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NTN “Ball and Roller Bearings Catalog”
Issue of CAT.No.2203/E

A rolling bearing is an important mechanical element that is used in various machines.
Rolling bearings are required to have a long operating life, be small/lightweight, fast, and
support special environments. Thus, the performance requirements are becoming more
sophisticated and diversified. In particular, technology for enhancing the performance
of bearing has been required in recent years. To meet these needs, NTN is performing
research and development to enhance the performance of the entire machines.

The new general catalog has been entirely revised and edited so that the bearings
of an optimum type and size can be provided based on the technical contents that are
supported by the result of development and improvement.

The main revisions of the catalog are as follows.

O The latest revision of ISO and JIS is reflected, and the pages of general commentaries
such as bearing selection, bearing periphery design, and handling are largely
increased.

O Based on the results of in-house durability testing that has been accumulated
over a long time, it has been confirmed that the bearing operating life is longer
then previously published. Thanks to the continuous improvement of the material,
product, and production techniques, the basic dynamic load ratings were revised
based on the current bearing operating life data.

O We are developing and expanding "ULTAGE,” a new generation, all-world class rolling
bearing series. This catalog introduces the ULTAGE series, which has been developed
by NTN so far, and includes line-ups that are ready to be manufactured.

We would like you to use the “Ball and Roller Bearings Catalog” which has been revised,
and we would like to work and develop with customers “to realize a smooth society”. We
hope to receive your continued patronage and support in the future.

Special bearings for each industry and application type are introduced in special

sections at the end of the catalog. Please contact NTN Engineering for more information.

According to the basic policy of NTN corporation, we do not export products or techniques
that are regulated by foreign exchange rates or that violate foreign trade laws. For
classification of products specified in this catalog, please contact our branch business
offices.

In addition, the accuracy of this catalog has been confirmed; however, please note that
we do not take any responsibility or liability for any erroneous descriptions or omissions.
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The CAD data of products is available on the NTN website. See our website for details.
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@Classification and Characteristics of Rolling Bearings

NTN

1. Classification and characteristics of rolling bearings

1.1 Structure

Most rolling bearings consist of rings with a
raceway (inner ring and outer ring), rolling
elements (either balls or rollers) and a cage
as shown in Fig. 1.1 (Figs. A to H). The cage
separates the rolling elements at regular
intervals, holds them in place within the inner
and outer raceways, and allows them to rotate
freely.

Raceway (inner ring and outer ring) or
raceway washer?) (shaft or housing)

The surface on which rolling elements roll is
called the “raceway surface.” The load placed on
the bearing is supported by this contact surface.

Generally the inner ring fits on the axle or
shaft and the outer ring in the housing.

Note 1: The raceway of thrust bearings is called the
“raceway washer,” the inner ring is called the "shaft
raceway washer” and the outer ring is called the
“housing raceway washer.”

Rolling elements

Rolling elements are classified into two types:
balls and rollers. Rollers come in four types:
cylindrical, needle, tapered, and spherical.
Balls geometrically contact with the raceway
surfaces of the inner and outer rings at “points”,
while the contact surface of rollers is a “line”
contact. Theoretically, rolling bearings are
constructed to allow the rolling elements to
rotate orbitally while also rotating on their own
axes at the same time.

Cage

Cages function to maintain rolling elements
at a uniform pitch so a load is never applied
directly to the cage and to prevent the rolling
elements from falling out when handling the
bearing. Types of cages differ according to
the way they are manufactured and include:
pressed, machined and formed cages.

1.2 Classification

Rolling bearings are divided into two main
classifications: ball bearings and roller
bearings. Ball bearings are classified according
to their bearing ring configurations: deep
groove type and angular contact type. Roller
bearings on the other hand are classified
according to the shape of the rollers: cylindrical,
needle, tapered and spherical. Rolling bearings
can be further classified according to the
direction in which the load is applied; radial
bearings carry radial loads and thrust bearings
carry axial loads. Other classification methods
include: 1) number of rolling rows (single,
double, or 4-row), 2) separable and non-
separable, in which either the inner ring or the
outer ring can be detached.

There are also bearings designed for
special applications, such as: precision rolling
bearings for machine tools, bearings for special
environments, as well as linear motion bearings
(linear ball bearings, linear roller bearings
and linear flat roller bearings). Types of rolling
bearings are given in Fig. 1.2. For more detailed
information, please refer to the page that
introduces each bearing.

@Classification and Characteristics of Rolling Bearings

Outer ring

Inner ring

Cage
Ball

Fig. A Deep groove ball bearing Fig. B Angular contact ball bearing

Fig. F Spherical roller bearing

Fig. E Tapered roller bearing

Shaft raceway washer Shaft raceway washer

<3

Housing raceway washer Housing raceway washer

Fig. G Thrust ball bearing Fig. H Thrust roller bearing

Fig. 1.1 Rolling bearing

A-5
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@ Deep groove ball bearings --:--eeeveveee B- 17 Four-row cylindrical roller bearings .- .coeeveeniinienniinnnns C-18
@ Angular contact ball bearings D) -....... B- 57 % Four-row tapered roller bearings -« - sseeeeirirensnunnns C-36
Duplex angular contact ball
Radial ball bearings? e B- 57 Ultra-thin section type ball bearings «-...voveveeiiiiinnne C-58
bearings
@ Four-point contact ball bearings - B- 58 @ SL type cylindrical roller bearings ----.cersiecinininiune C-66
Double row angular contact ball m ULTAGE series
bearings e B- 59 Sealed four-row tapered roller bearings for rolling mill roll necks [CROU--LL type]®) --- C- 2
ULTAGE series
cElll Self-aligning ball bearings --------------- B- 79 . Sealed spherical roller bearings [WA type]3) -« C- 6
bearings Special ULTAGE seri
Ball bearings f : : ) application — ot seres o N
all bearings for rolling bearing unit - Spherical roller bearings with high-strength cage [EMA type]®) --- C- 10
bearings -
ULTAGE series
Deep groove ball bearings for high-speed servo motors [MA type]>) -+ C- 14
Thrust ball Single direction thrust ball bearings ... B-253 @ ULTAGE series i )
bearings - - Precision rolling bearings for machine tools )« C-76
g 60 Double direction angular contact thrust
[T 1] ball bearings 1 . . . 5 )
Bearings for special environments > ......coovviiiiiinnnnnne C-76
@ High speed duplex angular contact ball
55 :
bearings ») (for axial load) Rubber molded bearings 5 ... c-76
Rolling MEGAOHMT™ series insulated bearings 3) -« eeeeeueene: c-77
bearings Cylindrical roller bearings .....c.cccooeu... B- 93
@ Double row cylindrical roller Clutches/torque lImMiters5) - et c-77
bearings? =~ e B- 94
Radial roller
bearings E Needle roller bearings® ....c.covvuencne E- 2
@ Tapered roller bearings ) «....cooeevvee B-127
% . &crrrroed Linear ball bearings 4
Roller Double row tapered roller bearings --- B-128 It_)inee_!r e : ] e
i earings @m inear roller bearings
bearings @ Spherical roller bearings «-.wueeeeeee B-211 £
100000000 Linear flat roller bearings 4
Thrust cylindrical roller bearings® ... E- 2
Thrust roller
bearings H:H Thrust needle roller bearings 9......... E- 2
m Thrust tapered roller bearings 3
W . ) Note: 1) See Precision Rolling Bearings (CAT. No. 2260/E) for bearings of JIS 5 class or above.
Thrust spherical roller bearings ... B-254 2) See Bearings Units (CAT. No. 2400/E).

3) See Large Bearings (CAT. No. 2250/E).
4) See Needle Roller Bearings (CAT. No. 2300/E).
)

Fig. 1.2 Classification of rolling bearings 5) See the section of “Introduction of catalogs and technical reviews” for the Cat. No of bearings marked with 5.
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1.3 Characteristics

1.3.1 Characteristics of rolling bearings
Rolling bearings come in many shapes and
varieties, each with its own distinctive features.
However, when compared with sliding

bearings, rolling bearings all have the following

advantages:

(1) The starting friction coefficient is lower and
there is little difference between this and the
dynamic friction coefficient.

(2) They are internationally standardized,
interchangeable and readily obtainable.

(3) They are easy to lubricate and consume less
lubricant.

(4) As a general rule, one bearing can carry both
radial and axial loads at the same time.

(5) May be used in either high or low
temperature applications.

(6) Bearing rigidity can be improved by
preloading.

Construction, classes, and special features

of rolling bearings are fully described in the

boundary dimensions and bearing numbering

system section.

NTN

1.3.2 Ball bearings and roller bearings
Table 1.1 gives a comparison of ball bearings
and roller bearings.

Table 1.1 Comparison of ball bearings and

roller bearings

Ball bearing Roller bearing
ot o A
o ”//l///ﬂ N
g2 ‘
‘5" 5, Point contact Linear contact
&2 | Contact surface is oval | Contact surface is
S| when a load is applied. | generally rectangular
when a load is applied.
Because of point Because of linear
contact, where there is | contact, rotational
Q | little rolling resistance, | torque is higher for roller
2 | ball bearings are bearings than for ball
ﬁ suitable for low torque | bearings, but rigidity is
® | and high-speed also higher.
@ | applications.
2 | They also have
superior acoustic
characteristics.
Load capacity is lower | Load capacity is higher
for ball bearings, but for rolling bearings.
5 radial bearings are Cylindrical roller
2 | capable of bearing bearings equipped with
o | loads in both the radial | a lip can bear slight axial
Q . . . .
e and axial direction. loads. Combining
0, tapered roller bearings
< in pairs enables the

bearings to bear an axial
load in both directions.

@Classification and Characteristics of Rolling Bearings

1.3.3 Contact angle and bearing type

A contact angle is an angle made by a line that
connects the contact point of the inner ring,
rolling element, and outer ring in the radial
direction when a load is applied on the bearing
(Fig. 1.3).

Bearings with a contact angle of 45° or less
have a much greater radial load capacity and are
classed as radial bearings; whereas bearings
which have a contact angle over 45° have a
greater axial load capacity and are classed
as thrust bearings. There are also bearings
classed as complex bearings which combine the
loading characteristics of both radial and thrust
bearings.

Contact angle

Contact angle

Fig. 1.3 Contact angle

1.3.4 Load acting on bearing

Types of loads applied on rolling bearings are
given in Fig. 1.4. A moment load is caused by an
unbalanced load and misalignment.

(a) Radial load
Fr

(b) Axial load
Fa

(c) Moment load

Fig. 1.4 Types of load

A-9
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1.3.5 Standard bearings and special bearings
The boundary dimensions and shapes of
bearings conforming to international standards
are interchangeable and can be obtained
easily and economically all over the world.
It is therefore better to design mechanical
equipment that can use standard bearings.
However, depending on the type of
machine they are to be used in, and the
expected application and function, a non-
standard or specially designed bearing may
be best. Bearings that are adapted to specific
applications, and “unit bearings” which
are integrated (built-in) into a machine's
components, and other specially designed
bearings are also available.
The features of typical standard bearings are
as follows:

Deep groove ball bearing

The most common type of bearing, deep groove
ball bearings are widely used in a variety of
fields. Deep groove ball bearings can include
shielded bearings or sealed bearings with grease
to make them easier to use.

Deep groove ball bearings also include
bearings with a locating snap-ring to facilitate
positioning when mounting the outer ring,
expansion compensating bearings which absorb
dimension variation of the bearing fitting surface
due to housing temperature, and TAB bearings
that are able to withstand contamination in the
lubricating oil.

Table 1.2 Configuration of sealed ball bearings

Type Shielded type Sealed type
and | Non-contact | Non-contact| Contact Low torque
code|  type 7Z type LLB type LLU type LLH

24n3onas
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Angular contact ball bearing

The line that unites the point of contact of the
inner ring, ball and outer ring runs at a certain
angle (contact angle) in the radial direction.

Angular contact ball bearings are generally
designed with three contact angles. (Refer to
Table 1.3)

Angular contact ball bearings can support an
axial load, but cannot be used by themselves
because of the contact angle. They must instead
be used in pairs or in combination. (Refer to
Table 1.5)

Angular contact ball bearings include double
row angular contact ball bearings for which the
inner and outer rings are combined as a single
unit. (Refer to Table 1.4) The contact angle of
double row angular contact ball bearings is 25°.

There are also four-point contact bearings
that can support an axial load in both directions
by themselves. These bearings however require
caution because problems such as excessive
temperature rise and wear could occur
depending on the load conditions.

NTN

Table 1.3 Contact angle and symbol

Contact angle

Contact angle and contact angle symbol
Contact angle 15° 30° 40°

Contact angle 1)
symbol ¢ A B

Note: 1. Contact angle symbol has been abbreviated as “A".

Table 1.4 Configuration of double row angular
contact ball bearings

Type : Non-contact Contact
and | Open type sth'eeldze; sealed type | sealed type
code P LLM LLD

2

el

(2]

g

o

Table 1.5 Combinations of duplex angular
contact ball bearings

'I'ayn%e Back-to-back Face-to-face Tandem
symbol arrangement DB duplex DF arrangement DT

o ||

e | Ly

24n3onas

¢ : Distance between load centers
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Cylindrical roller bearing

Cylindrical roller bearings use rollers for rolling
elements, and therefore have a high load
capacity. The rollers are guided by the ribs of the
inner or outer ring. The inner and outer rings can
be separated to facilitate assembly, and both
can be fit with a shaft or housing tightly. If there
are no ribs, either the inner or the outer ring can
move freely in the axial direction. Cylindrical
roller bearings are therefore ideal to be used as
so-called “free side bearings” that absorb shaft
expansion. In the case where there are ribs, the
bearing can bear a slight axial load between the
end of the rollers and the ribs. Cylindrical roller
bearings include the HT type which modifies
the shape of the roller end face and ribs for
increasing axial load capacity, and the EA type
and E type with a special internal design for
enhancing radial load capacity. The EA type is
standardized for small-diameter sizes.

Table 1.6 shows the basic shapes.

In addition to these, there are cylindrical roller
bearings with multiple rows of rollers and the SL
type of full complement roller bearings without
a cage.

Table 1.6 Types of cylindrical roller bearings

Type Type NU Type NJ TTV pe ’\:\IUHP
code Type N Type NF (yﬁfH )
\ \
5 Type NU Type NJ Type NUP
0%
=1
Type N Type NF Type NH

NTN

Tapered roller bearing

Tapered roller bearings are designed so the
inner/outer ring raceway and apex of the tapered
rollers intersect at one point on the bearing
centerline. By receiving a combined load from
the inner and outer ring, the rollers are pushed
against the inner ring rib and are guided by the
rib.

Induced force is produced in the axial
direction when a radial load is applied, so it must
be handled with a pair of bearings. The inner
ring with rollers and outer ring come apart, thus
facilitating mounting with clearance or preload.
Assembled clearance is however hard to
manage and requires special attention. Tapered
roller bearings are capable of supporting large
loads in both the axial and radial directions.

NTN also has a line of case hardened steel
bearings designed for longer life (ETA-, etc.).
NTN tapered roller bearings also include
bearings with two and four rows of tapered
rollers for extra-heavy loads.

——
—
—
—
==
S
—

Subunit dimensions

E : Outer ring (cup) nominal small-end diameter
o : Nominal contact angle

Fig. 1.5 Tapered roller bearings
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Spherical roller bearing

Equipped with an outer ring with a spherical
raceway surface and an inner ring which holds
two rows of barrel-shaped rolling elements,
NTN spherical roller bearings are able to adjust
center alignment to handle inclination of the
axle or shaft.

There are a variety of spherical roller bearing
types that differ according to their internal
design.

In addition to cylindrical bore inner rings,
spherical roller bearings can be produced with
a tapered bore inner ring. The tapered bore
bearing can easily be mounted on a shaft by
means of an adapter or withdrawal sleeve.

The bearing is capable of supporting heavy
loads, and is therefore often used for industrial
machinery. When a heavy axial load is applied
to the bearing, the load on rollers of one row is
not applied, and can cause problems. Attention
must therefore be paid to operating conditions.

Table 1.7 Types of spherical roller bearings

T ULTAGE 5 c 213
type type type
S Ny yp P yp!

BEE

2in3}on.}s

NTN

Thrust bearing

There are many types of thrust bearings that
differ according to the shape of the rolling
element and application.

Allowable rotational speed is generally
low and special attention must be paid to
lubrication.

In addition to the types shown in Table 1.8
below, there are various other types of thrust
bearings for special applications.

Table 1.8 Types of thrust bearings

Single direction thrust ball Needle roller thrust

Type bearing bearings

AXK type

s ———
% AS type raceway washer

GS/WS type raceway washer

Thrust cylindrical roller Thrust self-aligning roller
bearing bearing

21n3onns

. 4

Allowable_ |
angle —H
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Needle roller bearing

Needle roller bearings use needle rollers as
rolling elements. The needle rollers are a
maximum of 6 mm in diameter and are 3 to 10
times as long as they are in diameter (JIS B1506
rolling bearings roller). Because the bearings
use needle rollers as rolling elements, the
cross-section is thin, but they have a high load
capacity for their size. Due to the large number
of rolling elements, bearings have high rigidity
and are ideally suited to oscillating motion.

There are various types of needle roller
bearings, and just a few of the most
representative types are covered here. For
details, see the catalog “Needle roller bearings
(CAT. No. 2300/E).”

Table 1.9 Main types of needle roller bearings

Type Needle roller bearing with cage

24n3onJ3S
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A unit comprised of a ball bearing inserted into
various types of housings. The housing can be
bolted onto machinery and the inner ring can be
easily mounted on the shaft with a set screw.

This means the bearing unit can support
rotating equipment without a special design to
allow for mounting. A variety of standardized
housing shapes are available, including pillow
block and flange types. The outer diameter
of the bearing is spherical just like the inner
diameter of the housing, so it is capable of
aligning itself on the shaft.

For lubrication, grease is filled inside the
bearing, and foreign particles are prevented
from entering with a shaft riding seal and slinger
shield.

For details, see the catalog “Bearing unit
(CAT. No. 2400/E)”

Grease fitting

Fig. 1.6 Bearing unit with grease fitting




Commentary

®Bearing Selection

2. Bearing selection

NTN

NTN provides rolling bearings (hereinafter referred to as bearings) of various types and dimensions.
When selecting the correct bearing for your application, it is important to consider several factors, and
analyze using various means.

2.1 Bearing selection flow chart

An example of the procedure for selecting bearings is shown in the following flow chart. When special
consideration is necessary, consult with NTN Engineering.

2Inpad0.d

SWIa)| UoIeWIUOD

Confirm operating Select bearing
conditions and - typeand

operating environment configuration

Select bearing

®Bearing S

election

NTN

Select bearing’s

Select bearing N

dimensions tolerances

@Dimensional limitations
(refer to page insert:+-A-46)
@®Bearing load
(magnitude,direction,vibration;
presence of shock load)
(refer to page insert:--A-34)
@Rotational speed
(refer to page insert::-A-106)
@Bearing tolerances
(refer to page insert:--A-54)
ORigidity
(refer to page insert---A-101)
®Allowable misalignment of
inner/outer rings
(refer to page insert---A-149)
@Friction torque
(refer to page insert:--A-110)
@Bearing arrangement
(fixed side, floating side)
(refer to page insert:-A-17)
@®Installation and disassembly
requirements
(refer to page insert::-A-150)
@Bearing availability and cost

@Function and construction of
components to house
bearings

@Bearing mounting location

®Bearing load
(direction and magnitude)

@Rotational speed
@ Vibration and shock load

@Bearing temperature
(Ambient temperature/
temperature rise)

@ Operating environment
(potential for corrosion,
degree of contamination,
extent of lubrication)

-

@Shaft runout tolerances
(refer to page insert:--A-54)
@Rotational speed
(refer to page insert---A-106)
@®Torque fluctuation

®Design life of components to
house bearings
(refer to page insert:+:A-27)
®Dynamic/static equivalent
load conditions
(refer to page insert--A-41)
@ Safety factor
(refer to page insert:--A-31)
®Allowable Speed
(refer to page insert:--A-106)
@Allowable axial load
(refer to page insert:--A-31)
®Allowable space
(refer to page insert--A-46)

internal

N Select cage type
and material

clearance

Select lubricant,

Hp lubrication method,

sealing method

Select any
special bearing

N Confirm handling
procedures

specifications

@ Material and shape of

shaft and housing

(refer to page insert:-:A-146)
@Bearing Fits

(refer to page insert:--A-75)
@Temperature differential

between inner/outer

rings

(refer to page insert:-+A-92)
@®Allowable misalignment

of inner/outer rings

(refer to page insert:-:A-149)
®Load (magnitude, nature)

(refer to page insert:-A-34)
@®Amount of preload

(refer to page insert:-:A-100)
@Rotational speed

(refer to page insert--A-106)

@Rotational speed
(refer to page insert--A-106)
@®Noise level
@ Vibration and shock load
@®Momentary load
@Lubrication type and
method
(refer to page insert-A-111)

@®Operating temperature @®Operating @ Installation-related
(refer to page insert:--A-164) environment dimensions

@Rotational speed (high/low (refer to page insert-A-148)
(refer to page insert:--A-106) temperature, @|nstallation and

@ Lubrication type and vacuum, disassembly procedures
method pharmaceutical, etc.) (refer to page insert:--A-152)

(refer to page insert-:A-111)
®Sealing method

(refer to page insert--A-124)
®Maintenance and

inspection

(refer to page insert:--A-164)

@®Requirement for high
reliability

uoean3iyuod pue adA} Sulieaq Jo uod|eS

(1) Dimensional limitations

There is a wide range of standardized bearing
types and dimensions. Typically, for bearing used
in machines, it is necessary to select the optimal
bearing type and dimension that fits the space
allowed in the machine.

(2) Bearing load

There can be various directions, characteristics,
and magnitudes of loading that act on bearings.
However, in determining the appropriate bearing
type, it is also necessary to consider whether
the acting load is a radial load only or combined
radial and axial load. In addition, it is necessary
to determine what bearing type and size is
appropriate based on the basic load rating,
specified in the bearing dimension table, while
considering the magnitude of the load being
applied.

(3) Rotational speed

The allowable speed of a bearing will differ
depending upon bearing type, size, tolerances,
cage type, load, lubricating conditions, and
cooling conditions.

The allowable speeds listed in the bearing
tables for grease and oil lubrication are for
normal tolerance NTN bearings. In general,
deep groove ball bearings, angular contact ball
bearings, and cylindrical roller bearings are most
suitable for high speed applications.

(4) Bearing tolerances

The dimensional accuracy and operating
tolerances of bearings are regulated by ISO and
JIS standards.

For equipment requiring high tolerance shaft
runout or high speed operation, bearings with
Class 5 tolerance or higher are recommended.

Deep groove ball bearings, angular contact
ball bearings, and cylindrical roller bearings are
recommended for high rotational tolerances.
(5) Rigidity
Elastic deformation occurs along the contact
surfaces of a bearing’s rolling elements and
raceway surfaces under loading. With certain
types of equipment it is necessary to reduce this
deformation as much as possible. In general,
roller bearings exhibit less elastic deformation

than ball bearings. Furthermore, in some cases,
bearings are given a load in advance (preloaded)

to increase their rigid

commonly applied to deep groove ball bearings,
angular contact ball bearings, and tapered roller

bearings.

(6) Misalignment of
Shaft flexure, variatio

accuracy, and fitting errors result in a certain
degree of misalignment between the bearing'’s
inner and outer rings. In situations where the

ity. This procedure is

inner and outer rings
ns in shaft or housing

(8) Installation and disassembly
Some applications require frequent disassembly

and reassembly to enable periodic inspections

and repairs. For such applications, bearings with
separable inner/outer rings, such as cylindrical

roller bearings, needle roller bearings, and
tapered roller bearings are most appropriate.
Incorporation of adapter sleeves simplifies the

installation and disassembly of self-aligning
ball bearings and spherical roller bearings with
tapered bores.

degree of misalignment is liable to be relatively
large, self-aligning ball bearings, spherical roller
bearings, bearing units and other bearings with
aligning properties are advisable.(Refer to Fig. 2.1)

(7) Noise and torque levels

Rolling bearings are manufactured and processed
according to high precision standards, and
therefore generally produce only slight amounts
of noise and torque. For applications requiring
particularly low-noise or low-torque operation,
deep groove ball bearings and cylindrical roller
bearings are most appropriate.

N
Allowable
misalignment

\

/
/
— 1
k.u' o
Self-aligning Self-aligning
ball bearing roller bearing

Fig. 2.1
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2.2 Type and characteristics

Table 2.1 shows the main types and characteristics of rolling bearings.

Table 2.1 Main types of rolling bearings and performance comparison

NTN

Bearing type Deep Angular | Doublerow | Duplex | Self-aligning | Cylindrical | Singleflange | Doubleflange | Double row | Needle
groove ball | contact ball | angular angular ball roller cylindrical | cylindrical | cylindrical roller
bearings | bearings | contactball | contactball | bearings | bearings roller roller roller bearings
bearings | bearings bearings bearings bearings
Characteristics @
s Radial load PAQA
Q
o ¥ Y
13 Axialload | < » - - X X
E Both directions Both directions Both directions
= Combined load Yeve e St X X
High speed rotation ) Y

Accuracy under high speed )

Low noise/vibration

Low friction torque

High rigidity )

Vibration/shock resistance

Allowable misalignment for

inner/outer rings
Stationary in axial direction 2 OforDBandDF|
i axial directi F
Movable in axial direction 3 RrDB it
Separable of inner and
outer rings )
Tapered bore inner ring >
Duplex NU NJ NUP, NP, | NNU NAt
Remarks arrangement g , » NP, g ype
requirged N type NF type NH type NN type
Reference page B-17 B-57 B-59 B-57 B-79 B-93 B-93 B-93 B-94 E-2

®Bearing Selection NTN
Tapered |Double-row,| Spherical | Thrust ball Thrust Thrust Bearing type
roller 4-row roller bearings | cylindrical | spherical
bearings tapered bearings roller roller
roller bearings bearings | Referen
bearings ce page
Characteristics
Radial load |~
o
a
Axial load 8
One direction Both directions | One direction | One direction | One direction E
X X X Combined load g
g AS * A-106 | High speed rotation 1)
¥ A-54 | Accuracy under high speed ) 1) Particularly excellent
‘ —— Excellent
e — | Low noise/vibration 1)  © Highly possible
A-110 | Low friction torque 1) % : Possible
X Poor
— | Highrigidity
A-34 | Vibration/shock resistance 1) 2 p :‘md!cates d_ua\ d”?““’.”' .
Oindicates single direction axial
e e ~ Allowable misalignment for movement only.
) % o A-149 inner/outer rings 1)
N o 3) Oindicates movement in the
A-17 | Stationary in axial direction 2 ™ 5 o) irection is possible for the
A-17 | Movable in axial direction 3) raceway surface; Oindicates
- movement in the axial direction
— | Separable 01)'"”9' and is possible for the fitting surface
outer rings of the outer ring or inner ring.
A-147 | Tapered bore inner ring 5)
Duplex Including 4) Oindicates both inner ring and
arrangement thrust needle — | Remarks outer ring are separable.
required roller bearings
B-128 5) Oindicates inner ring with
B-127 C-36 B-211 B-253 E-2 B-254 Reference page tapered bore is possible.

2.3 Selection of bearing arrangement

In general, a shaft is supported by two bearings.
A bearing that positions and fixes the shaft
in the axial direction is called the “fixed side
bearing” and a bearing that allows the axial
movement is called the “floating side bearing.”
This allows expansion and contraction of the
shaft due to temperature variation and absorbs
errors in the bearing mounting clearance. Fixing
two bearings without providing a floating side
bearing applies an excessive load on bearings
because of the expansion and contraction or the
error, damaging the bearings at an early stage.
The fixed side bearing is able to support
radial and axial loads. A bearing that can fix axial
movement in both directions should therefore
be selected. A floating side bearing that
allows movement in the axial direction while

supporting a radial load is desirable. Movement
in the axial direction occurs on the raceway
surface for bearings with separable inner and
outer rings such as cylindrical roller bearings,
and occurs on the fitting surface for those
which are not separable, such as deep groove
ball bearings.

When shaft expansion and contraction due to
temperature fluctuations is slight, the same type
of bearing may be used for both the fixed-side
and floating-side bearing.

Table 2.2 (1) shows typical bearing
arrangements where the bearing type differs
on the fixed side and floating side.Table 2.2 (2)
shows some common bearing arrangements
where no distinction is made between the fixed
side and floating side. Vertical shaft bearing
arrangements are shown in Table 2.2 (3).
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Table 2.2 (1) Bearing arrangement (distinction between fixed and floating-side)

Arrangement

Fixed side

Floating side

Remarks

Application
(Reference)

I

s

N

. General arrangement for small machinery.
. For radial loads, but will also accept axial loads in some degree.

Small pumps,
auto-mobile
transmissions, etc.

0

HILF

F

[

N

. Suitable when mounting error and shaft deflection are minimal or

used for high rotational speed application.

. Even with expansion and contraction of shaft, the floating side

moves smoothly.

Medium-sized
electric motors,
ventilators, etc.

L

w

fixed bearings.

. Requires high precision shafts and housings, and minimal fitting

o 1. Relatively heavy radial loading and dual direction of axial loading Worm gears,
possible. reducers,
2. In place of duplex angular contact ball bearings, double-row compressors
(7 angular contact ball bearings are also used.
1. Heavy loading capable. Industrial
2. Shafting rigidity increased by preloading the two back-to-back machinery,

large reducers

errors.
1. Allows for shaft deflection and fitting errors. Conveyors
2. By using an adapter on long shafts without screws or shoulders,
bearing mounting and dismounting can be facilitated.
3. Self-aligning ball bearings are used for positioning in the axial
direction, and not suitable for applications requiring support of
axial load.
1. Widely used in general industrial machinery with heavy and shock | Industrial
* — load demands. machinery,
2. Allows for shaft deflection and fitting errors in some degree. large reducers
7) (7 3. Accepts radial loads as well as dual direction of axial loads in some
degree.
o — 1. Accepts radial loads as well as dual direction axial loads in some Industrial
degree. machinery,
7) 2. Suitable if an inner and outer ring tight fit is required. large reducers

IR

[

N

. Capable of handling large radial and axial loads at high rotational

speeds.

. Maintains clearance between the bearing’s outer diameter and

housing inner diameter to prevent deep groove ball bearings from
receiving radial loads.

Diesel locomotives,
carriage axles

®Bearing Selection

NTN

Table 2.2 (2) Bearing arrangement (no distinction between fixed and floating-side)

Application
Arrangement Remarks (Reference)
‘ | 1. General arrangement for use in small machines. Small electric
2. Preload is sometimes applied by placing a spring on the outer motors,
ring side surface or inserting an adjusted shim. small reduction
(can be floating-side bearings.) gears, etc.
1. Back-to-back arrangement is preferable to face to face Machine tool
T arrangement when moment load applied. spindles, etc.
2. Able to support axial and radial loads; suitable for high-speed
( O ( 7) rotation.
3. Rigidity of shaft can be enhanced by providing preload.
1. Capable of supporting heavy loads and impact loads. Construction
2. Suitable if an inner and outer ring tight fit is required. equipment,
3. Care must be taken so axial clearance does not become too mining equipment
small during operation sheaves, agitators,
etc.
1. Withstands heavy and shock loads. Wide range application. Reduction gears,
:[E» ﬂ 2. Shaft rigidity can be enhanced by providing preload, but make front and rear axle
sure preload is not excessive. of automobiles,
3. Back-to-back arrangement for moment loads, and face-to-face etc.
Back-to-back arrangement arrangement to alleviate fitting errors.
4. With face-to-face arrangement, inner ring tight fit is facilitated.
Face-to-face arrangement
Table 2.2 (3) Bearing arrangement (Vertical shaft)
Application
Arrangement Remarks PP
(Reference)
1. When a fixing bearing is a duplex angular contact ball bearing, Vertically
the floating bearing should be a cylindrical roller bearing. mounted electric
motors, etc.

.

A

)

i

1. Most suitable arrangement for very heavy axial loads.

2. Shaft deflection and mounting error can be absorbed by
matching the center of the spherical surface with the center of
spherical roller thrust bearings.

Crane center
shafts, etc.
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3. Load rating and life

3.1 Bearing life

Even in bearings operating under normal
conditions, the surfaces of the raceway and
rolling elements are constantly being subjected
to repeated compressive stresses which causes
flaking of these surfaces to occur. This flaking is
due to material fatigue and will eventually cause
bearings to fail.

The effective life of a bearing is usually defined
in terms of the total number of revolutions a
bearing can undergo before flaking of either the
raceway surface or the rolling element surfaces
occurs.

Other causes of bearing failure are often
attributed to problems such as seizing,
abrasions, cracking, chipping, scuffing, rust, etc.
However, these so called “causes” of bearing
failure are usually themselves caused by
improper installation, insufficient or improper
lubrication, faulty sealing or improper bearing
selection.

Since the above mentioned “causes” of
bearing failure can be avoided by taking proper
precautions, and are not simply caused by
material fatigue, they are considered separately
from the flaking aspect.

3.2 Basic rating life and basic dynamic load
rating

A group of seemingly identical bearings when
subjected to identical loads and operating
conditions will exhibit a wide diversity in their
durability. This “life” disparity can be accounted
for by the difference in the fatigue of the bearing
material itself.

This disparity is considered statistically when
calculating bearing life, and the basic rating life
is defined as follows.

The basic rating life is based on a 90%
statistical model which is expressed as the
total number of revolutions 90% of the
bearings in an identical group of bearings

NTN

subjected to identical operating conditions will
attain or surpass before flaking due to material
fatigue. For bearings operating at fixed
constant speeds, the basic rating life (90%
reliability) is expressed in the total number of
hours of operation. Basic dynamic load rating
expresses a rolling bearing's capacity to support
a dynamic load.

The basic dynamic load rating is the load
which a bearing can theoretically endure for
a basic rating life of one million revolutions.
This is expressed as pure radial load for radial
bearings and pure axial load for thrust bearings.
These are referred to as “basic dynamic radial
load rating (Cr)" and “basic dynamic axial load
rating (Ca).”

The basic dynamic load ratings given in the
bearing tables of this catalog are for bearings
constructed of NTN high quality bearing
materials and of good manufacturing quality.

The relationship between the basic rating life,
the basic dynamic load rating and the dynamic
equivalent load is shown in formulas (3.1) and
(3.2).

3

For ball bearings : L10 :(%) --------- (3.1)
10/3

For roller bearings: L1o :(%) O (3.2)

Where:

L10 : Basic rating life 10° revolutions

C : Basic dynamic load rating N
Radial bearing Cr
Thrust bearing Ca

P : Dynamic equivalent load N
Radial bearing Pr
Thrust bearing Pa

1) For more details, please refer to the section “4. Bearing
load calculation.”

The relationship between rotational speed n
and speed factor fn as well as the relationship
between life factor fh and basic rating life L1oh
are shown in Table 3.1 and Fig. 3.1.

®Load Rating and Life

NTN

Table 3.1 Bearing basic rating life, life factor, and speed factor

Division Ball bearing Roller bearing
Basic rating life 10° (Q)a =500 fr 10° (Q)lw =500 fh10/3
Lioh h 60n ‘P 60n ‘P
Life factor T C Sn Lon
fhn P P
Speed factor (33.3)1/3 (33.3)3/10
Jn e "
Ball bearing Roller bearing
n Jn Laon Sh n Sn Laon fn
min~t h min™* h
80000 —— 54 80 000 ____44;.6
60 000 —— 0.082 = 60 000 —— 0.106 N
£ o 60000—£" 5 ¥ 60000~
40000 ¥ —+ 45 40000 4 0.12 —+—4
30000 % 010 = 30000 3
= 40000 = 3 40000 —
E + 014 E
20000 - 0.12 30000—E 4 20000 4 30000 3%
15000 ES 15000 - 0.16 E
E 014 Zas -
10 000—F 20000 —f 10 000 —¢- 018 200004 3
8000 —f- 0.16 8000 —F 0.20
6000 % o8 15000 . 15000
g I 3 1 o2 3
4000 4— 0. 3 P
ES 1z 4000 4 0.24 25
3000 - 0.22 SO + 3000 = 026 ooy =
024 8000 25 + 028 8000 —F
2000 F 56 =3 2000 —F a3
Eo. E 030
1500 4 0.28 6000 =4 6000—F
gl E 1500
- 0.30 =+ . + 2
1000 — a000—4—2  1000— 4000+ -°
800 L 035 = 80— o, 318
L 3000 = 1.8 600 3000—% 1.7
= + 17 3
400 4 3 400 + 16
= 2000 - 16 3004 95 2000—% 15
F 05 15 E3 ’
200 & 1500 — 14 200 44 1500—F 14
150 06 = 13 150 —f F13
E 1000 —+ E 1000 —f
100 — 47 900 —F- 12 100 07 900 — 12
80—+ 800 —f 80— 800 —F
60— 08 700 — 11 B 0.8 700 —=F 11
2 600 =& SO 600 —
F09 +09 E
40 5 2 aa 500 — 1.0 40— 500 ——1.0
304 ™ 400 - 095 30§ 10 400 —F 0.95
+ 11 F 0% £
P s 3 e + 090
1. 300 —F 085 20—%£ 1, 300 —E 085
15 513 F- 080 15— 43 .
=14 0.75 =~ . o8
1o ——149 200 =574 0 E 7144  200—1—076

Fig. 3.1 Bearing life rating scale

A-21

Note 7: Rotational speed min-1
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When several bearings are incorporated in
machines or equipment as complete units, all
the bearings in the unit are considered as a
whole when computing bearing system life (see
formula 3.3).

Where:
L : Total basic rating life of entire unit, h
L1, L2-+-Ln : Basic rating life of individual
bearings 1, 2, -=:n, h
e:e=10/9 - For ball bearings
- For roller bearings
When the load conditions vary at regular
intervals, the life can be given by formula (3.4).

o1 P2 ;1
Lm = <L_1+L_2 L.J )

Where:
Lm : Total life of bearing, h
®; : Frequency of individual load conditions
Goj=1)
Lj : Life under individual conditions, h
If dynamic equivalent load P and rotational
speed 7 are operating conditions of the bearing,
basic rated dynamic load C that satisfies
required life of the bearing is determined using
Table 3.1 and formula (3.5). Bearings that
satisfy the required C can be selected from
the bearing dimensions table provided in the
catalog.

Jh
Jn

C=P

3.3 Adjusted rating life

The basic bearing rating life can be calculated
through the formulas mentioned earlier in
Section 3.2. However, in some applications
bearing reliability higher than 90% may be

NTN

required. In addition, bearing life may be
enhanced by the use of specialty bearing
materials or manufacturing processes. Bearing
life is also sometimes affected by operating
conditions such as lubrication, temperature and
rotational speed.

Basic rating life adjusted to compensate
for reliability, special bearing materials
and enhancements, and specific operation
conditions is called "adjusted rating life,” and is
determined using formula (3.6).

Lna=al a2 a3 - L1Q -wrerereeeee (36)
Where:

Lna : Adjusted rating life in millions of
revolutions (10°)

a1 : Life adjustment factor for reliability

a2 : Life adjustment factor for special
bearing properties

a3 : Life adjustment factor for operating
conditions

3.3.1 Life adjustment factor for reliability a1
The value of life adjustment factor for reliability
a1 is provided in Table 3.2 for reliability of 90%
or greater.

3.3.2 Life adjustment factor for special
bearing properties a2

Bearing characteristics concerning life vary

according to bearing material, quality of material

and if using a special manufacturing process. In

this case, life is adjusted using life adjustment

factor for special bearing properties a2.

The basic dynamic load ratings listed in the
catalog are based on NTN's standard material
and the adjustment factor used is a2 = 1.
However, an adjustment factor of a2 other than 1
may be used for bearings with specially enhanced
materials and manufacturing methods.

[NOTE: a2 < 1 may occur for temperature
stabilization]

a2 > 1 may be used for bearings with specially
improved materials and manufacturing methods.

®Load Rating and Life

Bearings made of high carbon chrome
bearing steel, conventionally heat treated, may
experience dimensional changes during operation
if used at high temperatures for extended periods
of time. Temperature stabilization treatment
(TS treatment) can be used to provide increased
dimensional stability of bearing materials at
high operational temperatures. However, the
dimensional stabilization treatment results in a
lower overall hardness of heat treated bearing
materials; therefore, the life is adjusted by
multiplying by life adjustment factor for special
bearing properties a2 given in Table 3.3.

For further clarification please consult with
NTN Engineering.

Table 3.2 Life adjustment factor for

reliability a1
Reliability % | Lo L'fefzfjr‘;fggﬁi'l;f;ft°r
90 Lo 1.00
95 Ls 0.64
96 La 0.55
97 L3 0.47
98 L2 0.37
99 L1 0.25
99.2 Los 0.22
99.4 Los 0.19
99.6 Loa 0.16
99.8 Loz 0.12
99.9 Lo 0.093
99.92 Loos 0.087
99.94 Lo.oe 0.080
99.95 Loos 0.077

Table 3.3 Treatment for dimensional
stabilization

Max. operating | Life adjustment factor for

Geit temperature °C | special bearing properties a2
TS2 160 1.00
TS3 200 0.73
TS4 250 0.48

Please consult NTN Engineering for life
adjustment factor for special bearing properties
(a2) when using dimensional stabilization
treatment combined with any specialty bearing
material.

NTN

3.3.3 Life adjustment factor for operating

conditions a3

Life adjustment factor for operating conditions

a3 is used to compensate for when lubrication

condition worsens due to a rise in temperature

or rotational speed, lubricant deteriorates or it

becomes contaminated with foreign matter.
Generally speaking, when lubricating

conditions are satisfactory, the a3 factor has a

value of 1.0; and when lubricating conditions are

exceptionally favorable, and all other operating
conditions are normal, a3 can have a value
greater than 1.0. The factor a3 may be less than

1.0 due to the following cases:

@ Dynamic viscosity of lubrication is too low for
bearing operating temperature
(13 mm2/s or less for ball bearings, 20 mm2/s
or less for roller bearings as a standard)

@ Rotational speed is particularly low (when
the product of pitch diameter Dpw mm and
rotational speed » min~1is Dpw - % < 10 000)

@ Lubricant contaminated with foreign matter
or moisture

If using a special operating condition, consult
with NTN Engineering.

The operating life may be also shortened by
misalignment and operating clearance but these
operating conditions are not accounted for by
the a3 factor. (See sections “3.7 Misalignment
angle (installation error) and life” and “3.8
Clearance and life.")

Even if a2 > 1 is used for specialty bearings
made of enhanced materials or produced by
special manufacturing methods, a2 x a3 < 1is
used if lubricating conditions are not favorable.

When an excessively heavy load is applied,
harmful plastic distortion may result at the
contact surfaces between the rolling elements
and raceways. The formulae for determining
basic rating life (3.1, 3.2, and 3.6) do not apply if
Pr exceeds either Cor (basic static load rating) or
0.5 Cr for radial bearings, or if Pa exceeds 0.5 Ca
for thrust bearings.
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3.4 Modified rating life

3.4.1 Background

Adjusted rating life Lna of bearings is as

shown in formula (3.6). System conditions
corresponding to a2 and a3 are considered
independently in that approach. However, it is
desirable to consider the integrated system as
a whole, resulting in adoption of 1ISO281:2007.
This approach considers life modification
factor aiso, which provides a more practical
method to consider the influence of lubrication,
contamination and fatigue load on bearing life.
Based on these decisions in ISO 281, JISB 1518
was similarly revised in 2013.

Modified rating life Lnm using life
modification factor aiso can be obtained by
formula (3.7).

Lom = a1 iSO * 110 +wrererrrereerenes (3‘7)

3.4.2 Life modification factor aiso

The life modification factor, aiso, is a function
of lubrication, contamination, material
characteristics, and load as shown in formula
3.8.

aiso = f ECPCu S i) e (3.8)

Where:
Cuy : Fatigue load limit

The fatigue load limit is a load applied on
bearings that results in the fatigue limit
stress at the maximum loaded contact
within the raceway. This depends on
the bearing type, internal specifications,
quality, and material strength. In ISO
281:2007, 1.5GPa is recommended as
contact stress corresponding to Cy for the
bearings made of commonly used high
quality material and good manufacturing
quality. The fatigue load limit values with
respect to the NTN bearing numbers are
specified in each specification table.

NTN

ec : Contamination factor
The presence of hard particle
contaminants in the lubricant (oil) have
the potential to form indentations on
the raceway surface, resulting in surface
initiated damage and in reduction in
bearing life. Contamination factor ec
considers this and depends on the level
of contamination, bearing size, and
lubricant viscosity (oil film thickness). As
shown in Table 3.4, approximate values
are determined by the bearing size (may
be substituted by rolling element pitch
diameter Dpw, average bearing diameter
(d + D)/2), filtration and seal structures
(including presence of pre-washing).

« @ Viscosity ratio
Bearings are used on the assumption that
the rolling contact surface is separated
by the lubricant. However, when the
viscosity of the lubricant is low, separation
becomes insufficient and metal to metal
contact occurs, causing surface initiated
damage. Viscosity ratio « considers this
effect and is represented by formula (3.9)
by the ratio of dynamic viscosity v in
use with respect to reference dynamic
viscosity v1 of the lubricant.

Reference dynamic viscosity v1 depends
on rotation speed n and size (Dpw), and can
be obtained by Fig. 3.2 or formula (3.10) and
formula (3.11).

®Load Rating and Life

Table 3.4 Value of contamination factor ec

ec

Level of contamination Dpw< | DpwZ
100mm | 100mm

Extreme cleanliness
Particle size of the order of lubricant
film thickness; laboratory conditions

High cleanliness

Qil filtered through extremely fine filter;
conditions typical of bearing greased for
life and sealed

0.8~0.6(0.9~0.8

Normal cleanliness

QOil filtered through fine filter; conditions
typical of bearings greased for life and
shielded

0.6~0.5|0.8~0.6

Slight contamination

Slight contamination in lubricant 0.5~0.310.6~0.4

Typical contamination

Conditions typical of bearings without
integral seals; course filtering; wear
particles and ingress from surroundings

0.3~0.1{0.4~0.2

Severe contamination

Bearing environment heavily
contaminated and bearing arrangement | 0.1~0 | 0.1~0
with inadequate sealing

Very severe contamination 0 0
Y1, mm?/s
1000 [ >
E \ N
500 > S
0 ™
200 Qf\
N S0 \
100 F 0
x \
50 ~_
\ \
20
L \ ™~
10 s
5 : S0 ~
2 \ N Dpw'mm

3 h
10 20 50 100 200 500 1000 2000

Fig. 3.2 Diagram for reference dynamic
viscosity v1

Inthe case of 7 < 1.000min-1,
v1 =45 000 7083 DpW—O.S ......... (3.10)

Inthe case of % = 1 000min~1,

v1=4500 705 DprO.S ............ (3.11)

NTN

Fig. 3.3 shows the relationship among Cu/P,
ec, « and, aiso of radial ball bearings. Using the
figure has the following restrictions:

1) For practical use, the life modification factor
shall be limited aiso< 50.

2) Inthe case of « >4, « =4 shall be assumed.
The same approach does not apply in the
case of ¥ <0.1.

