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NTN “Ball and Roller Bearings Catalog”

Issue of CAT.No.2203-3/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. B I I d R I I B 2

The new general catalog has been entirely revised and edited so that the bearings a a n o er ea rl ngs

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

catalogs. 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.

The CAD data of products is available on the NTN website. See our website for details.
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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 (Fig. A through Fig. 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.

A-4

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.

fieyuauwiwoy
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Quter ring

Inner ring

Cage
Ball

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

Fig. E Tapered roller bearing

Fig. F Spherical roller bearing

Shaft raceway washer Shaft raceway washer

Housing raceway washer

Fig. H Thrust roller bearing

Housing raceway washer

Fig. G Thrust ball bearing

Fig. 1.1 Rolling bearing

A-5
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@ Deep groove ball bearings :--«:«:---eeeeeenees B- 17 @ Four-row cylindrical roller bearings «:----eeeeeeeemmensiiinnnnnnns C-18
@ Angular contact ball bearings 1) ««--eeeeeee B- 57 m Four-row tapered roller bearings «:«:«:-:ssseeeeeieeneriiiininniinnne C-32
Radial ball @ E::rllenxgiq)gu'ar contactball ... B- 57 @ Ultra-thin section type ball bearings .................................. C-56
bearings ] ] - ]
@ Four-point contact ball bearings ----«------+: B- 58 @ SL type cylindrical roller bearings ««----sseeerseemmrsisininniiennns C-64
@ Double row angular contact ball | B- 59 W ULTAGE™ series e 2
bearings Sealed four-row tapered roller bearings for rolling mill roll necks [CROU-LL type]
. . ULTAGE™ series
Ball ) @ Self-aligning ball bearings «:««w-eeeseeees B- 79 @ Sealed spherical roller bearings [WA type] "~ C- 6
bearings Special
’—@‘ Ball bearings for bearing units 2) application @ USRS o -+ C-10
bzgrings Spherical roller bearings with high-strength cage [EMA type]
@ ULTAGE™ series C14
] . i Deep groove ball bearings for high-speed servo motors [MA type]
Thrust ball % Single direction thrust ball bearings ------- B-253 @ ULTAGE™ series C-74
bearings % Double direction angular contact thrust Precision rolling bearings for machine tools
ings 1 Y]
glllbeilE-E) @) Bearings for special environments «««-««seseessenieninnniaiens C-74
@ High speed duplex angular contact ball —
1) ) .
bearings 1) (for axial load) @ Rubber molded bearings « - essseeessseessseessssessssessnsesans c-74
Rollin R . ies i S — -
bearinggs @ Cylindrical roller bearings -« ------seeseeees B- 93 @ @ MEGAOHM™ series insulated bearings C=75
@ Double row cylindrical roller @1 CIULCRES +++erseereererseeeeneessensensassensessessessassessessessessessessessesnes C-75
NS A AGPAMUEVIEEN TSN 00 000000000000000 B- 94
bearings )
Radial roller
bearings E Needle roller bearings 4Y) auooonoooooononcounooo00n E- 2
@ Tapered roller bearings 1) anoosoaoososoooanonooo B-127 Linear ball bearings 4)
i Linear motion . -
[% Double row tapered roller bearings - B-128 bearings — Linear roller bearings 4
Roller
bearings @ Spherical roller bearings -+ «sssseeseseanenes B-211 f000oonoos Linear flat roller bearings 4
H:H Thrust cylindrical roller bearings4) ««-««xe E- 2
Thrust roller
bearings H:l: Thrust needle roller bearings 4) «««««-e-eeee- E- 2
m Thrust tapered roller bearings 3) Note: 1) See Precision Rolling Bearings (CAT. No. 2260/E) for bearings of JIS Class 5 or above.
2) See Bearing Units (CAT. No. 2400/E).
m Thrust Spherica| roller bearings ............... B-254 3) See LARGE BEARINGS (CAT. No. 2250/E).
4) See Needle Roller Bearings (CAT. No. 2300/E).
Remarks: 1. ULTAGE is a trademark of NTN (Japan Trademark Number 4635022)
Fig. 1.2 Classification of rolling bearings 2. MEGAOHM is a trademark of NTN (European Union Trademark Number 003178531)
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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.

