cage Sides

; of 25° : h  Stainless Steel 9

: 00 10 Bearings (Conforms Used in Rings

10 1SO 355) Rogi 1 £ ngs,

12 Self- o1 12 olling Elements

13 Aligning Ball B  Standard
Bearings 02 15 Contact Angle DU Rubber

22 of 40° ConotactSSeaI

o on One Side

o e 7 T  Synthetic Only
NU10 Cylindrical For High Capacity Resin Cage

Roller 1 ( ] )
NJ 2 Bearings | 22 22 ¢ goanntggtrdﬁ\ngle Bearings
N 3 of 15° DDU Rubber
NN 30 /28 28 Contact
2 ) ) Seals on

: / c v \é\gtheoui Both Sides

NAGB leelc ¢

oller CA
NA49 B rings 04() 20 ;Zﬁleer: o V  Rubber
NA69 05 25 Bearings Spherical Roller Non-

: Omitted Contact Angle @ earings Con[gactss_ o
320 Tapered | 06 30 Less Than 17° | ¢ Oy e
32 Roller
75 l(}()earlngs

y . | Rubber

. C Approx. 20° o w -

: 88 440 Contact Angle | E  Cylindrical Roller ggrqtact
230 gpnerical 92 460 Bearings Seals on

oller )
222 Bearings % 480 Both Sides
223 D  Approx. 28° E  Spherical Thrust
. /500 500 Contact Angle Roller Bearings
511 ghrust Ball | /630 530
earing
512 \ithFlat | /560 560 gl niar Sontact
513 Seats .
292 Thrust
Spherical /2360 2360
293 Roller
294 Bearings /2500 2500
HR(#) High Capacity
Tapered Roller
Bearings and Others
Designations and Numbers Conform to JIS(5) NSK Designations NSK Designations
) Not Marked
Marked on Bearings on Bearings

Notes

A122

(1) Bearing Series designations conform to Table 6.5.

(2) For basic designations of tapered roller bearings in ISO's new series, refer to Page C182.
(3) The bore size (mm) is five times the bore number for Bore Numbers 04 through 96 (except double-direction thrust

ball bearings).
(4) HRis an NSK Bearing Series designation.
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Bearing Designations

Auxiliary Designations

External Features

Design of Rings

Arrangement

Internal Clearance /

Preload

Tolerance Class

Special
Specification

Spacer / Sleeve

Grease

Code Meaning |Code Meaning|Code Meaning (radial clearance) |Code Meaning |Code Meaning |Code Meaning [Code Meaning
K Tapered DB Bakio-Back| C1 Clearance Less \pitted SO Normal |  Bearings 4K Bearings | AS2 SHELL
Bore of, rrngement %) Ereaar:ﬁce Less licated with \F,{\Illr}g outer élf(\@\’\géSZ
I(?QSQTR{?%) £2 2| Than CN Dimensional Spacers
Onitted = | N Clearance P6 IS0 Class6 | Stabilization ENS ENS GREASE
DF Face-to- = Bearings
Face ¢3 < |Clearance Greater 4 i+ With Iner
Arrangement = | Than CN X26 Working Ring
K30 Tapered + |Clearance Greater P6X S0 Class 6X Temperature Spacers NS7 NS HI-LUBE
Bore of G4 & |Fhanca I{%v%r(;rhan
Inner Ring
(Taper 1:30) | DT Tanden 1" €5 Ylearance Greater KL Bearings
P5 IS0 Class5 | X28 Working \vitn Both | psz MULTEMP PS
Clearance Less Temperature 6‘”“ aR”. No. 2
CC1 o |Than o2 Souer Than Spaers "
=17 °
Notch 3 2| Clearance Less
2 e €C2 £ Than oG P4 ISO Class 4 _
Groove in s X29 Working H  Adapter
Ring cc =) Normal Clearance Temperature
o Lower Than
cc3 % %}earance Greater P2 IS0 Class 2 o
cg|man AH  Withdrawal
ccs SE %earaé]ccg Greater Sleeve
- —<|Than ABMA(?
E4 (L;L:g(r)l‘?:til[?g ccs | Clearance Greater i ere(d)
! Than CC4 p . Spherical Thrust
Outside pherica HJ rus
Surface and Roller Bearing Roller Collar
Holes in MC1 ] ’(\J/Igeérance Less Than Bearings
Outer Ring g Omitted Class 4 | g
MC2 =& Clearance Less Than $11  Dimensional
N son - Habiang
nap Ring N
8?0\,%.‘” MC3 ‘f,"'; Normal Clearance PN2 Class 2 %%EL",%M
uter Rin £5
0 MC4 ﬁj‘g %e:r:a’a%%(ireater Lower Than
L C 200°C
£ |Clearance Greater
NR gnap Ri%;_m MC5 LE han MC4 PN3 Class 3
roove Wi | Clearance Greater
Snap Ring MC8 | 7han MCs
Ring - PNO Class 0
Clearance in Deep Groove
CM Ball Bearings for Electric
Motors
PN00 Class 00
CT Clearance in Cylindrical
Roller Bearings for Electric
cM Motors
Preload of Angular Contact
Ball Bearing
EL  Extra Light Preload
L  Light Preload
M Medium Preload
H  Heavy Preload
Partially Match Match NSK Partially Match 5 nati : 5
TIS() 7IS() Designations  J1S(3)/ BAS(s) Match JIS(5) NSK Designations, Partially Match JIS(5)
In General, Marked on Bearings Not Marked on Bearings
Notes (5) JIS: Japanese Industrial Standards.