Diagrams for radial roller bearings, thrust ball
bearings, and thrust roller bearing have also
been presented (Figs. 3.4 to 3.6). The diagrams
can be applied regardless of lubrication
types; however, for grease lubrication, special
additives, and special rotating behaviors, consult
with NTN Engineering.

aiso
k=42 108 06 05

Z /
(RN /N
\NREY//aas"

0.2

05 % 015

A A A A
e
01— 01

0.005 0.01 002 005 01 02 05 1 2 5 ecCy/P

Fig. 3.3 Life modification factor aiso
(radial ball bearing)
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aiso 9 08
) K4// 1/
20
e

. i/
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2
1 0.4
o 03

% [ 02
02 == - é 0.15
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01 = 01
0005 001002 00501 02 05 1 2 5 ecCo/P

Fig. 3.4 Life modification factor aiso
(radial roller bearing)
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Fig. 3.5 Life modification factor aiso
(thrust ball bearing)
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: 1l
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—_
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2
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0005 001002 00501 02 05 1 2 5 eCy/P

Fig. 3.6 Life modification factor aiso
(thrust roller bearing)

3.4.3 Applicable bearings of modified rating life
Fatigue load limit Cy used for the calculation

of life modification factor aiso depends on

the bearing materials. NTN bearings that

have undergone standard through hardening
(immersion quenching) and is made of bearing
steel, the fatigue load limit value with respect

to each bearing number is specified in each
dimension table, and aiso can be applied.
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3.5 Machine applications and requisite life

When selecting a bearing, it is essential that

the requisite life of the bearing be established

in relation to the operating conditions. The
requisite life of the bearing is usually determined
by the type of machine in which the bearing will
be used, and duration of service and operational

NTN

reliability requirements. A general guide to these
requisite life criteria is shown in Table 3.5.

When determining bearing size, the fatigue
life of the bearing is an important factor;
however, besides bearing life, the strength and
rigidity of the shaft and housing must also be
taken into consideration.

Table 3.5 Machine application and requisite life (reference)

) . Machine application and requisite life L1ioh x10%hours
Service classification
Upto4 4to12 12to 30 30to 60 60 or more
Machines used for short | Household Farm machinery
periods or used only appliances Office equipment

occasionally

Electric hand tools

Short period or

Medical appliances

Home

Crane (sheaves)

intermittent use, but Measuring air-conditioning
with high reliability instruments motor
requirements Construction

equipment

Elevators

Cranes
Machines not in Automobiles Small motors Machine spindles Main gear drives
constant use, but used Two-wheeled Buses/trucks Industrial motors Rubber/plastic
for long periods vehicles General gear drives | Crushers Calender rolls

Woodworking
machines

Vibrating screens

Printing machines

Machines in constant
use over 8 hours a day

Roll neck of steel
mill

Escalators
Conveyors
Centrifuges

Railway vehicle
axles

Air conditioners
Large motors
Compressor
pumps

Locomotive axles
Traction motors
Mine hoists
Pressed flywheels

Papermaking
machines
Propulsion
equipment for
marine vessels

24 hour continuous
operation,
non-interruptible

Water supply
equipment

Mine drain
pumps/ventilators
Power generating
equipment
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3.6 Weibull distribution and life
adjustment factor for reliability

As described in “3.2 Basic rating life and basic
dynamic load rating,” a group of seemingly
identical bearings when subjected to an
identical load and operating conditions may
exhibit a wide variation in their durability. In
general, this variation is known to follow the
“Weibull distribution,” and the basic theory is
constructed on the premise that the bearing
operating life follows the Weibull distribution
also regarding the life calculation formulae (3.1)
and (3.2) and the calculation formula of the
basic dynamic load rating C.

As an index representing the variation of

NTN

the Weibull distribution, there is a coefficient
called a Weibull slope. A value 10/9 for ball
bearings and 9/8 for roller bearings are given in
the basic life calculation theory of ISO and JIS.
According to this, for example, for a deep groove
ball bearing, a difference of 5 times or more is
generated between the L1g life of 90% reliability
and the Lso life of 50% reliability.

In some applications where a bearing is used,
a life study with reliability exceeding 90% may
be required, and in such a case, a life adjustment
factor for reliability a1 is used. In the latest ISO
(ISO 281:2007) and JIS (JIS B 1518:2013), a1
values were updated based on measured test
data (see Fig. 7). Table 3.2 shows the latest a1
values after review.

10.000 90.000

5.000 ~ 95.000

.
/
Y4
1.000 // 99,000
II V4

~ 0500 7/ 99.500
g ’/
> . =
= Diagram based on P / S
Q0 .
8 0100~ —\ 1ISO 281:1990 L/ \ 59,900 :?
[} AN V4 VA \ —_
[< \ v 4 \ Q
a 0050 N\~ = —99.950 .
£ \ Diagram based on tﬁ &
= ISO 281:2007 L
(VIR

0.010 99.990

|
0.005 99.995
7
/
/
0.001 / 99.999
0.001 0.010 0.100 1.000

Life adjustment factor for reliability a1

Fig. 7 Life adjustment factor for reliability a1
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3.7 Misalignment angle (installation error)
and life

A lack of accuracy and/or rigidity of the shaft
or housing can cause misalignment between
the bearing inner and outer rings similar to an
externally applied moment load.

The bearing operating life calculation in the case
of receiving a moment load cannot be obtained
by the commonly used L = (Cr/ Pr) F, which is
generally used, and it is necessary to obtain it
considering the internal design, clearance, etc. of
each bearing.

Since the life decrease rate differs depending
on the internal clearance, the load condition,
and the internal design, it is necessary to
calculate the ratio under individual conditions,
and the rate cannot be given as a factor in
general.

Fig. 3.8 and Fig. 3.9 show the results of
detailed calculation of the relationship between
the misalignment angle (installation error) and
the life of a deep groove ball bearing and a
cylindrical roller bearing.

See Table 14.6 in section “14. Shaft and
housing design” for the rough standard
of allowable misalignment and allowable
misalignment of each bearing type.

For further clarification please consult with
NTN Engineering.

A-29

NTN

12
10 \'. .
\
08 :
fe! \ v
- " [\
© 06 Y N
o \ N
504 AVEERN
02 A
~—
00
o 1t 2 3 4 5 & 7

. x1073
misalignment amount (mm/mm)

Fig. 3.8 Misalignment angle and life ratio of
deep groove ball bearing
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3.8 Clearance and life

It is very difficult to accurately determine what
the clearance of a rolling bearing should be in a
normal operating state.

When a bearing is subjected to a simple load
and full rotation slight clearance is preferable.
However, too large of a clearance can cause
life deterioration and vibration. In contrast,

a negative clearance (preload) can extend

the operating life and prevent shaft runout.
However, too large of a preload increases friction,
temperature rise, lubrication degradation and
can cause seizures in extreme cases.

As a general guideline a target of zero
operating clearance should be acceptable.

1) Clearance and rolling element load W
(1) In the case of bearing clearance larger
than O [Fig. 3.11], load distribution £< 0.5
holds. The maximum rolling element load
becomes larger than when the bearing
clearance is zero [Fig. 3.10].

[Load factor & and conceptual diagram]

Fig.3.10
e=0.5 ¢=+90°
Radial clearance 0

Fig.3.11
0<e<0.5 0<y<90°
There is radial clearance

Fig.3.12
0.5<e<1
90°< ¢y <180°
Radial preload state,
or large axial load

NTN

(2) Fig. 3.13 shows an ideal graph in which
operating in a slightly preloaded condition
results in maximum bearing life.

1.2

1.0

0.8

0.6

Life ratio L/L10

0.4

0.2

0
— Bearing clearance +

Fig. 3.13 Bearing clearance and life ratio
3.9 Basic static load rating

It has been found through experience that a
permanent deformation of 0.0001 times the
diameter of the rolling element, occurring at the
most heavily stressed contact point between

the raceway and the rolling elements, can be
tolerated without any subsequent impariment of
bearing operation.

Testing indicates the above level of permanent
deformation corresponds to a calculated contact
stress as shown below. The basic static load
rating is defined as the static applied load which
results in such a contact stress at the center of
the contact patch between the raceway and the
rolling element receiving the maximum load.

Roller bearings: 4 000 MPa

Ball bearings

(excluding self-aligning ball bearings): 4 200 MPa
Self-aligning ball bearings: 4 600 MPa

®Load Rating and Life

Referred to as "basic static radial load rating”
for radial bearings and “basic static axial load
rating” for thrust bearings, the basic static load
rating is expressed as Cor or Coa respectively and
is provided in the bearing dimensions table.

3.10 Allowable static equivalent load

Generally the static equivalent load which
can be permitted (See page A-41) is limited
by the basic static load rating as stated in
Section 3.9. However, depending on application
requirements regarding friction and smooth
operation, these limits may be greater or lesser
than the basic static load rating.

This is generally determined by taking the
safety factor So given in formula (3.12) and
guidelines of Table 3.6 into account.

So: Safety factor

Co: Basic static load rating, N
Radial bearing: Cor
Thrust bearing: Coa

Po: Static equivalent load, N
Radial bearing: Por
Thrust bearing: Poa

Table 3.6 Minimum safety factor values So

Operating conditions beBa?_!Lg b%glrli?{g
Applications that require quiet rotation 2 3
Applications subjected to impact loads 15 3
Normal rotation applications 1 1.5

Note: 1. For spherical thrust roller bearings, min. So value = 4.

2. For shell needle roller bearings, min. So value = 3. However,
for premium shells (see the catalog: CAT. No. 3029/JE),
min. So value = 2.

3. When vibration and/or shock loads are present, a load
factor based on the shock load needs to be included in the
Po max value.

4. If alarge axial load is applied to deep groove ball bearings
or angular ball bearings, the contact ellipse may exceed the
raceway surface. For more information, please contact
NTN Engineering.

5. When an AS type raceway washer is used in a thrust
bearing, min. So value = 3.

NTN

3.11 Allowable axial load

Radial bearings can also receive axial loads, but
load is limited depending on the bearing type.

(1) Ball bearing
When an axial load acts on ball bearings, such as
deep groove ball bearings and angular contact
ball bearings, the contact angle changes with
the load. The contact ellipse formed between
the ball and the raceway surface may protrude
from the groove when the load exceeds the
allowable range.

This contact surface has an elliptical shape
in which 1/2 the major diameter becomes a as
shown in Fig. 3.14. The maximum allowable
axial load is the maximum applied load in which
the contact ellipse does not exceed the shoulder
of the raceway groove. It is important to note
that the axial load must result in Pmax < 4200
MPa even if the contact ellipse does not exceed
the shoulder of the groove. The allowable axial
load differs depending on the bearing internal
clearance, groove curvature, and groove
shoulder dimension.

When a combination radial and axial load is
applied, verify truncation does not occur at the
maximum loaded rolling element.

a : Contact angle
a: Contact ellipse 1/2 major diameter

Fig. 3.14 Contact ellipse




Commentary

®Load Rating and Life

(2) Tapered roller bearing (Fig. 3.15)

A tapered roller bearing supports axial load

at the raceway surface and at the interface
between the roller end face and large end rib.
Therefore, the bearing can receive a larger

axial force by increasing the contact angle .
However, there are different limits depending on
the rotational speed and lubrication conditions
because sliding contact occurs between the
roller large end face and the large end rib inside
face. Generally, the PV value, which is obtained
by multiplying the sliding speed to the sliding
surface pressure, is checked and calculated by a
computer.

For further clarification please consult with
NTN Engineering.

B Roller angle

Fig. 3.15 Tapered roller bearings

(3) Cylindrical roller bearings

Cylindrical roller bearings with ribs on the inner
and outer rings are capable of simultaneously
supporting a certain degree of radial and axial
loads. Unlike basic dynamic load ratings which
are based on rolling fatigue, allowable axial load
is determined by heat generated at the sliding
surface between the ends of the rollers and rib
which may cause wear and/or seizure. Based on
testing and experience, allowable axial load can
be estimated using formula (3.13).

NTN

Pt : Allowable axial load when rotating N

k : Factor determined by internal design of
bearing (see Table 3.7)

d : Bearing bore mm

P; : Allowable surface pressure of rib MPa
(see Fig. 3.16)

If the axial load is greater than the radial load,
the rollers will not rotate properly. The allowable
axial load therefore must not exceed the value
for Fa max given in Table 3.7.

The following are also important to operate
the bearing smoothly under an axial load:

1) Do not make the internal radial clearance
any larger than necessary because it
may affect life and abrasion between the
raceway surface and the roller.

2) Use lubricant with an extreme pressure
additive to suppress heat generation,
seizure, and abrasion between the roller
end surface and the rib.

3) Make the shoulder of the housing and
shaft high enough for the rib of the

bearing to prevent it from being damaged.

4) If the bearing is to support an extreme
axial load, mounting precision should
be improved and the bearing should be
rotated slowly before actual use.

If large cylindrical roller bearings (bore of 300
mm or more) are to support an axial load or
moment load simultaneously, please contact
NTN Engineering.

NTN Engineering also offers cylindrical roller
bearings for high axial loads (HT type). For
details, please contact NTN Engineering.

®Load Rating and Life
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Fig. 3.16 Allowable surface pressure of rib

load (Fa max)

Table 3.7 Factor k values and allowable axial

Bearing series k Fa max
NJ, NUP10
NJ, NUP, NF, NH2, 0.040 0.4Fr
NJ, NUP, NH22
NJ, NUP, NF, NH3,
NJ. NUP. NH23 0.065 0.4Fr
NJ, NUP, NH2EA (E)
NJ, NUP, NH22EA (E) olgse Ol
NJ, NUP, NH3EA (E)
NJ, NUP, NH23EA (E) e A
NJ, NUP, NH4, 0.100 0.4Fr
SL01-48 0.022 0.2Fr
SLO1-49 0.034 0.2Fr
SL04-50 0.044 0.2Fr

Note: Type EA and type E have the same value.
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3.12 Review of basic dynamic load ratings

As a result of continuous improvement
related to material cleanliness, and production
techniques, years of in-house durability testing
has confirmed NTN bearings produced today
have a longer operating life compared with past
products. Based on this bearing life test data,
the basic dynamic load ratings of ball and roller
bearings were reviewed and updated to more
accurately reflect true bearing performance.

The basic dynamic load ratings for many NTN
products have been formally increased and can
be found in the dimensional tables for each
bearing type within this catalog.

* Some bearings use the same basic dynamic
load rating as conventional products.

3.13 Bearing life calculation tool

The basic rating life of bearings can be
calculated using the bearing technical
calculation tool on the NTN website (https://
www.ntnglobal.com/tool/calc/).
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4. Bearing load calculation

To compute bearing loads, the forces which act
on the shaft being supported by the bearing
must be determined. Loads which act on the
shaft and its related parts include weight of the
rotating components, load produced when the
machine performs work, and load produced by
transmission of dynamic force. These can be
mathematically calculated, but calculation is
difficult in many cases.

A method of calculating loads that act upon
shafts that convey dynamic force, which is the
primary application of bearings, is provided
herein.

4.1 Load acting on shafts

4.1.1 Load factor
There are many instances where the actual
operational shaft load is much greater than the
theoretically calculated load, due to shock. This
actual shaft load can be estimated by using
formula (4.1).

K=fg - K mreemmmnmsnsees, (4.1)

Where:

K : Actual shaft load N

fw : Load factor (Table 4.1)

Kc : Theoretically calculated value N

Table 4.1 Load factor fw

Amount of Fw

el Machine application examples

Very littleor | 1.0to | Electric machines, machine tools,
no shock 1.2 measuring instruments.

Railway vehicles, automobiles, rolling
1.2to mills, metal working machines, paper
15 making machines, printing machines,
aircraft, textile machines, electrical
units, office machines.

Light shock

1.5to | Crushers, agricultural equipment,

Heavy shock . X
VY 3.0 construction equipment, cranes.

4.1.2 Gear load

The loads operating on gears can be divided
into three main types according to the direction
in which the load is applied; i.e. tangential (Kt),
radial (Ks), and axial (Ka). The magnitude and

NTN

direction of these loads differ according to the

types of gears involved. The following refers to

the calculation methods of loads acting on four
types of gears.

(1) Loads acting on parallel shaft gears
The forces acting on spur gears and helical gears
are depicted in Fig. 4.1 to Fig. 4.3.

Fig. 4.2 Helical gear loads

Kt -

K ) Ks

®Bearing Load Calculation

Loads acting on gears are obtained from
formulas (4.2) to (4.6).

Equation 4.2 describes the gear load in the
tangential direction when the shaft input torque
is known

Equation 4.3 describes the gear load in the
tangential direction when the transmitted power
is known

191 X106 -H
Kt = Do n (4.3)
Ks =Kt -tan (Spur gear) ........... (4.4a)
— . tan @ ical cear) -
=K cos B (Helical gear) (4.4b)

K = /Kt2 + KS2 ......................... (4.5)

Ka = Kt - tan B (Helical gear)

Where:

Kt : Tangential gear load (tangential force), N

Ks : Radial gear load (separating force), N

Kr : Right angle shaft load (resultant force
of tangential force and separating
force), N

Kja : Parallel load on shaft, N

T :Inputtorque, N - mm

H :Transmitted force, kW

n : Rotational speed min-1

Dp : Gear pitch circle diameter, mm

a : Gear pressure angle, deg

B : Helix angle, deg

Because the actual gear load also contains
vibrations and shock loads as well, the
theoretical load obtained by the above formula
can also be adjusted by the gear factor f; as
shown in Table 4.2.

Table 4.2 Gear factor 12

Gear type Sz

Precision ground gears 1.05to
(Pitch and tooth profile errors of less than 0.02mm) | 1.1

Ordinary machined gears 1.1to
(Pitch and tooth profile errors of less than 0.1mm) 1.3

NTN

(2) Loads acting on cross shafts
Gear loads acting on straight tooth bevel gears
and spiral bevel gears on cross shafts are shown
in Figs. 4.4 and 4.5. The calculation methods for
these gear loads are shown in Table 4.3.
Herein, to calculate gear loads for straight
bevel gears, the helix angle 8 = 0.
The symbols and units used in Table 4.3 are
as follows:
Kt :Tangential gear load (tangential force), N
Ks : Radial gear load (separating force), N
Ka : Parallel shaft load (axial load), N
H :Transmitted power, kW
n  : Rotational speed min-1
Dpm: Mean pitch circle diameter, mm
a : Gear pressure angle, deg
B : Helix angle, deg
O : Pitch cone angle, deg

Because the two shafts intersect, pinions and
gears have the relationship of formula (4.7) and
formula (4.8).

Ksp , Ksg : Pinion and Gear separating force, N
Kap , Kag : Pinion and Gear axial load, N

For spiral bevel gears, the direction of the load
varies depending on the direction of the helix
angle, the direction of rotation, and which side is
the driving side or the driven side. The directions
for the separating force (Ks) and axial load (Ka)
shown in Fig. 4.5 are positive directions. The
direction of rotation and the helix angle direction
are defined as viewed from the large end of the
gear. The gear rotation direction in Fig. 4.5 is
assumed to be clockwise (right).
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K
/m)ﬁ@

Ksp
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Fig. 4.4 Loads on bevel gears

Table 4.3 Loads acting on bevel gears

Fig. 4.5 Bevel gear diagram

®Bearing Load Calculation

Table 4.4 Formula of load acting on hypoid gears

NTN

Types of load

Rotation direction

Clockwise

Counter clockwise

Clockwise Counter clockwise

Helix direction

Right Left

Left Right

Tangential load
(tangential force) Kt

Driving shaft

Driven shaft

Formula (4.9)

Formula (4.10)

Radial load
(separation force) Ks

Driving shaft

Formula (4.11)

Formula (4.12)

Driven shaft

Formula (4.13)

Formula (4.14)

T R Rotation direction Clockwise Counter clockwise Clockwise Counter clockwise
ypes of loa
Helix direction Right Left Left Right
6.
Tangential load (tangential force) Kt Ktzw
Dpm - n
Driving side Ks =Kt {tanagg:g +tanBsind Ks =Kt tanagg:g - tanBsind
Radial load
(separation force) Ks 5 5
Driven side Ks =Kt {tanazng —tanBsiné} Ks =Kt {tanaggz/j +tanBsm§}
Driving side Ka=Kt [tanacs(i)r;g —tanBcosﬁ} Ka=Kt [tanacs(i)zg +tanBcos§}
Parallel load on gear
shaft (axial load) Ka in& no
Driven side Ka=Kt tanacs(')zﬁ +tan/3’cos§} Ka=Kt tanacs(')zﬁ —tan/i’cosd}
(3) Load acting on hypoid gears Where:
A hypoid gear is a spiral bevel gear that Kt : Tangential gear load (tangential force), N
transmits power by offset shafts. Fig. 4.6 shows Ks : Radial gear load (separating force), N
the load acting on a hypoid gear, and Table 4.4 Ka : Parallel shaft load (axial load), N
shows the calculation method. H : Transmitted force, kW
n : Rotational speed min-1
Dp : Gear mean pitch circle diameter, mm
Ksp a : Gear pressure angle, deg
B : Helix angle, deg
0 1: Tooth tip cone angle, deg
0 2: Tooth bottom cone angle, deg

Kap

* The driving shaft has a subscript p , and the

driven shaft has a subscript g.

Parallel load on gear shaft Driving shaft Formula (4.15) Formula (4.16)
(axiallload) Ka Driven shaft Formula (4.17) Formula (4.18)
(4) Load acting on worm gears
A worm gear is a gear made by combining a
19.1 X 10%H _
Kip =~y o e (4.9) worm (screw gear) and a worm wheel (helical
pmp P gear). The gear direction differs depending on
6 the rotation direction and the screw direction
Kig = 1%1 x 17? H_ Egzgg tp - (4.10) (right screw, left screw) of the worm shaft.
pms T8 P Fig. 4.8 shows the direction of loads acting on
X the gear, and Table 4.5 shows the calculation
Ksp= ——2— (tanap cosBp1+sinfp sindipt) -+ (4.11) method of the loads.
cosBp
_ Ky o
Ksp = m (tanap COSépl_ Slﬂﬁp Slﬂépl) e (412)
_ Ky o
Ksg= cosBg (tanag cosOg2 — sinBgsindg2) -+ (4.13)
_ _Kig o
Ksg= cosBg (tanag cosOgat sinfBg sindgo) - - (4.14)
_ K ! )
Kap= cosBp (tanap sin@p1— sinBp cospt) - -+ (4.15)
Fig. 4.7 Worm gears
K;
Kap= ﬁ (tanap sindp1 +sinBp cosp) -+ (4.16)
P Kt : Tangential gear load (tangential force), N
i Ks : Radial gear load (separating force), N
Kag= ﬁ (tanag sindg2+ sinBg cosga) -+ (4.17) Ka: Parallel shaft load (axial load), N
g H : Transmitted force, kW
n : Rotational speed min-1
Kag= 7“{{5% (tanag sindg2 — sinBg cosg2) -+ (4.18) Dp: Gear mean pitch circle diameter, mm
g a : Gear pressure angle, deg
y : Worm lead angle, deg
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* The worm shaft has a subscript w, and the
worm gear has a subscript h.
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Right screw, clockwise

KSW KSW
1/ Ktw
Left screw, clockwise
Ksw Ksw
17 Ktw

~

NTN

Right screw, counter
KSW KSW

o

I

\ |/

4

Left screw, counter
Ksw Ksw

sy (P

I

\ |/

Fig. 4.8 Load acting on worm gears

Table 4.5 Calculation method of load acting on worm gears

Gear type Worm shaft Worm gear

T tial load 19.1x10H Kt
ansen I.a oa Kiww= ———— th = o = Kaw
(tangential force) Kt nDpw tan
Radial load Ktw tana Ktw tana
) Ksw=—— sh= ——— =Ksw
(separating force) Ks tany tany
Parallel load on gear Kiw
Kaw = =

shaft (axial load) Ka T tany €l S
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4.1.3 Chain/ belt shaft load

The tangential loads on sprockets or pulleys
when power (load) is transmitted by means of
chains or belts can be calculated by formula
(4.19) as shown in Fig. 4.9.

19.1 X 106-H
Ki=——"— (4.19)

Dp ‘n
Where:
Kt : Sprocket/pulley tangential load, N
H : Transmitted power, kW
Dp : Sprocket/pulley pitch diameter, mm

For belt drives, an initial tension is applied to
give sufficient constant operating tension on the
belt and pulley.

Taking this tension into account, the radial
loads acting on the pulley are expressed by
formula (4.20). For chain drives, the same
formula can also be used if vibrations and shock
loads are taken into consideration.

Kr :fb B CIRRER LTI TP TEPYRPERPERLS (420)

Ky : Sprocket or pulley radial load, N
fb : Chain or belt factor (Table 4.6)

Table 4.6 chain or belt factor fb

Chain or belt type Jb
Chain (single) 1.2t0 1.5
V-belt 1.5t0 2.0
Timing belt 1.1to1.3
Flat belt (w / tension pulley) 2.5t03.0
Flat belt 3.0to 4.0

e

(s |

! Kr \
F

2 .
Tension side

Fig. 4.9 Chain / belt loads

NTN

4.2 Bearing load distribution

For shafting, the static tension is considered
to be supported by the bearings, and any
loads acting on the shafts are distributed to
the bearings. For example, in the gear shaft
assembly depicted in Fig. 4.10, the applied
bearing loads can be found by using formulas
(4.21) and (4.22).

This example is a simple case, but in reality,
many of the calculations are quite complicated.

_ atb A pe
Fra= = Fi+ - F1 (4.21)

=_a 7
Frg=- F1+_— FI (4.22)
Where:

Fra  : Radial load on bearing A, N
Frg  : Radial load on bearing B, N
F1, Fn: Radial load on shaft, N

If directions of radial load differ, the

vector sum of each respective load must be
determined.

a + b |

( ﬁaring A éﬁeamg B
0 I —

y y
F1 Fi
—C— d
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4.3 Mean load

The load on bearings used in machines under
normal circumstances will, in many cases,
fluctuate according to a fixed time period

or planned operation schedule. The load on
bearings operating under such conditions can
be converted to a mean load (Fm). This is a load
which gives bearings the same life they would
have under constant operating conditions.

(1) Fluctuating stepped load (Fig. 4.11)

The mean bearing load, Fm, for stepped loads
is calculated from formula (4.23). F1, F2 -+ Fn
are the loads acting on the bearing; n1, 72 -

nn and t1, t2 - tn are the bearing speeds and

operating times respectively.

1/p
_ 2 (Fif niti)
Fp =200 07 423
™ [Z (i i) ] (4.23)
Where:
p=3 For ball bearings
p = 10/3 Forroller bearings
F
F1
F Fm
Fn
nitl | net2 7n tn

Fig. 4.11 Stepped load

(2) Continuously fluctuating load (Fig. 4.12)
Where it is possible to express the function F(¢)
in terms of load cycle to and time ¢, the mean
load is found by using formula (4.24).

t P
Fn=(E 1P a ] e (4.24)
Where:
p=3 For ball bearings

p=10/3 For roller bearings

NTN

Fig. 4.12 Load that fluctuated as function of time

(3) Linear fluctuating load (Fig. 4.13)
The mean load, Fm, can be approximated by
formula (4.25).

_ Fmin + 2Fmax

Fm 3

F

Frmax
Fm ‘ ‘

Fmin ‘ L

Fig. 4.13 Linear fluctuating load

(4) Sinusoidal fluctuating load (Fig. 4.14)
The mean load, Fm, can be approximated by
formulas (4.26) and (4.27).

Case (3) Fm = 0.75 Finax -+ eeeeeees (4.26)
Case (b) Frn=0.65 Fmax s+rerereeeeeeeeees (427)
F
Fmax|
Fm
1
(@
F
Fmax {-------
t
(®)

Fig. 4.14 Sinusoidal variable load
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4.4 Equivalent load

4.4.1 Dynamic equivalent load
When both dynamic radial loads and dynamic
axial loads act on a bearing at the same time, the
hypothetical load acting on the center of the
bearing which gives the bearings the same life
as if they had only a radial load or only an axial
load is called the dynamic equivalent load.

For radial bearings, this load is expressed
as pure radial load and is called the dynamic
equivalent radial load. For thrust bearings, it is
expressed as pure axial load, and is called the
dynamic equivalent axial load.

(1) Dynamic equivalent radial load
The dynamic equivalent radial load is expressed
by formula (4.28).
Pr=XFr+ YFg oo (4.28)
Where:
Pr : Dynamic equivalent radial load, N
Fr @ Actual radial load, N
Fa : Actual axial load, N
X :Radial load factor
Y : Axial load factor
The values for X and Y are listed in the bearing
tables.

(2) Dynamic equivalent axial load
As a rule, standard thrust bearings with o
contact angle of 90° cannot carry radial loads.
However, self-aligning thrust roller bearings can
accept some radial load. The dynamic equivalent
axial load for these bearings is given in formula
(4.29).
Pa=Fat 1.2F e, (4.29)
Where:
P35 : Dynamic equivalent axial load, N
Fa : Actual axial load, N
Fr : Actual radial load, N
Provided that Fr / Fa = 0.55 only.

4.4.2 Static equivalent load
The static equivalent load is a hypothetical

NTN

load which would cause the same total
permanent deformation at the most heavily
stressed contact point between the rolling
elements and the raceway as under actual load
conditions; that is when both static radial loads
and static axial loads are simultaneously applied
to the bearing.

For radial bearings this hypothetical load refers
to pure radial loads, and for thrust bearings it
refers to pure centric axial loads. These loads
are designated static equivalent radial loads and
static equivalent axial loads respectively.

(1) Static equivalent radial load

For radial bearings the static equivalent radial
load can be found by using formula (4.30) or
(4.31). The greater of the two resultant values is
always taken for Por.

Por :XO Ff + YO Fa ..................... (430)
PQp = Fp ovvvvvrrrrrenrereenaaaannnnnnninns (4.31)
Where:

Por : Static equivalent radial load, N
Fr : Actual radial load, N
Fa : Actual axial load, N
Xo : Static radial load factor
Yo : Static axial load factor
The values for Xo and Yo are given in the
respective bearing tables.

(2) Static equivalent axial load
For spherical thrust roller bearings the static
equivalent axial load is expressed by formula
(4.32).
POa=Fa 2.7F ccreeeeeennnaeeeeiinnn (4.32)
Where:
Poa: Static equivalent axial load, N
Fa : Actual axial load, N
Fr : Actual radial load, N
Provided that Fr / Fa = 0.55 only.

4.4.3 Load calculation for angular contact ball
bearings and tapered roller bearings

For angular contact ball bearings and tapered roller

bearings the pressure cone apex (load center) is
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located as shown in Fig. 4.15, and their
values are listed in the bearing tables.
When radial loads act on these
types of bearings a component force is
induced in the axial direction. For this
reason, these bearings are used in pairs.
For load calculation this component
force must be taken into consideration
and is expressed by formula (4.33).

Where:

Fa : Axial component force, N
Fr : Actual radial load, N
Y : Axial load factor
The axial loads for these bearing pairs

are given in Table 4.7.

a

Angular contact ball

bearing

NTN

Load
center

—q—

Tapered roller bearing

Fig. 4.15 Pressure cone apex and axial component force

Table 4.7 Bearing arrangement and equivalent load

Load center Load conditions Axial load
.5F
Rear Brgl  Brgo Fal= 0 F;/Hru +F
.5F, .5F)
0.5Fr1 < 0.5Frn T ]
Y1 Yu
Br Br,
Front. 21 E 0.5F1 _ 0.5A
5Fr1 .SFrn
s R——, T T
a1 Y Yo 0.5F 1
Fru Fall= = r —Fa
r Y1
Rear Brg1 Brgn -
0.5Frn _ 0.5Fr1
o 0 =T = L
7 ] Yo Y1 0.5Fr1
FaH: +Fa
Fr1 Y1
B B 5F
Front ret g FaI:OS i - Fa
_ _ 0.5Fr1 S 0.5Fr1 +F Y
Fro

Note: 1. Applies when preload is zero.

2. Radial forces in the opposite direction to the arrow in the above illustration are also regarded as positive.
3. Dynamic equivalent radial load is calculated by using the table on the right of the size table of the bearing after axial load is obtained for

X and Y factor.
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4.5 Bearing rating life and load calculation
examples

In the examples given in this section, for the
purpose of calculation, all hypothetical load
factors as well as all calculated load factors may
be presumed to be included in the resultant load
values.

Bearing loads and the basic rating life of
bearings can be calculated using the bearing
technical calculation tool on the NTN website
(https://www.ntnglobal.com).

(Example 1)

What is the rating life in hours of operation
L1oh for deep groove ball bearing 6208
operating at rotational speed 7 = 650 min-1,
with a radial load Fr of 3.2 kN?

From formula (4.28) the dynamic equivalent
radial load Pr:
Pr=Fr=3.2kN
Basic dynamic load rating Cr for bearing 6208
given on page B-26is 32.5 kN, ball bearing
speed factor fn relative to rotational speed
n =650 min~1 from Fig. 3.1 is fn = 0.37. Thus life
factor fh from formula (3.5) is:
Jh :fn% =0.37 X % =376
Therefore, with fh = 3.76 from Fig. 3.1 the
rated life, L1oh, is approximately 27 000 hours.

(Example 2)

What is the life rating L1oh for the same
bearing and conditions as in Example 1, but
with an additional axial load Fa of 1.8 kN?

To find the dynamic equivalent radial load
value for Py, the radial load factor X, axial load
factor ¥, and Constant e are used.

Basic static load rating Cor for bearing 6208

A-43
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given on page B-26is 17.8 kN and fp is 14.0.
Therefore:

fo - Fa _ 14 X1.8

Cor 178 142

Calculated by the proportional interpolation
method given on B-27, ¢ = 0.30.
For the operating radial load and axial load:
Fa_ 18 _ _
Y 0.56 >¢=0.30
From B-27,X=0.56 and Y = 1.44,
and from formula (4.28) the dynamic equivalent
radial load, Py, is:
Pr= XFr+YF,
= 056X32+1.43X 1.8
=438 kN
From Fig. 3.1 and Table 3.1 the life factor, fh,
is:
Cr 325
= 2= X —2 —
fh =1 Pr 0.37 738 2.75
Therefore, with life factor fh = 2.75, from Fig.
3.1 the rated life, L1on, is approximately 10,500
hours.

(Example 3)

Determine the optimum model number for

a cylindrical roller bearing operating at the
rotational speed n = 450 min~1, with a radial
load Fr of 200 kN, and which must have a life
(L1oh) of over 20 000 hours.

From Fig. 3.1 the life factor
fh=3.02 (L1oh at 20 000), and the speed factor
fn=0.46 (n = 450 min~1). To find the required
basic dynamic load rating, Cr, formula (3.5) is
used.
_ fn 3.02

Pr=—-",-X200 =1313kN

Cr= " Pr= 046

From page B-108, the smallest bearing that fulfills
all the requirements is NU2332E (Cr = 1 460 kN).
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(Example 4)

The spur gear shown in Fig. 4.16 (pitch
diameter Dp = 150 mm, pressure angle

a = 20°) is supported by a pair of tapered
roller bearings, 32907XU (Cr = 30.5 kN) and
32908XU (Cr = 36.0 kN). Find rating life for
each bearing when gear transfer power

H = 150 kW and rotational speed

n =2 000 min-L.
Bearing I ' Bearing I
(32907XU) ‘ (32908XU)
| &
I BES
| —
170

Fig. 4.16 Spur gear diagram

The gear load from formulas (4.3), (4.4a) and

(4.5)is:
K= 19.1X105-H _ 19100 000 X150
Dp -7 150 X 2 000

= 9.55kN

Ks = Kt - tan a@ = 9.55 X tan20°
= 3.48kN

Kr =VEKi? + K2 = ¥ 9.552 + 3.482
= 10.16kN

The radial loads for bearings Iand Il are:

100 100 _
Fri =129 K =790 X10.16 = 5.98kN
70 _ 70 _
Frl = 155 K =158 X10.16 = 4.18N
0.5Fr1 =1.45> 0.5Frm _ 1.01 Therefore,
Y1 Yn

The axial loads for bearing Tand I are:

Fa1 = OkN
_05Fr1_ 05X598 _
Fam = Y1 506 = 1.45kN

From page B-137, the dynamic equivalent
radial load for bearing 1 is:
Fal —70 = =
Fr1 598 0<e=029

Pr1=F1= 5.98kN

Equally, the dynamic equivalent radial load for
bearing Il is:
Fan 1.45
o418 0.35>¢=0.29
Pr 11 =XFri+ Y1 Fall
=04 X418+ 207 X 145
= 4.67kN

From formula (3.5) and Fig. 3.1 the life factor,
Jh, for each bearing is

th:fn% =0.293X30.5,75.98=1.49
_ Crll _ _
Jho *fnPfrH =0.293X36.074.67 = 2.26

Therefore, from Table 3.1
Lh1 =500fh1 = 1900 hours
Lhn = 500fhn = 7 550 hours
The combined system bearing life, Lh, from
formula (3.3) is:

-
1
_ 1
[ 190109/8 * 75;09/8 ]8/9
= 1600 hours

Lh =
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(Example 5)

Find the mean load for spherical roller
bearing 23932EMD1 (Cr = 455 kN) when
operated under the fluctuating conditions
shown in Table 4.8.

Table 4.8
Condition | Operating | Radial load | Axial load | Rotational
No. time speed
i @i Fri Fai ni

% kN kN min-1
1 5 10 2 1200
2 10 12 4 1000
3 60 20 6 800
4 15 25 7 600
5 10 30 10 400

The dynamic equivalent radial load, Pr, for
each operating condition is found by using
formula (4.28) and shown in Table 4.9 . Because
all the values for Fri and Fai from the bearing
tables are greater than Fa / Fr >e=0.17,
X=067Y2=5381

Pri =XFri +Y2 Fai= 0.67Fyi + 5.81F%i

From formula (4.23) the mean load, Fim, is:

10/3 ., ) (3/10
Fm =[WETMJ = 50.0kN
Table 4.9
Condition No. | Dynamic equivalent radial load.
i Pri (kN)
1 183
2 313
3 483
4 57.4
5 78.2
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(Example 6)
Find the threshold values for rating life time
and allowable axial load when cylindrical
roller bearing NUP312 is used under the
following conditions:
Provided that intermittent axial load and

oil lubricant.

Radial load Fr = 10kN

Rotational speed = 2 000min~1

Radial load Fris 10 kN, and
Pr=Fr= 10kN

The speed factor of cylindrical roller bearing,
fn,atn =2 000 min~1, from Table 3.1

¢ 333 3/10
n=5000) =

The life factor, fh , from Table 3.1

137
fh=0.293 Xﬁ_ 4.01

Therefore the basic rated life, L1on, from

Table 3.1
L1oh = 500 x 4.0119/3 = 51 000 hours

Next, the allowable axial load of the cylindrical
roller bearing is shown on page A-32.

In formula (3.13) on page A-32, based on
NUP312 from Table 3.7 on page A-33, k = 0.065.
In addition, Dpw = (60 + 130) / 2 =95 mm,

n =2 000 min1

Thus, the formula below holds when the
case of the intermittent axial load is taken into
consideration.

Dpw - m x 104 =19 x 104

In Fig. 3.16 on page A-33, Dpw - 7= 19 x 104,
In the case of the intermittent axial load,
allowable surface pressure at the lip Pt = 40 MPa.

Therefore the allowable axial load, Pt,
becomes the following.

Pr=0.065 x 602 x 40 =9 360N

Based on Table 3.7 on page A-33, it is within
the limits of Fa max < 0.4 x 10 000 = 4 000 N.
Therefore Pt < 4 000 N.
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5. Boundary dimensions and bearing number codes

Table 5.1 Dimension series numbers

5.1 Boundary dimensions —B—
r r Dimension series
. . . . . | T ﬁ | Diameter series Width series Height series Reference
A rolling bearing’s major dimensions, known 7 ” (outer diameter dimensions) (width dimensions) (height dimensions) | diagram
as "boundary dimensions,” are shown in Figs. Radial bearings Code 78901234 80123456
_ i ; i i (excluding tapered roller |-——------——f--——-—————-———— b — Fig.5.4
5.1 - 5.3. To facilitate international bearing r r bearings) ——— — e || Sl y—
interchangeability and economical bearin L J
.g y - - g -5 T ) Code 9.0 1.2 3 0.1.2.3 .
production, bearing boundary dimensions 4t ¢d ¢ D Tapered roller bearings |- - — Fig. 5.5
. . Dimension | Small «— Large Small <— Large
have been standardized by the International
- - Cod 0.1.2 3 4 7.9.1.2
Organization for Standardization (ISO). In — Thrust bearings ~ |--— b S e S R Fig. 5.6
Japan, rolling bearing boundary dimensions are SIGEAEEn | Sl LeEEe Sl LI
regulated by Japanese Industrial Standards (JIS L

B1512 senes?. ) ) Fig. 5.1 Radial bearings (excluding tapered !
Boundary dimensions which have been roller bearings) Width ~——= 8 0 1 2 3 4 5 6

standardized include: bearing bore diameter, series
outside diameter, width/height, and chamfer
dimensions - all important dimensions when
considering the compatibility of shafts, bearings, 7 %T Dimension{ Q
and housings. However, as a general rule, %: series
bearing internal construction dimensions are not /ﬂ_
covered by these standards. 4
For metric series rolling bearings there are 90 rll
standardized bore diameters (d) ranging in size $E -1 ¢d¢D
from 0.6 mm - 2,500 mm. a/
Outer diameter dimensions (D) for radial
bearings with standardized bore diameter @_ Diameter
dimensions are covered in the "diameter
series;" their corresponding width dimensions Fig. 5.2 Tapered roller bearings
(B) are covered in the "width series.” For thrust { Q

Diameter
series
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Fig. 5.4 Dimension series for radial bearings (excluding tapered roller bearings; diameter series 7
has been omitted)

N}
%
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VORN W

bearings there is no width series; instead, these \S/:':;:

dimensions are covered in the “height series.” gdi

The combination of all these series is known as

the “dimension series.” All series numbers are 1

shown in Table 5.1. ‘ ,
Although many rolling bearing dimensions ‘ | | Height . 9 1 )

are standardized and have been listed here for . ¢D1 r J series

purposes of future standardization, there are $D SD;fiZ\:ter

many standard bearing dimensions which are

not presently manufactured. Fig. 5.3 Single direction thrust bearings Dimension{

Tﬁl Fig. 5.5 Dimension series for tapered roller bearings (based on JIS B 1534)

Pﬂ‘&

Boundary dimensions for radial bearings and series
thrust bearings are shown in the attached tables
(I-2to 1-19).

: :

il | N

N~[ i~ o

oON| & O | < O ™M < ~N o <t
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Fig. 5.6 Dimension series for thrust bearings (excluding diameter series 5)
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5.2 Bearing numbers The basic number indicates general “ULTAGE" (a name created from the
information about a bearing, such as its combination of “ultimate,” signifying refinement,
Rolling bearing part numbers indicate bearing fundamental type, boundary dimensions, and “stage,” signifying NTN's intention that
type, dimensions, tolerances, internal series number, bore diameter code and contact this series of products be employed in diverse
construction, and other related specifications. angle. The supplementary codes derive from applications) is the general name for NTN’s new
Bearing numbers are comprised of a “basic prefixes and suffixes which indicate a bearing’s generation of bearings that are noted for their

)

number” followed by “supplementary codes! tolerances, internal clearances, and related industry-leading performance.
The makeup and order of bearing numbers is specifications.
shown in Table 5.2.

(Bearing number examples)

6205ZZC32AS 23034EAD1

Grease: Alvania Grease S2 Lubrication hole/lubrication

o groove

Radial |nFema| clearénce C3 ULTAGE basket-shaped

Doub.le side steél shield pressed steel cage

Nominal bore diameter 25 mm Nominal bore diameter 170 mm

Diameter series 2 Diameter series 0

Deep groove ball bearing Width series 3

Self-aligning roller bearing

7012BDB/GMP6 240,/750BK30

Tolerances JIS Class 6

Medium preload
Back-to-back arrangement
Contact angle 40°

Nominal bore diameter 60 mm
Diameter series O

Angular contact ball bearing

Bore diameter : tapered inner
ring bore, standard taper

ratio 1:30
Machined cage
Nominal bore diameter 750 mm
Diameter series O
Width series 4
Self-aligning roller bearing

NU320G1C3 51120L1P5
L Radial internal clearance C3 _L Tolerances JIS Class 5

High strength machined brass High strength, machined

rivetless cage with square holes brass cage

Nominal bore diameter 100 mm Nominal bore diameter 100 mm

Diameter series 3 Diameter series 1

Cylindrical roller bearing Height series 1

NU type Thrust ball bearing
4T7-30208

L Nominal bore diameter 40mm

Diameter series 2
Width series O
Tapered roller bearing
Spec. 4T
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Table 5.2 Bearing number composition and arrangement

Supplementary prefix code Basic number Supplementary suffix codes
Bearing series .
- - . Bore diameter code Contact angle code Raceway
Special application/ Bearing Dimension series code Bore In.ternall external Duplex Internal
material/ series Width/height| Diameter Code | diameter | Code D Contact angle modifications Cage code Seal/ Shield | configuration | arrangement clearance V) Tolerance Lubrication
heat treatment code code e s e code code code code Preload code code V)
. . i U L1 LB K DB C2 (PO) /2AS
AT- 4Tt d roller b D ball b t de 6 /0.6 0.6 Angular contact ball bearing
apered rofler bearings egp;groove a ?;rmgs( o C°7e ) /1.5 1.5| (A) | Standard contact angle 30° Internationally High strength, One-side Tapered inner Back-to-back Internal JIS Class 0 Alvania Grease
E-  Bearings using case 68 (1) 8 /2.5 25| B Standard contact angle 40° interchangeable | machined brass | synthetic rubber | ring bore, arrangement clearance S2
hardened steel 16690 Eé; 8 a q C | Standard contact angle 15° tapered roller cage seal standard less than normal | P6
60 (1) 0 5 5 Tapered roller bearing bearings (non-contact taperratio 1:12 | DF JIS Class 6 /3AS
F-  Stainless steel bearings g% Eg; % e 9 (B) | Contact angle over 10° F1 type) Face-to-face (CN) Alvania Grease
. to/including 17° R Machined K30 arrangement Normal P5 S3
TS2- Dimension stabilized Angular contact ball bearings (type code 7) 00 10 C | Contact angle over 17° Non- carbon LLB Tapered inner clearance IS Class5
bearing for high . ;g EB g 01 12 B E:o/lntc\utdlng‘24 e internationally | steel cage Double-side ring bore, DT /8A
temperature use (to 160°C) 70 (1) 0 02 15 too/?niﬁldeilrr:g g2oover interchangeable synthetic rubber | standard Tandem C3 P4 Alvania Grease
. . . 7z () 2 03 17 tapered roller G1 seal taper ratio 1:30 | arrangement Internal JIS Class 4 EP2
TS3- Dimension stabilized 73 ) g bear Hiah st h ( - |
i e (et o X 22 22 earings igh strengf non-contac clearance
tempe%ature Ese (to 200°C) Selflaggnmg ball bec—;g;\gs (type C°d521' 2 ;28 8 machined brass | type) N D2 greater than P2 /5K
13 0) 3 /32 32 ST rivetless cage With snap ring Two matched, normal JIS Class 2 Multemp SRL
TS4- Dimension stabilized 22 ) 2 Low torque with square LU groove paired bearings
bearing for high 23 ) 3 04 20 tapered roller holes One-side C4 -4 /LX11
temperature use (to 250°C) | Cylindrical roller bearings (type code NU, N, NF,NNU, NN, etc.) 05 25 bearings synthetic rubber | NR +Q Internal ABMA Class 4 Barrierta
NB%O (é> g 0;6 ??0 G2 seal Snap ring Spacer clearance JFE552
NU22 2 2 8'8 440 HT Pin type cage (contact type) (a = spacer's greaterthanC3 | -2
EB% ((23) g 92 460 Angular ball D standard width ABMA Class 2 /LPO3
NU4 ) 2 96 480 bearings and J LLU With oil hole dimensions) C5 Solid grease
NNU49 4 9 cylindrical roller | Pressed steel Double-side Internal =3
NN30 3 0 /500 500 bearings for high | cage synthetic rubber | D1 clearance ABMA Class 3
Tapered roller bearings (type code 3) ;ggg ggg axial loads seal Lubrication greater than C4
§§3§ % 8 g T2 (contact type) hole/lubrication -0
302 0 2 /2 360 2360 E Molded resin groove CM ABMA Class 0
322 2 2 /2500 2500 High load cage LH Radial internal
303 (0] 3
303D o 3 capacity One-side clearance for -00
313X 1 3 cylindrical roller | A synthetic rubber electric motor | ABMA Class 00
=28 2 3 bearing Pressed steel seal use
Spherical roller bearings (type code 2) cage (low-torque type)
= 2 3 EA (ULTAGE series /GL
240 4 0 ULTAGE series self aligning LLH Light preload
%2% i % cylindrical roller | roller bearings) | Double-side
222 2 2 bearings synthetic rubber /GN
232 3 2
e g 2 M seal Normal preload
223 2 3 E High strength, (low-torque type)
Single direction thrust ball bearings (type code 5) ULTAG_E s.enes machined brass /G M_
511 1 1 self aligning cage z Medium preload
512 1 2 roller bearings (ULTAGE series | One-side steel
213 1 2 selfaligning | Shield /GH
Cylirédlrilcal roller thrustlbearings (type ;ode 8) SI‘SAGE series [ollegbeanpas) 77 heaypeload
812 1 2 Large tapered Double-side
893 9 3 roller bearing steel
Spherical thrust roller bearings (type code 2) Shield
292 9 2
293 9 3
294 9 4
1) Codes in () are not shown in nominal numbers. 1) Codes in () are not shown in nominal numbers.
Note: Please consult NTN Engineering concerning bearing series codes, and supplementary prefix/suffix codes not listed in the above table. Note: Please consult NTN Engineering concerning bearing series codes, and supplementary prefix/suffix codes not listed in the above table.
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5.2.1 Numbers of inch series tapered roller
bearings
The composition of numbers of inch series
tapered roller bearings is specified by the
American Bearing Manufacturers Association
(ABMA). The inner ring component (CONE) and
the outer ring (CUP) each have a corresponding
number. Table 5.3 shows the composition of
these numbers. Each corresponding code is also
described in more detail below.