A-8

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

@ Classification and Characteristics of Rolling Bearings
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Ball bearing Roller bearing
) 1 | O
o~ o~

2a 4

Point contact
Contact surface is oval
when a load is applied.

Linear contact
Contact surface is
generally rectangular
when a load is applied.

sonsuaeIRYD)

Because of point
contact, where there is
little rolling resistance,
ball bearings are suitable
for low torque and high-
speed applications.
They also have superior
acoustic characteristics.

Because of linear
contact, rotational
torque is higher for roller
bearings than for ball
bearings, but rigidity is
also higher.

£fydeded peo

Load capacity is lower for
ball bearings, but radial
bearings are capable of
bearing loads in both the
radial and axial direction.

Load capacity is higher
for rolling bearings.
Cylindrical roller
bearings equipped with
a lip can bear slight
axial loads. Combining
tapered roller bearings
in pairs enables the
bearings to bear an axial
load in both directions.

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
(see 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.

o —or @@
i g  —

t f

(a) Radial Ioad (b) Axial load (c) Moment load
F; F,

Fig. 1.4 Types of load

A-9

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| tynezz typeLLB | typelLU | typelLH

2inynis
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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 (see 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
(see 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 (see 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.

Table 1.3 Contact angle and codes

Contact angle

NTN

Contact angle and contact angle codes

Contact angle 15° 30° 40°
Contact angle c AD B
code

1) Contact angle code has been abbreviated as "A".

Table 1.4 Configuration of double row
angular contact ball bearings

Type A Non-contact| Contact
and | Open type i;:i‘?zd sealed sealed
code typeLLM | typelLLD
(%2}
£
(v}

Table 1.5 Combinations of duplex angular

contact ball bearings

Type | Back-to-back | Face-to-face Tandem
and | arrangement | arrangement | arrangement
code DB DF DT

@

c

a

5

N R Ly

£ : Distance between load centers

@ Classification and Characteristics of Rolling Bearings
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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

Typel NUType NJ Type NUP Type

code

;i

24n3onJ3S

NH Type
(NJ HJ)

Type

ol N Type NF Type

e

2innas

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. However, after assembly
the clearance is 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 carburizing (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.

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
ULTAGE™ series

Type

Type EA Type EM Type EM (large size)
¢ B0 | B0 | EO
c
[}
=
o

Type B Type C Type 213

=
ainpnis | J
®

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

Type Single direction thrust Thrust needle roller
yP ball bearings bearings
) AXK type
c
a % AS type raceway washer
c ;
o ' !
GS/WS type raceway washer
T Thrust cylindrical roller| Thrust spherical roller
P bearings bearings
()
(2} N \
o
Allowable |
angle ~H-

@ Classification and Characteristics of Rolling Bearings
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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

B 1506 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 special catalog “Needle Roller
Bearings (CAT. No. 2300/E)".

Table 1.9 Main types of needle roller bearings

Type Needle roller bearing with cage

2in3dnas
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Bearing unit

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
setscrew.

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 outside diameter
of the bearing is spherical just like the bore
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 special catalog "Bearing
Units (CAT. No. 2400/E)".

Grease fitting

Housing

2in3dnays

<
el
[}

2in3dnays

Fig. 1.6 Bearing unit with grease fitting
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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.