(6) BAS : The Japan Bearing Industrial Association Standard.
(") ABMA : The American Bearing Manufacturers Association.
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7. BEARING TOLERANCES

7.1 Bearing Tolerance Standards ... A 126

7.2 Selection of Tolerance ClasSeS ..o A 151

A125



IBEARING TOLERANCES

7. BEARING TOLERANCES

7.1 Bearing Tolerance Standards

The tolerances for the boundary dimensions and
running accuracy of rolling bearings are specified by
ISO 492, 199, and 582. Tolerances are specified for
the following items:

Accuracy of Rolling Bearings

Items necessary to mou
bearings on shafts or in

(Tolerances for Dimensiol
housings

Items necessary to
specify the runout of

( Running Accuracy )
rotating machine parts

Class 2 is the highest bearing tolerance class in ISO
but additional classes exist, including Class 6X (for
tapered roller bearings), Class 6, Class 5, and Class
4. The applicable tolerance classes for each bearing
type and the correspondence of these classes are
shown in Table 7.1.

- Tolerances for bore and outside diameters, ring width,
and bearing width

- Tolerances for inscribed and circumscribed circle
diameters of rollers

- Tolerances for chamfer dimensions

- Tolerances for width variation

- Tolerances for tapered bore diameters

ns

ol

- Permissible radial runout of inner and outer rings

- Permissible face runout with raceway inner and outer
rings

- Permissible perpendicularity of inner ring face with
respect to the bore

- Permissible perpendicularity of outer ring outside
surface with respect to the face

- Permissible raceway to back face thickness variation of
thrust bearings

Table 7. 1 Bearing Types and Tolerance Classes

Deep Groove Ball Bearing Normal — Class 6 Class 5 | Class 4 | Class 2
Angular Contact Ball Bearings Normal — Class 6 Class 5 | Class 4 | Class 2
- ; Class 6 Class 5
Self-Aligning Ball Bearings 1SO 492 Normal — Equivalent| Equivalent| — —
Cylindrical Roller Bearings Normal — Class 6 Class 5 | Class 4 | Class 2
Needle Roller Bearings Normal — Class 6 Class5 |Class4| —
Spherical Roller Bearings Normal — Class 6 Class 5 — —
Metric Design ISO 492 Normal | Class 6X | Class 6 Class5 | Class 4 —
ANSI/
Tapered Inch Design AFBMA | Class 4 — Class 2 Class 3 | Class 0 |Class 00
Roller Std.19.2
Bearings ANSL/
J Series AFBMA |Class K| Class N — ClassC [ClassB| —
Std.19.1
Magneto Ball Bearings BAS1061 | Normal — Class 6 Class 5 — —
Thrust Ball Bearings Normal — Class 6 Class5 |Class4| —
Thrust Roller Bearings ISO 199 Normal — — — — —
Thrust Spherical Roller Bearings Normal — — — — —
{1553(];’ 1514, Class 0 — Class 6 Class5 | Class4 | Class 2
S| T8 Tapered Roll
8 ’ B%gﬁi’rfgs U e" Metric Design JISB 1514 | Class 0 | Class 6X | (Class6) | Class5 |Class4 | —
g[ DN DING620 PO — P6 P5 P4 | P2
< Ball Bearings ANSI/ ABEC1| — ABEC3 | ABEC5 |ABEC7 | ABEC9
2 , AFBMA
S Roller Bearings Std.20 RBEC1 — RBEC3 RBEC5 — —
=
=
S| ANSI/ q ANSI/ Class Class | Class
iz Instrument Ball Bearings AFBMA — —
§ AFBMA Std.12.2 5P 7P 9P
s ANSI/
5 Tapered Roller | yeyric pesign ~~ AFBMA | Class K| ClassN | — Class C | Class B| Class A
2 Bearings Std.19.1
Tapered Roller | Metric | Multi/
BAS | Bearings Design | Four-Row DBAS1002 | Class 0| — — — —
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TECHNICAL INFORMATION

(Reference) Rough definitions of items related to
running accuracy and their measuring methods are

shown in Fi

g. 7.1. These are further described in detail

in ISO 5593 (Rolling Bearings-Vocabulary), JIS B
1515, (Rolling Bearings-Tolerances) and elsewhere.

Measuring
Weight
| |

Measuring
Weight

A (max.)x1.2

7 (max.)x1.2
Stops (at two points)

NSK

Supplementary Table
Running Inner Outer Dial
Accuracy Ring Ring Gauge
JiG Rotating Stationary A
IR Stationary Rotating A
S Rotating Stationary B,
S Stationary Rotating B,
Sa Rotating Stationary C
Sp — Rotating D
Only the shaft, housing,
Si . Se or central washer is to be E
rotated.

Supporting pins
at three points around
circumference

Stops at two points for
inside or outside surface

Fig. 7.1 Measuring Methods for Running Accuracy (Summarized)

Si’ Se

ATS