NTN

Table 5.3 Bearing number composition

. Contact Series Serial
Prefix code angle code| number number Suffix code
XX @] 000 (@@ XX
Note: X in the table is represented by letters, and O is represented
by numbers.

XX O OO0 OO XX

Load limit code
This code has 9 types from light
loads to heavy loads:
EL, LL, L, LM, M, HM, H, HH, and EH.
“)” at the beginning of the code
indicates metric bearings.

Contact angle code
This code indicates the contact angle
of the series. The classification of
each code is shown in Table 5.3 (1).

Table 5.3 (1) Contact angle symbol

Outer ring angle (contact angle x 2)
Code
Inc. Below

1 0° 24°

2 24° 25°30"
3 25°30" 27°

4 27° 28°30'
5 28°30' 30°30"
6 30°30' 32°30'
7 32°30’ 36°

8 36° 45°

9 45°(Excluding thrust bearings)

Suffix code
This code consists of
either one or two letters.
Itis used when the
appearance and the
inside of the standard
type are changed.

—— Serial number
The serial number of the outer
ring is 10 to 19.
The serial number of the inner
ring is 30 to 49.
Serial numbers exceeding the
above are 20 to 29. The outer ring
starts from 20, and the inner ring
starts from 29 in the opposite
direction.

Series number
A number that is determined by
internal specifications.

®Boundary Dimensions and Bearing Number Codes

5.2.2 Numbers of metric tapered roller
bearings based on ISO355

Dimension series previously not covered by

3XX are regulated under JIS B 1512. These

dimension series are specified in ISO355

and consist of series codes of the angle,

diameter, and width. In addition, the inner ring

subunit and the outer ring are internationally

interchangeable. The composition of bearing

T O
Tapered roller bearing code J —(

Angle series code
This code represents the contact angle.
The classification is shown in Table 5.4 (1).

NTN

numbers are shown in Table 5.4. The series
codes of the dimension series are shown in
Table 5.4 (1) to (3).

Table 5.4 Bearing number composition

Dimension series
Tapered roller _Bore
bearing code Angle |Diameter| Width |diameter
series series series code
I o X X | 000

Note: X in the table is represented by letters, and O is represented

by numbers.

X OO

et

Diameter series code
This code represents the ratio of the
bearing outside diameter to the bearing
inner diameter. The classification is shown
in Table 5.4 (2).

Table 5.4 (1) Angle series code

Contactangle a

Bore diameter code
The bearing bore diameter is
represented in mm.
Example) 040: bore
diameter dimension 40 mm

Width series code

This code represents the ratio
of the assembly width to the
difference between the outer
diameter and inner diameter of
the single row bearing.

The classification is shown in

Code Table 5.4 (3).
Over Incl.
2 10° 13°52'
g L5ic7 15°59' Table 5.4 (3) Width series code
4 15°59' 18°55' T
5 18°55' 23° Code (D—d)095
o S Over Incl.
6 z 27 B 0.50 0.68
! 27 50 C 0.68 0.80
Table 5.4 (2) Diameter series code D 0.80 0.88
D E 0.88 1
Code d0-77 Note: Quantifiers
Over Incl. d: Nominal inner diameter
B 3.4 3.8 D: Nominal outside diameter
T: Assembly width of single row bearing
C 3.8 4.4
D 4.4 4.7
E 4.7 5
F 5 5.6
G 5.6 7

Note: Quantifiers
d: Nominal inner diameter
D: Nominal outside diameter
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6. Bearing tolerances

6.1 Dimensional and rotational accuracy

Bearing “tolerances” or dimensional accuracy
and running accuracy, are regulated by ISO
and JIS standards, JIS B 1514 (rolling bearing
tolerances) series. For dimensional accuracy,
these standards prescribe the tolerances
necessary when installing bearings on shafts
or in housings. Running accuracy is defined as
the allowable limits for bearing runout during
operation.

Dimensional accuracy

Dimensional accuracy constitutes the
acceptable values for bore diameter, outer
diameter, assembled bearing width, and

bore diameter uniformity as seen in chamfer
dimensions, allowable inner ring tapered bore
deviation and shape error. Also included are
variation of mean bore diameter within a plane,
outer diameter within a plane, mean outer
diameter within a plane, as well as raceway
thickness (for thrust bearings).

Table 6.1 Bearing types and applicable tolerance

NTN

Running accuracy

Running accuracy constitutes the acceptable
values for inner and outer ring radial runout and
axial runout, inner ring side surface squareness,
and outer ring outer diameter squareness.

Allowable rolling bearing tolerances have
been established according to precision classes.
Bearing precision is stipulated as JIS class 6,
class 5, class 4, or class 2, with precision rising
from ordinary precision indicated by class 0.

Table 6.1 indicates which standards and
precision classes are applicable to the major
bearing types. Table 6.2 shows a relative
comparison between JIS B 1514 precision class
standards and other standards.

For details of allowable limitations and values,
refer to Tables 6.4 - 6.10, which are described
in the application table column of Table 6.1.
Allowable values for chamfer dimensions are
shown in Table 6.11. Allowable limitations and
values for radial bearing inner ring tapered bores
are shown in Table 6.12.

Bearing type Applicable standard Accuracy class Tolerance table
Deep groove ball bearings Class 0 Class 6 | Class 5 | Class 4 | Class 2
Angular contact ball bearings Class 0 Class 6 | Class 5 | Class 4 | Class 2
Self-aligning ball bearings JISB1514-1 Class 0 — - — -
indri q (1S0492) Table 6.4
Cylindrical roller bearings Class 0 Class 6 | Class 5 | Class 4 | Class 2
Needle roller bearings Class 0 Class 6 | Class 5 | Class 4 —
Self-aligning roller bearings Class 0 — — — —
xlerfg”lgsfg\f; JISB 1514 Class 0, 6X | Class 6| Class 5 | Class4| — | Table6.5
Tapered | Metric series
ralllar (double-row/four-row) BAS1002 Class 0 = = = = Table 6.6
bearings -
Inch series ANSI/ABMA Std.19 | Class4 |Class2 | Class 3 | Class O | Class 00| Table 6.7
J series ANSI/ABMA Std.19.1 | Class K Class N | Class C | Class B | Class A | Table 6.8
Thrust ball bearings JISB1514-2 Class 0 Class 6 | Class 5 | Class 4 = Table 6.9
Spherical roller thrust bearings (150199) Class 0 = = = = Table 6.10

1) The class is the NTN standard class.

®Bearing Tolerances

Table 6.2 Comparison of tolerance classifications of national standards

NTN

Standard Applicable standard Accuracy class Bearing type
Japanese industrial JISB1514-1 Class 0,6 | Class6 | Class 5 | Class 4 | Class 2 | Radial bearings
standard (JIS) JISB1514-2 ClassO | Class6 | Class5 | Class4 | — | Thrust bearings

Normal
1SO 492 class | Class6 | Class 5 | Class 4 | Class 2 | Radial bearings
Class 6X
International N |
Organization for I1SO 199 a;?sa Class 6 | Class 5 | Class 4 = Thrust bearings
Standardization (1SO)
Tapered roller bearings
ISO 578 Class 4 = Class 3 | Class 0 |Class 00 e saries)
ISO 1224 = = Class 5A|Class 4A| — Precision instrument bearings
Deutsches Institut fur
Normung (DIN) DIN 620 PO P6 P5 P4 P2 | Alltypes
X i ANSI/ABMA ABEC-1 | ABEC-3 | ABEC-5 Radial bearings
American National Std.20 1) RBEC-1 | RBEC-3 | RBEC-5 ABEC-7 | ABEC-9 (excluding tapered roller bearings)
Standards Institute (ANSI) ANSI/ABMA T d roller beari
. - apered roller bearings
American Bea’rlng Std191 Class K | Class N | Class C | Class B | Class A (Metric series)
Manufacturer’s
Association (ABMA) ANSI/ABMA Tapered roller bearings
Std. 19 Class 4 | Class 2 | Class 3 | Class O |Class 00 e saries)

1) “ABEC" is applied to ball bearings and “RBEC" to roller bearings.

Note: 1.JIS B 1514 series, IS0492, 199, and DIN620 have the same specification level.
2. The tolerance and allowance of JIS B 1514 series are slightly different from those of ABMA standards.
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NTN

Table 6.3 Application example of accuracy class

Application of accuracy class

Application
example

Applied
accuracy class

Ordinary precision JIS Class 0 is applied to p;?g:'r:::ce
general roller bearings. However, depending on
the conditions and applications, bearings with Accuracy

X under high
JIS Class 5 or higher may be necessary. speed

Machine tool main
spindles

Printing machine
body bearings
Magnetic tape guides

JIS Class 5, JIS Class 4 or
higher
JIS Class 5

JIS Class 5

Table 6.3 shows application examples of
accuracy class according to the required
performance of bearings to be used.

High
rotational
speed

Jet engine main
spindles
Turbochargers
Machine tool main
spindles

Touchdown bearings
of magnetic bearing
spindles for
turbo-molecular
pumps

JIS Class 4 or higher

Equivalent to JIS Class 4
JIS Class 5, JIS Class 4 or
higher

JIS Class 5

Low torque
low noise

Machine tool main
spindles

Hubs of road bikes
Cleaner motors
Hand spinners
Fan motors

JIS Class 5, JIS Class 4 or
higher

JIS Class 5

JIS Class O

JIS Class O

JIS Class O

6.2 JIS terms

The following is a description of JIS accuracy
terms used in Table 6.4.

Ideal bore diameter surface
(reference surface)

Plane A2
Plane A1

Plane A:

Measured bore
diameter

Two parallel straight lines

Fig. 6.1 Shape model figure
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(However, the outer diameter surface is
omitted because the meaning is similar.)
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Terms Quantifiers Description
. . Reference dimension representing the bore diameter size, and reference value
Nominal bore diameter da ) . ) X ]
with respect to the dimensional difference of the actual bore diameter surface.
. . Distance between two parallel straight lines that are in contact with the
Single bore diameter ds . - h . ]
intersection line of the actual bearing bore diameter surface and the radial plane.
Deviation of a single Ad Difference between ds and d (difference of nominal diameter serving as the
bore diameter s measured bore and standard).
Arithmetic mean of the maximum and minimum measured bore diameters
Mean bore diameter in d within one radial plane. In the model figure, in arbitrary radial plane A:, when the
a single plane mp maximum bore diameter is dsi1 and the minimum bore diameter is ds:3, the value
is obtained by (dsi1 + dsi3)/2. There is one value for each plane.
Arithmetic mean of the maximum and minimum measured bore diameters
obtained from all the cylindrical surfaces. In the model figure, when the maximum
Mean bore diameter dm measured bore diameter is ds11 and the minimum measured bore diameter is ds23,
which are obtained from the all the planes A1, A2,...Ai, the mean bore diameter is
obtained by (ds11 + ds23)/2. There is one value for one cylindrical surface.
Deviation of mean bore
. Adm Difference between the mean bore diameter and the nominal bore diameter.
diameter
Deviation of mean bore Difference between the arithmetic mean and the nominal bore diameter of the
diameter in a single Admp maximum and minimum measured bore diameters within one radial plane. The
plane value is specified in JIS.
Difference between the maximum and minimum measured bore diameters within
Variation of bore one radial plane. In the model figure, in radial plane A1, when the maximum
diameter in a single Vadsp measured bore diameter is ds11 and the minimum measured bore diameter is
plane ds13, the difference is Vasp and one value can be obtained for one plane. This
characteristic is an index that indicates the roundness. The value is specified in JIS.
Difference between the maximum and minimum values of the mean bore
Variation of mean bore Va diameter within a plane that are obtained from all the planes. A unique value
diameter mpP is obtained for each product, and it is near to cylindricity (that is different from
geometric cylindricity). The value is specified in JIS.
L . Distance between both theoretical side surfaces of a raceway. This value is a
Nominal inner ring ) . g
width B reference dimension that represents the raceway surface (distance between both
side surfaces).
Distance between two intersections. The straight is perpendicular to the plane
Single inner ring width Bs that is in contact with the inner ring reference side and both actual side surfaces.
This value represents the actual width dimension of an inner ring.
Difference between the measured inner ring width and the nominal inner ring
Deviation of a single AR width. This value is also the difference between the measured inner ring width
inner ring width s dimension and the reference dimension that represents the inner ring width. The
value is specified in JIS.
Variation of inner ring Va Difference between the maximum and minimum measured inner ring widths,
width s which are specified in JIS.
Radial runout of inner Difference between the maximum and minimum values of the radial distance
ring of assembled Kia between the inner ring bore diameter at each angle position and one fixed point of
bearing the outer ring outer diameter surface with respect to radial runout.
Difference between the maximum and minimum values of the axial distance
Axial runout of inner between the inner ring reference side surface at each angle position and one
ring of assembled Sia fixed point of the outer ring outer diameter surface with respect to half the radial

bearing

distance of the raceway contact diameter from the inner ring central axis and the
inner ring of a deep groove ball bearing.
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Table 6.4 Tolerance of radial bearings (except tapered roller bearings)

Table 6.4 (1) Innerrings Unit: um
Nominal Deviation of mean bore diameter Variation of bore diameter in a single plane Variation of mean Radial runout | Perpendicularity| Axial runout Deviation of a single inner ring width Variation of
bore diameter in a single plane bore diameter of inner ring ofinnerring | of inner ring inner ring width

of assembled  |face with respect| of assembled
d Aamp Vasp Vamp bearing to the bore bearing ABs 3 VBs
Diameter series 9 | Diameter series 0, 1 | Diameter series 2, 3, 4 Kia Sd Sia?) Normal bearings Duplex bearings
mm ClassO Class6 Class5 Class4® Class 2% Cass0 a6 Oass5 Cassd Cass? | Oass0 Css6 Clas Oassd Chss2 | ClssD Clss Class O 2 (Class 0 Class § Class5 Class 4 Class 2 | Class 0 Cless 6 Class 5 Class4 Class 2 | Class 5 Class 4 Class 2 | Class 5 Class 4 Class 2 | Class 0 Class 6 Class 5 Class4  Class2 | Class 0 Class 6 Class 5 Class 4| Class 0 Class Class 5 Class4 Clss 2
Over Incl. Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower Max. Max. Max. Max. Max. Max. Max. Upper Lower Upper Lower Upper Lower | Upper Lower Upper Lower Max.
0649 25|/ 0 -8 0 -7 0 -5 0 -4 0 -25(10 9 5 425| 8 7 4 3 25| 6 5 4 3 25 6 5 3 2 15/10 5 42515 7 3 15| 7 3 15/ 0 -40 0 -40 0 -40|— — 0-250| 12 12 5 2515
25 10 o 80 -7 0 -5 0 -4 0 -25/10 9 5 425/ 8 7 4325 6 5 4 3 25 6 5 32 15/ 10 6 42515 7 3 15| 7 3 15| 0 -120 0 -40 0 -40| 0 -250 0-250| 15 15 5 2515
10 18 o 80 -7 0 -5 0 -4 0 -25|/10 9 5 425| 8 7 43 25| 6 5 4 3 25 6 5 3 2 15/10 7 42515 7 3 15| 7 3 15| 0 -120 0 -8 0O -80| 0 -250 0-250| 20 20 5 2515
18 30 0 -10 0 -8 0 -6 0 -5 0 -25|/13 10 6 52510 8 5 4 25| 8 6 5 4 25 8 6 3 2515( 13 8 43 25/ 8 4 15| 8 4 25| 0 -120 0-120 0 -120| 0 -250 0-250| 20 20 5 2515
30 50 0 -12 0 -10 0 -8 0 -6 0 -25|15 13 8 625|112 10 6 5 25| 9 8 6 5 25 9 8 43 15/ 1510 54 25| 8 4 15| 8 4 25| 0 -120 0-120 0 -120| 0 -250 0-250| 20 20 53 15
50 80 0 -15 0 -12 0 -9 0 -7 0 -4 19 15 9 7 4 19 15 7 5 4 11 9 7 5 4 11 9 5 352 2010 54 25| 8 5 15| 8 5 25| 0 -150 0 -150 0 -150| 0 -380 0-250| 25 25 6 4 15
80 120 0 -20 0 -15 0 -10 0 -8 0 -5 25 19 10 8 5 25 19 8 6 5 15 11 8 6 5 1511 5 4 25|/ 2513 65 25| 9 5 25| 9 5 25| 0 -200 0 -200 0 -200| O -380 0-380| 2525 7 4 25
120 150 0 -25 0 -18 0 -13 0 -10 0O -7 31 23 13 10 7 31 23 10 8 7 19 14 10 8 7 1914 7 5 35/ 3018 86 25[{10 6 25|10 7 25| 0 -250 0 -250 0 -250| O -500 0 -380| 30 30 8 5 25
150 180 0 -25 0 -18 0 -13 0 -10 0O -7 31 23 13 10 7 31 23 10 8 7 19 14 10 8 7 1914 7 5 35/ 3018 86 5 |10 6 4 |10 7 5 0 -250 0 -250 0 -250| O -500 0-380| 30 30 8 5 4
180 250 0 -30 0 -22 0 -15 0 -12 0 -8 38 28 15 12 8 38 28 12 9 8 23 17 12 9 8 2317 8 6 4 | 4020108 5 |11 7 5 13 8 5 0 -300 0-300 0 -300( O -500 0-500| 30 3010 6 5
250 315 0 -35 0 -25 0 -18 — — — — |44 31 18 — — |44 31 14 — — |26 19 14 — — 1) 9= =|0PBLiIZ= =18 = =15 = =00 0 = = =|0[0WO =| L IPFi1Y = =
315 400 0 -40 0 -30 0 -23 — — — — 50 38 23 — — |50 38 18 — — |30 23 18 — — 302312 — —| 603015 — —|15 — — |20 — — | 0 -400 0 — — — | 0-630 0 — | 404015 — —
400 500 0 45 0 -35 — — — — — — 56 4 — — — |56 4 — — — 3426 — — — 3426 — — —|6563— - —-|— — —|— — —|0-450— — — —|— — — —|5045— — —
500 630 @ =50 0 40 = = = = = = |B 0 ===|@B@ P == =W P = = = BR= = =|WOD= = =|= = == = =080 = = = == = = =| @@= = =
630 800 0 =15 = = = = = = = = = = o sl s es sl === = === === === =|= = =0 = === =|= ===| === =
800 1000 Q=D = = = = = = = = = = o sl s es sl === = === =P=== === === =0 = === =|= ===|8=== =
1000 1250 Q=25 = = = = = = = = = = s 0 o |leh e = s o e = e 49-- - —-j10----|- - —-|- - —-]0 - - = - —|—-— - — —|100- - = —
1250 1600 Q) = = = = = = = = e = = = =il = = == = == = =20 = = = = == = = =|@les = =
1600 2000 Q=2 = = = = = = = = s e sl e == == = = == =lll=== == = == = =[0 === = =|====|#=== =
1) The dimensional difference Aas of the measured bore diameter applied to Classes 4 and 2 is the same as the tolerance of dimensional 2) Applies to ball bearings such as deep groove ball bearings and angular ball bearings.  4) The nominal bore diameter of bearings of 0.6 mm is included in this dimensional division.
difference Aamp of the mean bore diameter within a plane. However, the dimensional difference is applied to diameter series 0, 1, 2, 3 and 4 3) Applies to individual raceway rings manufactured for combined bearing use.
for Class 4, and also to all the diameter series for Class 2.
Table 6.4 (2) Outer rings Unit: um
Nominal Deviation of mean outside diameter Variation of outside diameter in a single plane ©) Variation of outside diameter| - Variation of mean Radial runout of  |Perpendicularity | Axial runout | Deviation Variation of
outside diameter in a single plane inasingle plane VDS_PE) outside diameter outer ring of ofouterring | of outer ring | of a single outer ring width
Vbsp Sealed/shield bearings assembled bearing °in5t':f:sl:;:2:e of assembled | outer ring
D Apmp Open bearing . d‘ameter. Vbmp Kea to the f; bearing width Ves
. . ; X . . Diameter series 0 the face
Diameter series 9 | Diameter series O, 1 | Diameter series 2, 3, 4 234 01234 Sp Sea”) Acs
mm ClassO Class6 Class5 Class 4 Class 2| Cass0 Oassb Oass5 Cassd Cass? | Cass0 Class Clas Clssd Clss2 | Clas) Ol s 5 Clss 4 s Class O Class 6 |CassO Cass6 Oass5 Oass Oass 2| Class Clss Clss5 Clss Clss?2 | Clss’5 Classi4 Class2 | Class 5 Class4 Class2 | All classes | Class06 Class 5 Class 4 Class 2
Over  Incl. | Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower Max. Max. Max. Max. Max. Max. Max. Max. Max.
2.58) 6 o -8 0 -7 0 -5 0 -4 0-25/10 9 5 4 25 8 7 4 3 25| 6 5 43 25 10 9 6 5 3 2 15,15 8 5 3 15| 8 4 15| 8 5 15 5 25 15
6 18 o -8 0 -7 0 -5 0 -4 0-25/10 9 5 4 25 8 7 4 3 25| 6 5 43 25 10 9 6 5 3 2 15(15 8 5 3 15| 8 4 15| 8 5 15 |Dependson |Dependson 5 2.5 1.5
18 30 0o -9 0 -8 0 -6 0 -5 0 -4 12 10 6 5 4 9 8 5 4 4 7 6 54 4 12 10 7 6 3 252 15 9 6 4 25| 8 4 15| 8 5 25 |toleranceof |toleranceof 5 2.5 1.5
30 50 [0 -11 0 -9 0 -7 0 -6 0 -4 [1411 7 64 |11 9 5 5 4 8 7 55 4 16 13 8 7 43 2 | 2010 7 5258 4 15[ 8 5 25 ff;“}{ﬁ'a“‘m t"f‘;‘”f{;‘a"‘)” 5 25 15
50 80 |0 -13 0 -11 0 -9 0 -7 0 -4 | 1614 9 7 4 | 1311 7 54 |10 8 7 5 4 20 16 10 8 5 352 | 2513 8 54 | 8 4 15[10 5 4 [© "b e v °b € 63 15
80 120 |0 -15 0 -13 0 -10 0 -8 0 -5 | 191610 8 5 | 1916 8 6 5 |11 10 8 6 5 26 20 1110 5 4 25[3518 10 6 5 | 9 5 25| 11 6 5 |¥MEOLANE |¥MEDANE g 4 55
120 150 0 -18 0 -15 0 -11 0 -9 0 -5 231911 9 5 2319 8 75 14 11 8 7 5 30 25 14 11 6 5 25|40 20 11 7 5 100 5 2513 7 5 8 5 25
150 180 0 -25 0 -18 0 -13 0 -10 0 -7 31 231310 7 312310 8 7 19 14 10 8 7 38 30 19 14 7 5 35| 4523 13 8 5§ 10 5 25|14 8 5 8 5 25
180 250 0 -30 0 -20 0 -15 0 -11 0 -8 38 25 15 11 8 38 2511 8 8 23 15 11 8 8 - - 2315 8 6 4 50 25 15 10 7 1 7 4 15 10 7 10 7 4
250 315 0 -35 0 -25 0 -18 0 -13 0 -8 44 31 18 13 8 44 31 14 10 8 26 19 14 10 8 = = 2619 9 7 4 60 30 18 11 7 13 8 5 18 10 7 1 7 5
315 400 0 -40 0 -288 0 -20 0 -15 0 -10 50 35 20 1510 50 35 15 1110 30 21 15 1110 = = 30 21 10 8 5 70 35 20 13 8 13 10 7 20 13 8 13 8 7
400 500 0 -45 0 -33 0 -23 — — — — 56 41 23 — — | 56 4117 — — | 34 25 17 — — = = 34 25 12 — — | 8 40 23 — — |15 — — |23 — — 15 = =
500 630 0 -50 0 -38 0 -28 — — — — 63 48 28 — — | 63 4821 — — |38 2921 — — = = 3829 14 — —|100 50 25 — — |18 — — |25 — — 18 - -
630 800 0 -75 0 45 0 35 — — — — 94 56 35 — — | 94 5626 — — |55 3426 — — = = 5534 18 — —|120 60 30 — — |20 — — |30 — — D = =
800 1000 0-100 0 -60 — — — — — — (12575 — — — |125 75 — — — |75 45 — — — = = B = = =B == =|== =|== = = = =
1000 1250 Q= = = = = = = = = s s =l essse = |es == = = = === = == == =|= = =|== = = = =
1250 1600 0= = = = = = = = = = oo o o | oo s = |2 e s s = - - - - - - —|19%9 - = = —-|=- - —-| - - - - - -
1600 2000 Q=20 = = = = = = = = i il R = = = = = o o|lle = = == =2 == = = = = =
2000 2500 QA = = = = = = = = sEe e sl s === = = = === == = == === === = = = =
5) The dimensional difference A ps of the measured outer diameter applied to Classes 4 and 2 is the same as the tolerance of dimensional 6) Applies to cases where snap rings are not installed on the bearings. 8) The nominal bore diameter of bearings of 2.5 mm is included in this dimensional division.
difference A pmp of the mean outer diameter within a plane. However, the dimensional difference is applied to diameter series 0, 1, 2, 3 and 4 7) Applies to ball bearings such as deep groove ball bearings and angular ball bearings.

for Class 4, and also to all the diameter series for Class 2.
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Table 6.5 Tolerance of tapered roller bearings (metric series)
Table 6.5 (1) Inner rings

NTN

Nominal Deviation of mean Variation Variation of mean Radial runout of Perpendicularity

bore bore diameter of bore diameter bore diameter inner ring of of inner ring face
diameter in a single plane in a single plane assembled bearing | Withrespect
to the bore

d Admp Vasp Vamp Kia Sd
Class 0 Class 61 Class 0 Class 0 Class 0
mm Class 6x Class5 Class 42 |Class6x Class6 Class5 Class 4 |Class 6x Class 62 Class 5 Class 4 | Class 6x Class6%) Class5 Class4| Class 5 Class 4
Over Incl. | Upper Lower Upper Lower Upper Lower Max. Max. Max. Max.

10 18 0 -12 0 -7 0 -5 12 7 5 4 9 5 5 4 15 7 5 3 7 3
18 30 0 -12 0 -8 0 -6 12 8 6 5 9 6 5 4 18 8 5 3 8 4
30 50 0 -12 0 -10 0 -8 12 10 8 6 9 8 5 5 20 10 6 4 8 4
50 80 0 -15 0 -12 0 -9 15 12 9 7 11 9 6 5 25 10 7 4 8 5
80 120 0 -20 0 -15 0 -10 20 15 11 8 15 11 8 5 30 13 8 5 9 5
120 180 0O -25 0 -18 0 -13 25 18 14 10 19 14 9 7 35 18 11 6 10 6
180 250 0O -30 0 -22 0 -15 30 22 17 11 23 16 11 8 50 20 13 8 11 7
250 315 | 0 35 — — — — |3 — — — |2 — — — |60 — — — | — -
315 400 | 0 40 — — — — |40 — — — |30 — — — |70 — — — | — —

1) Class 6 is the NTN standard class.
2) The dimensional difference Aas of the measured bore diameter applied to Class 4 is the same as the tolerance of dimensional difference A amp
of the mean bore diameter within a plane.

Table 6.5 (2) Outer rings

Nominal Deviation of mean Variation Variation of mean Radial runout of Perpendicularity
outside outside diameter of outside diameter outside diameter outer ring of of outer ring
diameter in a single plane in a single plane assembled bearing outside surface

with respect
D Apmp Vbsp Vbmp Kea to the face
Class 0 Class 61 Class 0 Class 0 Class 0 Sp3)
mm Class 6x  Class5 Class 44 |Class6x Class 62 Class5 Class 4| Class 6x Class 62 Class 5 Class 4 | Class 6x Class 62 Class 5 Class4| Class 5 Class 4
Over Incl. | Upper Lower Upper Lower Upper Lower Max. Max. Max. Max.
18 30| 0 -12 0 -8 0 -6 12 8 6 5 9 6 5 4| 18 9 6 4 8 4
30 500 -14 0 -9 0 -7 14 9 7 5 11 7 5 5120 10 7 5 8 4
50 8| 0 -16 0 -11 0 -9 6 11 8 7 | 12 8 6 5|25 13 8 5 8 4
80 120 | 0 -18 0 -13 0 -10 18 13 10 8 14 10 7 5| 35 18 10 6 9 5
120 150 0 -20 0 -15 0 -11 20 15 11 8 15 11 8 6 40 20 11 7 10 5
150 180 ( 0 -25 O -18 0 -13 25 18 14 10 19 14 9 7 | 45 23 13 8 10 5
180 250 ( 0 -30 O -20 O -15 30 20 15 11 23 15 10 8 | 50 25 15 10 11 7
250 315 0 -35 0 -25 0O -18 35 25 19 14 26 19 13 9 | 60 30 18 11 13 8
315 400 | 0 -40 0 -28 0 -20 | 40 28 22 15 30 21 14 10 | 70 35 20 13 13 10
400 500 | 0 -45 — — — — 45 - = = 34 — —-— —180 — - —= — —
SUOpNESG 0 -50 — — @ — — @@ = = = B = = = |00 = = = = =

3) Does not apply to bearings with flange.
4) The dimensional difference A ps of the measured outer diameter applied to Class 4 is the same as the tolerance of dimensional difference A pmp
of the mean outer diameter within a plane.
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NTN

Unit: um

Axial runout

Deviation of a single

Deviation of the actual

of inner ring inner ring width assembled bearing width
of assembled
bearing ABs Ars
Sia Class 0 Class 5 Class 0 Class 5
Class 4 Class6 Class6x Class 4 Class 6 Class 6x Class 4
Max. Upper Lower Upper Lower Upper Lower | Upper Lower Upper Lower Upper Lower
3 0 -120 0 -50 O -200| +200 O +100 O +200 -200
4 0 -120 0 -50 O -200| +200 O +100 O +200 -200
4 0 -120 0 -50 O -240| +200 O +100 O +200 -200
4 0 -150 0 -50 O -300| +200 O +100 O +200 -200
5 0 -200 0 -50 O -400 | +200 -200 +100 O +200 -200
7 0 -250 0 -50 O -500| +350 -250 +150 O +350 -250
8 0 -300 0 -50 O -600 | +350 -250 +150 O +350 -250
= 0 -350 0 -50 — — +350 -250 +200 O = =
— 0 -400 0 -50 — — +400 -400 +200 O — —
Table 6.5 (3) Effective width of inner subunits
Unit: um and outer rings Unit: m
Axial runout Deviation of a single Nominal Deviation of the actual Deviation of the actual
of outer ring outer ring width bore effective width effective width
of assembled diameter | of inner subunit assembled of outer ring assembled
bearing Acs a with a master outer ring | with a master inner subunit
Sea Class 0, Class6b Aris A72s
Class 4 Class 5, Class 4 Class 6x5) mm Class 0 Class 6x Class 0 Class 6x
Max. Upper Lower Upper Lower Over Incl. | Upper Lower Upper Lower | Upper Lower Upper Lower
5 0 -100 10 18 | +100 O +50 O +100 O +50 0
5 Depends on 0 -100 18 30 | +100 O +50 O +100 O +50 0
5 tolerance of ABs 0 -100 30 50 | +100 O +50 O +100 O +50 0
i lation t
6 et o -100 50 80 | +100 0 450 O |+100 O  +50 0
7 same bearing 0 -100 80 120 | +100 -100 +50 O +100 -100 +50 0
8 0 -100 120 180 | +150 -150 +50 O +200 -100 +100 0
10 0 -100 180 250 | +150 -150 +50 O +200 -100 +100 0
10 0 -100 250 315 | +150 -150 +100 O +200 -100 +100 0
13 0 -100 315 400 | +200 -200 +100 O +200 -200 +100 0
= 0 -100
= 0 -100
- - - - Outer ring Inner ring
5) Applies to bearings with a nominal bore —T1— master T2— subunit master
diameter d over 10 mm and 400 mm or less. — —
/I YT | Ti
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Table 6.6 Tolerance of tapered roller bearings (inch series)

NTN

NTN

Table 6.6 (1) Inner rings Unit: um
Nominal bore diameter Deviation of a single bore diameter
d Aas
mm (inch) Class 4 Class 2 Class 3 Class 0 Class 00
Over Incl. Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower
— — 76.2( 3 ) +13 0 +13 0 +13 0 +13 0 +8 0
76.2(3 ) 266.7(10.5) +25 0 +25 0 +13 0 +13 0 +8 0
266.7(10.5) 304.8(12 ) +25 0 +25 0 +13 0 +13 0 = =
304.8(12 ) 609.6 (24 ) +51 0 +51 0 +25 0 = = = =
609.6 (24 ) 914.4(36 ) +76 0 = = +38 0 — — — —
914.4(36 ) 1219.2(48 ) +102 0 = = +51 0 = = = =
1219.2(48 ) = C +127 0 o = +76 0 e = = -
Table 6.6 (2) Outer rings Unit: um
Nominal outside diameter Deviation of a single outside diameter
D ADs
mm (inch) Class 4 Class 2 Class 3 Class 0 Class 00
Over Incl. Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower
— — 266.7 (10.5) +25 0 +25 0 +13 0 +13 0 +8 0
266.7 (10.5) 304.8 (12 ) +25 0 +25 0 +13 0 +13 0 = =
304.8 (12 ) 609.6 (24 ) +51 0 +51 0 +25 0 = = = =
609.6 24 ) 9144 (36 ) +76 0 +76 0 +38 0 — — — —
914.4 (36 ) 1219.2 (48 ) +102 0 - - +51 0 - - - -
1219.2 (48 ) e = +127 0 e o +76 0 e e e e
Table 6.6 (3) Assembly width of single-row bearings, combination width of 4-row bearings,
effective width of inner ring subunits, effective width of outer rings
Nominal Nominal Deviation of the actual assembled Deviation of
bore diameter outside diameter single row bearing width four-row bearing
d D Ars overall width
Ap2s, Ac2s
mm (inch) mm (inch) Class 4 Class 2 Class 3 Class 0,00 Class 4,2,3,0
Over Incl. Over Incl. Upper Lower Upper Lower Upper Lower Upper Lower | Upper Lower
— 101.6 ( 4) +203 0 +203 0 +203 -203 +203 -203 | +1524 -1524
101.6 ( 4) 304.8(12) +356 -254 +203 0 +203 -203 +203 -203 |+1524 -1524
304.8 (12) 609.6 (24) — 508.0 (20) | +381 -381 +381 -381 +203 -203 — — |+1524 -1524
304.8 (12) 609.6 (24) | 508.0 (20) = +381 -381 +381 -381 +381 -381 — — | +1524 -1524
609.6 (24) - +381 -381 — — +381 -381 — — +1524 -1524
Table 6.6 (4) Radial runout of inner and outer rings Unit: m
Nominal outside diameter Radial runout of inner ring of assembled bearing
Kia
D Radial runout of outer ring of assembled bearing
Kea
mm (inch) Class 4 Class 2 Class 3 Class 0 Class 00
Over Incl. Max. Max. Max. Max. Max.
— 304.8 (14) 51 38 8 4 2
304.8 (14) 609.6 (24) 51 38 18 — —
609.6 (24) 914.4 (36) 76 51 51 — —
914.4 (36) — 76 — 76 — —
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Unit: um

Deviation of the actual effective width of inner subunit
assembled with a master outer ring

Deviation of the actual effective width of outer ring assembled
with a master inner subunit

Aris Ar2s
Class 4 Class 2 Class 3 Class 4 Class 2 Class 3
Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower
+102 0 +102 0 +102 -102 +102 0 +102 0 +102 -102
+152 -152 +102 0 +102 -102 +203 -102 +102 0 +102 -102
= — +178  -178Y  +102  -1020 = — +203  -203Y 4102 -1020

1) Applies to nominal bore diameters d of 406.400 mm (16 inch) or less.
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Table 6.7 Tolerance of double-row and 4-row tapered roller bearings (metric series)
Table 6.7 (1) Inner rings

NTN

Unit: um

®Bearing Tolerances

Nominal Deviation Variation Variation Radial Deviation Deviation of bearing overall width
_ bore of n_1ean z.)f bore of mean . runot.lt of (_)f a sin_gle Double row bearing | Four-row bearing
diameter bore diameter diameter bore inner ring of | inner ring
in a single plane | in a single plane | diameter | assembled width
d Admp Visp Vamp bearing ABs ABis AB2s
mm Kia
Over Incl.| Upper Lower Max. Max. Max. Upper Lower Upper Lower Upper Lower
30 50 0 =2 12 9 20 0 -120 +240 -240 = =
50 80 0 -15 15 11 25 0 -150 +300 -300 = =
80 120 0 -20 20 15 30 0 -200 +400 -400 +500 -500
120 180 0 -25 25 19 35 0 -250 +500 -500 +600 -600
180 250 0 -30 30 23 50 0 -300 +600 -600 +750 -750
250 315 0 -35 35 26 60 0 -350 +700 -700 +900 -900
315 400 0 -40 40 30 70 0 -400 +800 -800 +1000 -1000
400 500 0 -45 45 34 80 0 -450 +900 -900 +1200 -1200
500 630 0 -60 60 40 90 0 -500| +1000 -1000 +1200 -1200
630 800 0 -75 75 45 100 0 -750| +1500 -1500 |[i+1500 -1500 |
800 1000 0 -100 100 55 115 0 -1000 | +1500 -1500 [i{+1500 -1500
1) Values in dot-line frame are the NTN stadard.
Table 6.7 (2) Outer rings Unit: um
Nominal Deviation Variation Variation Radial Deviation Deviation of bearing overall width
r.Jutside of mean outside of. outside of mean runot{t of | ofa single Double row bearing | Four-row bearing
diameter diameter diameter outside |outerringof | outerring
in a single plane | in a single plane | diameter | assembled width
D Apmp Vbsp Vbmp bearing Acs Acis Acas
mm Kea
Over Incl. | Upper Lower Max. Max. Max. Upper Lower Upper Lower Upper Lower
50 80 0 -16 16 12 25 Depends on Depends on Depends on
80 120 0 -18 18 14 35 tolerance of tolerance of tolerance of
120 150 0 -20 20 15 40 ABsin ABisin AB2sin
150 180 o 5 25 19 45 rilgﬁlon trid ri\ta;\on trv?]d re]z(\ta:on trv?]d
180 250 0 -30 30 23 50 T o o M
250 315| 0  -35 35 26 60 g 3 3
315 400 0 -40 40 30 70
400 500 0 -45 45 34 80
500 630 0 -50 60 38 100
630 800 0 -75 80 55 120
800 1000 0 -100 100 75 140
1000 1250 0 -125 130 90 160
1250 1600 0 -160 170 100 180
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Table 6.8 Tolerance of tapered roller bearings of J series (metric series)
Table 6.8 (1) Inner rings Unit: m
Nominal Deviation of mean bore diameter Variation of Variation of mean Axial runout of Deviation of the actual assembled bearing width
bore in a single plane bore diameter bore diameter inner ring of
diameter in a single plane assembled bearing
a Admp Vasp Vamp Sia Ars
Class Class Class Class Class Class Class Class | Class Class Class Class Class Class Class Class Class
mm K N C B K N C B K N C B B K N C B
Over Incl. | Upper Lower Upper Lower Upper Lower Upper Lower Max. Max. Max. Upper Lower Upper Lower Upper Lower Upper Lower
10 18 0o -12 o0 -12 0 -7 0 -5 | 12 12 4 3 9 9 § 4 3 +200 0 +100 0 +200 -200 +200 -200
18 30 0o -12 0 -12 0 -8 0 -6 | 12 12 4 3 9 9 5 4 4 +200 0 +100 0 +200 -200 +200 -200
30 50 o -12 o0 -12 0 -10 0 -8 | 12 12 4 B] 9 9 5 5 4 +200 0 +100 0 +200 -200 +200 -200
50 80 0 -15 0 -15 0 -12 0 -9 |15 15 5 B] 1 11 5 5 4 +200 0 +100 0 +200 -200 +200 -200
80 120 0 -20 0 -20 0 -15 0 -10 | 20 20 5 3 15 45 5 5 5 +200 -200 +100 0 +200 -200 +200 -200
120 180 0 -25 0 -25 0 -18 0 -13 | 25 25 5 3 19 19 5 7 7 +350 -250 +150 0 +350 -250 +200 -250
180 250 0 -30 0 -30 0 -22 0 -15 | 30 30 6 4 23 23 5 8 8 +350 -250 +150 0 +350 -300 +200 -300
Note: Please consult NTN Engineering for Class A bearings.
Table 6.8 (4) Radial runout of inner and outer
Table 6.8 (2) Outer rings Unit: um rings Unit: um
Nominal Deviation of mean outside diameter Variation Variation of mean Axial runout of Nominal | Radial runout of inner ring of assembled bearing
outside in a single plane of outside diameter outside diameter outer ring of outside Kia
diameter in a single plane assembled bearing diameter | Radial runout of outer ring of assembled bearing
D Abmp Vbsp Vbmp Sea D Kea
Class Class Class Class Class Class Class Class | Class Class Class Class Class Class Class Class Class
mm K N C B K N C B K N C B B mm K N € B
Over Incl. |Upper Lower Upper Lower Upper Lower Upper Lower Max. Max. Max. Over Incl. Max.
18 30 0 -12 0 -12 0 -8 0 -6 | 12 12 4 3 9 9 5 4 B] 18 30 18 18 5 3
30 50 0 -14 0 -14 0 -9 0 -7 | 14 14 4 3 11 11 5 5 3 30 50 20 20 6 3
50 80 0 -16 0 -16 0 -11 0 -9 | 16 16 4 3 12 12 6 5 4 50 80 25 25 6 4
80 120 0 -18 0 -18 0 -13 0 -10 | 18 18 5 3 14 14 7 5 4 80 120 35 35 6 4
120 150 0 -20 0 -20 0 -15 0 -11 | 20 20 5 3 15 15 8 6 4 120 150 40 40 7 4
150 180 0 -25 0 -25 0 -18 0 -13 | 25 25 5 3 19 19 9 7 5 150 180 45 45 8 4
180 250 0 -30 0 -30 0 -20 0 -15 | 30 30 6 4 23 23 10 8 6 180 250 50 50 10 5
250 315 © <55 © =55 0 -25 0 -18 | 35 35 8 5 26 26 13 9 6 250 315 60 60 11 5
315 400 0 -40 0 -40 0 -28 0O -20 | 40 40 10 5 30 30 14 10 6 315 400 70 70 13 5
Note: Please consult NTN Engineering for Class A bearings. Note: Please consult NTN Engineering for Class A bearings.
Table 6.8 (3) Effective width of inner subunits and outer rings Unit: um r Outer ring r Inner ring
—T1— —T2— f
Nominal Deviation of the actual effective width Deviation of the actual effective width _master ‘ subunit master
bore of inner subunit assembled with a master outer ring of outer ring assembled with a master inner subunit
diameter
d Ar1s Ar2s
Class Class Class Class Class Class Class Class
mm K N C€ B K N € B
Over Incl. | Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower Upper Lower
10 80 | +100 0 450 0 +100 -100 *  * +100 0 +50 0 +100 -100 *  * 71 ¢ B
80 120 | +100 -100 +50 0  +100 -100 * * +100 -100 +50 O  +100 -100 * *
120 180 | +150 -150 +50 0  +100 -100 * * +200 -100 +100 O  +100 -150 * *
180 250 | +150 -150 +50 0  +100 -150 * * +200 -100 +100 O  +100 -150 * *
Note: 1. " * " mark bearings are manufactured only for combined bearings. @
2. Please consult NTN Engineering for Class A bearings.
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Table 6.9 Tolerance of thrust ball bearings
Table 6.9 (1) Shaft washer

NTN

Unit: um

Nominal
bore diameter

Deviation of mean bore diameter
in a single plane

Variation
of bore diameter
in a single plane

Variation in thickness between
shaft washer raceway and back face

d Adamp Vasp Si
mm Class 0, 6, 5 Class 4 Class 0,6,5 Class4 | ClassO Class 6 Class 5 Class 4

Over Incl. Upper Lower Upper Lower Max. Max.