® Bearing Selection

NTN

Select bearing’s Select cage type

v

internal

clearance and material

Select lubricant,
lubrication method, ) special bearing
sealing method

Select any N Confirm handling

specifications procedures

o
8 | Confirm operating Select bearing Select bearing Select bearing
Bl | conditions and typeand dimensions i tolerances
S | operating environment configuration
@Function and construction ®Dimensional limitations ®Design life of components @Shaft runout tolerances
of components to house (refer to page insert-*A-46)  to house bearings (refer to page insert:--A-54)
bearings @®Bearing load (refer to page insert---A-27)  @Rotational speed
(magnitude,direction,vibration; @®Dynamic/static equivalent (refer to page insert--A-106)
X X . presence of shock load) Y . a pag .
@Bearing mounting location (refer to page insert--A-34) load conditions @Torque fluctuation
o @®Rotational speed (refer to page insert---A-41)
o ®Bearingload (refer to page insert--A-106) ~ @Safety factor
a' (direction and magnitude) @Bearing tolerances (refer to page insert---A-31)
g' .R(reéer to page insert-A-54)  @Allowable Speed
: igidity f /i

9' @Rotational speed (A"ITfe" té’l page ilrjnsertu-A—lfOl) .Afﬂzf;;t;:z:i?;rls:;; A-106)
g @ Vibration and shock load .mnoev;//z;mee;ﬁrli;ag\sgnment ° (refer to page insert---A-31)
= (refer to page insert---A-149) ~ @Allowable space
@  @Bearing temperature @Friction torque (refer to page insert--A-46)
é (Ambient temperature/ (refer to page insert---A-110)

temperature rise)

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

@®Bearing arrangement
(fixed side, floating side)
(refer to page insert--A-17)
@Installation and disassembly
requirements
(refer to page insert:::A-152)
@®Bearing availability and cost

o

®Material and shape of @®Rotational speed
shaft and housing (refer to page insert--A-106)

(refer to page insert--A-146) ~ @Noise level @®Rotational speed (high/low (refer to page insert--A-148)
@®Bearing Fits @ Vibration and shock (refer to page insert:+-A-106) temperature, @ |nstallation and

(refer to page insert::-A-75) load @ Lubrication type and vacuum, disassembly procedures
@®Temperature ®Momentary load method pharmaceutical, (refer to page insert--A-152)

differential between @ Lubrication type and (refer to page insert--A-111) etc.)

inner/outer rings method @®Sealing method @®Requirement for

(refer to page insert-:+A-92) (refer to page insert--A-111)
®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)

@®Operating temperature
(refer to page insert--A-164)

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

inspection

(refer to page insert:-A-164)

®|nstallation-related
dimensions

®Operating
environment

high reliability

(1) Dimensional limitations

uoizean8iyuod pue adA} Sulieaq Jo uodseS

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 rigidity. This procedure is
commonly applied to deep groove ball bearings,
angular contact ball bearings, and tapered roller
bearings.

(6) Misalignment of inner and outer rings
Shaft flexure, variations in shaft or housing
accuracy, and fitting errors result in a certain
degree of misalignment between the bearing’s
inner and outer rings. 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 properties are advisable (see 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.

(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.

Allowable
misalignment

\
i

\ |
N /

==
/

Self-aligning
ball bearing

Spherical
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

fieyuauwiwoy

Bearing type Deep Angular Duplex | Double-row Self- Cylindrical | Single-rib | Double-ribs | Double-row | Needle
groove ball| contact angular angular aligning roller cylindrical | cylindrical | cylindrical | roller
bearings ball contact ball | contact ball ball bearings roller roller roller bearings

bearings | bearings | bearings | bearings bearings | bearings bearings
Characteristics @
Py Radial load
I
o
g Axial load
2 Both directions | One direction | Both directions | Both directions One direction
< | Combined load x

High speed rotation®)

Accuracy under high speed 1)

Low noise/vibration1)

Low friction torque D | ¢ v i/c

High rigidity 1)

Vibration/shock resistance 1)

Allowable misalignment
for inner/outer rings 1)

Stationary in axial direction2) | © OforDBand OF |

Movable in axial direction3)| © (OforDB

Separable of inner and

outer rings4)

Tapered bore inner ring5)

Duplex NU NJ NUP, NP, | NNU, NA t
Remarks arrangement ! ! o N ype
requirged N type NF type | NHtype | NN type
Reference page B-17 B-57 B-57 B-59 B-79 B-93 B-93 B-93 B-94 E-2