= 18 0 -8 0 =7 6 5 10 5 3 2

18 30 0 -10 0 -8 8 6 10 5 3 2

30 50 0 -12 0 -10 9 8 10 6 3 2

50 80 0 -15 0 -12 11 9 10 7 4 3

80 120 0 -20 0 =ill5 15 11 15 8 4 3
120 180 0 -25 0 -18 19 14 15 9 5 4
180 250 0 -30 0 -22 23 17 20 10 5 4
250 315 0 -35 0 -25 26 19 25 13 7 5
315 400 0 -40 0 -30 30 23 30 15 7 5
400 500 0 -45 0 -35 34 26 30 18 9 6
500 630 0 -50 0 -40 38 30 35 21 11 7

Table 6.9 (2) Housing washer Unit: z1m
Nominal Deviation of mean outside diameter Variation Variation in thickness between

outside diameter

in a single plane

of outside diameter
in a single plane

housing washer raceway and back face

D Abmp Vbsp Se
mm Class 0, 6, 5 Class 4 Class 0, 6,5 Class 4 Class 0, 6,5, 4
Over Incl. Upper Lower Upper Lower Max. Max.
10 18 0 -11 0 =7 8 5
18 30 0 -13 0 -8 10 6
30 50 0 -16 0 -9 12 7
50 80 0 -19 0 -11 14 8
80 120 0 -22 0 -13 17 10
120 180 0 =25 0 -15 19 11 Depends on tolerance of
180 250 0 ~30 0 20 23 15 Siagainst d of the same bearings
250 315 0 -35 0 -25 26 19
315 400 0 -40 0 -28 30 21
400 500 0 -45 0 -33 34 25
500 630 0 -50 0 -38 38 29
630 800 0 -75 0 -45 55 34
Table 6.9 (3) Bearing height  ynit. um

Nominal Deviation of the actual
bore diameter bearing height,
single-direction bearing 1)
d Ars
mm

Over Incl. Upper Lower

= 30 0 -75

30 50 0 -100

50 80 0 =il25

80 120 0 -150
120 180 0 -175
180 250 0 -200
250 315 0 -225
315 400 0 -300
400 500 0 -350
500 630 0 -400

1) Applies to flat back face bearing of Class 0.
The values are the NTN standard.
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Table 6.10 Tolerance of spherical thrust roller bearings
Table 6.10 (1) Shaft washer

Unit: um
Nominal Deviation of mean Variation Perpendicularity Deviation
bore diameter bore diameter of bore diameter of shaft washer of the actual
in a single plane in asingle plane | back face with respect | bearing height 1)
d Admp Vasp to the bore 1) A7rs
mm Sd
Over Incl. Upper Lower Max. Max. Upper Lower
50 80 0 -15 11 25 +150 -150
80 120 0 -20 15 25 +200 -200
120 180 0 -25 19 30 +250 -250
180 250 0 -30 23 30 +300 -300
250 315 0 -35 26 35 +350 -350
315 400 0 -40 30 40 +400 -400
400 500 0 -45 34 45 +450 -450
1) The standard conforms to JIS B 1539.
Table 6.10 (2) Housing washer
Unit: um
Nominal Deviation of mean
outside diameter outside diameter
in a single plane
D Abmp
mm
Over Incl. Upper Lower
120 180 0 -25
180 250 0 -30
250 315 0 35
315 400 0 -40
400 500 0 -45
500 630 0 -50
630 800 0 =15
800 1000 0 -100
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6.3 Chamfer measurements and tolerance
or allowable values of tapered bore

Table 6.11 Allowable critical-value of bearing
chamfer
Table 6.11 (1) Radial bearings (except tapered
roller bearing)

Unit: um
7sminl) Nominal 7's max OF 7'1s max
bore diameter
or q
¥1s min Over Incl. | Radial direction Axial direction
0.05 - - 0.1 0.2
0.08 - - 0.16 0.3
0.1 - - 0.2 0.4
0.15 - - 0.3 0.6
0.2 - = 0.5 0.8
- 40 0.6 1
0.3
40 = 0.8 1
- 40 1 2
0.6
40 - 13 2
= 50 1.5 3
1
50 = 1.9 3
- 120 2 3.5
1.1
120 = 2.5 4
- 120 2.3 4
1.5
120 = 3 5
- 80 3 4.5
2 80 220 3.5 5
220 = 3.8 6
- 280 4 6.5
21
280 = 4.5 7
- 100 3.8 6
25 100 280 45 6
280 = 5 7
3 - 280 5 8
280 = 5.5 8
4 = - 6.5 9
5 = = 8 10
6 = - 10 13
7.5 = - 125 17
9.5 = = 15 19
12 = - 18 24
15 - - 21 30
19 - - 25 38

1) These are the allowable minimum dimensions of the chamfer

dimension “r" or "r1" and are described in the dimensional table.

7's min Or
71s min

2

NTN

Side surface of inner ring
and outer ring, or side
surface of shaft

raceway washer and
housing raceway washer

7’s max Or 7"1s max

Bore diameter
face of bearing
or outer
diameter face
of bearing

T
¥'s min OF ¥"1s min
L

7's max Or ¥"1s max

(Axial direction)

7’s min OF ¥'1s min

(Radial direction)

Table 6.11 (2) Tapered roller bearings

of metric series

Unit: um

7s min2) Nominal bore ¥'s max OF 7"1s max
diameter d 3)
or or nominal outside
diameter D
71s min Over Incl. | Radial direction Axial direction
_ 40 0.7 1.4
0.3
40 - 0.9 1.6
= 40 1.1 1.7
0.6
40 - 1.3 2
- 50 1.6 2.5
! 50 = 1.9 3
- 120 2.3 3
1.5 120 250 2.8 3.5
250 - 3.5 4
- 120 2.8 4
2 120 250 3.5 4.5
250 - 4 5
- 120 3.5 5
2.5 120 250 4 55
250 - 4.5 6
= 120 4 5.5
3 120 250 4.5 6.5
250 400 5 7
400 - 515 7.5
- 120 5 7
120 250 5.5 7.5
4 250 400 6 8
400 - 6.5 8.5
= 180 6.5 8
> 180 - 7.5 9
= 180 7.5 10
6 180 - 9 11

2) These are the allowable minimum dimensions of the chamfer
dimension “#" or “r1" and are described in the dimensional table.
3) Inner rings shall be in accordance with the division of “d"” and
outer rings with that of “D".
Note: The standard applies to the bearings whose dimensional series
(refer to the dimensional table) are specified in the standard
ISO 355 or JIS B 1512. For further information concerning
bearings outside of these standards or tapered roller bearings

using a US customary unit, please contact NTN Engineering.
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Table 6.11 (3) Thrust bearings

Unit: um

[

a
——238
Theoretical tapered bore

fe—p—

$(d1+Ad1mp)

Tapered bore having dimensional differen

of mean bore diameter within plane
Table 6.12 (1) Tolerance of tapered bores of radial

bearings and tapered bores with allowable
standard taper ratio 1:12 (Class 0) ynit: um

da Adamp A a1mp-Admp Vasp1) 2)
P @ 78 e 7's max Or 7"1s max mm
s min min Radial and axial directions Over Incl. | Upper Lower | Upper Lower Max.
10 | + 22 0 + 15 0 9
0.05 01 10 18 | + 27 0 + 18 0 11
18 30 | + 33 0 + 21 0 13
0.08 0.16 30 50 | + 39 0 + 25 0 16
04 0.2 50 80 | + 46 0 + 30 0 19
80 120 | + 54 0 + 35 0 22
0.15 03 120 180 | + 63 0 + 40 0 40
0.2 05 180 250 | + 72 0 + 46 0 46
250 315 | + 81 0 + 52 0 52
03 0.8 315 400 | + 89 0 + 57 0 57
0.6 15 400 500 | + 97 0 + 63 0 63
500 630 | +110 0 + 70 0 70
1 2.2 630 800 | +125 0 + 80 0 =
11 27 800 1000 | +140 0 + 90 0 =
1000 1250 | +165 0 +105 0 -
15 35 1250 1600 | +195 0 +125 0 —
2 3 Table 6.12 (2) Tolerance of tapered bores of radial
2.1 45 bearings and tapered bores with allowable
5 o5 standard taper ratio 1:30 (Class 0) ynit: um
d Adamp Adimp-Admp Vasp1 2)
4 6.5 mm
5 3 Over Incl. Upper  Lower Upper  Lower Max.
50 80 +15 0 +30 0 19
6 10 80 120 +20 0 +35 0 22
75 195 120 180 +25 0 +40 0 40
180 250 +30 0 +46 0 46
9.5 15 250 315 +35 0 +52 0 52
> @ 315 400 +40 0 +57 0 57
400 500 +45 0 +63 0 63
15 21 500 630 +50 0 +70 0 70
19 25 1) Applies to all radial flat planes of tapered bores.

4) These are the allowable minimum dimensions of the
chamfer dimension “»" or “r1" and are described in the

2) Does not apply to diameter series 7 and 8.

Note: Quantifiers

. 1 1
For a standard taper ratio of 1 di=d+ 12 B

For a standard taper ratio of %, di=d+ 1 B

Aamp : Dimensional difference of the mean bore diameter within the

flat surface at the theoretical small end of the tapered bore

Aa1mp: Dimensional difference of the mean bore diameter within the
flat surface at the theoretical large end of the tapered bore

: Unevenness of the bore diameter with the flat surface

: Nominal width of inner ring

Vasp
B
a

: L of the tapered bore’s standard taper angle

For a standard taper ratio of % For standard taper ratio of%
a =2°23'9.4"

=2.38594°

=0.041643 rad

A-71
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6.4 Bearing tolerance measurement
methods

For reference, measurement methods for rolling
bearing tolerances are specified in JIS B 1515-2.
Table 6.13 shows some of the major methods

6.5 Geometrical product specifications
(GPS)

<Purpose of GPS>
While conventional drawing notation
typically describes product dimensions and

of measuring rotation tolerances.

Table 6.13 Rotation tolerance measurement methods

Accuracy characteristics

Measurement methods

Radial runout
of inner ring
of assembled bearing
(Kia)

Measuring load

e oy

Radial runout of the inner ring is
the difference between the
maximum and minimum reading
of the measuring device when
the inner ring is turned one
revolution.

Measuring load

Radial runout
of outer ring
of assembled bearing

Measuring load

B T

Radial runout of the outer ring is
the difference between the
maximum and minimum reading
of the measuring device when

Measuring load

(Kea) the outer ring is turned one
revolution.
i Measuring load Measuring load Axial runout of the inner ring is
Axial runout

of inner ring
of assembled bearing

i

the difference between the
maximum and minimum reading
of the measuring device when
the inner ring is turned one

(Sia)
revolution.
° o Axial runout of the outer ring is
Axial runout Measuring load Measuring load the difference between the

of outer ring
of assembled bearing
(Sea)

maximum and minimum reading

of the measuring device when
the outer ring is turned one

revolution.

Perpendicularity
of inner ring face
with respect to the bore
(Sd)

The squareness of the inner ring
side surface is the difference
between the maximum and
minimum readings of the
measuring device when the inner
ring is turned one revolution
together with the tapered
mandrel.

Perpendicularity
of outer ring
outside surface
with respect to the face
(Sp)

1.2rs max

=0

The squareness of the outer ring
outer diameter surface is the

difference between the
[Q] maximum and minimum

1.2rs max

readings of the measuring device
when the outside ring is turned
one revolution along the
reinforcing plate.

GPS is an abbreviation of geometrical product
specifications. GPS is the new drawing notation
for accurately describing the geometrical
specifications of product shapes, dimensions,
and surface characteristics. The standard that
specifies rules for making drawings with GPS is
called "GPS standard.”

0
¢60-0.015
=
\
i
i
i
=

The dimensional tolerance of bearing
bore diameters is specified in ISO/

JIS as "Dimensional tolerance of mean
bore diameter within plane” (see Table
6.4 (1)). However, expressions such as
“within plane” and “mean” are omitted
in the conventional drawing notation as
shown above. This can lead to several
interpretations of the dimensional
tolerance.

Conventional notation

characteristics accurately, there are several
“unclear” aspects of the conventional notation
that can lead to varying interpretations (see
Fig. 6.2). The main purpose of the GPS is to
eliminate the ambiguity of drawing notation,
thereby preventing troubles.

0
¢ 60 -0.015 GDACS

=
|

GPS code “SD” represents “middle” and
"ACS” represents “arbitrary cross section.”
By adding these two codes after the inner
bore tolerance, it is possible to clearly
express “middle of the measured diameter
within an arbitrary cross section”, which

is the dimensional tolerance of the mean
bore diameter within a plane.

GPS notation

Fig. 6.2 Notation example of bearing bore diameter tolerance
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<Applying GPS to rolling bearings>

In regards to standards related to roller bearings,
ISO 492 specifying the tolerance of radial
bearings and ISO 199 specifying the tolerance of
thrust bearings were revised with GPS in 2014.
In response to this, JISB 1514-1 and JISB
1514-2 were also revised in 2017.

Variation of outer ring width

NTN

<Example of bearing drawing applying GPS>
Fig. 6.3 shows an example of a bearing drawing
that uses GPS.

Drawings that use GPS include notations and
codes that are different from the ones used in
conventional drawings.

For details, please contact NTN Engineering.

Outer ring radial runout

=]

Dimensional tolerance of outer ring width
0
0.025GR) | | 18-0.15
#10.035|K H m
10.035/K —l
P
LN

(2)(5)[#]0.02 i
4) 710.02 [M
Inner ring E:>
radial runout

(SD)ACS

GD)ACS

Dimensional tolerance

NG

0
®60-0.015
=

3 of mean outside
o diameter within plane
62 (oo
0 a
18 -0.15 s

Dimensional tolerance of mean

bore diameter within plane Variation of

inner ring width

Dimensional tolerance
of inner ring width

Q) =rr(1)-MP(2). G2
@:FP@-MP@,GE @):

= (1) -MP(2). 61
@‘ @ @ :
@) =rr@ -mr(1).61 ACS:

A state in which rolling elements are FP
= in contact with both the inner ring MP
raceway and the outer ring raceway

Meaning of codes:

: Middle (mean value of maximum and minimum values)

. Fixed part
: Movable part

Distance between two points (notation is omitted
because the code is a standard specified operator)

Range (difference between maximum and minimum values)

Arbitrary cross-section

Fig. 6.3 Example of bearing drawing applying GPS
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7. Bearing fits

7.1 Resultant fits

For rolling bearings, it is necessary to fix inner
and outer rings on the shaft or in the housing so
that relative movement does not occur between
fitting surfaces during operation or under load.
This relative movement between the mating
surfaces of the bearing and the shaft or housing
can occur in a radial direction, an axial direction,
or in the direction of rotation. Types of resultant
fit include tight, transition and loose fits, which
describe whether or not there is interference
between the bearing and the shaft or housing.
The most effective way to fix the mating
surfaces between a bearing and shaft or
housing is to apply a “tight fit.” The advantage
of a tight fit for thin walled bearings is that it
provides uniform load support over the entire
ring circumference without any loss of load
carrying capacity. However, with a tight fit,
ease of installation and disassembly is lost; and
when using a non-separable bearing as the
floating-side bearing, axial displacement is not
possible. For this reason, a tight fit cannot be
recommended in all cases.

A-75
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7.2 The necessity of a proper fit

In some cases, an improper fit may lead to
damage and shorten bearing life. Therefore it is
necessary to carefully select the proper fit. Some
possible bearing failures caused by an improper
fit are listed below.
@ Raceway cracking, early flaking and
displacement of raceway
@ Raceway and shaft or housing abrasion
caused by creeping and fretting corrosion
@ Seizing caused by negative internal
clearances
@ Increased noise and deteriorated
rotational accuracy due to raceway groove
deformation

Please refer to “16. Bearing Damage and
Corrective Measures” for information concerning
diagnosis of these conditions.



Commentary

@®Bearing Fits

7.3 Fit selection

Selection of a proper fit is dependent upon
thorough analysis of bearing operating
conditions, including consideration of:
@ Shaft and housing material, wall thickness,
surface finish accuracy, etc.
® Machinery operating conditions (nature
and magnitude of load, rotational speed,
temperature, etc.)

Table 7.1 Radial load and bearing fit

NTN

7.3.1 "Tight fit” or “Loose fit”
(1) For bearing rings under rotating loads, a

tight fit is necessary. (Refer to Table 7.1)
“Raceways under rotating loads” refers to
raceways receiving loads rotating relative
to their radial direction.

For bearing rings under static loads, on
the other hand, a loose fit is sufficient.

(Example) Rotating inner ring load = the

direction of the radial load on the
inner ring is rotating relatively

(2) For non-separable bearings, such as

deep groove ball bearings, it is generally
recommended that either the inner ring or
outer ring be given a loose fit.

Design Bearing rotation Ring load Fit
Static load Inner ring:
@ Rotating
Outgr ring: Rotating
Stationary inner ring load | Inner ring: Tight fit
IUHZaIanced Inner ring: Static Outer ring: Loose fit
0a Stationary outer ring load
Outer ring:
Rotating
Static load Inner ring:
@ Stationary
3 Outer ring: Static
Rotating inner ring load | Inner ring: Loose fit
IUnt(njalanced Inner‘ring: Rotating Outer ring: Tight fit
oa Rotating outer ring load
Q Outer ring:
Stationary

®Bearing Fits

7.3.2 Recommended fits

Bearing fit is governed by the tolerances
selected for bearing shaft diameters and
housing bore diameters.

Widely used fits for Class O tolerance bearings
and various shaft and housing bore diameter
tolerances are shown in Fig. 7.1.

Generally-used, standard fits for most types of
bearings and operating conditions are shown in
Tables 7.2t0 7.7.

Table 7.2: Fits for radial bearings

Table 7.3: Fits for thrust bearings

Table 7.4: Fits for electric motor bearings

Table 7.6: Inch series tapered roller bearings
Fits of (ANSI/ABMA CLASS 4)

Table 7.7: Inch series tapered roller bearings
Fits of (ANSI/ABMA CLASS 3,
CLASS 0)

Table 7.5 shows fits and their numerical
values.

For special fits or applications, please consult
NTN Engineering.

7.3.3 Interference minimum and maximum
values
The following points should be considered when
it is necessary to calculate the interference for
an application:
@ Regarding minimum values,
1) interference is reduced by radial loads
2) interference is reduced by differences
between bearing temperature and
ambient temperature
3) interference is reduced by variation in
mating surface
4) interference is reduced by deformation
® The upper limit value should not exceed
1/ 1 000 of the shaft diameter.
Required interference calculations are shown
below.
(1) Mating surface variation and interference
Interference decreases because the mating
surface is smoothed by the resultant fit
(surface roughness is reduced). The amount
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the interference decreases depends on the
roughness of the mating surfaces. It is generally
necessary to anticipate the following decrease in
interference.
For ground shafts: 1.0to 2.5 um
For machined shafts: 5.0 to 7.0 um
The interference including this decrease
amount is called effective interference.
(2) Radial loads and required interference
Interference of the inner ring and shaft
decreases when a radial load is applied to
the bearing. The interference required for
installation to solid shafts is expressed by
formulae (7.1) and (7.2) for each load condition.
General applications (Fr = 0.3Cor)

AdF=0.08(d Fr/B)Y2 N (7.1)
Under heavy load conditions (#r > 0.3 Cor)

AdF=0.02Fr/B) N e (7.2)
Where:

AdF : Required effective interference
according to radial load um
d  :Bearing bore mm
B :lnnerring width mm
Fr :Actual radial load, N
Cor : Basic static load rating N
For solid shafts, please contact NTN
Engineering.
(3) Temperature difference and required
interference
Interference between inner rings and steel
shafts is reduced as a result of temperature
increases (difference between bearing
temperature and ambient temperature, A T)
caused by bearing rotation. Calculation of the
minimum required amount of interference in
such cases is shown in formula (7.3).
AdT=0.0015-d - AT -ooeeeeememmmmnnannns (73)
Adt : Required effective interference for
temperature difference um
AT : Difference between inner ring
temperature and ambient
temperature °C
d  :Bearing bore mm
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(4) Maximum interference

When bearing rings are installed with an

interference fit, tensile or compressive stress

may occur along their raceways. If interference
is too great, this may cause damage to the

rings and reduce bearing life. The maximum

stress due to the resultant fit must not exceed
approximately 127 MPa for safety. If the value is
to be exceeded, consult NTN Engineering.

See section “17.4 Resultant fit surface
pressure” for the calculation method of
maximum stress due to the resultant fit.

(5) Interference change amount when
materials other than steel are used for
shafts and housings

When materials other than steel are used for

shafts and housings, the fits between the inner

ring and the shaft and the outer ring and the
housing change because of difference in the
expansion coefficient of each material as the
temperature rises during the rotation of the
bearing. Therefore, it is necessary to set the
resultant fit with expansion coefficients in
consideration. The calculation formula of the
change in interference is shown below.
AdTE= (Q1-Q2)xd x AT
AdTe: Change in interference caused
by difference in the expansion
coefficients mm
a1 : Bearing expansion coefficient 1/°C
a2 : Shaft and housing expansion
coefficient 1/°C

d : Reference dimension of resultant fit
mm

AT :Temperature increase by bearing
rotation °C

(Expansion coefficient: See Table 13.19 in
"13. Bearing Materials.”)

NTN

7.3.4 Other details
(1) Large interference fits are recommended for,
@ Operating conditions with large vibrations
or shock loads
@ Applications using hollow shafts or
housings with thin walls
@ Applications using housings made of light
alloys or plastic
(2) Small interference fits are preferable for,
@ Applications requiring high running
accuracy
@ Applications using small sized bearings or
thin walled bearings
(3) Consideration must also be given to the fact
that fit selection will effect internal bearing
clearance selection. (refer to page A-88.)
(4) A particular type of fit is recommended for
SL type cylindrical roller bearings. (refer to
page C-67.)
(5) Bearing dimensions are measured and
managed at a temperature of 20°C.

®Bearing Fits
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Housing
G7
ce H7
JIS CIa_ss 0 s
Bearing
N s
Loose fit Transition fit

Tight fit
Fit

Transition fit Tight fit

JIS Class O
/ Bearing —l_
J5 16
Admp El h6
85 g6 . T T T

Fig 7.1 State of resultant fit
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Table 7.2 General standards for radial bearing fits (JIS Class 0, 6X, 6)
Table 7.2 (1) Tolerance class of shafts commonly used for radial bearings (classes 0, 6X and 6)

NTN

Cylindrical

roller bearing Self-aligning

" Eallbearins Tapered roller roller bearing Shaft
Condition No. bearing tolelrance Remarks
Shaft diameter (mm) class
Over Incl. Over ‘ Incl. ‘ Over ‘ Incl.
Cylindrical bore bearing (Classes 0, 6X and 6)
i 1 — — _ _ _
Light load 18 1(1)2 40 .hz When greater accuracy is
Fluct?lrating 100 | 200 40 | 140 _ : Jie retgliR 5, 1469, enel mald ey 15
load = - 140 200 _ - mé substituted for js6, k6, and m6.
Inner ring — 18 — — — = js5 Alteration of inner clearances to
rotational 18 100 — 40 — 40 k5 accommodate fit is not a
load or load Normal 100 140 40 100 40 65 m5 consideration with single-row
of load 1) 140 200 100 140 65 100 mé angular contact bearings and
undetermined 200 280 140 200 100 140 n6 tapered roller bearings.
direction — — 200 400 140 280 p6 Therefore, k5 and m5 may be
— — — — 280 500 r6 substituted for k6 and mé.
Heavy load 1) — — 50 140 50 100 n6 Use bearings with larger internal
or — — 140 200 100 140 p6 clearances than CN clearance
Impact load — — 200 — 140 200 r6 bearings.
Inner ring When greater accuracy is
must move . required use g5.
easily over Oz et elemeier 86 For large bearings, f6 will suffice
Static inner shaft to facilitate movement.
ring load Inner ring
does not have ; When greater accuracy is
to move easily Overl it @lfmmeter hé required use h5.
over shaft
Center axial load Overall shaft diameter js6 Cramarlly, dheiit e s iz

are not fixed using resultant fits.

Tapered bore bearing (class 0) (with adapter or withdrawal sleeve)

Full load

Overall shaft diameter

h9/IT52

h10/IT7 2 will suffice for power
transmitting shafts.

Table 7.2 (2) Fit with shaft (fits for tapered bore bearings (Class 0) with adapter assembly/
withdrawal sleeve)

Full load

All bearing types

Tolerance

h9 /1752

General applications

class

H10/1T72)

Transmission shafts, etc.

1) Standards for light loads, normal loads, and heavy loads

Normal loads: 0.05 Cr = dynamic equivalent radial load = 0.10 Cr

{ Light loads: dynamic equivalent radial load = 0.05 Cr

Heavy loads: 0.10 Cr < dynamic equivalent radial load
2) IT5 and IT7 show shaft roundness tolerances, cylindricity tolerances, and related values.
Note: All values and fits listed in the above tables are for solid steel shafts.
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Table 7.2 (3) Tolerance class of housing bores commonly used for radial bearings (classes 0, 6X and 6)

Conditions

Housing

Load type, etc.

Outer ring axial

direction movement 3

Housing bore
tolerance class

Remarks

Single housing
or

Divided
housing

Single housing

G7 can be used for large bearings
or bearings with large

Allvbeskofloads VES hig temperature differential between
the outer ring and housing.

el .

Light D or ordinary Yes Ha o
load D
. F7 be used for large bearings or
Static outer | Shaft and inner ring Easil G7 bearings with large temperature
ring load become hot y differential between the outer
ring and housing.

Requires precise As a rule, it cannot K6 Pr'\m_ar\'\y applies to roller
rotation under light move. bearings.

ar erelinery lzes Yes Js6 Primarily applies to ball bearings.
Requires Io_w noise Yes He o

operation
Light or ordinary
load Yes Js7 If high accuracy is required, Js6
Indeterminate and K6 are used in place of Js7
load Ordinary or heavy As a rule, it cannot K7 and K7.
load ) move.

High impact load No M7 —

Light or fluctuating No M7 o
load
Rotating outer Ordmalrga(zjr IncEsy No N7 Primarily applies to ball bearings.
ring load

Heavy load or large . . ;

impact load with No p7 Primarily applies to roller

thin wall housing 2

bearings.

1) Standards for light loads, normal loads, and heavy loads

Normal loads: 0.05 Cr = dynamic equivalent radial load = 0.10 Cr

{ Light loads: dynamic equivalent radial load = 0.05 Cr

Heavy loads: 0.10 Cr < dynamic equivalent radial load

2) The axial direction needs to be secured because the outer ring may move in the shaft direction, causing problems, depending on the

use. (Example: planetary gear, etc.)

3) Indicates whether or not outer ring axial movement is possible with non-separable type bearings.
Note: 1. All values and fits listed in the above tables are for cast iron or steel housings.

2. If only a center axial load is applied to the bearing, select a tolerance class that provides clearance for the outer ring in the radial

direction.
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Table 7.3 Standard fits for thrust bearings (JIS Class 0 and 6)
Table 7.3 (1) Shaft fits

NTN

®Bearing Fits

NTN

Shaft diameter
Bearing type Load conditions Fit mm Tolerance class
Over Incl.
js6
All thrust bearings Centered axial load only Transition fit | Overall shaft diameter or
h6
Static inner ring load Transition fit | Overall shaft diameter js6
Self-aligning roller | Combined | potating inner ring load | Transition fit Up to 200 k6 or js6
CiC=Reatne load or 400 to 200 m6 or k6
Indeterminate load Tight fit 400 or more n6 or mé
Table 7.3 (2) Housing fits
Bearing type Load conditions Fit ToLeI;z:ce Remarks
All thrust bearings Centered axial load only ze\ect a tolerange class that YVI|| provide clearance
etween outer ring and housing.
Loose fit s Greater accuracy required with thrust
Static outer ring load ball bearings
Self-aligning roller | Combined H7 —_—
thrust bearing load
Indeterminate load K7 Normal operating conditions
or Transition fit
Rotating outer ring load M7 For relatively large radial loads

Note: All values and fits listed in the above tables are for cast iron or steel housings.

Table 7.4 Fits for electric motor bearings

Shaft fits Housing fits
Bearing type Shaft diameter Tolerance Housing bore Tolerance
mm class diameter class
Over Incl.
~ 18 j5 H6
Deepbigri;)r]ve ball 18 ~ 100 k5 All sizes or
g 100 ~ 160 m5 16
e ~ 40 k5 H6
Cy"“;g'acr.ar'] ol=l 40 ~ 160 m5 All sizes or
ng 160 ~ 200 n6 16
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Table 7.5 Numeric values associated with fits for radial bearing of class 0

Table 7.5 (1) Shaft fits Unit: m
Nominal | Mean bore ) g5 g6 h5 h6é j5 js5 j6 js6 k5 k6 m5 m6 né p6 ré Nominal
bearing bore | diameter | Bearing Shaft | Bearing Shaft | Bearing Shaft | Bearing Shaft | Bearing Shaft | Bearing Shaft | Bearing Shaft Bearing Shaft | Bearing Shaft | Bearing Shaft | Bearing Shaft | Bearing Shaft | Bearing Shaft | Bearing Shaft | Bearing Shaft | bearing bore
diameter deviation diameter
d Adm @

o A e e e | = | = | T | S | S | T | D |
Over Incl. | Upper Lower Over Incl.
3 6 0o -8 4T~ 9L 4T~ 12L 8T~ 5L 8T~ 8L 11T~ 2L |10.5T~ 2.5L| 14T~ 2L 12T ~ 4L 14T~1T 17T~1T 17T~ 4T | 20T~ 4T | 24T~ 8T | 28T~12T = = 3 6
6 10 0 -8 Zr~iilL 3T~ 14L 8T~ 6L 8T~ oL 127~ 2L 11T ~ 3L 15T~ 2L 12.5T~ 4.5L SI=2alr 18T~ 1T 20T~ 6T 23T~ 6T 27T~ 10T B2l=—15]]) - - 6 10
10 18 0 -8 2T~14L 2T~ 17L 8T~ 8L 8T~11L 13T~ 3L |12T ~ 4L 16T~ 3L 13,57~ 5.5L 17T~1T 20T~ 1T 23T~ 7T 26T~ 7T 31T~ 12T 37T~ 18T = = 10 18
18 30 0 -10 3T~16L 3T7~20L | 10T~ 9L | 10T~13L 15T~ 4L |14.5T~ 4.5L| 19T~ 4L 16.5T~ 6.5L| 21T~2T 25T~ 2T 27T~ 8T | 31T~ 8T | 38T~15T | 45T~22T = = 18 30
30 50 0 -12 3T~20L =~ 25L 12T~11L 12T7~16L 18T~ 5L |17.5T~ 5.5L| 23T~ 5L 20T ~ 8L 251~211) 30T~ 2T 32T~ 9T 37T~ 9T 45T~ 17T 54T~ 26T = = 30 50
50 80 0 -15 5T~23L 5T~ 29L 15T~13L 15T~19L 21T~ 7L |21.5T~ 6.5L| 27T~ 7L 24.5T~ 9.5L 30T~2T 36T~ 2T 39T~11T 45T~ 11T 54T~ 20T 66T~ 32T - - 50 80
80 120 0 -20 8T~27L 8T~ 34L 20T~15L 20T~22L 26T~ 9L |27.5T~ 7.5L| 33T~ 9L 31T ~11L 38T~3T 45T~ 2T 48T~ 13T 55T~ 13T 65T~ 23T 79T~ 37T = = 80 120
120 140 1137~ 63T | 120 140
140 160 0 -25 117~32L 117~ 39L 25T~18L 25T~25L 32T~11L [34T ~ 9L 39T~11L 37.5T~12.5L| 46T~3T 531~ 31 58T~ 15T 651~ 15 T7T~27T 93T~ 43T | 115T~ 65T | 140 160
160 180 118T~ 68T | 160 180
180 200 136T~ 77T | 180 200
200 225 0 -30 15T~35L | 15T~44L | 30T~20L | 30T~29L 37T~13L [40T ~10L | 46T~13L 445T~1450| 54T~4T 63T~ 4T 67T~17T | 76T~17T | 90T~ 31T | 109T~ 50T | 139T~ 80T | 200 225
225 250 143T~ 84T | 225 250
250 280 161T~ 94T | 250 280
280 315 0 -35 18T~40L 18T~ 49L 35T~23L 35T~32L 42T~16L |46.5T~11.5L| 51T~16L 51T ~16L 62T~4T 71T~4T 78T~20T 87T~ 20T 101T~ 34T | 123T~ 56T 165T~ 98T | 280 315
iy 355 184T~108T | 315 355
355 400 0 -40 22T~43L 22T~ 54L 40T~25L 40T~36L 47T~18L |52.5T~12.5L| 58T~18L 58T ~18L 69T~4T 80T~ 4T 86T~21T 97T~ 21T 1137~ 37T | 138T~ 62T 190T~114T | 355 400
400 450 211T~126T | 400 450
450 500 0 -45 25T~47L 25T~ 60L 45T~27L 45T~40L 52T~20L |58.5T~13.5L| 65T~20L 65T ~20L 77T~5T 90T~ 4T 95T~23T | 108T~ 23T 125T~ 40T | 1537~ 68T 217T~132T | 450 500

1) The above table is not applicable to tapered roller bearings whose bore diameter d is 30 mm or less.

Table 7.5 (2) Housing fits Unit: m
Nominal | Mean bore 2 G7 H6 H7 J6 17 Js7 K6 K7 M7 N7 P7 Nominal
bearing bore | diameter Housing Bearing | Housing Bearing | Housing Bearing | Housing Bearing | Housing Bearing | Housing Bearing | Housing Bearing Housing Bearing | Housing Bearing | Housing Bearing | Housing Bearing bearing bore
diameter deviation diameter
D Apmp D
o | s | o | e | e | 5 o ) i (S
Over Incl. | Upper Lower Over Incl.

6 10 0 -8 5L~ 28L 0~17L 0~ 23L 4T~13L 7T~16L 7.5T~15.5L 7T~10L 10T~ 13L 15T~ 8L 19T~ 4L 24T~ 1T 6 10
10 18 0 -8 6L~ 32L 0~19L 0~ 26L 5T~14L 8T~ 18L 9T ~17L 9T~ 10L 12T~ 14L 18T~ 8L 23T~ 3L 29T~ 3T 10 18
18 30 0 -9 Wi~ 371t 0~22L 0~ 30L 5T~17L 9T~21L |10.5T~19.5L| 11T~11L 155~ 151 21T~ 9L 28T~ 2L 35T~ 51T 18 30
30 50 0 -11 9L~ 45L 0~27L 0~ 36L 6T~21L 11T~25L |12.5T~23.5L| 13T~ 14L 18T~ 18L 25T~ 11L g~ gL 42T~ 6T 30 50
50 80 0 -13 10L~ 53L 0~32L 0~ 43L 6T~ 26L 12T7~31L | 15T ~28L 15T~ 17L 21T~ 22L 30T~ 13L 39T~ 4L 51T~ 8T 50 80
80 120 0 -15 12L~ 62L 0~37L 0~ 50L 6T~ 31L 13T~37L |17.5T~32.5L| 18T~19L 25T~ 25L 35T~ 15L 45T~ 5L 59T~ 9T 80 120

120 150 0 -18 14L~ 72L 0~43L 0~ 58L 7T~ 36L 14T~44L | 20T ~38L 21T~ 22L 28T~ 30L 40T~ 18L 52T~ 6L 68T~10T 120 150
150 180 © =25 14L~ 79L 0~50L 0~ 65L 7T~43L 14T~51L | 20T ~45L 21T~ 29L 28T~ 37L 40T~ 25L 52T~ 13L 68T~ 3T 150 180
180 250 0 -30 15L~ 91L 0~59L 0~ 76L 7T~52L 16T~60L | 23T ~53L 24T~ 35L 33T~43L 46T~ 30L 60T~ 16L 79T~ 3T 180 250
250 315 0 -35 17L~104L 0~67L 0~ 87L 7T~ 60L 16T~71L |26T ~61L 27T~ 40L 36T~ 51L 521~ g5l 66T~ 21L 88T~ 1T | 250 315
315 400 0 -40 18L~115L 0~76L 0~ 97L 7T~ 69L 18T~79L |28.5T~68.5L| 29T~47L 40T~ 57L 57T~ 40L 73T~ 24L 98T~ 1T | 315 400
400 500 0 -45 20L~128L 0~85L 0~108L 7T~ 78L 20T~88L |31.5T~76.5L| 32T~53L 45T~ 63L 63T~ 45L 80T~ 28L | 108T~ 0O 400 500

2) The above table is not applicable to tapered roller bearings whose outside diameter D is 150 mm or less.
Note: Fit symbol “L" indicates clearance and “T" indicates interference.
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Table 7.6 General fit standards for tapered roller bearings using US customary unit (ANSI class 4)
Table 7.6 (1) Fit with shaft

Unit: um

NTN

Nominal bearing

Bore diameter

Shaft diameter

Operating bore diameter tolerance tolerance Fit D Remarks
conditions d mm Ads
Over Incl. Upper Lower | Upper Lower
~ 76.2 +13 0 + 38 + 25 38T~ 13T .
I T 76.2 ~304.8 +25 0 + 64 + 38 64T ~ 13T gﬁ’g‘ﬂlﬁ’;gﬁ;‘jis
o 304.8 ~609.6 +51 0 +127 + 76 1277 ~ 25T .
o _ applied as well.
£ 609.6 ~914.4 +76 0 +191 +114 1917 38T
éogo ~ 76.2 +13 0 5564 + 38 i f64T~ 25T1 - e bore di
&= - .5 £m mean interference per 1 mm of inner ring bore diameter.
S Heavy load 762 = 3BhE 25 g MiniLr:'vum in terference is 25pum. Tolerance for tﬁe shaftis
Impact load 304.8 ~609.6 +51 0 adjusted to match tolerance of bearing bore diameter.
609.6 ~914.4 +76 0 +457 +381 457T ~ 305T
Inner ring does not ~ 76.2 +13 0 + 13 0 13T~ 13L
. have to move easily 76.2 ~304.8 +25 0 + 25 0 25T ~ 25L
2 | overshaftwithan | 3048 ~609.6 | +51 0 | + 51 0 | 51T~ 51L
5.8 | ordinary load. 609.6 ~914.4 +76 0 + 76 0 76T~ 76L | Not applicable when
%_go Inner ring must ~ 762 +13 0 0 -13 0~ 13L | impactloadis applied.
‘5 | move easily over 76.2 ~304.8 +25 0 0 -25 0~ 51L
& shaft with an 304.8 ~609.6 +51 0 0 -51 0~ 102L
ordinary load. 609.6 ~914.4 +76 0 0o -76 0~ 152L
Table 7.6 (2) Fit with housing Unit: um
Nominal bearing | Outer diameter | Housing bore
Operating outside diameter dimensional diameter ) .
L D tolerance tolerance FitD Types of fits
conditions
mm Aps
Over Incl. Upper Lower | Upper Lower
~ 762 +25 0 + 76 + 51 251 ~ 76L
When used on 76.2 ~ 127.0 +25 0 + 76 + 51 25L ~ 76L
floating or fixed 127.0 ~ 304.8 +25 0 + 76 + 51 25L ~ 76L Loose fit
- | side 304.8 ~ 609.6 +51 0 +152 +102 Sl =~ 52
LS 609.6 ~ 914.4 +76 0 +229 +152 76L ~229L
0 ~ 762 +25 0 + 25 0 25T ~ 25L
T | When outer ring 76.2 ~ 127.0 +25 0 + 25 0 25T ~ 25L
QE) is adjusted in the 127.0 ~ 304.8 +25 0 + 51 0 25T ~ 51L Transition fit
‘oo | axial direction 304.8 ~ 609.6 +51 0 + 76 + 25 25T ~ 76L
= 609.6 ~ 914.4 +76 0 +127 + 51 25T ~127L
5 ~ 762 | +25 0 | - 13 - 38 | 64T ~ 13T
% | When outer ring 76.2 ~ 127.0 425 0 - 25 - 51 | 76T ~ 25T
is not adjusted in 127.0 ~ 304.8 +25 0 - 25 - 51 76T ~ 25T
the axial direction 304.8 ~ 609.6 +51 0 - 25 -76 1277 ~ 25T
609.6 ~ 914.4 +76 0 - 25 -102 178T ~ 25T . X
= Tight fit
g ~ 762 +25 0 - 13 - 38 64T ~ 13T
3 8| When outer ring 76.2 ~ 127.0 +25 0 - 25 -51 76T ~ 25T
221 is not adjusted in 1270 ~3048 | +25 O | - 25 - 51 | 76T ~ 25T
E -£ | the axial direction 304.8 ~ 609.6 +51 0 - 25 -76 127T ~ 25T
&2 609.6 ~ 914.4 +76 0 - 25 -102 178T ~ 25T

1) Fit symbol “L" indicates clearance and "T" indicates interference.
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Table 7.7 General fit standards for tapered roller bearings using US customary unit (ANSI classes 3 and 0)
Table 7.7 (1) Fit with shaft

Unit: um
Nominal bearing | Bore diameter | Shaft diameter
Operating bore diameter tolerance tolerance .
conditions d mm Aas o
Over Incl. Upper Lower | Upper Lower
N Precision ~ 304.8 +13 0 + 30 +18 30T~ 5T
£ 5 | machine tool 304.8~ 609.6 +25 0 | +64 +38 64T ~ 13T
‘w0.0 | spindles 609.6~ 914.4 +38 0 +102  + 64 102T ~ 25T
%tgw Heavy load ~ 304.8 +13 0 Minimum interference is
S 7| Shock load 304.8~ 609.6 +25 0 0.25 um per 1 mm of
High-speed rotation| 609.6 ~ 914.4 +38 0 inner ring bore diameter
8
3 2| Precision ~304.8 +13 0 + 30 +18 30T~ 5T
g’:oo machine tool 304.8 ~609.6 +25 0 + 64 +38 64T ~ 13T
§ £ | spindles 609.6 ~914.4 +38 0 +102  + 64 102T ~ 25T
&
Note: For class O, bearing bore diameter d applies to 304.8 mm or less.
Table 7.7 (2) Fit with housing Unit: um
Nominal bearing | Outer diameter | Housing bore
Operating bore diameter dimensional diameter
i D tolerance tolerance FitD Types of fits
conditions
mm Aps
Over Incl. Upper Lower | Upper Lower
~ 152.4 +13 0 +38 +25 13L ~ 38L
When used for 152.4 ~ 304.8 +13 0 +38 +25 13L ~ 38L
floating-side 304.8 ~ 609.6 +25 0 +64 +38 13L ~ 64L
609.6 ~ 914.4 +38 0 +89 +51 13L ~ 89L 3
= Loose fit
© ~ 152.4 +13 0 +25 +13 0 ~ 25L
i When used for 152.4 ~ 304.8 +13 0 +25 +13 0 ~ 25L
£ | fixed side 304.8 ~ 609.6 +25 0 +51 +25 0 ~ 51L
9] 609.6 ~ 914.4 +38 0 +76  +38 0 ~ 76L
£ When outer rin ~1524 | +13 0 +13 0 | 13T ~ 13L
= . . € 152.4 ~ 304.8 +13 0 +25 0 13T ~ 25L T ition fit
g | lsadjustedin 3048 ~ 6096 | +13 0 +25 0 | 25T ~ g5 | ramstend
g | e 609.6~9144 | +38 0 | +38 0 | 38T ~ 38L
Wiien euar g ~ 152.4 +13 0 0 -13 25T ~ 0
5 mei el 152.4 ~ 304.8 +13 0 0 -25 38T ~ 0
i axial direction 304.8 ~ 609.6 +25 0 0 -25 51T ~ O
609.6 ~ 914.4 +38 0 0 -38 76T ~ 0
£ 5| Normal load ~1524 | +13 0 | -13 -25 | 3gr~ 137 | "
3h Wheg‘ outer fing 1524 ~ 3048 | +13 0 13 -38 | 51T ~ 13T
S| e 3048 ~609.6 | +25 0 | -13 -38 | 64T ~ 13T
5| direction 609.6 ~ 914.4 +38 0 -13 =51 | 89T ~ 13T

1) Fit symbol “L" indicates clearance and “T" indicates interference.
Note: For class O, bearing outer diameter D applies to 304.8 mm or less.
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8. Bearing internal clearance and preload

8.1 Bearing internal clearance

Bearing internal clearance is the amount of
internal free movement before mounting. As
shown in Fig. 8.1, when either the inner ring
or the outer ring is fixed and the other ring is
free to move, displacement can take place in
either an axial or radial direction. This amount
of displacement (radially or axially) is termed
the internal clearance and, depending on the
direction, is called the radial internal clearance
or the axial internal clearance.

When the internal clearance of a bearing
is measured, a slight measurement load is
applied to the raceway so the internal clearance
may be measured accurately. However, at this
time, a slight amount of elastic deformation
of the bearing occurs under the measurement
load, and the clearance measurement value
(measured clearance) is slightly larger than
the true clearance. This difference between
the true bearing clearance and the increased
amount due to the elastic deformation must be
compensated for. These compensation values
are given in Table 8.1. For roller bearings the
amount of elastic deformation is small enough
to be ignored. The internal clearance values
for each bearing class are shown in Tables 8.8
through 8.16.

02—

=+

<

| 81—

Radial internal clearance = 0
axial internal clearance =01 + 02

Fig. 8.1 Internal clearance

A-88

8.2 Selection of internal clearance

The internal clearance of a bearing under
operating conditions (effective clearance)

is usually smaller than the initial clearance
before being installed and operated. This is
due to several factors including bearing fit, the
difference in temperature between the inner
and outer rings, etc. As a bearing’s operating
clearance has an effect on bearing life, heat
generation, vibration, noise, etc.; care must be
taken in selecting the most suitable operating
clearance.

8.2.1 Criteria for selecting bearing internal
clearance
A bearing’s life is theoretically at its maximum
when operating clearance is slightly negative in
steady operation. However, in reality it is difficult
to constantly maintain this optimal condition.
If the negative clearance becomes larger by
fluctuating operating conditions, heat will be
produced and the life will decrease severely.
Under normal circumstances, a study should
be performed to select an operating clearance
slightly larger than zero. For ordinary operating
conditions, use fitting for ordinary loads. If
rotational speed and operating temperature are
ordinary, selecting normal clearance enables you
to obtain the proper operating clearance.
Table 8.2 gives examples applying internal
clearances other than CN (normal) clearance.
For the relationship between clearance and
life, see the section of “3.8 Clearance and life.”

Table 8.1 Adjustment of radial internal
clearance based on measured load
(deep groove ball bearing)

Unit: um

Nominal bearing Measuring Adjustment of internal
bore diameter Load clearance
mm N
Over Incl. C2 CN C3 C4 C5
10(included) 18 245 3~4| 4 |4 4|4
18 50 49 4~5| 5 |6 | 6| 6
50 200 147 6~8| 8 |99 |9
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Table 8.2 Examples of applications where
bearing clearances other than CN

(normal) clearance are used

Operating conditions Applications CSIZ;‘;?;
With a heavy or Railway vehicle axles C3
shock load, high fit. Vibration screens C3,C4

Rail hicle tracti
With an indeterminate macltv(\]/fsy venicletraction | cq
load, both inner and =
outer rings are tight fit. | Tractors and final c4
reduction gear
Paper making
Shaft or inner ring machines and driers G, c4
is heated. Table rollers for rolling c3
mill
R_equwred low Guelise and Small electric motors C2, CM
vibration when rotating.
Adjustment of Main spindles of lathes CONA
clearance to minimize (Double-row cylindrical CONA’
shaft runout. roller bearings)
Lot i 7oy (o Roll neck of steel mill C2

inner and outer rings.

8.2.2 Calculation of operating clearance

Operating clearance of a bearing can be

calculated from initial bearing internal clearance
and considering the decrease in clearance due
to fitting and the difference in temperature of
the inner and outer rings.

Ae=A0—(0f+ Ot)=Af— 0Ot

Where:

A e : Effective internal clearance, mm

A0 : Bearing internal clearance (initial), mm

At : Residual clearance (clearance after
preloading), mm

Of : Reduced amount of clearance due to

fitting, mm

Ot : Reduced amount of clearance due to
temperature differential of inner and

outer rings,

mm

(1) Reduced clearance due to fitting
When bearings are installed with interference
fits on shafts and in housings, the inner ring will
expand and the outer ring will contract; thus
reducing the bearings’ internal clearance.

NTN

The amount of expansion or contraction varies
depending on the shape of the bearing, the
shape of the shaft or housing, dimensions of the
respective parts, and the type of materials used.
The differential can range from approximately
70% to 90% of the effective interference.

5f= (0.70 ~0.90) Adeff -+ (8.2)
Of :Reduced amount of clearance due
to interference, mm
A deff : Effective interference, mm

(2) Residual clearance

When the reduced clearance due to interference
is calculated using the expansion rate and the
contraction rate of each bearing, the residual
clearance is calculated by the formula below.

1) Calculation considering distribution

Assume that the initial clearance, bearing inner
ring bore diameter, bearing outer diameter outer
diameter, bearing outer diameter, and housing
bore diameter follow the normal distribution.
The residual clearance is generally calculated as
the range of percent defective.

When each dimension and clearance follow
the normal distribution and the percent
defective is 0.26% (standard range = £30),
residual clearance A f can be represented by the
formula below.

Af:Afmi?)UAf ........................ (83)
Where:
Afm : Average value of standard
clearance, mm
oaf : Standard deviation of residual
clearance

For the average values and standard deviation
of residual clearance, see Table 8.3 and Table
8.4.
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2) Calculation by direct sum

When the use condition is severe and calculation
is to be done under the worst condition,

the maximum and minimum values of each
dimension are used for direct sum.

—AiAdmin
—AiAdmax

Afmax = Ao max

Afmin =Aomin

—AoADmin }(8.4)

— Ao AD max

Afmax Af

Aomax Aomin :

Admax Admin :

ADmax ADmin:

Ai Ao

NTN

min : Maximum and minimum
values of residual
clearance, mm
Maximum and minimum values
of initial clearance, mm
Maximum and minimum values
of inner ring interference, mm
Maximum and minimum values
of outer ring interference, mm
: Inner ring expansion rate, outer
ring contraction rate
(See Table 8.5)

Table 8.3 Average value and standard deviation of residual clearance

Inner ring fit Outer ring fit Afm O af
condition condition (Average value of residual clearance) | (Standard deviation of residual clearance)
Loose fit Aom—ATL + Aam J Or02+ A12- Oad?
Tight fit
Tight fit m—Al - Aam—Ao - Apm J Or024+ A12- Ord2+A02- Oap?
Loose fit Aom 0A0
Loose fit
Tight fit Aom—Ao - Apm J 002+ Ao? - Oap?

Table 8.4 Symbols and formulas used for calculation

Average value Standard deviation Standard range
Rp
Shaft diameter Ds Dsm Ops= 5 = Rps
f q Ra
Inner ring bore diameter a dm Oa= 6 Ra
Inner ring interference Aa Aam = Dsm—dm UAd:«“ Ops?+ 042
) : Radh
Housing bore diameter dh dhm O dh = 5 Rah
) ) Rp
Outer ring outer diameter D Dm Op= 5 Rp
Outer ring interference Ap Apm = Dm—dhm O AD =“’ O D%+ T an?
Rao
Initial clearance Ao Aom A0 = 6A Rao
Residual clearance Af Afm O Af
Inner ring expansion rate Al
- - See Table 8.5
Outer ring contraction rate Ao

Note: When the linear expansion coefficient difference or the temperature difference of the outer ring and the housing or the inner ring and the
shaft are to be considered, it is necessary to first calculate using the bearing inner ring bore diameter, bearing outer ring outer diameter,
shaft outer diameter, and housing bore diameter before and after the expansion/contraction and then calculate the expansion rate of the

raceway and the effective interference.
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Table 8.5 Expansion rate and contraction rate of raceway diameter

NTN

Fit condition Calculation item Calculation formula Symbol (Unit: N, mm)
Fit of inner ring and d :Inner ring bore diameter or shaft
shaft d diameter
(when the inner Al=—7 ds : Hollow shaft inner diameter
ring and the shaft Di Di : Inner ring average raceway diameter
are solid steel) Inner ring (refer to Table 8.7)
Fit of inner ring and | €xPansion rate ds\2 F hj
hollow shaft d 1= (7) |
(when the inner Al=——"
ring and the shaft Di 1_{(1)2 (@)2} $ds|$d|gDi
are solid steel) Di a il
{1 B (A)Z} D : guterdr_ing outer diameter, housing
. D ore diameter
Fit of outer ring and Outer(rlng Ao= De 0077 Dh : Housing outer diameter
s s EEmiEEEn EE D 1— { (&) 2 (A)z} De : Outer ring average raceway diameter
iz W @utiar D Dh (refer to Table 8.7)
ring and the
housing are solid Outer ring
steel) contraction rate Ao= %
Dn=o0 ¢De|$D|$Dn
Table 8.6 Fit of two cylinders (general expression)
Calculation item Calculation formula Symbol (Unit: N, mm)
: E ((d12+d22)+1) E1, E2 : Longitudinal elastic modulus
ExpanS|on.rate of (d¢-d$) B of outer and inner cylinders
outer c.ylmder = ( ) ) “di | v v2: Poisson's ratio of outer
outer diameter o { M } 3k { (ds+d3 — 2 } and inner cylinders
@g-ad)" (df-d$)
o (di+d 3
Contraction rate of (a— Z) +1 ds
inner cylinder bore = b
daretiar ) {(d1+d2) }+E1{(dz+d3) DZ} 2 ¢d3 |pd2|gd1
(af=d$) (aF-d$)

Note: Table 13.6 (A-143) in the section of “13. Bearing materials” shows the physical property values of the main materials.
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Table 8.7 Average raceway diameter (approximate expression) Table 8.8 Radial internal clearance of deep groove ball bearings Unit: um
Average raceway diameter Nominal bearing c2 CN c3 ca cs
Bearing type "
=R Inner ring Outer ring Releldlaetey
d mm
Ball bearing Al types 105 4d+D 0.95 d+4D Over Incl. Min. Max. Min Max. Min. Max Min Max Min. Max.
5 5 = 2.5 0 6 4 11 10 20 = = = =
2.5 6 0 7 2 13 8 23 = = = =
12 103 32+D 097 4+2D 6 10 0 7 2 13 8 23 14 29 20 37
4 3
10 18 0 9 3 18 11 25 18 33 25 45
. ) 3d+D d+3D 18 24 0 10 5 20 13 28 20 36 28 48
Self-aligning ball bearing 13,22 1.03 T 0.97 =7 24 30 1 11 5 20 13 28 23 41 30 53
30 40 1 11 6 20 15 33 28 46 40 64
23 103 24tD 0.97 414D 40 50 1 11 6 23 18 36 30 51 45 73
5 5 50 65 1 15 8 28 23 43 38 61 55 90
o : 3d+D d+3D 65 80 1 15 10 30 25 51 46 71 65 105
1) 0 okt 1N
Cylindrical roller bearing All types 1.05 5 0.98 i 20 100 1 18 12 3% % 3 o3 84 70 120
5 100 120 2 20 15 41 36 66 61 97 20 140
d+D d+4D
Type B, type C, type 213 = gy =—=— 120 140 2 23 18 48 41 81 71 114 105 160
Self-aligning roller bearing 140 160 2 23 18 53 46 91 81 130 120 180
160 180 2 25 20 61 53 102 91 147 135 200
ULTAGE series 245D 0.08 4150
4 6 180 200 2 30 25 71 63 117 107 163 150 230
n n 200 225 2 35 25 85 75 140 125 195 175 265
Tapered roller bearing All types 3a+D a+3D 225 250 2 40 30 95 85 160 145 225 205 300
4 4
250 280 2 45 35 105 90 170 155 245 225 340
1) Average raceway diameter values shown for double-flange type. 280 315 2 55 40 115 100 190 175 270 245 370
315 355 3 60 45 125 110 210 195 300 275 410
. . ) ) 355 400 3 70 55 145 130 240 225 340 315 460
(3) Reduced internal clearance due to inner/ Outer ring raceway diameter, Do, values can 200 450 3 20 €0 170 150 570 550 380 350 510
outer ring temperature difference. be approximated by using formula (8.6) or (8.7). 450 500 3 90 70 190 170 300 280 420 390 570
; ; ; ; ; ; ; 500 560 10 100 80 210 190 330 310 470 440 630
During operation, normally the outer ring will For ball bearings and spherical roller bearings, 6o 230 a0 140 50 530 >0 320 340 90 450 250

range from 5 to 10°C cooler than the inner ring
or rotating parts. However, if the cooling effect
of the housing is large, the shaft is connected
to a heat source, or a heated substance is
conducted through the hollow shaft; the
temperature difference between the two rings
can be even greater. The amount of internal
clearance is thus further reduced by the
differential expansion of the two rings.

Ot=Q AT - Do rerererrrenrnnnnenenns (8_5)

Ot : Reduced amount of clearance due to
temperature differential of inner and
outer rings, mm

a : Bearing material expansion coefficient
12.5 x 10°6/°C

AT : Inner/fouter ring temperature
differential, °C

Do : Outer ring raceway diameter, mm

Do =0.20(d +4.0D) -+reeereeeeeeeenes (8.6)

For roller bearings (except spherical roller
bearings),
Do =0.25(d + 3.0D) «-ervvvemmmnnnnnnns (8.7)
d : Bearing bore diameter, mm
D : Bearing outside diameter, mm

For the ULTAGE series bearings, consult NTN
Engineering.

Note that the formula in item 8.2.2 only
applies to steel bearings, shafts and housings.

“Operating clearance calculation (based
on 30)" can be done by using the bearing
technique calculation tool on the NTN website
(https://www.ntnglobal.com).
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Table 8.9 Radial internal clearance of self-aligning ball bearings

NTN

Nominal bearing

Cylindrical bore bearing

bore diameter
d mm Cc2 CN C3 c4 C5
Over Incl. Min. Max. Min Max. Min. Max. Min. Max Min Max
25 6 1 8 5 15 10 20 15 25 21 33
6 10 2 9 6 17 12 25 19 33 27 42
10 14 2 10 6 19 13 26 21 35 30 48
14 18 3 12 8 21 15 28 23 37 32 50
18 24 4 14 10 23 17 30 25 39 34 52
24 30 5 16 11 24 19 35 29 46 40 58
30 40 6 18 13 29 23 40 34 53 46 66
40 50 6 19 14 31 25 44 37 57 50 71
50 65 7 21 16 36 30 50 45 69 62 88
65 80 8 24 18 40 35 60 54 83 76 108
80 100 9 27 22 48 42 70 64 96 89 124
100 120 10 31 25 56 50 83 75 114 105 145
120 140 10 38 30 68 60 100 90 135 125 175
140 160 15 44 35 80 70 120 110 161 150 210

Table 8.10 (1) Radial internal clearance for duplex

angular contact ball bearings . ,;m

Table 8.10 (2) Radial internal clearance of double row

angular contact ball bearings

Unit: um
Nominal Nominal
bearing bore| C1 Cc2 CN c3 c4 bearing bore| C2 CN C3 c4 c5
diameter diameter
d_mm Min. Max. | Min. Max. | Min. Max. | Min. Max. | Min. Max. d mm Min. Max. | Min. Max. | Min. Max. | Min. Max. | Min. Max.
Over Incl. Over Incl.
— 10 3 8 6 12| 8 15|15 22| 22 30 10only 0 10| 5 15|10 21|16 28 | 24 36
10 18 3 8 6 12| 8 15|15 24| 30 40 10 18 1 11| 6 16 | 12 23|19 31| 28 40
18 30 3 10 6 12|10 20 |20 32| 40 55 18 24 1 11| 6 16| 13 24|21 33| 31 43
30 50 3 10 8 14 |14 25|25 40| 55 75 24 30 1 13| 6 19 | 13 26|21 35| 31 45
50 80 3 11 |11 17 |17 32 (32 50| 75 95 30 40 2 15| 7 22|15 30|24 39|35 50
80 100 3 13 |13 22|22 40 (40 60| 95 120 40 50 2 15| 9 24 | 17 32| 28 45| 40 57
100 120 3 15 |15 30|30 50 |50 75110 140 50 65 0 15| 7 24|16 33|28 48| 41 61
120 150 3 16 |16 33|35 55 |55 80130 170 65 80 1 17 |11 31 | 21 42|34 56| 50 74
150 180 3 18 |18 35|35 60 [ 60 90 |150 200 80 100 3 20 |13 36 | 25 49| 40 65| 58 67
180 200 3 20 | 20 40 | 40 65 | 65 100 |180 240
Note: The clearance group in the table is applied only to contact s
angles in thetfme Eemw_ PP Y Table 8.11 Radial internal clearance of
bearings for electric motor . ym
Contact Nominal Applicable clearance 2) Nominal bearing Radial internal clearance CM
angle symbol | contact angle PP! bore diameter Deep groove Cylindrical
C 15° C1,C2 d mm ball bearing roller bearing
AD 30° C2,CN, C3 Over Incl. Min. Max. Min. Max.
B 40° CN, C3,C4 10 18 4 11 _ _
1) Not indicated for bearing number. 18 24 5 12 - -
2) For information concerning clearance other than applicable 24 30 5 12 15 30
clearance, please contact NTN Engineering. 30 40 9 17 15 30
40 50 9 17 20 35
50 65 12 22 25 40
65 80 12 22 30 45
80 100 18 30 35 55
100 120 18 30 35 60
120 140 24 38 40 65
140 160 24 38 50 80
160 180 — — 60 90
180 200 = = 65 100

Note: 1. Suffix CM is added to bearing numbers.
Example: 6205 ZZ CM
2. Clearance not interchangeable for cylindrical roller bearings.
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Unit: um

Tapered bore bearing

Nominal bearing
bore diameter

Cc2 CN Cc3 ca4 C5 4 mm
Min. Max. Min. Max. Min. Max Min Max Min. Max Over Incl.
- — — — — — — — — — 25 6
= = = = = = = = = = 6 10
- — - — - — - - — - 10 14
- — — — - — — - — — 14 18
7 17 13 26 20 33 28 42 37 55 18 24
9 20 15 28 23 39 33 50 44 62 24 30
12 24 19 35 29 46 40 59 52 72 30 40
14 27 22 39 33 52 45 65 58 79 40 50
18 32 27 47 41 61 56 80 73 99 50 65
23 39 35 57 50 75 69 98 91 123 65 80
29 a7 42 68 62 90 84 116 109 144 80 100
35 56 50 81 75 108 100 139 130 170 100 120
40 68 60 98 90 130 120 165 155 205 120 140
45 74 65 110 100 150 140 191 180 240 140 160
Table 8.12 Interchangeable radial internal clearance for cylindrical roller bearing
(cylindrical bore) Unit: rm
Nomlna_l bearing c2 CN c3 ca c5
bore diameter
d mm
Over Incl. Min. Max: Min Max Min Max Min. Max. Min Max
= 10 0 25 20 45 35 60 50 75 = =
10 24 0 25 20 45 35 60 50 75 65 90
24 30 0 25 20 45 35 60 50 75 70 95
30 40 5 30 25 50 45 70 60 85 80 105
40 50 5 35 30 60 50 80 70 100 95 125
50 65 10 40 40 70 60 90 80 110 110 140
65 80 10 45 40 75 65 100 90 125 130 165
80 100 15 50 50 85 75 110 105 140 155 190
100 120 15 55 50 90 85 125 125 165 180 220
120 140 15 60 60 105 100 145 145 190 200 245
140 160 20 70 70 120 115 165 165 215 225 275
160 180 25 75 75 125 120 170 170 220 250 300
180 200 35 90 90 145 140 195 195 250 275 330
200 225 45 105 105 165 160 220 220 280 305 365
225 250 45 110 110 175 170 235 235 300 330 395
250 280 55 125 125 195 190 260 260 330 370 440
280 315 55 130 130 205 200 275 275 350 410 485
315 355 65 145 145 225 225 305 305 385 455 535
355 400 100 190 190 280 280 370 370 460 510 600
400 450 110 210 210 310 310 410 410 510 565 665
450 500 110 220 220 330 330 440 440 550 625 735




®Bearing Internal Clearance and Preload ®Bearing Internal Clearance and Preload

NTN NTN

Table 8.13 Non-interchangeable radial internal clearance for cylindrical roller bearing Unit: um
Nominal bearing Cylindrical bore bearing Tapered bore bearing Nominal bearing
bore diameter bore diameter
d mm C1NA C2NA NAD C3NA C4NA C5NA C9NA2) CONA?2 C1NA C2NA NAD C3NA d mm
Over Incl. Min. Max. Min. Max. Min.  Max. Min. Max. Min. Max. Min.  Max. Min. Max. Min.  Max. Min. Max. Min. Max. Min. Max. Min. Max. Over Incl.

C 10 5 10 10 20 20 30 35 45 45 55 s s 5 5 7 17 10 20 20 30 35 45 45 55 e 10
10 18 5 10 10 20 20 30 35 45 45 55 65 75 5 10 7 17 10 20 20 30 35 45 45 55 10 18
18 24 5 10 10 20 20 30 35 45 45 55 65 75 5 10 7 17 10 20 20 30 35 45 45 55 18 24
24 30 5 10 10 25 25 35 40 50 50 60 70 80 5 10 10 20 10 25 25 35 40 50 50 60 24 30
30 40 5 12 12 25 25 40 45 55 55 70 80 95 5 12 10 20 12 25 25 40 45 55 55 70 30 40
40 50 5 15 15 30 30 45 50 65 65 80 95 110 5 15 10 20 15 30 30 45 50 65 65 80 40 50
50 65 5 15 15 35 35 50 55 75 75 90 110 130 5 15 10 20 15 35 35 50 55 75 75 90 50 65
65 80 10 20 20 40 40 60 70 90 90 110 130 150 10 20 15 30 20 40 40 60 70 90 90 110 65 80
80 100 10 25 25 45 45 70 80 105 105 125 155 180 10 25 20 35 25 45 45 70 80 105 105 125 80 100
100 120 10 25 25 50 50 80 95 120 120 145 180 205 10 25 20 35 25 50 50 80 95 120 120 145 100 120
120 140 15 30 30 60 60 90 105 135 135 160 200 230 15 30 25 40 30 60 60 90 105 135 135 160 120 140
140 160 15 35 35 65 65 100 115 150 150 180 225 260 15 35 30 45 35 65 65 100 115 150 150 180 140 160
160 180 15 35 35 75 75 110 125 165 165 200 250 285 15 35 30 45 35 75 75 110 125 165 165 200 160 180
180 200 20 40 40 80 80 120 140 180 180 220 275 315 20 40 30 50 40 80 80 120 140 180 180 220 180 200
200 225 20 45 45 90 90 135 155 200 200 240 305 350 20 45 35 55 45 90 90 135 155 200 200 240 200 225
225 250 25 50 50 100 100 150 170 215 215 265 330 380 25 50 40 65 50 100 100 150 170 215 215 265 225 250
250 280 25 55 55 110 110 165 185 240 240 295 370 420 25 55 40 65 55 110 110 165 185 240 240 295 250 280
280 315 30 60 60 120 120 180 205 265 265 325 410 470 30 60 45 75 60 120 120 180 205 265 265 325 280 315
315 355 30 65 65 135 135 200 225 295 295 360 455 520 30 65 45 75 65 135 135 200 225 295 295 360 315 355
B55 400 B5 75 75 150 150 225 255 330 330 405 510 585 35 75 50 90 75 150 150 225 255 330 330 405 355 400
400 450 45 85 85 170 170 255 285 370 370 455 565 650 45 85 60 100 85 170 170 255 285 370 370 455 400 450
450 500 50 95 95 190 190 285 315 410 410 505 625 720 50 95 70 115 95 190 190 285 315 410 410 505 450 500
1) For bearings with normal clearance, only NA is added to bearing numbers. Example: NU310NA 2) CONA, CONA and C1NA clearances are applied only to precision bearings of JIS Class 5 and higher.
Table 8.14 Axial internal clearance for double row and duplex tapered roller bearings (metric series) Unit: um
Nominal bearing Contact @ =27° (¢ =0.76) Contact > 27° (e > 0.76) Nominal bearing
bore diameter bore diameter
d mm C2 CN C3 Cc4 C2 CN Cc3 c4 d mm
Over Incl. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Over Incl.
18 24 25 75 75 125 125 170 170 220 10 30 30 50 50 70 70 90 18 24
24 30 25 75 75 125 145 195 195 245 10 30 30 50 60 80 80 100 24 30
30 40 25 95 95 165 165 235 210 280 10 40 40 70 70 100 90 120 30 40
40 50 20 85 85 150 175 240 240 305 10 40 40 70 80 110 110 140 40 50
50 65 20 85 110 175 195 260 280 350 10 40 50 80 90 120 130 160 50 65
65 80 20 110 130 220 240 325 325 410 10 50 60 100 110 150 150 190 65 80
80 100 45 150 150 260 280 390 390 500 20 70 70 120 130 180 180 230 80 100
100 120 45 175 175 305 350 480 455 585 20 70 70 120 150 200 210 260 100 120
120 140 45 175 175 305 390 520 500 630 20 70 70 120 160 210 210 260 120 140
140 160 60 200 200 340 400 540 520 660 30 100 100 160 180 240 240 300 140 160
160 180 80 220 240 380 440 580 600 740 = = = = = = = = 160 180
180 200 100 260 260 420 500 660 660 820 — — — — — — — — 180 200
200 225 120 300 300 480 560 740 720 900 — — — — - — — — 200 225
225 250 160 360 360 560 620 820 820 1020 = = = = = = = = 225 250
250 280 180 400 400 620 700 920 920 1140 — — — — — — — — 250 280
280 315 200 440 440 680 780 1020 1020 1260 — — — — — — — — 280 315
315 355 220 480 500 760 860 1120 1120 1380 o e o = == = e c 315 355
355 400 260 560 560 860 980 1280 1280 1580 = = = = = = = = B55 400
400 500 300 600 620 920 1100 1400 1440 1740 = = = = = = = = 400 500
500 560 350 650 750 1050 1250 1550 1650 1950 = e = e s = e e 500 560
560 630 400 700 850 1150 1400 1700 1850 2150 = = = = = = = = 560 630

Note: 1. This table applies to bearings contained in the catalog. For information concerning other bearings or bearings using US customary units,
please contact NTN Engineering.
2. The correlation of axial internal clearance (A a) and radial internal clearance (Ar) is expressed as Ar = 0.667 x e x Aa.
e: Constant (see dimensions table)
3. The table does not apply to the bearing series 329X, 330, 322C, and 323C, 303C, and T4CB.
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Unit: um

Tapered bore bearing

Nominal bearing

Table 8.15 Radial internal clearance of spherical roller bearings
Nominal bearing Cylindrical bore bearing
bore diameter
i p— c2 CN c3 c4 c5
Over Incl. Min Max. Min. Max Min. Max. Min. Max Min. Max.
14 18 10 20 20 35 35 45 45 60 60 75
18 24 10 20 20 35 35 45 45 60 60 75
24 30 15 25 25 40 40 55 55 75 75 95
30 40 15 30 30 45 45 60 60 80 80 100
40 50 20 35 35 55 55 75 75 100 100 125
50 65 20 40 40 65 65 90 90 120 120 150
65 80 30 50 50 80 80 110 110 145 145 180
80 100 35 60 60 100 100 135 135 180 180 225
100 120 40 75 75 120 120 160 160 210 210 260
120 140 50 95 95 145 145 190 190 240 240 300
140 160 60 110 110 170 170 220 220 280 280 350
160 180 65 120 120 180 180 240 240 310 310 390
180 200 70 130 130 200 200 260 260 340 340 430
200 225 80 140 140 220 220 290 290 380 380 470
225 250 90 150 150 240 240 320 320 420 420 520
250 280 100 170 170 260 260 350 350 460 460 570
280 315 110 190 190 280 280 370 370 500 500 630
315 355 120 200 200 310 310 410 410 550 550 690
355 400 130 220 220 340 340 450 450 600 600 750
400 450 140 240 240 370 370 500 500 660 660 820
450 500 140 260 260 410 410 550 550 720 720 900
500 560 150 280 280 440 440 600 600 780 780 1000
560 630 170 310 310 480 480 650 650 850 850 1100
630 710 190 350 350 530 530 700 700 920 920 1190
710 800 210 390 390 580 580 770 770 1010 1010 1300
800 900 230 430 430 650 650 860 860 1120 1120 1440
900 1000 260 480 480 710 710 930 930 1220 1220 1570
1000 1120 290 530 530 780 780 1020 1020 1330 1330 1720
1120 1250 320 580 580 860 860 1120 1120 1460 1460 1870
1250 1400 350 640 640 950 950 1240 1240 1620 1620 2 080
Table 8.16 Axial internal clearance of four points contact ball bearings Unit: um
N;mlna_l bearing c2 CN c3 c4
ore diameter
@ G Min Max Min Max Min Max Min Max
Over Incl.
17 40 26 66 56 106 96 146 136 186
40 60 36 86 76 126 116 166 156 206
60 80 46 96 86 136 126 176 166 226
80 100 56 106 96 156 136 196 186 246
100 140 66 126 116 176 156 216 206 266
140 180 76 156 136 196 176 236 226 296
180 220 96 176 156 216 196 256 246 316
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bore diameter
Cc2 CN C3 ca C5 d mm
Min. Max Min Max. Min. Max. Min. Max. Min. Max Over Incl.
= = = = = = = = = = 14 18
15 25 25 35 35 45 45 60 60 75 18 24
20 30 30 40 40 55 55 75 75 95 24 30
25 35 35 50 50 65 65 85 85 105 30 40
30 45 45 60 60 80 80 100 100 130 40 50
40 55 55 75 75 95 95 120 120 160 50 65
50 70 70 95 95 120 120 150 150 200 65 80
55 80 80 110 110 140 140 180 180 230 80 100
65 100 100 135 135 170 170 220 220 280 100 120
80 120 120 160 160 200 200 260 260 330 120 140
90 130 130 180 180 230 230 300 300 380 140 160
100 140 140 200 200 260 260 340 340 430 160 180
110 160 160 220 220 290 290 370 370 470 180 200
120 180 180 250 250 320 320 410 410 520 200 225
140 200 200 270 270 350 350 450 450 570 225 250
150 220 220 300 300 390 390 490 490 620 250 280
170 240 240 330 330 430 430 540 540 680 280 315
190 270 270 360 360 470 470 590 590 740 315 355
210 300 300 400 400 520 520 650 650 820 355 400
230 330 330 440 440 570 570 720 720 910 400 450
260 370 370 490 490 630 630 790 790 1000 450 500
290 410 410 540 540 680 680 870 870 1100 500 560
320 460 460 600 600 760 760 980 980 1230 560 630
350 510 510 670 670 850 850 1090 1090 1360 630 710
390 570 570 750 750 960 960 1220 1220 1500 710 800
440 640 640 840 840 1070 1070 1370 1370 1690 800 900
490 710 710 930 930 1190 1190 1520 1520 1860 900 1000
530 770 770 1030 1030 1300 1300 1670 1670 2050 1000 1120
570 830 830 1120 1120 1420 1420 1830 13830 2250 1120 1250
620 910 910 1230 1230 1560 1560 2000 2000 2470 1250 1400
A-99
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8.3 Preload

Normally, bearings are used with a slight internal
clearance under operating conditions. However,
in some applications, bearings are given an
initial load; this means that the bearings’
internal clearance is negative before operation.
This is called “preload” and is commonly applied
to angular ball bearings and tapered roller
bearings.

8.3.1 Purpose of preload

The following results are obtained by constant
elastic compressive force applied to the contact
points of rolling elements and raceway by
providing preload.

when heavy load is applied.

(2) The particular frequency of the bearing
increases and is suitable for high-speed
rotation.

(3) Shaft runout is suppressed; rotation and
position precision are enhanced.

(4) Vibration and noise are controlled.

(5) Sliding of rolling elements by turning,
spinning, or pivoting, is controlled and
smearing is reduced.

(6) Fretting produced by external vibration is
prevented.

Applying excessive preload could result in
reduction of life, abnormal heating, or increase

in turning torque. You should therefore
consider the objectives before determining the

(1) Bearing's rigidity increases, internal
clearance tends not to be produced even

amount of preload.

Table 8.17 Preloading methods and characteristics

Method Basic pattern Applicable bearings Object Methods and characteristics Applications
Grinding
Maintaining Preloading is accomplished by a machines
3 Aol contac | 3ura0 ol oaing | prdstmned ofietoftnergs | Lapes
o : ) . o .
[ ballbeciine vibration, increasing For the standard preload see Milling mac.:hmes
g rigidity Table 8.18. Measuring
8 instruments
=1
.g Tapered roller Lathes
o bearing Preload is accomplished by Milling machines
§ Thrust ball Increasin adjusting a threaded screw. Diff tial
L breuasringa bearing r\'ggidity Jhcmelnaoicloadicbeily cl>f gLetgrﬁot%\?easrs
measuring the starting torque or o X
Angular contact axial displacement. Printing machines
ball bearing Wheels

Angular contact

Maintaining
accuracy and

Preloading is accomplished by

Internal grinding

T=0.025C%8N

ball bearing iy using coil or belleville springs. machines
— Deep groove er]ed\/sg‘_t:;gv\xltafztlon For deep groove ball bearings: Elecile e
o pallbeanne constant amount of Ao l0d N High speed shafts
4 0:.@ &= @—» Tapered roller e d: shaft diameter (mm) ] 'm%ma?l P
0] bearing being affected b For angular contact ball bearings: .
S (high speed) S Y see Table 8.18. Tension reels
o loads or temperature
3
§ Preload is accomplished by using
5 Self-aligning coil or belleville springs.
2 roller thrust Preload is primarily Recommended preloads for thrust
‘3 bearing used to prevent ball bearings:(larger value of the Rolling mills
S Cylindrical smearing of formulas below is adopted) )
o roller thrust opposite axial load T1=0.42 (nCoa)? x 103N Extruding
bearing side when bearing T2 = 0.00083 Coa N TS
Thrust ball an axial load. Self-aligning roller thrust bearing,
bearing Cylindrical roller thrust bearing

Remarks T : preload, N
. Rotational speed min-t
Coa’ Basic static axial load rating, N

n
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8.3.2 Preloading methods and amounts
The most common method of applying preload
on a bearing is to change the relative position
of the inner and outer rings of the bearing in
the axial direction while applying an axial load
between bearings on opposing sides. There are
two types of preload: fixed position preload and
constant pressure preload.

The basic pattern, purpose and characteristics
of bearing preloads are shown in Table 8.17.

Fixed position preload

1) Fixed position preload is effective for
positioning the two bearings and also for
increasing the rigidity.

2) The amount of preload will change due to
axial displacement caused by temperature
differences between the shaft and housing
and the inner and outer rings. Preload will
also change as a result of displacement due
to loads.

Constant pressure preload

1) Due to the use of a spring for the constant
pressure preload, the preloading amount
can be kept constant, even when the
distance between the two bearings
fluctuates under the influence of operating
heat and load.

2) Axial loads cannot be applied in the
direction in which springs are contracted.

Also, the standard preloading amount for the

paired angular contact ball bearings is shown in
Table 8.18. Light and normal preload is applied
to prevent general vibration, and medium and
heavy preload is applied especially when rigidity
is required.

8.3.3 Preload and rigidity

The increased rigidity effect preloading has on
bearings is shown in Fig. 8.2 to Fig. 8.4. When
the offset inner rings of the two paired angular
contact ball bearings are pressed together, each
inner ring is displaced axially by the amount 8o
and is thus given a preload, Fo, in the direction.
Under this condition, when external axial load
Fais applied, bearing 1 will have an increased
displacement by the amount 6 5 and bearing

I will have a decreased displacement. At this
time the loads applied to bearing 1 and I are
F'1 and F'11, respectively. Under the condition of
no preload, bearing [ will be displaced by the
amount &b when axial load F3 is applied. Since
the amount of displacement, 0 3, is less than
Ob, it indicates a higher rigidity for & a.

If a large axial load is to be applied, care must
be taken because the preload may be released,
causing problems such as heat generation,
vibration, and rigidity decrease.

Three-row combinations and two-row
combinations are different and have unique right
and left displacement diagrams. Figure 8.3 uses
a two-row diagram for bearing 1, and Figure 8.4
uses a two-row diagram for bearing I. When
preload Fo is applied, bearing 1 is displaced by
001 and bearing I is displaced by & 02. Under
this condition, when axial load Fa is additionally
applied, bearing 1 will have an increased
displacement by the amount 0 a3 and bearing II
will have a decreased displacement.
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Bearingl Bearing I
—_—

Outer ring Bearing I - Bearing I
Ball | v (Diagram of two rows) @ (Diagram of one row)
M nner ring . g
] , .
(1) Before preloading 5 Inner ring axial displacement \ < / Fo—] ~—7
o o \ /
] - \ i L
(2) After preloading I“II“I Fo ' Preload \ . / o | |
Under preloadin \ a /
P € % Inner ring axial displacement N 7 Bo1 Bo1
Fu \ /
(3) Under preloading = 0 (—— F1=Fu+Fa \ /
and applied I“II‘I Fs @ External axial load A . /
axial load da e Fa ‘
- T Fi1
Fu
\ } , | | t
\ © / BearingI Bearing I
\ o
N = / [~ 01=801—8a S1=801 +8a —|
\\\ § ,II Fa
Bearingl %\ / BearingI Fo— le—Fo don do1
\ ~—08a — / o
\ /
AN / : — Fig. 8.3 Preload diagram of DBT combination (DT side load)
\ 8o 8o
db \\
.
Ti\\ o Bearing I . Bearing I BearingI Bearing I
~, F 1 (Diagram of one row) I (Diagram of two rows) ——
Fo | Fo . =
LT ooRe .
\ 1 | —
Fu \ < ! Fo [~—Fo
\ 1
\ 1
Axial displacement h / L %o
d1 dn — \\‘ I - il
o o \ da / dott do1
\ ] /
\ II
Fr=F1+Fs \ /
\\ I,
W /
Fig. 8.2 Fixed position preload model diagram and preload diagram AN /
)
= T F1
o
il
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Fig. 8.4 Preload diagram of DBT combination (DB side load)

A-103



Commentary

®Bearing Internal Clearance and Preload ®Bearing Internal Clearance and Preload

NTN NTN

Table 8.18 The normal preload of duplex angular contact ball bearings Unit: N
Nominal bearing bearing Series
bore diameter
d 79 70 72,728 73,73B
mm
Light Normal Medium Heavy Light Normal Medium Heavy Light Normal Medium Heavy Light Normal Medium Heavy
preload preload preload preload preload preload preload preload preload preload preload preload preload preload preload preload
Over Incl. GL GN GM GH GL GN GM GH GL GN GM GH GL GN GM GH
- 12 - 39 78 147 29 78 147 196 29 98 196 294 49 147 294 390
12 18 — 49 147 196 29 78 147 294 29 98 294 390 49 147 390 490
18 32 29 98 196 294 49 147 294 490 78 196 490 785 98 294 590 980
32 40 49 147 294 590 78 294 590 885 98 390 885 1470 147 490 980 1960
40 50 49 196 390 685 78 294 590 980 147 590 980 1960 196 785 1470 2450
50 65 78 245 490 785 147 490 880 1470 196 785 1470 2940 294 980 2450 3900
65 80 98 390 785 1180 147 590 1470 1960 294 980 2450 3900 390 1470 3450 4900
80 90 147 490 980 1470 196 885 1960 2940 490 1470 2940 4900 590 1960 3900 5900
90 95 147 490 980 1470 196 885 1960 2940 490 1960 3900 5900 590 2450 4900 6850
95 100 196 685 1270 1960 196 885 1960 2940 490 1960 3900 5900 590 2450 4900 6850
100 105 196 685 1270 1960 294 980 2450 3900 590 2450 4900 7850 685 2940 5900 8850
105 110 196 685 1270 1960 294 980 2450 3900 590 2450 4900 7850 685 2940 5900 8850
110 120 245 885 1780 2940 294 980 2450 3900 590 2450 4900 7 850 685 2940 5900 8850
120 140 294 980 1960 3450 490 1470 3450 5900 785 2940 5900 9800 885 3900 7850 11800
140 150 390 1270 2450 4400 490 1470 3450 5900 785 2940 5900 9800 885 3900 7850 11 800
150 160 390 1270 2450 4400 685 2450 4900 8850 885 3900 7850 11 800 980 4400 8800 13700
160 170 390 1270 2450 4400 685 2450 4900 8850 885 3900 7850 11800 980 4400 8 800 13700
170 180 490 1770 3450 5900 685 2450 4900 8850 885 3900 7850 11800 980 4400 8800 13700
180 190 490 1770 3450 5900 885 3450 6850 9800 980 4400 8850 13700 1470 5900 11800 15 700
190 200 685 2450 4900 7850 885 3450 6850 9800 980 4400 8850 13 700 1470 5900 11800 15 700
8.4 Necessary minimum load
In general, when a bearing is operated under A rough standard for the necessary minimum
no load or a very light load, slippage may occur radial loads for radial bearings is shown below.
between the rolling element and the raceway
(see "8.3.1 Purpose of preload”). In the case of Ball bearings (except self-aligning
high-speed rotation, a gyro slip or a cage slip ball bearings): :0.023 Cor
may cause early damage such as smearing. In Self-aligning ball bearings: 0.018 Cor
this case it is necessary to apply a minimum load Roller bearings : 0.040 Cor
to prevent slippage during bearing operation. Where, Cor: Basic static rating load (N)

* Consult with NTN for the necessary minimum axial loads
for thrust bearings.
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9. Allowable speed

9.1 Constant speed rotation

As the rotational speed of the bearing increases,
the temperature of the bearing also rises due

to heat generation inside the bearing due

to friction. This may result in damage to the
bearing, such as seizure, and the bearing will be
unable to continue stable operation. Therefore,
the maximum speed at which it is possible for
the bearing to continuously operate without the
generation of excessive heat beyond specified
limits is called the allowable speed (min-1). The
allowable speed of a bearing depends on the
type of bearing, bearing dimensions, type of
cage, load, lubrication conditions, and cooling
conditions.

The bearing dimensional table gives
approximate allowable rotational speeds for
grease and oil lubrication.

@ The bearing must have the proper

internal clearance prescribed in the NTN
Engineering standard design specifications
and must be properly installed.

@ A quality lubricant must be used. The
lubricant must be replenished and changed
when necessary.

@ The bearing must be operated at normal
operating temperature under ordinary load
conditions (P = 0.08 Cy, Fa/ Fr = 0.3).

If the load is below the minimum necessary
load (see section “8. Bearing Internal Clearance
and Preload 8.4"), rolling elements may not turn
smoothly. If so, please contact NTN Engineering
for more information. Allowable rotation for
deep groove ball bearings with contact seal
(LLU type) or low-torque seal (LLH type) is
determined according to the circumferential
speed of the seal. For bearings to be used
under heavier than normal load conditions, the
allowable speed values listed in the bearing
tables must be multiplied by an adjustment
factor. The adjustment factors f1 and fc are
given in Figs. 9.1 and 9.2.

NTN

Also, when radial bearings are mounted on
vertical shafts, retention of lubricant and cage
guidance are less favorable when compared
to horizontal shaft mounting. Therefore,
the allowable speed should be reduced to
approximately 80% of the listed speed. For
speeds other than those mentioned above, and
for which data is incomplete, please consult
NTN Engineering.

If rotational speed is to exceed allowable
rotational speed given in the dimensions table,
it will require special considerations, such as
using a bearing for which cage specifications,
internal clearance and precision have been
thoroughly checked. It may require adopting
forced circulation, jet oil or mist oil lubrication as
the lubrication method.

Under such high speed operating conditions,
when special care is taken, the standard
allowable speeds given in the bearing tables
can be adjusted upward. The maximum speed
adjustment values, 8, by which the bearing
table speeds can be multiplied, are shown in
Table 9.1. However, for any application requiring
speeds in excess of the standard allowable
speed, please consult NTN Engineering.

Polylube bearings (see section 11.4) have
their original allowable rotational speed
provision. For details, see the special catalogs
“Polylube bearing (CAT. No. 3022/E)" and
“Polylube needle bearing (CAT. No. 3605/J)."
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Fig. 9.1 Value of adjustment factor fL depends
on bearing load
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Fr

Fig. 9.2 Value of adjustment factor fc depends
on combined load

Table 9.1 Adjustment factor, /B, for allowable
number of revolutions

Bearing type Adjustment factor fg
Deep groove ball bearing 3.0
Angular contact ball bearing 2.0
Cylindrical roller bearing 2.5
Tapered roller bearing 2.0
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9.2 Low-speed rotation and rapid
acceleration/deceleration

When the bearing rotational speed is
particularly low (the product of the rotational
speed 7 (min~1) and the rolling element pitch
diameter Dpw (mm) is Dpw 72 < 10 000), an
elastohydrodynamic lubrication oil film may not
be formed at the contact surface between the
rolling element and the raceway surface.

Under such conditions, lubricant containing an
extreme-pressure additive (EP additive) should
be used.

When rapid acceleration/deceleration is
included in the operating conditions, the cage
may break.

Please contact NTN Engineering because
the allowable rotational speed needs to be
examined individually.

9.3 Oscillating applications

In small oscillating movement, the rotation
direction changes before the bearing makes one
rotation.

The moment when the rotation method
forwards and reverses, the rotational speed
becomes zero. At this time, a lubrication oil film
in the fluid mechanics may not be formed or
maintained.

Under such conditions, lubricant containing an
extreme-pressure additive (EP additive) should
be used.

Suitable preload may be applied to reduce the
sliding of rolling elements.

When the oscillation angle is extremely small,
an oil film is unlikely to be formed on the contact
surface between the raceway surface and the
rolling element, and fretting (slight abrasion)
may occur.

Please contact NTN Engineering because
the allowable rotational speed needs to be
examined individually.
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9.4 Heat rating rotational speed

The heat rating rotational speed is an index
standardized in JIS B 1550:2010 (ISO
15312:2003) that uses bearing operating
temperature as reference.
This standard refers to the rotational speed
of the inner ring of the bearing when the heat
generation amount due to the bearing internal
friction becomes equivalent to the heat radiation
amount of the shaft and housing for mounting
the bearing in the case where the bearing is
operated at the reference condition below.
Reference conditions are shown below.
(1) Reference temperature
Reference temperature of static outer ring
(housing raceway washer): 70°C
Reference ambient temperature around
bearing: 20°C
(2) Reference load
Radial bearing (0° = a = 45°):
Pure radial load of 0.05 x Cor
Thrust roller bearing (45° = a = 90°):
Pure axial load of 0.02 x Cpa
(3) Lubricant
The lubricant must be mineral oil that
is free of an extreme-pressure additive
and have viscosity v below the following
values at 70°C.
Radial bearing:
v =12 mm2/s (equivalent to ISO VG32)
Thrust roller bearing:
v =24 mm?2/s (equivalent to ISO VG68)
(4) Lubrication method
In oil bath lubrication, the oil level is the
center of the rolling element that is at the
lowermost position.
Refer to JIS B 1550:2010 (ISO 15312:2003)
for further details.
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10. Friction and temperaturerise

10.1 Friction

One of the main functions required of a bearing
is that it must have low friction. Under normal
operating conditions rolling bearings have a
much smaller friction coefficient than sliding
bearings, especially when comparing starting
friction.

The friction coefficient for rolling bearings is
expressed by formula (10.1).

Where:
u : Friction coefficient
M : Friction moment, N -+ mm
P :load,N
d :Bearing bore, mm
The dynamic friction coefficient for rolling
bearings varies with the type of bearing, load,
lubrication, speed, and other factors. For normal
operating conditions, the approximate friction
coefficients for various bearing types are listed
in Table 10.1.

Table 10.1 Friction coefficient for bearings

(reference)
Bearing type Friction coefficient 1x103
Deep groove ball bearings 1.0~1.5
Angular contact ball bearings 1.2~1.8
Self-aligning ball bearings 0.8~1.2
Cylindrical roller bearings 1.0~15
Needle roller bearings 2.0~3.0
Tapered roller bearings 1.7~25
Self-aligning roller bearings 2.0~2.5
Thrust ball bearings 1.0~1.5
Thrust roller bearings 2.0~3.0

NTN

10.2 Temperature rise

Almost all friction loss in a bearing is
transformed into heat within the bearing itself
and causes the temperature of the bearing to
rise. The amount of thermal generation caused
by the friction moment can be calculated using
formula (10.2).

Q=0.105><10‘6M><n ............... (10_2)

Where:

@ : Thermal value, kW
M : Friction moment, N - mm
n : Rotational speed, min-1

Bearing operating temperature is determined
by the equilibrium or balance between the
amount of heat generated by the bearing and
the amount of heat conducted away from the
bearing. In most cases the temperature rises
sharply during initial operation, then increases
slowly until it reaches a stable condition and
then remains constant. The time it takes to
reach this steady state depends on the amount
of heat produced, heat capacity/diffusion of
the shaft and housing, amount of lubricant
and method of lubrication. If the temperature
continues to rise and does not become constant,
it must be assumed that there is some improper
function.

When any abnormal temperature rise is
observed, examine the equipment. Remove
the bearing for inspection if necessary. Some
possible causes of abnormal temperature rises
would be as follows.

- Bearing misalignment (due to moment load

or incorrect installation)

- Insufficient internal clearance

- Excessive preload

- Amount of lubricant too small or large

+ Unsuitable lubricant

- Heat generated from sealing mechanism

- Excessive load

- Rapid acceleration and deceleration

+ Heat conducted from external sources

A-109



Commentary

OFriction and Temperature Rise

10.3 Starting torque calculation

The starting torque refers to the torque
generated at the time of initial bearing rotation,
and the torque generation factor differs
between ball bearings and roller bearings. For
ball bearings, this calculation is shown below
with an angular contact ball bearing. For roller
bearings, a tapered roller bearing is used as an
example.

Even if the actual starting torque value is the
same number, the torque calculation value is a
reference value because there is measurement
variation for each bearing.

1) Preload and staring torque of angular
contact ball bearings
Bearings having a contact angle such as angular
contact ball bearings and tapered roller bearings
cannot be used by themselves. Two bearings
must face each other or be used in combination.
In this case, the bearings are often used by
applying a preload, and the larger the preload
is, the larger the friction torque of the bearing
becomes. The starting torque of the angular
contact ball bearing when a preload is applied
generates the majority of the spin slip and the
rolling friction torque.

The relationship between the preload and the
starting torque of angular contact ball bearings
is not a simple proportional relationship, and
the calculation is complicated; therefore, please
contact NTN Engineering.

2) Preload and starting torque of tapered
roller bearings
The starting torque of tapered roller bearings are
influenced by the following factors.
(1) Sliding friction between roller large end
surface and inner ring large rib surface
(2) Rolling friction of rolling surface
(3) Sliding friction of roller and cage

NTN

(4) Stirring resistance of lubricant

However, (2) to (4) are extremely small
compared with (1); therefore, the starting
torque of tapered roller bearings is calculated
by (1).

Starting torque M of tapered roller bearings is
represented by formula (10.3).

M=u-e-cos(B/2) Fa N-mm--(10.3)
M : Starting torque, N - mm
L Friction coefficient
e : Contact position between roller and
inner ring rib, mm (see Figure 10.1)
B :Roller angle, ° (see Figure 10.1)
Fa :Preload, N

Contact position of roller
and inner ring rib

0 _
Figure 10.1 B ande

Figure 10.2 shows calculation examples. For
details, please contact NTN Engineering.

= 5000 —
N ol
E 4000 SO 22
z ) £y ,5107,0\)
2 3000
3
g ™
5 2000 =
£ 1000 1 et
L
0 2500 5000 7500 10000 12500 15000
Preload (N)

Figure 10.2 Preload and starting torque of
tapered roller bearings
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11. Lubrication

11.1 Purpose of lubrication

The purpose of rolling bearing lubrication is to
prevent direct metallic contact between the
various rolling and sliding elements. This is
accomplished through the formation of a thin

oil (or grease) film on the contact surfaces.
Lubricant is necessary for operating rolling
bearings. For rolling bearings, lubrication has the
following advantages:

(1) Reduction of friction and wear
It prevents direct metallic contact between
the rolling and sliding elements of bearing
components and reduces friction and
wear.

(2) Prolonged bearing life
The rolling fatigue life is prolonged by
forming an oil film on the rolling contact
surface part.

(3) Friction heat dissipation and cooling
circulating lubrication can dissipate heat
generated from friction or conducted from
the outside.

(4) Others
It prevents foreign materials from
entering inside the bearing and
suppresses corrosion (rust) by covering
the bearing surface with oil.

In order to exhibit these effects, a lubrication
method that matches service conditions is
required. In addition to this, a quality lubricant
must be selected, the proper amount of
lubricant must be used and the bearing must
be designed to prevent foreign matter from
getting in or lubricant from leaking out. If
lubrication is insufficient, friction is not reduced,
causing excessive rise in bearing temperature
or abnormal wear. Therefore, an appropriate
lubrication and lubrication method should be
selected.
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Fig. 11.1 shows the relationship between
oil volume, friction loss, and temperature rise.
Table 11.1 details the characteristics of this
relationship.

Temperature increase — large

Temperature

increase \

Friction
loss

Friction loss — large

AlBI C | D
Oil volume

Fig. 11.1

E

increase

Table 11.1 Oil volume, friction loss, and
temperature increase

(See Fig. 11.1)

Range Characteristics Lubrication method
When oil volume is extremely
low, direct metallic contact
A occurs in places between the
rolling elements and raceway
surfaces. Bearing abrasion and
seizing may occur.
A thin oil f\lm .dev.elops over all T
B surfaces, friction is minimal Oil mist
and bearing temperature is A=l urfesiiar
low.
As oil volume increases, heat Circulating
C ) ) ) N
buildup is balanced by cooling. | lubrication
Regardless of oil volume, . )
. Circulating
D temperature increases at a P
N lubrication
fixed rate.
As oil volume increases, Forced circulation
E cooling dominates and bearing | lubrication
temperature decreases. Oil jet lubrication
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11.2 Lubrication methods and
characteristics

Lubrication methods for bearings can be roughly
divided into grease and oil lubrication. Each of
these has its own features, so the lubrication
method that best offers the required function
must be selected.

Characteristics of each method are shown in
Table 11.2.

Table 11.2 Comparison of grease lubrication
and oil lubrication characteristics

Concern Method Iugr!}?:g:ieon Oilllubrication
Handling (@) A

Reliability O (©)

Cooling effect X O (Circulation necessary)
Seal structure @) A

Power loss O O

e o |»&

High speed rotation X O

© : Verygood O :Good & :Fair X :Poor

11.3 Grease lubrication

Grease lubricants are relatively easy to handle
and require only the simplest sealing devices.
For these reasons, grease is the most widely
used lubricant for rolling bearings. It is used in a
bearing that is pre-sealed with grease (sealed/
shielded bearing), or if using an unsealed
bearing, fill the bearing and housing with the
proper amount of grease, and replenish or
change the grease regularly.

With sealed bearings, the proper grease
amount does not cause leakage; however, under
use conditions including a lot of vibrations,
which cause grease to flow easily, or under
high-speed outer ring rotation, in which large
centrifugal force is applied on the grease, the
grease may purge (in rare cases). Please consult
NTN Engineering.
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11.3.1 Types and characteristics of grease
Lubricating grease is composed of either a
mineral base oil or a synthetic base oil. To
this base a thickener and other additives are
added. The properties of all greases are mainly
determined by the kind of base oil used and
by the combination of thickening agent and
various additives. Table 11.5 shows general
grease varieties and characteristics, and Table
11.6 shows grease brand names and their
characteristics. (See pages A-116 and A-117.)
As performance characteristics of even the
same type of grease will vary widely from
brand to brand, it is necessary to check the
manufacturers’ data when selecting grease.
(1) Base oil
Mineral oil or synthetics such as ester oil,
synthetic hydrocarbon oil, or ether oil are
used as the base of greases.

Generally, greases with low viscosity
base oils are best suited for low
temperatures and high speeds; grease
using high-viscosity base oil has superior
high-temperature and high-load
characteristics.

(2) Thickening agents
Thickening agents are compounded with
base oils to maintain the semi-solid state
of the grease. Thickening agents consist
of two types of bases: metallic soaps
and non-soaps. Metallic soap thickeners
include: lithium, sodium, calcium, etc.
Non-soap base thickeners are divided
into two groups: inorganic (silica gel,
bentonite, etc.) and organic (polyurea,
fluorocarbon, etc.). The various special
characteristics of a grease, such as
limiting temperature range, mechanical
stability, water resistance, etc. depend
largely on the type of thickening agent
used. For example, a sodium based grease
is generally poor in water resistance
properties, while greases with bentone,
poly-urea and other non-metallic soaps as
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the thickening agent are generally superior
in high temperature properties.

(3) Additives
Various additives are added to grease
depending on the purpose. Typical
additives include anti-oxidants, high-
pressure additives (EP additives), rust
preventives, and anti-corrosives. For
bearings subject to heavy loads and/
or shock loads, grease containing high-
pressure additives should be used. Anti-
oxidants are added to grease used in most
types of rolling bearings.

(4) Consistency
Consistency is an index that indicates
hardness and fluidity of grease. The
higher the NLGI number, the HARDER
the grease is. For the lubrication of
rolling bearings, greases with the NLGI
consistency numbers of 1, 2, and 3 are
used. General relationships between
consistency and application of grease are
shown in Table 11.3.

Table 11.3 Consistency of grease

NLGI JIS(ASTM)
consistency | 60 times blend Application
No. consistency
0 355 to 385 For centralized greasing use
1 310 to 340 For centralized greasing use
2 265 to 295 For general use and sealed
bearing use
3 220to 250 For general use,
high temperature use,
and sealed bearing use
4 175 to 205 For special use
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(5) Mixing different types of greases

When greases of different kinds are mixed
together, the consistency of the greases
will change (usually softer), the operating
temperature range will be lowered, and
other changes in characteristics will occur.
As a rule, grease should not be mixed
with grease of any other brand. However,
if different greases must be mixed, at
least greases with the same base oil and
thickening agent should be selected.




Commentary

@®Lubrication

11.3.2 Amount of grease

The amount of grease used in any given
situation will depend on many factors relating
to the size and shape of the housing, space
limitations, bearing’s rotating speed and type
of grease used. As a rule of thumb, bearings
should be filled to 30 to 40% of their space
and housing should be filled 30 to 60%. Where
speeds are high and temperature rises need
to be kept to a minimum, a reduced amount
of grease should be used. Excessive amounts

NTN

V : Quantity of bearing space open type
(approx.), cm3
K : Bearing space factor (see value of Kin
Table 11.4)
W : Mass of bearing, kg
A predetermine amount of grease is filled in
the bearing with a grease gun or a syringe. After
sealing it is not possible to spread the grease by
hand - only by rotating the bearing by hand.
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of grease cause temperature rises which

in turn cause the grease to soften and may
allow leakage. Oxidation and deterioration of
excessive grease fills may cause the lubricating
efficiency to be lowered. Moreover, the
standard bearing space can be found by formula

(11.1)
Table 11.4 Bearing space factor K
Bearing type® Cage type K
Deep groove ball bearing? Pressed cage 61
Pressed cage 54
Angular contact ball bearing Machined cage 33
Molded resin cage 33
Pressed cage 50
NU type3)
Machined cage 36
Pressed cage 55
N type® .

Cylindrical roller Machined cage 37
bearing Machined cage 33

NU type“)
ULTAGE series(EA type) Molded resin cage 33
E type Machined cage 34

N type®
Molded resin cage 35
Tapered roller bearing Pressed cage 46
Type C Pressed cage 35
Spherical roller Type B Type 213 Machined cage 28
bearing Type EA Pressed cage 33

ULTAGE series

Type EM Machined cage 31

1) Does not apply to model numbers that are not specified in the catalog.
2) Does not apply top 160 series bearings. 3) Does not apply to NU4 series.
4) Applies to G1 machined cages only.  5) Does not apply to N4 series.
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Table 11.5 Grease varieties and characteristics )

NTN
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Soap-based
Lithium (Li) Calcium (Ca)
grease grease
n A 2) . . Ca soap

Thickening agent Li soap Li complexed soap (cUp grease)
Base oil ¥ Mineral oil Ester oil Silicone oil Mineral oil Mineral oil
Dropping point °C 170 to 190 170 to 190 200 to 210 >250 80 to 100
Operating o -30t0 120 -50to 130 -50 to 160 -30t0 130 ~20t0 70
temperature range °C
Mechanical stability Good Good Good Good OK
Pressure resistance Good Good Poor Good OK
Water resistance Good Good Good Good Good

Balanced Excellent low Excellent Balanced Used for low speed

performance with temperature and characteristics performance with and light loads

less disadvantages | wear characteristics | at low and high less disadvantages
Characteristics/ temperatures
application

All purpose grease | Suitable for small Poor load resistance | Usable for relatively | Unusable for high

sized and miniature high temperature temperature
bearings

1) Use the grease performance as rough standards because it differs depending on the manufacturer's additive formation.
2) Na soap-based grease may be emulsified by water and high humidity conditions.
Urea-based grease may deteriorate polyfluorocarbons and rubber.

Table 11.6 Grease brands and their nature

Base oil viscosity mm?/s

Brand Code Thickener Base oil
40°C 100°C
Alvania Grease S2 2AS Li soap Mineral oil 131 12.2
Alvania Grease S3 3AS Li soap Mineral oil 131 12.2
Alvania EP Grease 2 8A Li soap Mineral oil 220 15.9
Multemp PS No. 2 1K Li soap Ester + PAO 15.9 =
Multemp SRL 5K Li soap Ester 24.1 =
SH33L 3L Li soap Silicone 70 27
SH44M 4M Li soap Silicone 80 19
ISOFLEX NBU15 15K Ba complexed soap Diester + mineral oil 23 5
SHC POLYREX 462 L791 Urea PAO 460 40
SE-1 L749 Urea PAO + ester 22 5
ME-1 L700 Urea Ester + PAO 61.3 9.3
EP-1 L542 Urea PAO 46.8 —
NA103A L756 Urea PAO + ether 53.5 =
MP-1 L448 Urea Synthetic oil 40.6 7.1
Grease J L353 Urea Ester 75 10
Cosmo Wide Grease WR3 2M Na terephthalate Diester + mineral oil 31.6 6
Mobilgrease 28 9B Bentonite PAO 30 5.7
Aeroshell Grease 7 5S Microgel Diester 10.3 3.1

Note: 1. Representative values are shown for the base oil viscosity, consistency, and dropping point.

2. The upper and lower limits of the operating temperature range differ depending on the usage environment and requirement
specifications. Please consult with NTN Engineering.
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Soap-based Non-soap-based
Calcium (Ca) Sodium (Na) Organic Inorganic
grease grease
Ca complexed soap Na soap Urea Urea PTFE Silica gel
Mineral oil Mineral oil Mineral oil Synthetic oil Fluorinated Ester oil
200 to 280 170 to 200 >260 >260 None >260
-20to 130 -20to 130 -30to 140 -40 to 180 -40 to 250 -70to 150
Good Good Good to Excellent Good to Excellent OK to Good Good
Good to Excellent Good Good to Excellent Good to Excellent Good Good
Good Poor Good to Excellent Good to Excellent Good Good
Excellent pressure Some emulsification | Excellent water Excellent water Excellent chemical Excellent
resistance when water is resistance and resistance and resistance characteristics at
introduced oxidation stability oxidation stability low temperature
Usable for relatively Used for high Used for high
high temperature temperature temperature
and high speed applications
applications

3) Ester oil-based grease may swell acrylic materials, and silicone-based grease may swell silicone materials.
Some silicone-based greases and fluorine-based greases have poor noise performance and rustproofing performance.

60 times blend consistency 3 . : Operating
Representative ropplor::g point temperature Characteristics

value NLGI No range °C

283 2 181 -25t0120 All-purpose (standard grease for deep grease ball bearings)
242 3 182 -20to 135 All-purpose (standard grease for ball bearings of bearing units)
284 2 184 -20to 110 All-purpose for high loads

270 2 190 -50to0 130 For low temperature and low torque

250 2t03 192 00150 | etureioma clamerer ball gy
320 1to2 220 —-70 to 140 For low temperature

260 2to3 204 -40to 160 For high temperature

280 2 220 or above -40to0 130 For high speed

280 2 270 -20to 170 For food machinery

265 2 220 or above -50t0 120 For high speed

231 3 250 or above -30to 160 For high temperature and high speed

220 2 260 or above -40to 160 For high temperature and high speed

270 2 260 or above -40to 180 Brittle separation

243 3 250 or above -40to 150 For high temperature and high speed

305 1to2 280 or above -20to0 180 For high temperature

238 3 230 or above -40to 150 For low temperature to high temperature, all-purpose

293 1to2 307 -54to 177 MIL-PRF-81322 For low temperature to high temperature
296 1to2 260 or above -73to 149 MIL-PRF-23827C
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11.3.3 Grease replenishment

As the lubricating performance of grease
declines with the time, grease must be filled in
proper intervals.

The replenishment interval depends on the
type of bearing, dimensions, bearing's rotating
speed, bearing temperature, and type of grease.
An easy reference chart for calculating grease
replenishment interval is shown in Fig. 11.2.
This chart indicates the replenishment interval

Bearing bore I
diameter d mm

500
300

300
200

—
o
S

w1
&

Radial ball bearing

Cylindrical roller bearing S &

Thrust ball bearing =
Tapered roller bearing mw g
Spherical roller bearing

no: fL(Fig. 9.1) x fc(Fig. 9.2) x allowable rotational speed !

(from dimension tables)
n :rotational speed

NTN

for standard rolling bearing grease when used
under normal operating conditions. As operating
temperatures increase, the grease interval
should be shortened accordingly. Generally, for
every 10°C increase in bearing temperature
above 80°C, the grease interval period is
shortened to “2/3".

For grease replenishment interval of the
ULTAGE series, please contact NTN Engineering.

No/ M
I
20.07
15.0
Grease relubrication
time limit h
_ 10.0
30 000 9.0
| 8.07
20 000 7.0
6.0
10000 5.07
S~o <] C 4.0;
50007~ - 1
« (0097 ~3.09
30001 1B
20007 ]
2.0i
10007
1.57
5007
400+
300~
1.0"
|
0.9+
|
|
|
0.87

0.7-

Fig. 11.2 Diagram for grease interval
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(Example) Find the grease relubrication time
limit for deep groove ball bearing 6206, with a
radial load of 2.0 kN operating at 3 600 min-1

From Fig. 9.1 Cr/ Pr=21.6 /2.0 kN =10.8,

fL=0.96. Allowable rotational speed from the

dimensions tables for bearing 6206 is 11 000
min-1. Allowable rotational speed 7o for 2.0 kN
radial load is:
70 =0.96 x 11 000 = 10 560min~1
no 10560

Therefore, = 3600

The point where vertical line [ intersects a
horizontal line drawn from the point equivalent
of d = 30 for the radial ball bearing shown in Fig.
11.2 shall be point A. Find intersection point C
where vertical line I intersects the straight line
formed by joining point B (10 / 7 = 2.93) with A
by a straight line II. It shows that grease life in
this case is approximately 5,500 hours.

=293

11.3.4 Grease life estimation of sealed ball
bearings

There is a method of estimating the grease life

of single row sealed and greased ball bearings.
The estimated grease life changes depending

on the grease type, temperature, shaft rotational

speed, and load; therefore, please contact NTN

Engineering for details.

11.4 Solid grease

“Solid grease” is a lubricant composed mainly

of lubricating grease and ultra-high polymer
polyethylene. Solid grease begins as grease that
has the same viscosity as a more traditional
grease. After being heated and cooled, a process
known a “calcination”, the grease hardens

while maintaining a large quantity of lubricant
within the polymer structure. The result of this
solidification is that the grease does not easily
leak from the bearing, even when the bearing is
subjected to strong vibrations or centrifugal force.

NTN

Bearings with solid grease are available in two
types: the spot-pack type in which solid grease
is injected into the cage, and the full-pack
type in which all free space around the rolling
elements is completely filled with solid grease.

Spot-pack solid grease is available for deep
groove ball bearings, small diameter ball bearings,
and bearing units. Full-pack solid grease is
available for self-aligning ball bearings, spherical
roller bearings, and needle roller bearings.

Primary advantages:

(1) Minimal grease leakage

(2) Low bearing torque with spot-pack type
solid grease

For more details, please refer to the special
catalog "Bearings with solid grease (CAT. No.
3022/E).”

Solid grease

Fig. 11.3 Deep groove ball bearing with spot-pack
solid grease (Z shield)
(Available for deep groove ball bearings)

Solid grease

Fig. 11.4 Spherical roller bearing with full-pack
solid grease
(Available for spherical roller bearings)
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11.5. Oil lubrication

Qil lubrication is suitable for applications

requiring that bearing-generated heat or heat
applied to the bearing from other sources be

Table 11.7 Oil lubrication methods

NTN

carried away from the bearing and dissipated to

the outside.

Table 11.7 shows the main methods of oil

lubrication.

Lubrication method

Example

Lubrication method

Example

(Oil bath lubrication)

© Oil bath lubrication is the most
generally used method of
lubrication, and is widely used
for low to moderate rotational
speed applications.

® For horizontal shaft
applications, oil level should be
maintained at approximately
the center of the lowest rolling
element, according to the oil
gauge, when the bearing is at
rest. For vertical shafts at low
speeds, oil level should be
maintained at 50 - 80%
submergence of the rolling
elements.

(Disc lubrication)
® |n this method, a partially

submerged disc rotates
and pulls oil up into a
reservoir from which it
then drains down
through the bearing,
lubricating it.

(Oil spray lubrication)
® |n this method, an impeller or
similar device mounted on the
shaft draws up oil and sprays it
onto the bearing. This method
can be used at considerably
high speeds.

'-1&

—1 IIOI

-dl
-} “

(Oil mist lubrication)

® Using pressurized air,
lubricating oil is
atomized before passing
through the bearing.

® Due to the low lubricant
resistance, this method
is well suited to high
speed applications.

(Drip lubrication)

@ |n this method, oil is collected
above the bearing and allowed
to drip down into the housing
where it becomes a lubricating
mist as it strikes the rolling
elements. Another version
allows only slight amounts of oil
to pass through the bearing.

® Used at relatively high speeds
for light to moderate load
applications.

® |n most cases, oil volume is a
few drops per minute.

———

SIS (N

(Air-oil lubrication)

® |n this method, the
required minimum
amount of lubricating oil
is measured and fed to
each bearing at ideal
intervals using
compressed air.

® Fresh lubricating oil is
constantly fed.

® Because the required oil
quantity is very small, the
working environment can
be kept clean.

Mist
Separator
Airs

Air
filter 4

Nozzle

Pressure switch

(Circulating lubrication)

® Used for bearing cooling or for
automatic oil supply systems in
which the oil supply is centrally
located.

® One of the advantages of this
method is that oil cooling
devices and filters to maintain
oil purity can be installed within
the system.

® |n order for oil to thoroughly
lubricate the bearing, oil inlets
and outlets must be provided
on opposite sides of the
bearing.

(Oil jet lubrication)

® This method lubricates
by injecting oil under
high pressure directly
into the side of the
bearing. This is a reliable
system for high speed,
high temperature or
otherwise severe
conditions.

® Used for lubricating the
bearings in jet engines,
gas turbines, and other
high speed equipment.

® Under-race lubrication is
one example of this type
of lubrication.

—
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11.5.1 Selection of lubricating oil
Under normal operating conditions, machine
oil, turbine oil, and other mineral oils are widely
used for the lubrication of rolling bearings.
However, for temperatures below -30°C or
above 150°C, synthetic oils such as ester oil,
silicone oil, and fluorinated oil are used.

For lubricating oils, viscosity is one of the
most important properties and determines
an oil's lubricating efficiency. If viscosity is too
low, formation of the oil film will be insufficient,
and damage to the rolling surface will occur.
If viscosity is too high, viscous resistance will

NTN

Lubrication of rolling bearings requires
viscosity shown in Table 11.8, which is
dependent on the use conditions. Fig 11.5
shows the relation between lubricating oil

viscosity and temperature.
a lubrication oil with viscos
appropriate for the operati

This is used to select
ity characteristics
ng temperature.

For reference, Table 11.9 lists the selection

standards for lubricating oi

| viscosity based on

bearing operating conditions.

Table 11.8 Required lubricating oil viscosity

for bearings

8 X . Bearing type Dynamic viscosity mm2/s
also be great, resulting in temperature increase
L. . Ball bearings, 13 or above
and friction loss. In general, for higher speed @it el (e,
applications, a lower viscosity oil should be Needle roller bearings
used; for heavier load applications, a hlgher Spherical roller bearings, 20 or above
viscosity oil should be used. Tapered roller bearings, |
Needle roller thrust bearings
Self-aligning roller thrust bearing 30 or above
3000
2000 1:1SO VG 320
i 2:1S0 VG 150
500 3:1SO VG 68
e 4:1S0 VG 46
\ 5:1SO VG 32
100 6:1SO VG 22
A N 7:1S0 VG 15
&~
€ ™~
g 30
> 20 K
£ 15 1 ~
8 NN 2
o 10 N
> 8 3
6 4 SN
5 k5
a 6
7 NN N
3
-30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
Temperature °C

Fig 11.5 Relation between lubricating oil viscosity and temperature
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Table 11.9 Standards for lubricating oil viscosity

i i Lubricating oil ISO viscosity grade (VG)
B:arlng oEeraglgg dn value® Suitable bearing
E IR Normal load | Heavy load or shock load
-30to O Up to allowable rotational speed 22,32 46 All types
Up to 15000 46, 68 100 All types
15000 to 80 000 32,46 68 All types
Oto 60 80000 to 150 000 22,32 32 All types but thrust ball bearings
150 000 to 500 000 10 22,32 Siigla reny el 22l s,
cylindrical roller bearings
Up to 15000 150 220 All types
15000 to 80 000 100 150 All types
60to 100 80000 to 150 000 68 100, 150 All types but thrust ball bearings
150 000 to 500 000 32 68 Singlg row radial ball be_arings,
cylindrical roller bearings
100 to 150 Up to allowable rotational speed 320 All types
Oto 60 Up to allowable rotational speed 46, 68
Self-aligning roller bearing
60 to 100 Up to allowable rotational speed 150

1) dn value: [dn = bearing bore diameter d (mm) x rotational speed n (mm™)]
Note: 1. Applied when lubrication method is either oil bath or circulating lubrication.
2. Please consult NTN Engineering in cases where operating conditions fall outside the range covered by this table.

11.5.2 Oiling amount
When a bearing is to be supplied with oil
forcibly, the amount of heat generated from
the bearing is equal to the sum of the amount
of heat dissipated from the housing and the
amount of heat carried away by the oil.

The oiling amount that serves as a rough
indication when a standard housing is used can
be obtained by formula (11.2).

where,

Q: oiling amount per bearing (cm3/min)

K: coefficient determined by allowable
temperature rise of oil (Table 11.10)

q: oiling amount obtained by diagram
(cm3/min) (Fig. 11.6)

The heat dissipation amount differs depending
on the housing type. Therefore, in the actual
operation, it is desirable to obtain the oiling
amount suitable for the actual machine by
adjusting the amount obtained by formula
(11.2) to 1.5 to 2 times.

In addition, when calculating the oiling
amount assuming that no heat is dissipated
from the housing and the generated heat

amount is completely carried away by the oil,
use the shaft diameter in the diagram as d = 0.

Table 11.10 Value of K

Expelled oil temp minus supplied oil temp °C K
10 15
15 1
20 0.75
25 0.6

(Example) For tapered roller bearing
30220U mounted on a flywheel shaft with
a radial load of 9.5 kN, operating at 1 800
min-1, what is the amount of lubricating oil
Q required to keep the bearing temperature
rise below 15°C?

d=100mm,
dn=100x1800=18x 104
From Fig. 11.6 ¢ = 180cm3,/min
Assume the bearing temperature is
approximately equal to the expelled oil
temperature,
from Table 11.10, since K =1
Q=Kxqg=1x180=180cm3/min

@Lubrication
Qil quantity ¢
cm3/min
Shaft diameter d 100
s 200
160 7/,
140, [300
7 400
a0
’ ~500
600 60 r
7 A40Eo0
. 0 600
&000 L
700
200 L
0 |-
Bearing type 60 = 800
500 900
Self-aligning roller bearing _____| 0 L
Tapered roller bearings — 20 L1000
Angular contact ball bearings —
Deep groove ball bearings, ===~ L
Cylindrical roller bearings jl 100
=1200

Fig. 11.6 Oil quantity guidelines

11.5.3 Relubrication intervals

The intervals at which lubricating oil should

be changed varies depending upon operating
conditions, oil quantity, and type of oil used.

In general, for oil bath lubrication where the
operating temperature is 50°C or less, oil
should be replaced once a year. When the
operating temperature is between 80°C -
100°C, oil should be replaced at least once
every three months. For important equipment,
it is advisable that lubricating efficiency and
oil purity deterioration be checked regularly to
determine when oil replacement is necessary.
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12. External bearing sealing devic

External seals have two main functions: to
prevent lubricating oil from leaking out of

the bearing, and to prevent dust, water, and
other contaminants from entering inside the
bearing. When selecting a seal, the following
factors should be considered, in addition to

the application's operating conditions: Type

of lubricant (oil or grease), seal lip speed, shaft
misalignment, space limitations, seal friction and
heat generation, and cost.

Sealing devices for rolling bearings fall into
two main classifications: non-contact seals and
contact seals.
® Non-contact seals: Non-contact seals utilize

a small clearance between the shaft and the

housing, or between the shaft and sealing

apparatus. Therefore friction is negligible,
making them suitable for high speed
applications.

In order to improve sealing capability, the
gaps between the shaft and sealing apparatus
are often filled with lubricant.

es
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@ Contact seals: A contact seal is a seal in

which a molded synthetic rubber lip on a steel
plate is pressed against the shaft. Contact
seals are generally far superior to non-contact
seals in sealing effectiveness, although

their friction torque and temperature rise
coefficients are higher. Furthermore, because
the lip portion of a contact seal slides while in
contact with the shaft, the allowable lip speed
may vary based on the seal design.

The surface at which the seal lip contacts
the shaft must be lubricated. Ordinary bearing
lubricant can also be used for this purpose.

Table 12.1 lists the special characteristics
of seals and other points to be considered
when choosing an appropriate seal.

@®External Bearing Sealing Devices

Table 12.1 Seal characteristics and selection considerations

Type

Seal construction

Designation

Seal characteristics and selection considerations

Non-contact seals

Clearance seal

Qil groove seal
(oil grooves on
housing side)

Oil groove seal
(oil grooves on
shaft side and
housing side)

This is an simple seal design
with a small radial clearance
between the shaft and
housing.

Several concentric oil grooves
are provided on the housing
inner diameter to improve the
sealing effectiveness. When
the grooves are filled with
lubricant, the ingress of
external contaminants is
prevented.

Qil grooves are provided on
both the shaft outer diameter
and housing inner diameter
for a seal with even greater
sealing effectiveness.

— Cautionary points regarding selection

- In order to improve sealing effectiveness,
clearances between the shaft and housing
should be minimized. However, care should
be taken to confirm shaft/bearing rigidity and
other factors to avoid direct contact between
the shaft and housing during operation.

NTN

Oil groove clearance  (approx.)

Shaft diameter mm Clearance mm
Up to 50 0.2~0.4
50 or larger 0.5~1.0

- Oil groove width, depth (reference)
Width: 2to 5 mm
Depth: 4 to 5 mm
- Three or more oil grooves should be provided.
- Sealing effectiveness can be further improved
by filling the oil groove portion with grease of
which ASTM worked penetration is 150 to 200.
- Grease is generally used as the lubricant for
labyrinth seals, and, except in low speed
applications, is commonly used together with
other sealing devices.

Axial
labyrinth seal

Radial
labyrinth seal

Aligning type
labyrinth seal

This seal has a labyrinth
passageway on the axial side
of the housing.

A labyrinth passageway is
located on the radial side of
the housing.

For use with split housings.
This offers better sealing
effectiveness than axial
labyrinth seals.

The seal's labyrinth
passageway is slanted and
has sufficient clearance to
prevent contact between the
housing projections and the
shaft, even as the shaft
realigns.

— Cautionary points regarding selection

- In order to improve sealing effectiveness,
labyrinth passageway clearances should be
minimized. However, care should be taken to
confirm shaft/bearing rigidity, fit, internal
clearances and other factors to avoid direct
contact between labyrinth projections during

operation.

Labyrinth clearance  (approx.)

Shaft Clearance mm
diameter —— - —— -

mm Radial direction | Axial direction
—~ 50 0.2~0.4 1.0~2.0
50~200 0.5~1.0 3.0~5.0

- Sealing effectiveness can be further improved
by filling the labyrinth passageway with
grease of which ASTM worked penetration is
150 to 200.

- Labyrinth seals are suitable for high speed
applications.
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selected with caution.

Depending on its orientation, the
seal may function to prevent
lubricant from leaking out or foreign
matter from getting in.

Type Seal construction Designation Seal characteristics and selection considerations
Oil comb In this design, lubricating oil that —Cautionary points regarding selection—
sleeve makes its way out of the housing . Seal type that utilizes centrifugal
elog idieit s e i by force gf}the slinger mounted ogn
\ projections on the oil comb tati haft g
Oil comb sleeve and recirculated. rotating shatt. .
© sleeve - If mounted on the inside of the
o housing, the slinger should function
g Slinger Seal type whereby a slinger is to seal in lubricant by the
8 provided in provided in the housing that centr_lfuga‘ force produced by
5 the housing | prevents lubricant from leaking rotation.
7 by centrifugal force produced via - If mounted on the outside of the
5 rotation. housing, the slinger should function
z to seal out foreign matter by the fan
) Slinger By mounting a slinger on the effect produced by rotation.
Air flow A . 4
\ provided outside of the housing, - These seal types are commonly
outside centrifugal force helps to employed together with other
i - i the housing prevent dust and other solid sealing devices.
i ,j“ﬁ?;,i contaminants from entering.
Z grease In cross section resembling the letter “Z”; this seal's empty spaces are filled
T seal with grease.
— The seal is commonly used with a plummer block (housing).
1 z grease‘ seal
[ -
V-ring seal This design enhances sealing efficiency with a lip that seals from the axial
direction. With the aid of centrifugal force, this seal also offers effective
— protection against dust, water, and other contaminants entering the bearing.
. Can be used for both oil and grease lubrication.
| Verin Seia‘ At seal peripheral speeds in excess of 12 m/s, seal ring fit is lost due to
p L rinesea centrifugal force, and a clamping band is necessary to hold it in place.
Back up metal " . . . . o q q
Oil seal Oil seals are widely used, and their —Cautionary points regarding selection -
Spring S'?apdes Zhd gimZnSij)lr'SS;fze402 Shaft surface roughness (reference)
standardized under . X
; < Seal lip In this design, a ring-shaped spring Perl;zjheral StufacelioNEfilless
/ is installed in the lip section. As a speed m/s Ra Rz
result, contact pressure is exerted ~ 5 0.8 3.2
Lip edge between the lip gdge and §haft ) 5~10 0.4 1.6
surface, and sealing effectiveness is 10~ 0.2 0.8
Kl good. -
B Shaft material (reference)
43 When the bearing and oil seal are in Machine structural
8 — close proximity, the internal Material carbon steel
5 i clearance of the bearing may be ateria Low carbon alloy steel
o L ) reduced by heat produced by the oil Stainless steel
For dust proof = For preventing ;ee?t. éﬂeig;ﬁalig)g ;3 zgg:;i?:gglzh; HRC 40 or higher
lubricant leakage ’ : ; Surface | necessary
various peripheral speeds, internal hardness | HRC 55 or higher
bearing clearances must also be advisable g

Final grinding without

Processing | repeat (moving), or
method | buffed after hard

chrome plating

Allowable speed/temperature according to seal type/material (reference)

Allowable -
Seal type/material | peripheral m/s (y(mys)=""AMm>xn(min )y plochlc
speed m/s 60000 temp °C
Nitrile rubber 16 or below -25~120
. Acrylic rubber 26 or below -15~150
Oil seal e
uorinate
e 32 or below -30 ~200
Z grease seal Nitrile rubber 6 or below -25~120
V-ring Nitrile rubber 40 or below -25~120

Oil groove seal
+ Slinger
+Z-seal

Type Seal construction Designation Seal characteristics and selection considerations
‘ Z-seal + This is an example of an axial labyrinth seal which has been combined
! Labyrinth seal with a Z seal to increase its sealing effectiveness.
- L The axial labyrinth seal is affixed to the shaft with a setting bolt or other
— - method.
— + In the diagram on the left, both the direction of the Z-seal and the
‘ e labyrinth seal are oriented to keep dust and other contaminants out of
the bearing.
| Because a Z-seal has been incorporated, the allowable peripheral speed
% should not exceed 6 m/s.
3
_S Labyrinth seal This is an example of a combination of three different non-contact
® + Oil groove seals.
'_g seal It has the advantage of preventing both lubricant leakage from inside
£ + Slinger the bearing and infiltration of dust and other contaminants from the
8 outside.

It is widely used on mining equipment and as a sealing system with
plummer blocks in extremely dusty application conditions.

This is an example where an oil groove seal and slinger have been
combined with a Z-seal to increase its sealing efficiency. In the diagram
on the left, all three seals have been oriented to keep dust and other
contaminants out of the bearing.

It is widely used on mining equipment and as a sealing system with
plummer blocks in extremely dusty application conditions.
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13. Bearing materials

13.1 Raceway and rolling element

While the contact surfaces of a bearing'’s
raceways and rolling elements are subjected to
repeated heavy stress, they must also maintain
high precision and rotational accuracy.

To accomplish this, the raceways and rolling
elements must be made of a material that has
high hardness, is resistant to rolling fatigue,
is wear resistant, and has good dimensional
stability. The most common cause of fatigue
in bearings is the inclusion of non-metallic
inclusions in the steel. Nonmetallic inclusions
contain hard oxides that can cause fatigue
cracks. Clean steel with minimal non-metallic
inclusions must therefore be used.

All NTN bearings use steel that is low in
oxygen content and nonmetallic impurities,
refined by a vacuum degassing process and
outside hearth smelting. For bearings requiring
especially high reliability and long life, steels of
even higher in purity, such as vacuum melted
steel (VIM / VAR) and electro-slag melted steel
(ESR), are used.

13.1.1 Raceway and rolling element materials
1) High/mid carbon alloy steel

In general, steel types capable of being
“through hardened” below the material

surface are employed for raceways and rolling
elements. Foremost among these is high carbon
chromium bearing steel, which is widely used.
For large type bearings and bearings with large
cross sectional dimensions, induction hardened
bearing steel is used, which incorporates
manganese(Mn) or molybdenum(Mo).
Midcarbon chromium steel incorporating
silicon(Si) and manganese may also be used,
which gives it hardening properties comparable
to high carbon chromium steel.

NTN

Table 13.1 (A-140) gives the chemical
composition of representative high carbon
chrome bearing steels that meet JIS G 4805.
SUJ2 is frequently used. SUJ3, with enhanced
hardening characteristics containing a large
quantity of Mn, is used for large bearings. SUJ5
is SUJ3 to which Mo has been added to further
enhance hardening characteristics, and is used
for oversized bearings or bearings with thick
walls.

Table 13.1 (A-140) lists the chemical
composition of the primary materials that
are equivalent or similar to these JIS high
carbon chrome bearing steels. The chemical
composition of JIS SUJ2 is nearly equivalent to
that of AISI, SAE standard 52100, German DIN
standard 100Cr6, and Chinese GB standard
GCr15.

2) Carburizing (case hardened) steel
Carburizing hardens the steel from the surface
to the proper depth, leaving a relatively soft
core. This provides hardness and toughness,
making the material suitable for impact loads.
NTN uses carburizing (case hardened) steel for
most of its tapered roller bearings. In terms of
case hardened steel for NTN'’s other bearings,
chromium steel and chrome molybdenum steel
are used for small to medium sized bearings,
and nickel chrome molybdenum steel is used for
large sized bearings. Table 13.2 (A-141) shows
the chemical composition of representative
carburizing steels of JIS.

The table lists the chemical composition of
similar materials. The chemical composition
of JIS SCM420 is nearly equivalent to that of
AISI, SAE standard 4118, German DIN standard
20CrMo4 or 25CrMo4. Chinese GB standard
has a slightly different amount of Cr and Mo
compared with G20CrMo.
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3) High temperature capable bearing steel
When bearings made of ordinary high carbon
chromium steel which have undergone standard
heat treatment are used for long durations

at high temperatures, unacceptably large
dimensional changes can occur as described

in section 13.1.2. For this reason, a dimension
stabilizing treatment (TS treatment) has been
devised for very high temperature applications.
This treatment however reduces the hardness
of the material, thereby reducing rolling fatigue
life. (See section “3.3.2 Bearing characteristics
factor a2” on page A-22.) Note that dimensional
changes can occur in normal use too.

Standard high temperature bearings for use at
temperatures from 150°C - 200°C, add silicon to
the steel to improve heat resistance. This results
in a bearing with excellent rolling fatigue life
with minimal dimensional change or softening at
high temperatures.

A variety of heat resistant steels are also
incorporated in bearings to minimize softening
and dimensional changes when used at high
temperatures. Two of these are high-speed
molybdenum steel and high-speed tungsten
steel. For bearings requiring heat resistance
in high speed applications, there is also heat
resistant case hardened molybdenum steel (see
Table 13.3 on A-142).

4) Corrosion resistant bearing steel

For applications requiring high corrosion
resistance, stainless steel is used. To achieve
this corrosion resistance, a large proportion
of the alloying element chrome is added to
martensitic stainless steel (Table 13.4 on
A-142).
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5) Induction hardened steel
Besides the use of surface hardening steel,
induction hardening is also utilized for bearing
raceway surfaces, and for this purpose mid-
carbon steel is mainly used for its lower carbon
content instead of through hardening steel.
Table 13.5 (A-142) shows the chemical
composition of the primary materials that are
similar to the representative medium carbon
steels (machine structural carbon steels) of JIS
used for small products. For deep hardened
layers required for larger bearings and
bearings with large surface dimensions, mid-
carbon steel is fortified with chromium and
molybdenum.

6) Other bearing materials

For ultra high speed applications and
applications requiring very high level corrosion
resistance, ceramic bearing materials such as
Si3Ng are also available.
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13.1.2 Properties and characteristics of
bearing Materials

1) Physical and mechanical properties of
bearing materials (besides resin)

Table 13.6 and Table 13.7 (A-143) show

physical and mechanical properties of the

representative materials used for raceways,

rolling elements, and cages.

2) Dimensional change of bearings

Dimensions of bearings used for a long time may
change depending on the use condition. This
phenomenon is called dimensional change.

<Mechanism of dimensional change>

A standard bearing steel structure contains a
small amount of austenite in the matrix of hard
martensite. This austenite is partially retained
austenite without being transformed into
martensite in the cooling process of the bearing
steel quenching process, and is called residual
austenite.

Since the residual austenite is an unstable
structure, it is transformed into a stable
structure (martensite) when the bearing is being
used. This structure transformation is the cause
of the dimensional change of bearings.

Fig. 13.1 shows measured values of
dimensional change of a standard bearing held
at 120°C over an extended period of time.

100
90 PODE o S Ut L i

80 -~
70 s Ll

60 /,/"
50 -

40 2

30 < o/

20 |7

10 o/

0
0 5000 10000 15000 20000 25000
Elapsed time (h)

Dimensional change ratio (x10-%)

Fig. 13.1 Example of dimensional change rate
of standard bearings that are held
at 120°C for a long time (measured

values)

Ga
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The dimensional change rate becomes larger
as the elapsed time or the temperature of
exposure increases.

Depending on the use condition, dimensional
change may occur with bearings made of
general bearing steel that did not reach 100°C,
which is the normal limit.

Bearings that underwent dimension
stabilization treatment (TS treatment) have
a significantly lower dimensional change. For
details, please contact NTN Engineering.

<Dimensional change problems and
countermeasures>
Among dimensional change, particular attention
should be paid to inner ring expansion.
When the inner ring expands by dimensional
change, the interference between the inner
ring and the shaft decreases, and the bearing
may be heavily damaged by creeping or axial
movement. Therefore, when a bearing is to be
used for a long time, the bearing specifications
and fixing method must be determined with
the interference decrease due to dimensional
change taken into consideration. For example,
the interference can be increased (see section
7. Bearing fits") or fixing in the axial direction
can be reinforced (see section “14. Shaft and
housing design”).

<Situations to monitor dimensional change>
The dimensional change of bearings is expressed
by the bearing dimension x dimensional change
rate. Therefore, under a given temperature and
elapsed time, larger bearings show greater
dimensional change. Pay particular attention to
the amount of dimensional change when large
bearings are to be used with fits with small
interference.

In addition, dimensional change does not
occur during the rotation inspection immediately
following bearing installation. It is observed after
along-period operation. Therefore, for machines
and parts used for a long time, periodic inspection
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is effective for preventing problems. For detailed
consideration, please consult NTN beforehand.

13.2 Cage

Bearing cage materials must have the strength
to withstand rotational vibrations and shock
loads. These materials must also have a low
friction coefficient, be lightweight, and be able
to withstand bearing operating temperatures.

13.2.1 Metal materials

For small and medium sized bearings, pressed
steel cages of cold or hot rolled material

with a low carbon content of approx. 0.1% are
used. However, depending on the application,
austenitic stainless steel is also used. Machined
cages are generally used for large bearings.
Carbon steel for machine structures or high-
strength cast brass is frequently used for the
cages, but other materials such as aluminum
alloy are also used. Table 13.8 and Table 13.9
(A-143) show the chemical composition of the
representative cage materials.

Besides high-strength brass, medium carbon
nickel, chrome and molybdenum steel that
has been hardened and tempered at high
temperatures are also used for bearings used
in aircraft. The materials are often plated with
silver to enhance lubrication characteristics.

13.2.2 Resin materials

Recently resin cages are used in place of
metals because the material is lightweight and
easy to mold into complicated shapes. On the
other hand, resins have disadvantages such as
lower strength and heat resistance. Therefore,
it is important to select resin materials that
take advantage of their characteristics. Table
13.10 (A-144) shows the characteristics of
the representative cage resin materials. These
materials are rarely used without being filled,
and are usually reinforced with glass fiber (GF)
or carbon fiber (CF).
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[Characteristics of resin materials]

(Advantages)
- Lightweight

(Disadvantages)

- Lower strength compared with

. . metal
« High corrosion
resistance - Lower heat resistance

« High self-lubricating compared with metal

performance with less
abrasion powder

- The strength and elastic
modulus largely vary widely

; with temperature.
* Low noise

- The physical properties
(strength) may change when
resins are exposed to high
temperatures for a long period.

- Can easily be molded
into complicated
shapes and various
designs

- The strength may deteriorate
when resins are exposed to
certain types of chemical or oils.

« High productivity

- The thermal expansion
coefficient is high, and the
dimensional change is larger
compared with metal.

<<Polyamide (PA): 66, 46>>

Polyamide is suitable for general cage materials
because it is low cost and has high strength, heat
resistance, wear resistance, and formability. This
material has disadvantages such as high water
absorbency, physical property deterioration and
dimensional change due to water absorption.
On the other hand, water absorption increases
flexibility and toughness, enhancing the ease

of assembly and shock resistance of cages.
However, the physical property (strength)

may deteriorate rapidly at high temperatures
when polyamide is exposed to lubricating oil
containing an S (suflur) type or P (phosphorus)
type extreme pressure additive.

Polyamide 66 reinforced with glass fibers is
the most used material because it has excellent
performance as a cage material.
<<Polyphenylene sulfide (PPS)>>
Polyphenylene sulfide has high heat resistance
(continuous operating temperature: 220 to
240°C), chemical resistance, melt fluidity, and
formability.
<<Polyetheretherketone (PEEK)>>
Polyetheretherketone has the highest heat
resistance among thermoplastic resins
(continuous operating temperature: 240
to 260°C). It has excellent self-lubricating
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performance, shock resistance, and chemical
resistance, but it is very expensive. It is mainly
used for cages of high-speed bearings for
machine tools.

<<Fabric reinforced phenolic resin>>

Phenolic resin is a thermosetting resin. It
overcomes the disadvantages of hard and brittle
phenolic resin having low shock resistance using
fabric reinforcement. It is lightweight and has
high lubricity and good mechanical properties.
Injection molding cannot be performed because
of the thermosetting property, so cages are
made by machining. It is mainly used for cages
of high-speed angular contact ball bearings for
machine tools.

13.3 Rubber seal materials

Synthetic rubbers with high heat resistance and
oil resistance are used as materials for seals.
Different rubber is used depending on the
degree of heat resistance.

Table 13.11 (A-144) shows the representative
characteristics of the rubber materials.

<<Nitrile rubber (NBR)>>

Nitrile rubber has high oil resistance, heat
resistance, and wear resistance, and is widely
used as a general material for seals. The
operating temperature range is -20 to 120°C.
<<Acrylic rubber (ACM)>>

Acrylic rubber has high heat resistance and can
be used above the application temperature of
NBR. It has excellent oil resistance but swells

in ester oil. An ester oil resistant grade is also
available. The operating temperature range is
-15to 150°C.

<<Fluorinated rubber (FKM)>>

Fluorinated rubber is a rubber material having
excellent heat resistance, oil resistance, and
chemical resistance. It is deteriorated by amine,
so attention needs to be paid when combining
fluorinated rubber with urea grease that
precipitates amine at high temperatures. The
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operating temperature range is -30 to 230°C.
13.4 Periphery of bearing (shaft, housing)

Table 13.12 (A-145) and Table 13.13 (A-145)
show physical and mechanical properties of
representative materials used for shafts and
housings. Heat treatment is applied to bearing
materials that are used under large loads. Steel
with enhanced bending strength and wear
resistance (fretting strength) is used. For such
applications, bearing materials (Table 13.6 and
Table 13.7 on A-143) may also be used as shaft
materials.

For housing materials that are used under
large loads, heat treatment is applied, and
materials with enhanced wear resistance
(fretting strength) are used. For lightweight
applications, aluminum alloy is widely used.

13.5 NTN bearings with prolonged life

NTN is promoting approaches and research and
development from various perspectives with
respect to long operating life of bearings. Two
examples of approaches for bearing materials
and heat treatment, (1) TAB/ETA/EA bearings
and (2) FA tapered roller bearings will be
introduced in the following sections.

13.5.1 TAB/ETA/EA bearing series

1) Characteristics

(1) Effective for lubrication conditions with
foreign matter having high hardness

The main cause of the damage of transmission

bearings of automobiles is foreign matter in the

lubricating oil. TAB/ETA/EA bearings can be used

to prolong the operating life of machines under

such contaminated lubricating oil conditions.

(2) High peeling strength

Peeling damage is often caused by deterioration

of lubrication conditions during use. The limit

life can be prolonged by enhancing the bearing’s

peeling resistance.
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2) Mechanism of prolonged bearing life
Bearing damage is often seen on the raceway
surface. By applying heat treatment and
selecting appropriate materials, the surface
structure has enhanced toughness and
improved resilience without impairing the
surface hardness. In addition, for tapered roller
bearings, crowning is also optimized. These
suppress suppresses the occurrence of small
cracks that might become the starting point of
peeling and damage, prolonging the operating
life.
(1) Crack resistance and stress releasing effect
The residual austenite, which is softer than
the martensitic parent phase, has an effect of
relieving stress concentrations acting on the
periphery of the dent formed by foreign matter
on the rolling contact surface under lubrication
conditions with foreign matter mixed into the oil,
thereby suppressing the occurrence of cracks.
As shown in Fig. 13.2, all the residual stress on
the top surface of the dent part is shifted to the
tensile side. The standard heat-treated product
of through hardened steel has residual tensile
stress. When a specially heat-treated product
and a standard heat-treated product are
compared, the special heat treated material has
less shifting of stresses to the tensile side, which
can be harmful, and a stress release action is
observed.
(2) Reason for long operating life
ETA and EA bearings have a structure with an

NTN

appropriate amount of residual austenite and
carbide dispersed on the surface region, and the
structure is thermally stabilized by the special
heat-treatment mentioned above.

The qualities of the material (residual stress,
hardness, micro-structure) of a raceway surface
generally change due to heat generation and
shearing stress action during rolling contact,
leading to fatigue cracks. Therefore, improving
resistance to temper softening is effective to
prevent surface-initiated damage. The residual
austenite obtained by ordinary carburizing can
suppress generation and progress of cracks
and is work-hardened during use (the strength
increases). Therefore, by using an appropriate
amount of it, the material becomes tough.
However, it is unstable against heat. On the
other hand, when nitrogen is introduced and
diffused under an appropriate condition, a
matrix of residual austenite and matensite
parent phase that is stable against heat is
formed, and the material becomes resilient
against quality changes.

3) Supported bearing sizes

Table 13.15
®Deep groove ball series @Tapered roller series
TABOOO to TAB020 All types that have bearing
TAB200 to TAB217 diameter to be equal to or
TAB300 to TAB311 lower than @600

For other types besides the above, please contact NTN
Engineering.

Table 13.14 Comparison of dent shapes of each material

Material Surface hardness | Residual austenite | Dent diameter | Dent depth | Protrusion amount
[HRC] amount [%] [mm] [um] [um]
Through Standard bearing 62.0 10 2.40 80 5
hardened steel | TAB bearing 62.0 28 2.45 83 4
Carburizing Standard bearing 61.0 25 2.80 102.5 1
steel ETA bearing 62.5 29 2.63 97.5 1

Dent diameter 2.40mm

[E—] Protrusion amount 5um
"t pent depth

(Example of through hardened steel bearing)

Example of dent shape
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Fig. 13.2 Residual stress within a dent

4) Operating life test

The life test results of a standard bearing, a
TAB bearing, and an ETA bearing are shown,
but the data is for reference because it varies
depending on the type of foreign matter under
the contaminated lubricant condition.

(1) Tested bearings and test conditions
Table 13.16 shows tested bearings, and
Table 13.17 and Table 13.18 shows the test
conditions.
(2) Operating life data
Condition of lubricating oil containing foreign
matter (reference)

Fig. 13.3 and Fig. 13.4 show the results of
tests conducted under lubrication conditions
mixed with NTN standard foreign matter.

Table 13.16 Tested bearings

Bearing name

Boundary dimensions (mm)

Standard 6206

®30 x 62 x 16

TAB bearing TAB206 T
Standard 30206 @30 x 62 x 17.25
ETA bearing ETA-30206 T

Table 13.17 Test condition (6206, TAB206)

Radial load (kN)

6.9

Rotational speed (mm-1)

2000

Lubricating oil

Turbine 56 + NTN standard
foreign matter

Lubrication method

Oil bath

Table 13.18 Test condition (30206, ETA-30206)

Radial load (kN)

17.64

Rotational speed (mm~1)

2000

Lubricating oil

Turbine 56 + NTN standard
foreign matter

Lubrication method

Oil bath
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Fig. 13.4 Operating life comparison between
ETA tapered roller bearing and
standard bearing (mixed with foreign
matter)
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13.5.2 FA tapered roller bearings

NTN developed special heat treatment (FA
treatment) for refining crystal grains of bearing
steel to half or less the size of the conventional
ones by focusing on refining strengthening of
crystal grains. (See Fig. 13.5) NTN adopted
this technique for “FA tapered roller bearings,’
thereby improving the indentation resistance
and realizing long operating life under the
lubrication conditions including foreign matter.
Further, by combining optimization techniques
for the internal bearing design acquired during
development of the ECO-Top series, the seizure
resistance is improved and the bearing size can
be greatly reduced.

Remarks: FA is an abbreviation of fine austenite
strengthening treatment.

FA treatment (Fine Austenite Strengthening)

* Longer operating life is realized by crystal grain
refinement of bearing steel.

* The crystal grains of bearing steel are refined to half or

Normal hardened product

Fig. 13.5 Former austenite crystal grain
boundary

1) Longer operating life

- Rolling fatigue life is improved by crystal
grain refinement.

- The residual austenite amount is optimized
by carbonitriding, and resistance to surface-
initiated damage caused by rolling over
foreign matter is improved by the crystal
grain refinement technique.
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- Special crowning that is designed to obtain
optimum surface pressure distribution under
light to heavy load conditions is adopted.

Thus, the operating life under the lubrication

condition including oil types and foreign
matter close to the actual machine was greatly
extended compared with the standard product.

2) Optimum oil film formation design

The rib area of a tapered roller bearing has
sliding contact, and the quality of the oil film
forming capability of this area greatly affects the
bearing performance.

In the FA tapered roller bearing, the oil film
forming capability of the rib area is improved by
optimization techniques involving parameters
such as the shape, accuracy, and roughness
of the contact area of the flange and the roller
acquired during ECO-Top bearing development.
Thus, the rotational torque is reduced, and
the seizure resistance and the preload loss
resistance are improved.

3) Seating of assembly width

When a tapered roller bearing is to be used
under preload, it is necessary to give sufficient
stable rotation to the bearing and bring the
bearing into a proper state in which the roller
end surface and the inner ring rib surface are
brought into contact with each other.

The smaller the number of stable rotations,
the more reliably the preload setting can be
achieved, and the assembly work becomes more
efficient.

With FA tapered roller bearings, preload can
reliably be set in a short time by the optimization
of the internal bearing design. For example, it
may become possible to stop applying gear oil
to help achieve early stabilization. The roller
becomes stable at a rotation speed equal to
that of a conventional bearing by using only rust
preventative oil.

NTN

4) Improvement in indentation resistance
To make bearings smaller, it is necessary to
improve the indentation resistance to prevent
safety factor decrease caused by a decrease of
the static load rating.

Regarding FA tapered roller bearings, the
indentation depth is less than one ten-thousandth
of the rolling element diameter even under the
static load with a safety factor (So) = 0.6.

5) Test data
(1) Operating life

(Condition of linear contact type operating
life test)
Test machine : NTN linear contact life

test machine

Test piece t @12 x 112, R480
The other test piece : 20 Roller(SUJ2)
Load (kN) 1 13.74

Contact stress (Mpa): 4 155(Pmax)
Lubricating oil : Turbine oil 68

Table 13.19 Result of operating life test under
clean lubricating oil condition
(Result of comparison test with
linear contact type test piece)

Hea;t;::ct’?ent Lloxof::i;lzlirfe' L1o life ratio
4Top 1523 10
ECO-Top(ETA) 3140 21
i 4290 28

*L10 life ratio is the comparison when 4Top is 1.0.
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(Condition of bearing operating life test)
Test machine : NTN life test machine
Tested bearings : (1)30206
:(2)30306D
: (1)Fr=17.64kN, Fa= 1.47kN
1 (1)Fy = 19.6kN, Fa = 13.72kN
Rotational speed: 2 000min-1
Lubrication : (1)Turbine oil 56 oil bath (30 ml)
: (2)ATF oil bath (50 ml)
Foreign matter : (1)50um or below : 90Wt%}1,0g/|
100~180um : 10wt%
2 (2)50um or below : 75wt%}0_2 /I
100~180Lm : 25wt%

Test load

Calculated
operating life  : (1)169h (No foreign matter)

1 (2)171h (No foreign matter)

Table 13.20 Result of operating life test under
lubrication condition including
foreign matter (Result of
comparison test by bearings)

Test condition 4Top | ECO-Top(ETA) | FA
.. |L1o
Con(dl)t\on operating life (h) 22 S L
1
L1o life ratio 1.0 6.0 7.9
L1o _
CO”(C;')t‘On operating life (h) 223 309.7
L1o life ratio 1.0 = 13.8

*L10 life ratio is the comparison when 4Top is 1.0.
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Fig. 13.7 Condition (2) 30306D operating life
test result (lubrication condition
including foreign matter)

(2) Rotational torque

[Test condition]

Bearing: 30206

Axial load: 4kN

Lubricating oil: Gear oil 70W90 (GL-4)

~ 80
g —O—4Top tapered roller bearing
é [C & —@—FA tapered roller bearing ||
2 60
Sl 8
5 50
2
s __o—=0
T 40
: P e—
Sol
°
x 7o | | | |
0 500 1000 1500 2000

Rotational speed (min-1)

Fig. 13.8 Result of rotational torque
measurement
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(3) Seizure resistance

[Test condition] Load: Pr/Cr=0.45

Bearing: 30206 Oiling
Lubricating oil: Turbine oil 56 amount: 40ml/min
Qiling temperature: 40+3°C Seizure
140
—O—4Top tapered
120 roller bearing o
| | -@—FA tapered /'
100 roIIerF;Jearing

(i ——

40

Bearing outer ring temperature (°C)

20 . A . .
500 1000 1500 2000 2500 3000
Rotational speed (min-1)

Fig. 13.9 Results of temperature rise test

[Test condition] Load: Fa =3.4~13.7kN
Bearing: 30306D Oiling amount: 40ml/min
Lubricating oil: Turbine oil 56 @: Experimental values of
QOiling temperature: 40+3°C FA tapered roller bearing

4000min-1  7000min-1 (No seizure)

Seizure limit line of
1 4Top tapered i
roller bearing

O““O.S““l““l‘.S““Z
Sliding speed V (x10m/s)

Allowable surface pressure P (MPa)

Fig. 13.10 Results of PV limit test
(4) Preload release resistance

[Test condition]

Bearing: 30206 Rotational speed: 3000min-t
Preload load: 4900N Lubricating oil: Turbine oil 56
Qiling amount: 60ml/min  Qiling temperature: 40+3°C

5000. —O- 4Top tapered roller bearing
! —@— FA tapered roller bearing
4500 \(

4000 s s s s
0 50 100 150 200

Operation time (h)

Preload force (N)

Fig. 13.11 Results of preload release test
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(5) Seating of assembly width

Bearing 130206

Axial load  :29.4N

Test method: A bearing is placed in the
configuration shown in the figure,
and an axial load (weight) is
applied to rotate the inner ring.
The drop amount of the inner ring
for each rotation is measured to
obtain the rotational speed until it
is stable.

Dial gauge
?% Weight
0
s e 1y
e}
= | 23
5E 55
< ! ]
— s

Fig. 13.12 Measurement method of revolutions
to seated bearing width

£ 25
@ [] 4Top tapered
a2 ?5; 20 roller bearing ||
h¥e Il FA tapered
ST H (51— roller bearing ||
M 4
n o O
555
238 10—
20§
>E g 5
Vg =
@© 0

Anti-rust oil Gear oil

Fig. 13.13 Measurement result of revolutions
to seated bearing width
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(6) Indentation resistance

35
[[] 4Top tapered

3 roller bearing
€ FA tapered
3 25 u roller bearing
SN2 [Test condition]
& 1sl] Bearing: 30306D
o Load: Fla = 215kN
S 1H Rating capacity
o - ratio: 1.67 Cor

T Safety rate: So= 0.6

0 | -_ Rolling element

Innerring  Outer ring diameter: 9.18mm

Fig. 13.14 Measurement result of dent depth

6) Downsizing with FA tapered roller bearing
Improvement in the bearing life, seizure
resistance, and indentation resistance strength
allows the compact ratio below by adopting an
FA tapered roller bearing (Fig. 13.15).

4Top tapered Example of FA tapered
roller bearing downsizing roller bearing

N 8 _____ ﬁ 3|
YRS SIS
Weight
X 0.398kg = 0.179kg
(A55%) 15.5
20.75

Fig. 13.15 Example of compact ratio

7) Supported bearing size

The target bearings are bearings with an outer
diameter of ¢ 145 or below. Contact NTN
Engineering for details.

NTN

13.6 Bearing fatigue analysis technique

In a region subjected to plastic deformation

due to rolling fatigue, various X-ray analysis
parameters obtained by X-ray stress
measurements (residual stress, diffraction
half-value with, and residual ausentite) may be
observed. There is a technique that estimates the
degree of progress of rolling fatigue (degree of
fatigue) based on the X-ray stress measurement
result using this characteristic (Fig. 13.16). Since
the mid-1980s, NTN has been investigating

the relationship between the X-ray analysis
value (fatigue degree in Fig. 13.16) and the life
ratio (a value expressed by the percentage of
the operating time in which peeling occurred

is 100%) for surface-initiated damage (peeling
and early peeling starting from dents), which
has been frequently observed in the field. Since
the relationship changes depending on various
rolling conditions (combination of surface
roughness, load, and lubrication condition),

the values are used for reference; however, the
remaining operating life can be estimated by
using this relationship diagram.

x10

120

100 .
Accelerated peeling test

Fatigue degree MPa

Operating life test
with lubrication
including foreign
matter

T T T T T TTTTIT

1 5 10 50 100
Life ratio %

Fig. 13.16 Relationship between degree of
fatigue and life ratio

Recently, fatigue degree estimation is being
studied using variation in X-ray diffraction ring
peak intensity with high sensitivity even in the
latter stage of fatigue.
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Table 13.1 Chemical composition of representative high carbon chrome bearing steels

NTN

Main chemical composition (%) Equivalent/
Gamidyy Standard name Code approximate
hame C Si Mn P S Ni cr Mo steel of JIS
095 | 015 130
SUJ2 270 | ~03z | =050 |<0.025|50.025| 0.25 | _;'Z) | 0.08
095 040 090 |_ _ _ 090 | _
o 1S G 4805 suJ3 70 | ~070 | <175 |=0025|50.025| 025 | 750 | 0.08
(2008) 0.95| 015 130 | 0.10
. " < < < < " "
suJ4 70 | ~03z | S0.50 [£0.025|£0025| 025 | 120 | _ooe
095 | 040| 090 090 | 0.10
SUlE ~110 | ~0.70 | ~1.45 | 20025 20.025] 20.25 | 155 | ~g225
098 | 015] 025]_ B B 04 _
ASTM AL040 50100 110 | ~038 | ~0ia5 |S0.025|50025| 025 | e | S0.10
(2010) 098 | 015| 025 0.90
51100 110 | ~032 | ~oian |=0.025/50.025| 025 | _77¢ | 0.10
ASTM A295/295M
USA (2014)
AISI A295/295M 093] 015| 025 135
S 52100 105 | ~0.38 | ~o.a5 | S0025=0015| <0.25 | ;=5 | <0.10 SuJ2
SAE AMS 64405
(2015)
ASTM A485 090 | 045| 090 0.90
Bt A485 Gradel | oo | 02| 100 |S0025(50015| 5025 | ;0| S0.10 suJ3
093] 015| 025 135
100Cr6 oe | ~038 | ~oian |<0025|s0015| — | 35| <0.10 Sus2
L 093 | 045| 090 B _ 09 | _
100CrMnsi4-4 | "2 | 092 | 70| S0.025 <0015 10 | =010 suJ3
NF EN ISO 683-17
= 093] 045] 1.00|_ _ B 140 | _
— (2014) 100CrMnSi6-4 | _"02 | 092 | 10 | 0025|0015 ~fes | s010
Germany 093 | 015| 025 165 | 0.15
DIN EN ISO 683-17 < < _
i WTEET | ~158 || ~045 | ~as |E00E| =00E ~195 | ~030
093] 015| 060 165| 020
HoREiierS | ~65 || ~0d5 | ~oge [SOUE|EE| = | ~a08 |~
100CrMnMoSis-| 093 | 040 | 0.80 180 | 0.50
4.6 ~1.05 | ~0.60 | ~1.10 | =0025|=0.0151 — | 505 | ~060
Germany DIN 105cra | 19| 073 0% 1<0030{s0025| — | 9| —
095| 015] 015|_ B _ 035 | _
GCra 02 | ~030 | ~0.30 |=0.025/50.020| 025 | 20 | <0.08
095| 015| 025]_ _ B 140 | _
GCri5 05 | ~032 | ~giae |50.025/50.025] 5030 | _y'ee | S0.10 SuJ2
) GB/T 18254 } 095| 045| 095 1.40
China it GCrissiMn | 02 | 078 | ~1 9z |S0.025(<0025| 030 | _ye. | 0.0
} 095 | 065| 020 140 | 030
GCriSsiMo | 10 | _oee | o0 |S0027|=0020) <030 | 50| 0
095| 020] 025 _ _ 165| 015
GeriaMo | 202 | oo | <00 |S0025|50.020 <025 | 2| o2
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Table 13.2 Comparison table of main material components of each country (carburizing steel)

Country Standard name Code Main chemical composition (%) aqupL:—iz‘)I:iI:lr:;:/e
name c Si Mn P S Ni Cr Mo steel of JIS
scrazo | 78| 075 0801 <0.030|=0030 =025 | 90| —
scazs | 933 075 | 0801 <0.030|=0030| s025 | 90| —
oo J'SQGO;%SS SCM420 Ng:g NE%E NEEE <0030/ £0.030| =0.25 NEEE Ngég
scmazs | 033 | 03> | 0SS [<0030|<0030| s02s| 9901 05
sovas | 3] 855] 38 cooulaom] 35 28] 08
swcness | 38| 325 9 cooulaoou] %] 0] 0%
s120 | 077 | 93| 070 |<0035<0.040| s0.25 | 70| <006 | SCra20
51 25200 4118 938 15| 070 s0035|s0040| <025 | 090 | 98| scmazo
w | o e e oo 5] o8] o8] v
o | S 3 o eomaleoma] 58] S8 2%
AIS| A29/29M (2015) 5135 | 033 | 03| 0% |s0035|=0040| <025 | 280 | <006 | scrass
Aot | o315 | 017|038 | ~o70 | 50025|50025) 350 | 10 | <075 | SNCMBIS
2ocra | 9771 <040 | 089 <002s|s001s| — | $90| — SCr420
NFENéSOOlf)S}N 20cMod | 0171 <040 | 080 [s002s|s001s| — | 9991 0731 scmazo
DINENISOS83-17 | Z0NiCrMo7 17 <040 | 340 <0025\ <0015 10| 033 020
... I 18NiCrMo14-6 Ngég <040 Ng:‘;g <0.025|<0.015 ~§:§§ Ni:gg Ng:;g
CamEmy - 17NiCrMo6-4 Ng;g <040 Ng'gg <0.025|<0.035 Ni'ég ~1%§ Ng;g
DIN EN 10084 (2008) ' ' ' ' i
NF EN 10083-1 srcd | 931 <040 | 380 |s003s|so0ss| — | 3901 — SCrd3s
(19%9) 25CrMod ~8§§ <040 ~8:88 <0035|<0.035| — ~(1)28 ~gég SCM420
DIN EN 10083-1
(1996) 34CrMod Nggg <040 Ng:gg <0.035|<0.035| — N?gg Ngég SCM435
G20cMo | 057 | o35 | <o |S00%0[=0030| — | GF| 53
G20CNiMo | 057 | o0 | ~0.50 | S09%0|50030| _o%0 | 558 | o3
| i e T Bl 5
AN || ~g78 | ~040 | ~0E0 || E00| 375 |~z || =
G1ocmiamo | 9% | 05 | ~o70 |S0030[=0030| 350 | T80 | ~015
G20cr2Mn2mo| 70| 995 | 1301 <0030 <0.030 <030 | 270 | 920
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Table 13.3 Chemical composition of high-speed steel

NTN

Chemical composition (%)

Standard
C Si Mn P S Cr Mo \ Ni Cu Co w
6491 0.77to | Max. Max. Max. Max. |3.75to|4.00to | 0.90to | Max. Max. Max. Max.
(M50) 0.85 0.25 0.35 0.015 | 0.015 4.25 4.50 1.10 0.15 0.10 0.25 0.25
AMS 5626 0.65to | 0.20to | 0.20to | Max. Max. |3.75to| Max. |0.90to _ _ _ 17.25to
0.80 0.40 0.40 0.030 | 0.030 4.50 1.00 1.30 18.25
2315 0.11to| 0.10to | 0.15to | Max. Max. |4.00to|4.00to |1.13to | 3.20to | Max. Max. Max.
(M50NiL) | 0.15 0.25 0.35 0.015 | 0.010 4.25 4.50 1.33 3.60 0.10 0.25 0.25
Table 13.4 Chemical composition of stainless steel
Chemical composition (%)
Standard Code
C Si Mn P S Cr Mo
JISG 4303 | SUS440C | 0.95to01.20 Max. 1.00 Max. 1.00 Max. 0.040 Max. 0.030 | 16.00 to 18.00 | Max. 0.75
AlSI 440C 0.95to0 1.20 Max. 1.00 Max. 1.00 Max. 0.040 Max. 0.030 | 16.00 to 18.00 | Max. 0.75

Table 13.5 Comparison table of main material components of each country (machine structural

carbon steel)
Country Standard name Gt Main chemical composition (%) a?;:;lrir;tt/e
hame C Si Mn P S Ni cr Mo steel of JIS
s45C o] 2| 580 |=0030|<0035| <020 | <020 | —
Japan R s53C ] | 80 |<0030|<0035| <020 | 5020 | —
$55C 92| 83| 080 1=0030|s0035| =020 | <020 | —
1045 Sl = | 58 |so0o|s00s0| — | — | — s4sC
1046 Bl - | 200 s0040]s0050] — | - | - sasc
AISI A29/29M
UsA 201 1050 OB~ | 38 |s0040]s00s0] — | — | - ss0C
o 1053 Sl — | 300 s0m0|s00s0] — | — | — s53C
1055 OB — | 08 |s00d0|s00s0] — | — | - ss5C
c4s 9321 <040 | 020 |=0045)<0045| <0.40 | <040 | 5010 |  s45C
Ca4sE o] <040 | 020 1<0035|50035| <040 | <040 | <010 |  s4sC
rance/ NFE’\ézloéooeig_l’z C45R S22 <040 | 030 |<0035| 002 | <040 | <040 | s010|  sasC
Germany | piN N 10083-1,2 C55 0521 <940 | 980 | <0045|<0.045| <040 | =0.40 | <0.10 S55C
(2006) =~ =00
CS5E oo | <040 | 080 <003 |50035| <040 | <040 | <010 |  s55C
C55R 922 s0a0| 80| <003 | 007 | <040 | 5040 | s010|  s55C
GB{ZTO%“;)% 45 a2 A7) 00 1=002550025| <030 | <025 | 5010 |  s45C
China . 50Mn oag ) 03| 570 <0035|<0035| <030 | <025 | — ss3C
(2015) 55 o2 ST o0 <0035 <0035| <030 | 5025 | — s55C
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Table 13.6 Physical property values of bearing materials

NTN

Density p Longitudinal | Linear expansion Thermal Specific heat
Steel type elasticity factor coefficient conductivity Remarks
(g/cm3) E(GPa) (x107%/°C) (W/m-°C) (J/kg-°C)

SuJ2 7.83 208 12.5 46 468 Quenching and tempering
SCr420 7.84 208 12.6 47 (470) Quenching and tempering
SCM420 7.85 208 12.5 45 (470) Quenching and tempering

SNCM420 7.85 208 12.0 44 (470) Quenching and tempering

M50 7.85 210 11.4 25.0 460 Quenching and tempering
SuUS440C 7.75 205 10.6 24.2 460 Quenching and tempering

SPCC 7.86 206 11.5 59 470 Annealing (not hard)
SUS304 7.93 193 17.3 16.3 500 Annealing

Chrome steel 7.84 206 11.2 42~50 465 0.09~0.25C, 0.55~1.5Cr
Special extra-mild steel 7.86 209 11.6 58.2 473 C<0.08
Extra-mild steel 7.86 206 11.4 58.7 475 0.08~0.12C
Mild steel 7.86 207 11.2 55.2 477 0.12~0.2C
Semi-hard steel 7.85 207 10.8 46.5 485 0.3~0.45C
Hard steel 7.84 205 10.7 44.1 489 0.4~0.5C
High carbon steel 7.82 201 10.2 40.1 510 0.8~1.6C
Mid carbon steel 7.8 202 10.7 38 460 0.5C
Silicon nitride 3.24 308 3.0 20 680 Si3Ng
Six-four brass 8.4~8.8 103~105 18.4~20.8 81~121 377~381 | (Equivalent to CAC301)

Note: () indicates reference values.

Table 13.7 Mechanical property values of bearing materials

Hardness | Yield point | Tensile strength | Elongation | Reduction of | Charpy impact
Sy (HV) (Mlga) (MPa) gt (°g/o) area (%) valur;_y(J/cran) RemEis
SuJ2 700~750 | (21176) (21617) =0.5 (5~8) Quenching and tempering
SCr420 250~340 — =830 =14 =35 =49 Quenching and tempering
SCM420 275~370 | (=700) =930 =14 =40 =59 Quenching and tempering
SNCM420 | 310~395 = =980 215 =40 =69 Quenching and tempering
SNCM815 330~395 — 21050 =12 240 =69 Quenching and tempering
SPCE =100 — =270 =32~43 — Annealing
SUS304 <195 Strez;";";oe 2520 240 260 — Annealing
S10C 115~160 =206 =314 =33 — — 900°C furnace cooling
S25C 130~190 =265 =411 =27 — — 850°C furnace cooling
sasc | 175~240 | 2343 2569 220 - - Quengiig eme lffgh-
temperature tempering
S53C | 190~270 | 2392 2647 215 - - Quanehitig e ifgh-
temperature tempering
Silicon nitride 1500 — Bending=300 — — — Si3Ng
Six-four brass | 100~150 — =430 =20 — — (Equivalent to CAC301)

Note: Mechanical properties are largely influenced by the sample size. () indicates reference values, and - indicates unknown values.

Table 13.8 Chemical composition of steel plate for pressed cages and carbon steel for machined cages

Chemical composition (%)
Standard Code C Si Mn P S Ni o
JISG3141 | SPCC - — - — - — -
Pressed steel | JISG 3131 SPHC — — — Max. 0.050 | Max. 0.050 — —
cage BAS 361 SPB2 | 0.13~0.20 | Max.0.04 | 0.25~0.60 | Max. 0.030 | Max. 0.030 = =
JIS G 4305 | SUS304 | Max.0.08 | Max.1.00 | Max.2.00 | Max.0.045 | Max. 0.030 | 8.00~10.50 |18.00~20.00
Machined cage | JIS G 4051 S25C | 0.22~0.28 | 0.15~0.35 | 0.30~0.60 | Max. 0.030 | Max. 0.035 = =
Table 13.9 Chemical composition of high-strength cast brass for machined cages
Standard Code Chemical composition (%) : Impurities :
Ccu | zn [ wmMn | Fe [ A | sn | Ni Pb | si
JISH 5120 | CAC301 [55.0t060.0[33.0t042.0[ 0.1t0 1.5 | 0.5t0 1.5 | 0.5t0 1.5 | Max. 1.0 | Max.1.0 | Max.0.4 | Max.0.1
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Table 13.10 Representative characteristics of resins used for cages

NTN

Polyamide Polyphenylene sulfide | Polyetheretherketone Fabric-
reinforced
66 46 PPS PEEK phenolic resin
Crystalline Thermosetting

Type thermoplastics < < < resin

Melting point °C 265 295 285 343 —

Glassy-transition temperature °C 66 78 88 143 =

Maximum continuous operating 120 150 230 260 o

temperature®C

Price 1 (low) to 5 (high) 1 2 3 5 4

Characteristics | Formability (@) (@] @) (@) X

Toughness (@] O A o OtoA
Strength o o o (@] A
Oil resistance OtoA OtoA (¢} O O
Moisture/water . .

absorption Large Large Slight Slight Small

Comprehensive evaluation The property | The formability | The water absorbency | Polyetheretherketone | The lubricity

is generally is slightly poor | is low, and the oil has properties is high, but
stable. compared with | resistance and heat necessary for cages complicated
polyamide 66, | resistance are high. but is expensive. shapes cannot
but the heat be machined.
resistance is
high.

Applications All-purpose Temperature Applications that High-speed bearings | High-speed
higher than require oil resistance | for high-temperature | angular contact
polyamide 66 | and heat resistance and high-speed ball bearings for

higher than polyamide | machine tools machine tools

Note: © Excellen O Good 4 OK X Poor

Table 13.11 Representative characteristics of rubber materials used for seals

Rubber type Nitrile rubber Acrylic rubber Fluorinated rubber

Abbreviation NBR ACM FKM

Characteristics | Elongation (@) (@) PN
Compression set o x o
Wear resistance o O o
Aging resistance o © O
ozone resistance - ° o
Water resistance o A (¢}
Operating
temperature -20to 140 -15to0 150 -30to 230
range °C

Comprehensive evaluation

The oil resistance, heat
resistance, and wear resistance
are high. It is widely used as
rubber seals.

It is used at application

temperature higher than that
of NBR. It is easily swollen in
ester oil. An ester-oil resistant

grade is also available.

It is expensive. It has excellent
heat resistance and chemical
resistance but easily affected
by urea grease.
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Table 13.12 Physical properties of shaft and housing materials

NTN

Density p |Hardness | Longitudinal Linear Thermal Specific
Parts | Material Sl | e JetEhin) b | e
(g/cm3) | (HV) E(GPa) | (x10°/°C) | (W/m-°C) | (J/kg:°C)
S25C 7.86 130 212 11.1 53 470 Annealing
S45C 7.85 230 205 (11.9) (41) 460 Thermal refining
SS400 7.86 — 205 11.3 50 460
Shaft | SCM415 7.85 300 200 11.0 42 460 Thermal refining
SCM425 7.85 320 208 12.8 45 470 Thermal refining
SCM440 7.85 340 205 12.0 41 460 Thermal refining
SNCM439 7.85 340 208 12.0 44 470 Thermal refining
FC200 7.2 =240 100 10~11 43 530 )
Gray cast iron
FC250 7.3 =250 100 10~11 41 530
FCD450 7.2 150~220 154 12.0 34 620 i )
FCD500 | 7.2  |160~240| 154 11.0 30 — | Zpherical graphite
FCD700 7.2 190~320 154 10.0 26 —

Housing | ADC12 2.7 (HRB54) 71 21.0 96 (900) Al-Si-Cu alloy
SUS304 | 80 <200 197 17.3 16 500 | Austenitic stainless
sUs410 | 7.8 2170 204 10.8 (25) 460 | Martensitic
sus4toL | 7.8 (200) 204 10.8 (25) — | Ferritic stainless

Note: Inequality signs indicate standard values. () indicates reference values.
Table 13.13 Mechanical properties of shaft and housing materials
Parts Material Ha(r:\r;§55 Yle(I;IIF[:’):)mt Tena(l:/ls';:;?ngth Elorzog/:)tlon Remarks
S25C 180 =270 =440 227 Normalizing
S45C 240 =345 =570 =20 Normalizing
Shaft SS400 — (215) =400 =17 Structural rolled steel
SCM425 320 670 800 15 Thermal refining
SCM440 340 835 980 17 Thermal refining
SNCM439 340 900 980 18 Thermal refining
FC200 =235 = =200 = Separate casting sample
FC250 <250 — =250 Gray cast iron
FCD350-22 =160 =220 =350 22
FCD450-10 150~220 =250 =450 =10 Spherical graphite castiron
i FCD500-7 160~240 =320 =500 =7 Separate casting sample
FCD700-2 190~320 =420 =700 =2
ADC12 (HRB54) 150 310 3.5 Al-Si-Cu alloy
SUS304 =200 (205) (520) =40 Austenitic stainless steel
SUS410 =170 (345) (540) =25 Martensitic stainless steel
SUS410L =200 (195) (400) =20 Ferritic stainless steel

Note: Inequality signs indicate standard values. () indicates reference values.
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14. Shaft and housing design

Depending upon the design of a shaft or
housing, the shaft may be influenced by an
unbalanced load or other factors which can then
cause large fluctuations in bearing efficiency.
For example, depending on the dimensional
accuracy and shape accuracy of the shaft and
housing, there could be insufficient interference
fit with the bearing, leading to material creep
during operation. When the machining accuracy
of the shaft or the housing is insufficient or
when there is an error in the installation, the
inner ring or the outer ring of the bearing can
become misaligned. Operation under this
condition may cause excessive loading at the
edges of the inner and outer rings as well as
rolling elements, deteriorating the fatigue life.
Furthermore, chipping damage may occur on
the flange face of roller bearings due to heavy
contact with the rolling element end surface
while operating under misalignment. A speed
deferential between the rolling elements and
cage may apply abnormal force to the cage,
causing damage. For this reason, it is necessary
to pay attention to the following when designing
shaft and housing:
(1) Bearing arrangement; most effective fixing
method for bearing arrangement.
(2) Selection of shoulder height and fillet
radius of housing and shaft.
(3) Shape precision and fitting dimensions;
runout tolerance of shoulder area.
(4) Machining precision and mounting
error of housing and shaft suitable for
allowable alignment angle and permissible
misalignment of bearing.
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When the housing rigidity is insufficient,
excessive deformation of the inner and outer
rings may lead to poor distribution of loading
among rolling elements, causing abnormal noise
and deterioration of fatigue life. Therefore, the
housing requires sufficient rigidity.

When two or more bearings are to be
attached to a shaft, one typically serves as a
fixed end bearing and the other serves as a
floating end bearing to compensate for axial
mounting error and allow for thermal expansion.
In addition, when two or more bearings are to
be attached to a housing, the design must allow
through hole machining to improve the accuracy
of the housing.

®Shaft and Housing Design

14.1 Fixing of bearings

When a bearing that receives axial loads
and preloads is to be attached to a shaft
or a housing, an axial fixing method that is
sufficient to withstand the axial loading such
as a tightening nut, bolts, or snap rings should
be selected because a serious problem may be
caused when the raceway moves in the axial
direction.

In addition, solid type needle roller bearings

Table 14.1 General bearing fixing methods

NTN

(with inner ring) and cylindrical roller bearings

(NU and N types) that are to be mainly used
as floating side bearings also need to be fixed
in the axial direction because the raceway may

move in the axial direction when the shaft is
bent by a moment load, damaging the bearing.

Table 14.1 shows general bearing fixing
methods, and Table 14.2 shows fixing methods
for bearings with tapered bores. See section “15.
Bearing handling” for more information about
bearing installation and removal.

Inner ring clamp Outer ring clamp

Snap ring

O il ezl

=

The most common method of fixing bearings in place is to use
clamping nuts or bolts to hold the shaft or housing abutment
against the ring end face. The tightening nuts and bolts must
be fixed so that they will not be loosened by axial loads or
vibration when the bearing is being used.

Use of snap rings regulated under JIS B 2804, B 2805,
and B 2806, makes for a very simple construction.
However, interference with chamfers, bearing
installation dimensions, and other related specifications
must be considered carefully.

Snap rings are not suitable for applications requiring
high accuracy or where the snap ring receives large
axial loads.

Table 14.2 Fixing methods-bearings with tapered bores

Adapter sleeve mounting Withdrawal sleeve mounting

Split ring mounting

s s | [

When installing bearings on cylindrical shafts, adapter sleeves
or withdrawal sleeves can be used to fix bearings in place
axially. The adapter sleeve is fastened in place by frictional
force between the shaft and inner diameter of the sleeve.

For installation of tapered bore bearings directly on
tapered shafts, the bearing is held in place by a split ring
inserted into a groove on the shaft, and is fixed in place

with a split ring nut or screw.
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NTN

14.2 Bearing fitting dimensions

14.2.1 Abutment height and fillet radius

The shaft and housing abutment height ()
should be larger than the bearings’ maximum
allowable chamfer dimensions (s max), such
that the abutment directly contacts the flat part
of the bearing end face. The fillet radius (ra)
must be smaller than the bearing’s minimum
allowable chamfer dimension (s min) so that it
does not interfere with bearing seating.

Table 14.3 lists abutment height (%) and fillet
radius (ra). For bearings to be subjected to very
large axial loads, shaft abutments () should be
higher than the values in the table.

Table 14.3 Fillet radius and abutment height

Unit: mm
h (Min.)
7’s min 7"as max
Normal use® ‘ Special use?

0.05 0.05 0.3

0.08 0.08 0.3

0.1 0.1 0.4

0.15 0.15 0.6

0.2 0.2 0.8

0.3 0.3 1.25 1

0.6 0.6 2.25 2

1 1 2.75 2.5

11 1 3.5 3.25

15 15 4.25 4

2 2 5 4.5

2.1 2 6 5.5

2.5 2 6 5.5

3 2.5 7 6.5

4 3 9 8

5 4 11 10

6 5 14 12

7.5 6 18 16

9.5 8 22 20
12 10 27 24
15 12 32 29
19 15 42 38

1) If a bearing supports a large axial load, the height of the shoulder
must exceed the value given here.

2) Used when an axial load is light. These values are not suitable for tapered
roller bearings, angular ball bearings and spherical roller bearings.

Note: 7as max indicates maximum allowable fillet radius.

14.2.2 For spacer and ground undercut
In cases where a fillet radius (ra max) larger
than the bearing chamfer dimension is required
to strengthen the shaft or to relieve stress
concentration (Fig. 14.1a), or abutment height
is too low to afford adequate contact surface
with the bearing (Fig. 14.1b), the use of a spacer
may be beneficial.

Relief dimensions for ground shaft and
housing fitting surfaces are given in Table 14.4.

7'a max %
7’s min »<L 7's min»Jk
(a) (b)

Fig. 14.1 Bearing mounting with spacer

Table 14.4 Relief dimensions
for ground shaft

s min Relief dimensions
b t 7c
1 2 0.2 1.3
1.1 2.4 0.3 1.5
1.5 3.2 0.4 2
2 4 0.5 25
2.1 4 0.5 2.5
2.5 4 0.5 2.5
3 4.7 0.5 3
4 5.9 0.5 4
5 7.4 0.6 5
6 8.6 0.6 6
7.5 10 0.6 7

b
=—7s min
T's min ;L t
7as max ﬁ Tc

in

ﬂ‘ At

o
=

3
:
L]
>
TT]

\
=
3
‘ :
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14.2.3 Fitting dimensions for thrust bearings
For thrust bearings, it is necessary to make the
raceway washer back face sufficiently wide in
relation to load and rigidity. Consequently, fitting
dimensions from the dimension tables should be
adopted. (Figs. 14.2 and 14.3)

For this reason, shaft and abutment heights
will be larger than for radial bearings. (Refer
to dimension tables for all thrust bearing fitting
dimensions.)

Fig. 14.2 Fig. 14.3

14.3 Shaft and housing accuracy

Table 14.5 shows the required accuracies for
shaft and housing fitting surface dimensions
and configurations, as well as fitting surface
roughness and abutment squareness for normal
operating conditions.

Table 14.5 Shaft and housing accuracy

Concern Shaft Housing
Dimensional accuracy IT6 (IT5) | IT7 (IT5)
Roundness (max.)
Cylindricity w2 &
Abutment squareness IT3 IT3
Fitting Small size bearings 0.8 1.6
surface
roughness Ra | Mid-large size bearings 1.6 3.2

Note: For precision bearings (P4, P5 accuracy), it is necessary
to improve the circularity and cylindricity accuracies in this
table to approximately 50% of these values. For more
specific information, please consult the Precision rolling
bearing catalog (CAT. No. 2260/E).

NTN

14.4 Bearing permitted inclination/
allowable alignment angle

A certain amount of misalignment of a bearing’s
inner and outer rings occurs as a result of shaft
flexure, shaft or housing finishing irregularities,
and minor installation error. In situations where
the degree of misalignment is liable to be
relatively large, self-aligning ball bearings,
spherical roller bearings, bearing units and
other bearings with aligning characteristics are
advisable. Although permitted inclination and
allowable alignment angle will vary according
to bearing type, load conditions, internal
clearances, etc., Table 14.6 lists some general
misalignment standards for normal applications.
In order to avoid shorter bearing life and cage
failure, it is necessary to maintain levels of
misalignment below these standard levels.

See section 3.7 (A-29) for the relationship
between “Inclination angle (installation error)
and life”

Table 14.6 Bearing types and allowable
misalignment/allowable alignment
angle

Allowable misalignment

Deep groove ball bearings  1/1000to 1/300 Tapered roller bearings ¥
Angular ball bearings ¥ Single row standard 1/2 000
Single row 1/1000 Single row ULTAGE 1/600

Needle roller bearings 1/2 000
Cylindrical roller bearings
Bearing series 10, 2, 3,4 1/1 000
Bearing series 22, 23 1/2.000
ULTAGE 1/500
Double row? 1/2000

1) The allowable misalignment of combined bearings is influenced
by the load center position, so please consult NTN Engineering.

2) Does not include high precision bearings for machine tool main
shaft applications.

Note: For thrust bearings, please contact NTN Engineering.

Allowable alignment angle
Normalload 1/15

Thrust spherical roller bearings
Normal load ~ 1/60 to 1/30
Bearing units3)  1/60 to 1/30

Self-aligning
ball bearings

Self-aligning ~ Normal load 1/115
roller bearings  or more
Lightload  1/30

3) For bearing units, see section "F. Bearing units” on page F-12.
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15. Bearing handling

15.1 General information

Bearings are precision parts and in order to
preserve their accuracy and reliability, care must
be exercised in their handling. In particular,
bearing cleanliness must be maintained, sharp
impacts avoided, and rust prevented.

Bearings are vulnerable to impact. Do not hit
them with a hammer directly or drop them on
the floor. (Fig. 15.1)

In addition, bearings are sensitive to foreign
particle contamination. When foreign particles
enters the bearing during rotation, denting
and/or scratches may occur, resulting in
objectionable noise and vibration levels and
rough bearing rotation (Fig. 15.2). Therefore,
when handling bearings, it is necessary to keep
the periphery clean.

Abnormal
Dent or scratch sound

Eq-SF
— TN ==
Fig. 15.1 Damage caused by impact

Abnormal
Dent or sound

Dirt
e Biting scratch
> ot
TN =N N

Fig. 15.2 Damage caused by foreign particle
contamination

For optimal bearing performance, proper
bearing handling methods must be used.
The handling methods described herein are
general guidelines. Depending on the type
and size of bearing needed, special handling
“methods” may be necessary. For more detailed
information, please consult NTN Engineering.
Using proper protective equipment and tools
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are also essential when installing or removing
bearings, to avoid damage to the machinery
and ensure the safety of the technician. Further
information on proper installation and removal
procedures is detailed in the following sections.

15.2 Bearing storage

Most rolling bearings are coated with a rust
preventive oil before being packed and shipped.
Please observe the following guidelines when
storing bearings.

1. Ideally, bearings should be stored indoors at
room temperature with a relative humidity
of less than 60%. Avoid places in direct
sunlight or in contact with outer walls
because excessive temperature fluctuation
or humidity rise may cause condensation.

2. Bearings should not be stored directly on
the ground. Instead, they should be placed
on a shelf or pallet at least 20 cm above the
ground. The maximum number of shipping
boxes to be stacked for storage should
limited to four whenever possible (Fig.
15.3).

3. Precision rolling bearings, large rolling
bearings and thin ring or race rolling
bearings must be laid down horizontally for
storage (Fig. 15.4). Storing them standing
vertically may cause raceway deformation.

To avoid damage during transportation
such as fretting or false brinelling, ensure
that the individual bearing boxes are
packed laying down horizontally within
the shipping box. Fill remaining space with
dunnage(Fig. 15.5).

Some products have a T symbol on the
shipping box to prevent improper storage
placement. Follow the indication on the box
in this case (Fig. 15.6).

®Bearing Handling

g

Fig. 15.4 Storing one-bearing boxes on a shelf

NTN

Fig. 15.5 Transportation and storage by
shipping box

STORE

THIS WAY
upP

HEULEE

Fig. 15.6 Horizontally placing box prohibited
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15.3 Bearing installation

A jig, a measuring instrument, a lubricant, and
a clean and dry workshop will be needed for
bearing installation. Further, if possible, it is
desirable to install miniature/small ball bearings
and precision rolling bearings in a clean room
because intrusion of dirt and foreign matter
significantly affects bearing performance.
Improper installation of bearings may
cause marks from the rolling elements on
the raceways, adversely affecting the bearing
life. For the recommendations on machining
accuracy and mounting accuracy of bearings,
shafts, and housings, see section “14. Design of
shafts and housings.”

15.3.1 Installation preparations

(1) Fitting surface of shafts and housings
When a bearing is installed on a shaft orin a
housing with surfaces containing burrs or dents,
the bearing may not seat properly, causing
vibration and noise during operation (see Figs.
15.7 and 15.8).

Foreign matter

Fig. 15.8 Example of improper bearing
installation

NTN

Therefore, before mounting bearings,
remove any burrs, raised material near
dents, rust, or dirt on the shaft, housing, or
accessories. (Fig. 15.9)

The shaft and housing fitting surfaces should
also be checked for roughness, dimensional and
design accuracy, and to ensure that they are
within allowable tolerance limits. Further, when
the bearing is to be press-fitted, using an anti-
fretting agent on the fitting surface improves the
ease of assembly.

Waste cloth

Fig. 15.9 Example of working procedure

(2) Mounting jig

The jig to be used for mounting must have a size
suitable for the bearing and be free of dirt or
damage.

(3) Opening of bearing

Bearings should be unpackaged directly
before use to avoid introducing foreign particle
contaminates or condensation which would
lead to rust. Gloves should also be worn when
handling bearings to avoid rust generation.

(4) Removal of rust preventative oil
In general, bearings with grease lubrication
may be installed without cleaning the rust
preventative oil.

However, for bearings using oil lubricant,
or when lubrication efficiency would be
compromised by mixing the grease and rust
preventive oil, the rust preventive oil should be
removed by washing with a cleaning solvent
and dried before installation. The shield type
bearings and the seal type bearings filled with
grease must not be cleaned.

®Bearing Handling

15.3.2 Installing cylindrical bore bearings
15.3.2.1 Press-fitting

Press-fitting is the most common mounting
method and is widely used for small bearings
small bearings. Bearings having a relatively
small interference can be press-fitted by using
a sleeve and applying force to the raceway at
room temperature.

When press-fitting a bearing by applying
impact with a hammer, use a resin or copper
hammer rather than an iron one. To uniformly
press the bearing onto the shaft or into the
housing, use a sleeve. (Use of a mounting
tool kit as shown in Fig. 15.40, A-168 is
recommended.) Do not directly apply impact to
bearing rings or press-fit them by using a punch
because the bearings will not be press-fitted
uniformly, causing bearing damage (Fig. 15.10).

Fig. 15.10 Using hammer for press-fitting

When a large number of bearings are to
be installed at one time, a dedicated jig or a
hydraulic press may be used.
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(1) Press-fitting bearing into shaft
Uniformly apply force by applying a sleeve to
the inner ring width surface when press-fitting
a bearing onto a shaft. Do not apply force to the
outer ring as this will transfer the press force
through the rolling elements which may cause
dents or scratches on the raceway surface (Fig.
15.11).

When press-fitting self-aligning bearings,
using a ring-shaped block as shown in Fig. 15.13
improves ease of installation.

Fig. 15.11 Press-fitting bearing into shaft

(2) Press-fitting bearing into housing
Uniformly apply force by applying a sleeve to the
outer ring width surface to press-fit a bearing
into a housing. Do not apply force to the inner
ring as this will transfer the press force through
the rolling elements which may cause dents or
scratches on the raceway surface (Fig. 15.12).

\ 4

sip. 4&
L & N ]

Fig. 15.12 Press-fitting bearing into housing
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(3) Simultaneous press-fitting

When press-fitting a non-separable bearing
such as a deep groove ball bearing onto the
shaft and into the housing at the same time,
use a ring-shaped block and uniformly apply
force to inner and outer rings simultaneously.
Do not apply force on either the inner or outer
ring individually because it may cause dents or
scratches on the raceway surface (Fig. 15.13).

Fig. 15.13 Simultaneous press-fitting

[Caution]

« Excessive interference during installation
may cause cracks and excessively small
bearing internal clearance, resulting in
seizure. For further detail, see section "7.
Bearing fits.”

- Excessive impact at the time of installation
may cause dents and damage.

+ No foreign matter should enter the fitting
surface during installation.

- For large interference fits and medium/large
size bearings, consider other installation
methods besides press-fitting at room
temperature.

NTN

15.3.2.2 Heat fitting (shrink fitting)
When the inner ring interference is large or
the bearing is large, press-fitting the inner ring
onto the shaft at room temperature requires
significant force. Heating the bearing and
expanding the inner ring before installation
makes the installation onto the shaft easier.
The inner ring expansion amount necessary
for heat fitting can be obtained from the
interference of the fitting surface between the
inner ring and the shaft and the temperature
difference before and after the bearing is heated
(Fig. 15.14).

280 — 7 280
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Luot—f o8 / / I 140
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5 8 8 80
o /i
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& 40 gt j5 4
I
=
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Bearing bore diameter mm

Fig. 15.14 Temperature required for heat-
fitting inner ring
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For heat fitting, any bearing that did not
undergo dimension stabilization treatment must
not be heated above 120°C to avoid permanent
bearing damaged and shortened operating life.
For sealed bearings, the seal temperature rating
must not be exceeded.

In addition, heat torches and heat guns
should not be used for heating bearings
because the bearings may be heated non-
uniformly and temperature control is difficult
(Fig. 15.15).

Fig. 15.15 Heating bearings by heat torch

The main methods used to heat bearings
uniformly are (1) oil bath, (2) constant
temperature oven, and (3) fast therm induction
heater.

(1) Heating bearings in oil bath

One bearing heating method is immersing

a bearing in a heated clean oil (Fig. 15.16).
Foreign particles are often found on the
bottom of the oil bath; therefore, do not
directly place bearings on the bottom of the
oil bath. Instead, place the bearings on a wire
rack or suspend it in the oil and then heat it.
Shielded bearings and sealed bearings filled
with grease must not be heated in the oil bath
(Fig. 15.17).
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Fig. 15.16 Heating bearings in oil bath

Sealed bearing

X Shielded bearing

Fig. 15.17 Heating grease filled bearings in oil
bath prohibited

(2) Heating bearings in constant temperature
oven

With a constant temperature oven, bearings can

be heated in a dry state (Fig. 15.18).

Fig. 15.18 Heating bearings in constant
temperature oven
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(3) Heating bearings with fast therm induction
heater

With a fast therm induction heater, bearings can

be heated safely, cleanly, and quickly in a dry

state. Heating bearings by induction heating

makes the bearings magnetic; therefore,

it is necessary to demagnetize bearings

after heating. The NTN fast therm induction

heater (Fig. 15.42, A-168) has an automatic

demagnetization function.

[Caution]

- Use heat-resistant gloves for safety when
handling a heated bearing. NTN heat-
resistant gloves optimal for bearing handling
are available (Fig. 15.43, A-168).

- Itis important to complete heat fitting
quickly. If the bearing cannot be inserted
onto the shaft during heat fitting, stop the
process and consider removing the bearing.
When heat fitting is performed, the inner
ring contracts in the axial direction during
cooling, creating a clearance between the
bearing and the shaft shoulder (Fig. 15.19).
Therefore, it is necessary to tighten the
bearing with a nut until it is completely
cooled or apply a force in the axial
direction while the bearing cools, to bring
the bearing into close contact with the
shoulder of the shaft.

Clearance

S,
=

il

After

EC) cooling

Fig. 15.19 Bearing contraction after heating
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15.3.3 Installation of tapered bore bearing
Small tapered bore bearings are installed by
inserting a bearing a predetermined amount
with locknuts and by using a tapered bore or
an adapter sleeve/withdrawal sleeve. Locknuts
are tightened by a hook spanner wrench (Fig.
15.20).

Wipe off oil
completely.

(b) Installation with
adapter sleeve

(a) Installation on
tapered bore

Apply oil.

—

Apply oil E&

(c) Installation using withdrawal sleeve

Fig. 15.20 Installation methods using locknuts

Large size bearings require considerable fitting
force and must be installed hydraulically.

In Fig. 15.21 the fitting surface friction and
nut tightening torque needed to install bearings
with tapered bores directly onto tapered shafts
are decreased by injecting high pressure oil
between the fitting surfaces.

®Bearing Handling

Fig. 15.21 Bearing installation using oil
pressure

Fig. 15.22 (a) shows a method of installation
where a hydraulic nut is used to drive the
bearing onto a tapered shaft. Fig. 15.19 (b) and
(c) show installation methods using a hydraulic
nut with adapter sleeves and withdrawal
sleeves.

(b) Installation with
adapter sleeve

(a) Installation on
tapered bore

(c) Installation using withdrawal sleeve

Fig. 15.22 Installation using hydraulic nut

Fig. 15.23 shows an installation method using
a hydraulic withdrawal sleeve.

NTN

Fig. 15.23 Installation using hydraulic
withdrawal sleeve

don oo [

With tapered bore bearings, as the inner
ring is driven axially onto the shaft, adapter or
withdrawal sleeve, the interference increases
so that the bearing radial internal clearance
will decrease. Interference can be estimated
by measuring the decrease in radial internal
clearance. As shown in Fig. 15.24, the radial
internal clearance between the rollers and
outer ring of spherical roller bearings should be
measured with a thickness gauge under no load
while the rollers are held in the correct position.
Measure the radial internal clearance on both
rows, and check that the values are equivalent.
Instead of using the decrease in amount of radial
internal clearance to estimate the interference,
it is possible to estimate the mounted radial
internal clearance by measuring the distance the
bearing has been driven onto the shaft.

Thickness gauge

Fig. 15.24 Internal clearance measurement
method for spherical roller bearings
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For spherical roller bearings, Table 15.1
(applied to ULTAGE series) and Table 15.2
(applied to other bearings besides ULTAGE
series) indicates the predetermined interference
which will be achieved as a result of the radial
internal clearance decrease, or the distance the
bearing has been driven onto the shaft.

For conditions such as heavy loads, high
speeds, or when there is a large temperature
differential between inner and outer rings, etc.
which require large interference fits, bearings
with a minimum radial internal clearance of C3
or greater should be used. Table 15.1 and
Table 15.2 list the maximum values for
radial internal clearance decrease and axial
displacement. The remaining clearance in
mounted bearings with tapered bores must be
greater than the minimum allowable residual
clearance listed in Table 15.1 or Table 15.2.

For self-aligning ball bearings, a
predetermined interference can be obtained
by tightening the nut until the radial internal
clearance becomes about half the size before
the fitting. After installation, check that the
bearing lightly and smoothly rotates.
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Table 15.1 Tapered bore spherical roller bearings (ULTAGE series installation) Unit: mm

Nominal bearing
bore diameter

Reduction of
radial internal

Axial displacement drive up

Nut rotation angle ° (approx.) Minimum residual

dmm clearance Taper, 1:12 Taper, 1:30 Taper, 1:12 Taper, 1:30 | "adialinternal clearance
Over Inc. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. CN C3 C4
24 30 | 0.010 0.015 | 0.15 0.20 — — 36 48 — — 0.015 0.025 0.040
30 40 | 0.015 0.020 | 0.25 0.30 — — 60 72 — — 0.015 0.030 0.045
40 50 | 0.020 0.025 | 0.35 0.40 = = 84 96 = = 0.020 0.035 0.055
50 65 | 0.025 0.030 | 0.40 0.45 — — 72 81 — — 0.025 0.045 0.065
65 80 | 0.035 0.040 | 0.50 0.60 — — 90 108 — — 0.030 0.055 0.080
80 100 | 0.040 0.050 | 0.60 0.70 — — 108 126 — — 0.030 0.060  0.090
100 120 | 0.055 0.065 | 0.80 0.90 1.80 2.30 144 162 324 414 | 0.035 0.070 0.105
120 140 | 0.065 0.075 | 0.90 1.00 1.95 2.70 162 180 351 486 | 0.045 0.085 0.125
140 150 | 0.075 0.090 | 1.00 1.20 2.35 3.10 180 216 423 558 | 0.040 0.090 0.140
150 160 | 0.075 0.090 | 1.00 1.20 2.35 3.10 120 144 282 372 | 0.040 0.090 0.140
160 180 | 0.080 0.100 | 1.10 1.40 2.80 3.55 132 168 336 426 | 0.040 0.100 0.160
180 200 | 0.090 0.110 | 1.20 1.50 3.20 3.95 144 180 384 474 | 0.050 0.110 0.180
200 225 | 0110 0.130 | 1.50 1.80 3.85 4.60 135 162 347 414 | 0.050 0.120 0.190
225 250 | 0.120 0.140 | 1.60 1.90 4.20 4.95 144 171 378 446 | 0.060 0.130 0.210
250 280 | 0.130 0.160 | 1.60 2.10 4.25 5.40 144 189 383 486 | 0.060 0.140 0.230
280 305 | 0.150 0.180 | 1.90 2.40 4.45 5.70 171 216 401 513 | 0.060 0.150 0.250
305 315 | 0.150 0.180 | 1.90 2.40 4.45 5.70 137 173 320 410 | 0.060 0.150 0.250
315 355 | 0.160 0.190 | 2.10 2.50 5.10 6.10 151 180 367 439 | 0.080 0.170 0.280
355 400 | 0.180 0.220 | 2.30 3.00 575 7.50 166 216 414 540 | 0.080 0.180 0.300
400 450 | 0.210 0.250 | 3.00 3.60 = = 216 259 = = 0.080 0.190 0.320

Note: The nut rotation angle may only

Table 15.2 Ta

be applied when a nut having the same

inner diameter code as the bearing is used.

pered bore spherical roller bearings (installation of other series besides ULTAGE) unit: mm

Nominal bearing
bore diameter

Reduction of
radial internal

Axial displacement drive up

Nut rotation angle ° (approx.) Minimum residual

radial internal clearance

d mm clearance Taper, 1:12 Taper, 1:30 Taper, 1:12 Taper, 1:30

Over Inc. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. CN c3 C4
30 40 | 0.020 0.025 | 0.35 0.40 — — 84 96 — — 0.010 0.025 0.040
40 50 | 0.025 0.030 | 0.40 0.45 — — 96 108 — — 0.015 0.030 0.050
50 65 | 0.030 0.035 | 0.45 0.60 — — 81 108 — — 0.020 0.040 0.060
65 80 | 0.040 0.045 | 0.60 0.70 — — 108 126 — — 0.025 0.050 0.075
80 100 | 0.045 0.055 | 0.70 0.80 1.75 2.25 126 144 315 405 | 0.025 0.055 0.085
100 120 | 0.050 0.060 | 0.75 0.90 1.90 2.25 135 162 342 405 | 0.040 0.075 0.110
120 140 | 0.065 0.075 | 1.10 1.20 2.75 3.00 198 216 495 540 | 0.045 0.085 0.130
140 150 | 0.075 0.090 | 1.20 1.40 3.00 3.75 216 252 540 675 | 0.040 0.090 0.140
150 160 | 0.075 0.090 | 1.20 1.40 3.00 3.75 144 168 360 450 | 0.040 0.090 0.140
160 180 | 0.080 0.100 | 1.30 1.60 3.25 4.00 156 192 390 480 | 0.040 0.100 0.160
180 200 | 0.090 0.110 | 1.40 1.70 3.50 4.25 168 204 420 510 | 0.050 0.110 0.180
200 225 | 0.100 0.120 | 1.60 1.90 4.00 4.75 144 171 360 428 | 0.060 0.130 0.200
225 250 | 0.110 0.130 | 1.70 2.00 4.25 5.00 153 180 383 450 | 0.070 0.140 0.220
250 280 | 0.120 0.150 | 1.90 2.40 4.75 6.00 171 216 428 540 | 0.070 0.150 0.240
280 305 | 0.130 0.160 | 2.00 2.50 5.00 6.25 180 225 450 563 | 0.080 0.170 0.270
305 315 | 0.130 0.160 | 2.00 2.50 5.00 6.25 144 180 360 450 | 0.080 0.170 0.270
315 355 | 0.150 0.180 | 2.40 2.80 6.00 7.00 173 202 432 504 | 0.090 0.180 0.290
355 400 | 0.170 0.210 | 2.60 3.30 6.50 8.25 187 238 468 594 | 0.090 0.190 0.310
400 450 | 0.200 0.240 | 3.10 3.70 7.75 9.25 223 266 558 666 | 0.090 0.200 0.330
450 500 | 0.210 0.260 | 3.30 4.00 8.25 10.0 238 288 594 720 | 0110 0.230 0.370
500 560 | 0.240 0.300 | 3.70 4.60 9.25 115 222 276 555 690 | 0.110 0.240 0.380
560 630 | 0.260 0.330 | 4.00 5.10 | 10.0 125 240 306 600 750 | 0.130 0.270 0.430
630 670 | 0.300 0.370 | 4.60 570 | 115 14.5 276 342 690 870 | 0.140 0.300 0.480
670 710 | 0.300 0.370 | 4.60 570 | 115 14.5 237 293 591 746 | 0.140 0.300 0.480
710 800 | 0.340 0.430 | 5.30 6.70 | 13.3 16.5 273 345 684 849 | 0.140 0.320 0.530
800 900 | 0.370 0.470 | 5.70 730 | 143 18.5 293 375 735 951 | 0.170 0.370 0.600
900 1000 | 0.410 0.530 | 6.30 8.20 | 158 20.5 284 369 711 923 | 0.180 0.400 0.660
1000 1120 | 0.450 0.580 | 6.80 8.70 | 17.0 22.5 306 392 765 1013 | 0.190 0.450 0.720
1120 1250 | 0.490 0.630 | 7.40 9.40 | 185 24.5 — — — — 0.200 0.490 0.790

Note: The nut rotation angle may only be applied when a nut having the same inner diameter code as the bearing is used.
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15.3.4 Installation of outer ring

With tight interference fits, the outer rings

of small type bearings can be installed with

a hydraulic press at room temperature.
Alternately, the housing can be heated and
expanded before installing the outer ring, or
the outer ring can be cooled with a freezer,
etc. before installing. If a freezer or another
cooling agent is used, moisture will condense
on bearing surfaces. Therefore appropriate rust
preventative measures are necessary before
cooling the bearing.

15.3.5 Internal clearance adjustment

As shown in Fig. 15.25, for angular contact

ball bearings and tapered roller bearings the
required amount of axial internal clearance can
be set at the time of installation by tightening or
loosening the adjustment nut.

To adjust the suitable axial internal clearance
or amount of bearing preload, the internal
clearance can be measured while tightening the
adjusting nut as shown in Fig. 15.26. Another
method is to check rotational torque by rotating
the shaft or housing while adjusting the nut.

()
B

Fig. 15.25 Axial internal clearance adjustment

NTN

-

Fig. 15.26 Axial internal clearance
measurement

A shim with appropriate thickness may also
be used for adjusting the bearing internal
clearance. Fig. 15.27 shows the case in which
angular contact ball bearings are used in a face-
to-face arrangment on the fixed side. A shim is
inserted between the housing front cover and
the housing shown by an arrow to change the
fixed position of the outer ring.

Shim

E,,

Fig. 15.27 Internal clearance adjustment using
shims
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15.4 Lubricant enclosure

An appropriate amount of lubricant that is
suitable for the use condition of the bearing
should be applied if the bearings are not pre-
filled with grease. For details, see section “11.
Lubrication.”

15.5 Post installation running test

To check that the bearing has been properly
installed, a running test is performed after
installation is completed. The shaft or housing
is first rotated by hand and if no problems are
observed at low speed, a no-load power test
should then be performed. If no abnormalities
are observed, the load and speed are gradually
increased to operating conditions. During

the test if any unusual noise, vibration, or
temperature rise is observed, the test should
be stopped and the equipment should be
examined. If necessary, the bearing should be
disassembled for inspection.

15.6 Bearing disassembly

Bearings are often removed as part of

periodic inspection procedures or during the
replacement of other parts. However, the shaft
and housing are almost always reinstalled,

and in more than a few cases the bearings
themselves are reused. These bearings, shafts,
housings, and other related parts must be
designed to prevent damage during disassembly
procedures, and the proper disassembly tools
must be employed. When removing bearing
rings with interference, pulling force should be
applied to the press fit bearing ring only. Do

not remove the raceway through the rolling
elements.

[Caution]

Bearings and jigs used for disassembly may fall
off when the bearing is removed from the shaft
or the housing.

NTN

15.6.1 Disassembly of bearings with
cylindrical bores
For small sized bearings, pullers shown in
Fig. 15.28 (a) and (b) or the press method
shown in Fig. 15.29 can be used for
disassembly. When used properly, these
methods can improve disassembly efficiency
and prevent damage to bearings.

Fig. 15.29 Press disassembly
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To facilitate disassembly procedures, attention
should be given to planning the designs of shafts
and housings, such as providing extraction
grooves on the shaft and housing for puller
claws as shown in Figs. 15.30 and 15.31.
Threaded bolt holes could also be provided in
housings to facilitate the pressing out of outer
rings as shown in Fig. 15.32.

Groove

Groove

Fig. 15.30 Extracting grooves (example of three
positions in circumferential direction)

Groove

Fig. 15.31 Extraction groove for outer ring
disassembly

Fig. 15.32 Outer ring disassembly bolt
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Large bearings, installed with tight fits,
that have been in service for a long period of
time, will likely have developed fretting on
fitting surfaces and will require considerable
dismounting force. In such instances,
dismounting friction can be reduced by injecting
oil under high pressure between the shaft and
inner ring surfaces as shown in Fig. 15.33.

— Hydraulic
€ pressure

g

B — a@._Hydraulic

pressure

Fig. 15.33 Removal of bearing by hydraulic
pressure

Induction heating can be used for removing
the inner ring of cylindrical roller bearings having
no flange on the inner ring such as NU type
and NJ type bearings. With this method, the
inner ring is heated until it expands, and can be
removed (Fig. 15.34).

The bearing becomes magnetized by
induction heating; therefore, it is necessary to
demagnetize the bearing after heating.

Inner ring

Removal pawl!

Fig. 15.34 Removal by induction heating

®Bearing Handling

15.6.2 Disassembly of bearings with tapered
bores
Small bearings installed using an adapter are
removed by loosening the locknut, placing a
block on the edge of the inner ring as shown
in Fig. 15.35 (a) or the edge of the lock nut as
shown in Fig. 15.35 (b), and tapping it with a
hammer. In such a case, use a resin or copper
hammer instead of an iron one. Bearings which
have been installed with withdrawal sleeves can
be disassembled by tightening down the lock
nut as shown in Fig. 15.36.

Fig. 15.35 Removal of bearing with adapter

1
|

Fig. 15.36 Disassembly of bearing with
withdrawal sleeve

For large type bearings on tapered shafts,
adapters, or withdrawal sleeves, disassembly is
greatly facilitated by hydraulic methods.

Fig. 15.37 shows the case where the bearing is
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removed by applying hydraulic pressure on the
fitting surface of a bearing installed on a tapered

shaft.
Block:@
NN
— T“Q

@3@

Fig. 15.37 Bearing disassembly using oil
pressure

Fig. 15.38 shows two methods of

disassembling bearings with adapters or
withdrawal sleeves using a hydraulic nut.
Fig. 15.39 shows a disassembly method using a
hydraulic withdrawal sleeve where high pressure
oil is injected between fitting surfaces and a lock
nut is then employed to remove the sleeve.

(a) Disassembly of

(b) Disassembly of
adapter sleeve

withdrawal sleeve

Fig. 15.38 Disassembly using hydraulic nut

Fig. 15.39 Disassembly using hydraulic
withdrawal sleeve
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15.7 Bearing maintenance and inspection

Managing the condition of the machine during
operation is important for preventing bearing
failure. The following items are the general
maintenance management methods.

(1) Inspection of machine while running
The interval for replenishing and replacing
lubricant is determined by a study of
lubricant properties and checking the bearing
temperature, noise and vibration.

(2) Observation of bearing after use

Take note of any problem that may appear after
the bearing is used or when performing routine
inspections, and take measures for preventing
reoccurrence of any damage discovered.

Maintenance management requires that the
frequency for performing routine inspections be
determined according to the importance of the
device or machine.

15.7.1 Inspection of machine while running
15.7.1.1 Bearing temperature

In general, the bearing temperature increases
after the start of operation and becomes
steady at a slightly lower temperature after

a certain time elapses (usually 10 to 40°C
higher than the room temperature). The time
until the temperature becomes steady differs
depending on the bearing size, type, rotational
speed, lubrication method, and heat dissipation
condition of the bearing surroundings. It varies
from 20 minutes to several hours.

When the bearing temperature does not
become steady and rises excessively, the
following may be the cause. Stop the operation
and take measures.

NTN

<Main causes of abnormal temperature rise>

+ Amount of lubricant too small or large

+ Improper bearing installation

- Bearing internal clearance too small, or load
too large

« Friction of sealing mechanism too large

+ Unsuitable lubricant

+ Creeping of fitting surface

The bearing temperature should not be too
high to maintain suitable bearing operation and
prevent the deterioration of lubricant. In general,
it is best to use bearings at 100°C or below.

15.7.1.2 Bearing noise

To check bearing running noise, the sound

can be checked and the type of noise can be
ascertained with a listening instrument placed
against the housing. A clear, smooth and
continuous running sound is normal; however,
determining the exact noise requires significant
experience. Although it is difficult to express
noise with words and it is different depending on
the person, Table 15.3 shows the characteristics
and cause of the typical abnormal noises of
bearings.

®Bearing Handling
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Table 15.3 Characteristics and cause of typical abnormal noise of bearings

Noise

Characteristics

Cause (probable)

Buzzing noise

- Entrance of foreign matter
+ Roughness of the surfaces of raceway, ball, roller
+ Scratches on the surfaces of raceway, ball, roller

Whoosh (small size bearings)

- Roughness of the surfaces of raceway, ball, roller

Short whoosh noise

- The noise is generated intermittently and
regularly.

- Contact with labyrinth part
- Contact of case and seal

Rubbing noise/
rumbling noise

« The noise magnitude and pitch change
when the rotational speed is changed. The
noise becomes loud at a certain rotational
speed. The noise becomes loud and quiet.
The noise sometimes resembles the sound
of sirens and whistles (howling noise).

- Sympathetic vibration, fitting failure (shaft shape
failure)

+ Deformation of raceway

- Chattering noise of raceway, ball, roller (a little
noise for large size bearings is normal)

Scraping noise/
crunchy noise

« Roughness felt when the bearing is rotated
by hand

- Scratches on the raceway surface (regular)

- Scratches on the ball or roller (irregular)

- Dirt, deformation of raceway (partial negative
clearance)

Grumbling noise

- Continuous noise in high speed rotation

- Scratches on the surfaces of raceway, ball, roller

Whirling noise

- The noise stops the moment the power is
turned off.

- Electromagnetic sound of motor

Clinking noise
(mainly with small size
bearings)

- Irregular
- The noise does not change when the
rotational speed is changed.

- Entrance of foreign matter

Jingling noise

(tapered roller bearings)
Chattering noise

(large size bearings)
Flapping noise

(small size bearings)

- The noise is regular and becomes
continuous in high speed rotation.
- Clear cage sound is normal.

- Unsuitable lubricant (use soft grease for low
temperature)

- Cage pocket abrasion, insufficient lubricant,
insufficient bearing load operation

Ticking noise/
clacking noise/
clattering noise

- Conspicuous in low speed rotation
« Continuous noise in high speed rotation

- Collision noise from cage pocket, insufficient
lubrication. The noise stops by preloading or by
making the internal clearance smaller.

+ Collision noise of rollers for the full component
type

Clanging noise

« Loud metallic collision noise
« Low-speed thin large size bearings

- Deformation of raceway

Sliding noise/
squeaky noise
splashing sound

- Mainly with cylindrical roller bearings, the
noise changes when the rotational speed is
changed. Large noise sounds like metallic
sound. The noise temporarily stops when
grease is supplied.

« Lubricant (grease) consistency too high
- Radial internal clearance too large
- Insufficient lubricant

Squealing noise/
creaking noise/
whining noise

« Metal biting sound
« High-pitched sound

- Biting between roller and flange surface of roller
bearing

+ Internal clearance too small

+ Insufficient lubricant

Splashing noise

« Occurs irregularly with small size bearings

- Sound generated when bubbles in the grease
are broken

Groaning noise/

- Irregular squeaky noise

- Slippage of fitting part
- Squeakiness of mounting surface

Indistinguishable loud noise during operation.

+ Roughness of the surfaces of raceway, ball, roller

- Deformation of raceway surface, ball, and roller
caused by abrasion

- Too large internal clearance caused by abrasion
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15.7.1.3 Bearing vibration

Measuring the machine vibration during
operation with a vibration measuring instrument
can reveal bearing damage at an early stage.
The bearing damage degree can be estimated
by quantitatively measuring and analyzing the
vibration amplitude and frequency. However,
measurement values differ depending on

the measurement positions and bearing

use conditions. Therefore, it is desirable to
accumulate measurement data and set criteria
for each machine.

When the bearing is damaged, vibration
including specific frequencies that depend on
the bearing internal specifications and rotational
speed occurs. The bearing vibration frequency
can be calculated with the bearing technique
calculation tool on the NTN website (https://
www.ntnglobal.com).

15.7.1.4 Leakage/abnormal deterioration of
lubricant

The main causes of the leakage/abnormal
deterioration of lubricant are as follows. It is
necessary to take measures depending on the
use conditions and environment.

+ Too much lubricant

+ Unsuitable lubricant

- Improper installation

+ Unsuitable sealing mechanism

- Deterioration caused by use

+ Unsuitable operating condition

+ Abnormal deterioration
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15.7.2 Observation of bearing after use
Carefully observe bearings after use and during
periodic inspection, and take appropriate
recurrence prevention measures if any damage
was found. For details, see section “16. Bearing
damage and corrective measures.”

®Bearing Handling
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15.8 Bearing maintenance tools

NTN offers maintenance tools for easily and
safely installing/disassembling bearings. NTN
also offers a portable abnormality detection
device,” a small vibration measurement device
that has excellent portability and usability for
measuring the vibration generated from the
machine.

15.8.1 Maintenance tools

Figs. 15.40 through 15.49 show some of the
main maintenance tools that are convenient for
installing/disassembling bearings. For details,
see the special catalog “Maintenance tools
(CAT. No. 6600/J)."
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The kit allows accurate,
safe, and quick bearing
installation.

Fig. 15.40 Cold
mounting
case

The device allows safe and
secure heat fitting work
and has an automatic
demagnetization
function, an overheat
prevention function, and a
temperature maintaining
function.

Fig. 15.42 Induction
heater

NTN

The five spanners allow
tightening/loosening nuts
of 30 different sizes.

Fig. 15.41 Hook
spanners

—_—

""ll-\
1

The protective gloves
allow safe handling
of high-temperature
bearings up to 350°C.

Fig. 15.43 Heat-
resistant
gloves

The tool allows simple
and high precision
measurement of bearing
clearance.

Fig. 15.44 Set of
calibrated
feeler
gauges

The jig allows quick and
easy removal of bearings
press-fitted into housings
by a tight fit.

Fig. 15.45 Bore
puller set

®Bearing Handling

The jig allows safe and
easy removal of bearings
that are attached to
shafts and difficult to
remove.

The jig is a robust and
simple tool for easily
removing small and
medium size bearings.

Fig. 15.46 Back puller Fig. 15.47 Mechanical
puller

S

The jig is efficient

for easily and safely
removing bearings press-
fitted into shafts of large

Removal can be done
safely and efficiently
by using the puller
mechanically or

size bearings. hydraulically.
Fig. 15.48 Hydraulic  Fig. 15.49 Tri Section
puller Pulling
Plates

15.8.2 NTN PORTABLE VIBROSCOPE

NTN offers the “NTN PORTABLE VIBROSCOPE",
a small vibration measurement device that

has excellent portability and usability for
performing FFT(Fast Fourier Transform) analysis
and OA(Overall) measurement by wireless
communication with tablets and smart devices
with a dedicated application installed

(Fig. 15.50).

A-169

NTN

e -

Fig. 15.50 NTN PORTABLE VIBROSCOPE

The FFT analysis clarifies the detailed
operational state of the machine. By registering
measurement conditions such as bearing part
numbers and rotational speed, it is possible
to detect the damage inside the bearing and
estimate the damaged parts. In addition,
selecting measurement conditions allows
detecting abnormalities such as unbalance
and misalignment of machines having rotating
parts. In OA measurement, the acceleration,
speed, and displacement can be displayed
independently, and the measurement can be
used as a general vibrometer.

The raw vibration data and the analysis results
can be saved in smart devices for operation and
can be downloaded in CSV format as necessary.
In addition, the measurement device itself is
dust-proof and drip-proof; therefore, the device
is suitable for measuring vibration of machines
used in various environments.

For the product details, please contact NTN
Engineering.

For details, see the special catalog “NTN
PORTABLE VIBROSCOPE (CAT. No. 6601/E).”
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16. Bearing damage and corrective measures

16.1 Bearing damage, main causes of
bearing damage, and remedies for
correcting the problem

If handled correctly, bearings can generally be
used for a long time before reaching their fatigue
life. If damage occurs prematurely, the problem
could stem from improper bearing selection,
handling, or lubrication. If this occurs, take note
of the application, operating conditions, and
environment. By investigating several possible
causes surmised from the type of damage and
condition at the time the damage occurred, it
is possible to prevent the same kind of damage
from reoccurring. Table 16.1 gives the main
causes of bearing damage and remedies for
correcting the problem.

For details, see the special catalog “Care and
maintenance of bearings (CAT. No. 3017/E).”
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Table 16.1 Bearing damage, main causes of bearing damage and remedies for correcting the problem

Phenomenon
Spalling The surface of the raceway and rolling elements peel away ® Excessive load, normal fatigue life,
(Flaking) in flakes leaving a highly irregular and very poor surface. improper handling

® Inner ring of spherical roller bearing

® Flaking on one row of the raceway
surface in this case.

® An excessive axial load is the cause.

N_,J

® Quter ring of angular contact ball
bearing

® Flaking on the raceway surface with
spacing equal to the distance between
balls.

o Improper handling is the cause.

sasne)

® Improper installation

o Insufficient accuracy of shaft or
housing

e Insufficient clearance

® Contamination

® Rust

e Insufficient lubrication

® Reduction in hardness due to
abnormal temperature rise

uoi3daI0D)

® Select a different type or size of
bearing.

® Reevaluate the clearance.

® Improve the precision of the shaft
and housing.

® Improve assembly method and
handling.

® Reevaluate the layout (design) of
the area around the bearing.

® Review lubricant type and
lubrication methods.

Seizure Extreme thermal conditions eventually resulting in seizure

of the bearing.

® Inner ring of double-row tapered roller
bearing

® Seizure causes discoloration and
softening, producing stepped abrasion
on the raceway surface with spacing
equal to the distance between the rollers.

e Insufficient lubrication is the cause.

® Inner ring of tapered roller bearing

® Evidence of seizure on the large
diameter side of raceway surface and
large rib surface

® Insufficient lubrication is one possible
cause.

sasne)

® Insufficient clearance (including
clearances reduced by local
deformation)

o Insufficient lubrication or improper
lubricant

® Excessive loads (including excessive
preload)

® Roller skewing due to a misaligned
bearing

® Reduction in hardness due to
abnormal temperature rise

® High speed or large fluctuating load

uoi3da.10D)

® Review lubricant type and quantity.

® Check for proper clearance.
(Increase clearances.)

® Take steps to prevent misalignment.

® Improve assembly method and
handling.

Cracks/chips Localized flaking occurs. Little cracks or notches appear.

® Inner ring of tapered roller bearing

® Chipped large rib.

® Impact due to improper preloading is
the cause.

| \

® Quter ring of four-row cylindrical roller
bearing

® Cracks in the circumferential direction
of raceway surface

® These cracks were initiated by flaking.

sasne)

® Excessive shock loads

o Improper handling (use of steel
hammer, damage from large
particle contamination)

® Formation of decomposed surface
layer due to improper lubrication

® Excessive interference

® Flaking

® Friction cracking

® Imprecise mating component

(oversized fillet radius)

uol322.110)

® Review lubricant (friction crack
prevention).

® Select proper interference and
review materials.

® Improve assembly method and
handling.
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Table 16.1 (continued)

Phenomenon

NTN

Cage damage

Rivets break or become loose resulting in cage damage.

Fracture of riveted steel cage at the corner radius.

® Excessive load or moment loading
® High speed or excessive speed
fluctuations

(o)
2 elnsufficient lubrication
@ eImpact with foreign objects
¥ e Excessive vibration
o ® Improper mounting (mounted
= misaligned)
® Cage of angular contact ball bearing ® Cage of cylindrical roller bearing
® Breakage of high strength, machined ® Breakage of partitions between pockets
brass cage of high strength, machined brass cage
o Insufficient lubrication is the cause.
I_I |
® Review lubricant type and
Q lubrication methods.
S e Review cage type selection.
® elinvestigate shaft and housing
g‘. rigidity.
S eImprove assembly method and
handling.
® Cage of deep groove ball bearing ® Cage of deep groove ball bearing
® Breakage of riveted steel cage ® Breakage at corner of riveted steel cage
Rolling path skewing Abrasion or an irregular, rolling path skewing due to
rolling elements along raceway surfaces. e Insufficient accuracy of shaft or
A housing
2 eImproper installation
& elInsufficient shaft or housing rigidity
. e Shaft whirling caused by excessive
internal bearing clearances
(a)
h O @ Reevaluate the clearance.
@ ®Improve the precision of the shaft
® Spherical roller bearing ® Roller of tapered roller bearing o andlhous:w?g: .
® Uneven contact on inner ring, outer ring,  ® Evidence of uneven contact on rolling O eReview rigidity of shaft and housing.
and roller element surface
® Improper installation is the cause.
Smearing, The surface becomes rough and some small deposits form. o Insufficient lubrication
Scuffing Scuffing generally refers to roughness on the race rib face o Contamination ingress
and the ends of the rollers. O ®Roller skewing due to a misaligned
2  bearing
@ e Bare spots in the collar oil film due
»  to large axial loading
® Excessive slippage of the rolling
elements
o Review lubricant type and
9 lubrication methods.
_.‘ @ ©®!mprove sealing performance.
. o . X o . 0O e Review preload.
® Inner ring of cylindrical roller bearing @ Inner ring of cylindrical roller bearing S eImprove assembly method and
o Scuffing on the rib surface. ® Smearing on the raceway surface. =]

® The cause is slippage of rollers due to
contaminants.

handling.
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Table 16.1 (continued)

Phenomenon

Rust/
corrosion

The surface becomes either partially or fully rusted, and occasionally
rust occurs spaced at equal distances between rolling elements.

® Poor storage conditions

) e Poor packaging
G ®Insufficient rust inhibitor
@ e Penetration by water, acid, etc.
® Handling with bare hands
® Take measures to prevent rusting
Q while in storage.
S e Periodically inspect the lubricating
e oil
'6". ® Improve sealing performance.
e Inner ring of tapered roller bearing e Outer ring of deep groove ball bearing S eImprove assembly method and
® Rust at equal distances between rolling ® Rust on the outer diameter surface. handling.
elements on raceway surface.
Fretting There are two types of fretting. In one, a rusty wear powder forms
on the mating surfaces. In the other, brinelling indentations form on o Insufficient interference
the raceway corresponding to rolling element spacing. O @ Small bearing oscillation angle
'E Tl 2 elnsufficient lubrication
i @ e Fluctuating loads
» e Vibration during transport, or while
stopped
® Review lubricant type and
= ©  lubrication methods.
S e Review the interference fit and
®  apply a coat of lubricant to fitting
® Inner ring of cylindrical roller bearing ® Inner ring of deep groove ball bearing '5" surface.
I I 1 V 1 B :
® Ripple-like fretting on the entire ® Fretting on the entire circumference of S ePack trlelmpertand OUtir rings
circumference of the raceway surface. the raceway surface. separately for transport.
® Vibration is the cause. ® VVibration is the cause.
Wear The surfaces wear and dimensional deformation results.
Wear is often accompanied by roughness and scratches. o Entrapment of foreign particles in
)  the lubricant
S ®Inadequate lubrication
@ e Roller skewing due to a misaligned
bearing
a Review lubricant type and
o lubrication methods.
. @ ®Improve sealing perform_anc_e.
Qe Take steps to prevent misalignment.
® Inner ring of cylindrical roller bearing ® Cage of cylindrical roller bearing © e Improve assembly method and
® Stepped wear on the entire ® Wear of pocket part of high strength, > handling.
circumference of the raceway surface. machined brass cage
o Insufficient lubrication is the cause.
Electrolytic corrosion  Pits form on the raceway. The pits gradually grow into ripples.
0
2 eElectric current flowing through the
@ rollers
wn
5
S e Create a bypass circuit for the
® Inner ring of deep groove ball bearing ® The cross section of the electrolytic ®  current.
® Ripple-like electrolytic corrosion on the corrosion on the roller rolling element o o Insulate the bearing.
raceway surface. surface is enlarged (x400). S

® The white layer shows up by nital
etching of the cross section.
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Table 16.1 (continued)

Phenomenon
Dents and Scoring during assembly, gouges due to hard foreign objects,
scratches and surface denting due to mechanical shock. ® Entrapment of hard foreign matter
Q ® Dropping or other mechanical
§  shocks due to careless handling
@ e Assembled misaligned
® Excessive load or moment loading
\ >
& ® Improve assembly method and
o 0O  handling.
) :
S e Improve sealing performance. (to
® preventinfiltration of foreign
® Roller of cylindrical roller bearing e Inner ring of tapered roller bearing %" matter) . .
® Axial direction scratches on the rolling ® Dents on the entire raceway surface S e Check area surrounding bearing.
element surface at the time of preloading ~ ® Impact with hard foreign objects is the (when caused by metal fragments)
® Improper preloading is the cause. cause.
Creeping Surface becomes mirrored due to inner and outer diameter
bearing surfaces spinning against the mating shaft or housing e Insufficient interference with mating
surface during operation. May be accompanied by discoloration component
or scoring. Q ® Sleeve not fastened down properly
& @ Abnormal temperature rise
@ ecExcessive loads
® High speed/rapid acceleration or
deceleration
Q ® Reevaluate the interference fit.
S ®Review operating conditions.
@ eimprove the precision of the shaft
e Inner ring of deep groove ball bearing e Inner ring of tapered roller bearin g’ and housing.
© Mirrored bore surface due to creeping  Scuffing on bearing bore surface due to S eFixof the faces of inner/outer ring
on the shaft. creeping on the shaft.
Speckles and  Luster of raceway surfaces is gone; surface is matted, rough,
discoloration  and/ or evenly dimpled. Surface covered with minute dents.
Q ® [nfiltration of bearing by foreign
&  matter
@ elnsufficient lubrication
Q ® Review lubricant type and
S lubrication methods.
. . @ e Review sealing mechanisms.
® Inner ring of double-row tapered roller ® Ball of deep groove ball bearing = e Examine lubrication oil purity. (filter
bearing ® Large speckles and discoloration o b ively dirty, etc.)
® Speckles and discoloration on the ® Impact with hard foreign objects and S may be excessively dirty, etc.
raceway surface. insufficient lubrication are the cause.
® Electrolytic corrosion is the cause.
Peeling Patches of minute flaking or peeling (size, approx. 10 um).
Innumerable hair-line cracks visible though not yet peeling. O o Infiltration of bearing by forei
(This type of damage is frequently seen on roll o ¢ r:a:tttljrt‘on Ot bearing by foreign
R, § ® Insufficient lubrication
a® Review lubricant type and
o lubrication methods.
@ ®!mprove sealing performance. (to
Q  prevent infiltration of foreign
g' matter)

e Outer ring of deep groove ball bearing
® Peeling on the load zone of the raceway
e Insufficient lubrication is the cause. surface.

® Spherical rollers
® Linear peeling on the rolling element surface.

® Perform run-in.
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however, factors without O may be the cause of
the damage in special circumstances.

Table 16.2 gives the main causes of bearing
damage. In the table, factors that are likely to
be the cause of each damage are marked by O;

Table 16.2 Bearing damage and causes

Causes
. . q N Bearing
Handling |Bearing periphery | Lubrication Load Speed o
S53|55|53|895|7|3E|3E(30 0|0 Raz |5 80(8T |58
530 |«+T 2l2g2|3|cg|ag|ag (a8 | o8®w & |53 50|50
2283 2355303282522 (8|227 B a2 (=8(=8
gt2n 78 |I5SF R8s |20 (R0 ITL|4 | 6|lo0y a® 8 =8
Bearing 0603|8822 W32 % B |FY| g5 % S|z (2|25 (25 (5%
Damaged parts 335158201830 (|8 (82 |135/55 |55 (%238 |5 (=R |85 |3a
damage 202852358358 2288|822 |S|528 (3| 2|532|532
5o go%m 039.,35533 D-n—,gmz‘-‘i\:—;- g2 7Y &
3 5a a ’n’gwg-A:E S S5 |3 =l S sl 5|0~
@ S = 2|30 (2|8 2| %N |®w | 3 3 Q| ®od |5 0d
= 5 S250 (8|S = oo | = o = oo
2| @ 2|22z (%|7a| 2| (3|5 2 S| S|
F| = 2225 |q o =% 3 o o =
) S| & 3n | S S FAERES 3
3 o Fo =3 o |3 [N
< = 0g | e alo
[} -+ ~|3
=1 ~ -
£
Flaking Raceway surface/
(separation) | rolling element surface o o o O] O O 0|0 o
. Raceway/
SHEE rolling element/cage o ol © o © |0 o o
Cracks/chips | Raceway/rolling element O | O (@) O |O O
Cage Rivets break or become
damage loose o o olo 0|0 o o
Rolling path
it Raceway surface o | O O
Raceway surface/
Smearing/ | rolling element surface/
scuffing rib surface/ O O O O O o
roller end surface
Rust/ Rust on a part of or the
. entire surface of the O O O o | O
corrosion ; h
rolling element pitch
Red rust on fitting
surface o o o
Fretting Brinelling indentations
form on the raceway of (@) o | O O O
the rolling element pitch
Raceway surface/
rolling element surface/
ey rib surface/ © © © ©
roller end surface
Pits form on the
Electrolytic | raceway.
. ; O
corrosion The pits gradually grow
into ripples.
Dents and Raceway surface/
scratches rolling element surface o o o |0
Creeping Fitting surface O | O O (@] O
Speckles and| Raceway surface/ o o o
discoloration | rolling element surface
. Raceway surface/
es e rolling element surface o O o
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16.2 Rolling paths and how load is applied

When a bearing rotates in response to a load,
the raceway surfaces of the inner and outer
rings develop a hazy rolling path due to rolling
contact with the rolling element. The rolling path
on the raceway surface is normal. Evaluation of
the rolling path of a used bearing can provide
the engineer with useful information regarding
the conditions the bearing had been exposed to.
Rolling path observation clarifies if a radial
load was applied, an axial load was applied,
or a moment load was applied. It can also
shows if the bearing experienced a large
load or a mounting error. These observations
provide extremely important references when
determining the cause of bearing damage.
Figure 16.1 shows rolling paths of point
and linear contacts caused under various load
conditions.

NTN

(1) is a general rolling path generated when a
radial load is applied to a bearing with inner ring
rotation. The width of the rolling path becomes
small at the entrance of the load zone of the
outer ring, which is the fixed side. On the other
hand, (2) shows a rolling path pattern opposite
to (1) when a radial load is applied during outer
ring rotation. (3) is a rolling path generated
when an axial load in one direction is applied
to a bearing, and an example of linear contact
on a spherical roller bearing. When a combined
load is applied during inner ring rotation, a
rolling path pattern such as (4) is caused. As
shown in (5), when a radial load is applied to
a bearing with significant misalignment due to
a moment load, rolling paths are generated at
two positions separated by 180 degrees in the
load zone of the outer ring, which is the fixed
side. (6) shows the case where the housing bore
diameter is an ellipse. Rolling paths are left on
the fixed side outer ring at two positions but are
not misaligned. (5) and (6) indicate improper
bearing use, and the bearing life may be shorter
because of the adverse effect.
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Linear contact

=
==

Point contact
(1) Radial load with inner ring rotation

i

Linear contact

I
It

Point contact

(3) One-direction axial load with inner or outer ring rotation

Point contact Linear contact

(5) Moment load with inner ring rotation (misalignment)
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Point contact Linear contact

(2) Radial load with outer ring rotation

-
%

=

=

Linear contact

Point contact
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Figure 16.1 Rolling paths and how load is applied
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@®Technical Data @®Technical Data

*This technical data shows calculated values based on representative values, *This technical data shows calculated values based on representative values,
M NTN does not guarantee these values. NTN does not guarantee these values.
17. Technical data
17.1 Radial internal clearances vs. axial internal clearances
17.1.1 Deep groove ball bearings
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Fig. 17.1.1 Series 68 radial internal/axial Fig. 17.1.3 Series 60 radial in