® Bearing Selection NTN
Tapered | Double-row, | Spherical Single Thrust Thrust Bearing type
roller 4-row roller direction | cylindrical | spherical
bearings |taperedroller| bearings | thrust ball roller roller
bearings bearings | bearings | bearings |Reference
page
Characteristics
Radial load Py
o
o
Axial load g
One direction | Both directions | Both directions | One direction | One direction | One direction 2
x x x Combinedload |< 1) 71 Particularly excellent
- - Excellent
A-106 | High speed rotation Highly possible
A-54 | Accuracy under high speed 1) Possible
-
bie — Low noise/vibration1)  Poor
A-110 | Low friction torque?  2) Oindicates dual direction.
_ High rigidity D ndicates single direction
axial movement only.
A-34 | Vibration/shock resistance 1)
A-149 | Allowable misalignment 3) Oindicates movement in
for inner/outer rings 1) the axial direction is possible
A-17 | Stationary in axial direction2) for the raceway surfa.ce; -
indicates movement in the
A-17 | Movablein axial direction®  axial direction is possible for
Separable of inner and the fitting surface of the outer
- outer rings4) ring or inner ring.
- i ing5)
‘ o A-147 | Tapered bore inner ring 4) Oindicates both inner ring and
Duplex Includin i
arrapngement thrust nged\e — Remarks outer ring are separable.
required roller bearings
B-128 5) Oindicates inner ring with
B-127 c-32 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)

NTN

® Bearing Selection
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NTN

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

Arrangement

Remarks

Application
(Reference)

C 10 [0

General arrangement for use in small machines.

. Preload is sometimes applied by placing a spring on the
outer ring side surface or inserting an adjusted shim.
(can be floating-side bearings.)

N

Small electric
motors,

small reduction
gears, etc.

QoL o
0 10

[N

. Back-to-back arrangement is preferable to face to face
arrangement when moment load applied.

. Able to support axial and radial loads; suitable for high-
speed rotation.

. Rigidity of shaft can be enhanced by providing preload.

N

w

Machine tool
spindles, etc.

0 (]

Capable of supporting heavy loads and impact loads.
Suitable if an inner and outer ring tight fit is required.

Care must be taken so axial clearance does not become too
small during operation.

W=

Construction
equipment,
mining equipment
sheaves, agitators,
etc.

=

Withstands heavy and shock loads. Wide range application.

Reduction gears,

Arrangement icati
g Remarks Application
Fixed side Floating side (Reference)
| - 1. General arrangement for small machinery. Small pumps,
2. For radial loads, but will also accept axial loads in some auto-mobile
degree. transmissions,
r etc.
| 1. Suitable when mounting error and shaft deflection are Medium-sized
minimal or used for high rotational speed application. electric motors,
2. Even with expansion and contraction of shaft, the floating ventilators, etc.
(7 side moves smoothly.
- | = 1. Relatively heavy radial loading and dual direction of axial Worm gears,
loading 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- machinery,
back fixed bearings. large reducers
(7 3. Requires high precision shafts and housings, and minimal
fitting errors.
1. Allows for shaft deflection and fitting errors. Conveyors
2. By using an adapter on long shafts without screws or
@ E shoulders, bearing mounting and dismounting can be
facilitated.
( O ( 0 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 Industrial
— = = shock load demands. machinery,
2. Allows for shaft deflection and fitting errors in some degree. | large reducers
—0 ( 3. Accepts radial loads as well as dual direction of axial loads in
some degree.
- J— 1. Accepts radial loads as well as dual direction axial loads in Industrial
some degree. machinery,
_O F 2. Suitable if an inner and outer ring tight fit is required. large reducers
1. Capable of handling large radial and axial loads at high Diesel
— 1 rotational speeds. locomotives,
2. Maintains clearance between the bearing’s outside diameter | carriage axles
D F and housing bore diameter to prevent deep groove ball

bearings from receiving radial loads.

i
i

2. Shaft rigidity can be enhanced by providing preload, but front and rear axle
make sure preload is not excessive. of automobiles,
3. Back-to-back arrangement for moment loads, and face-to- etc.
Back-to-back arrangerment face arrangement to alleviate fitting errors.
ack-to-back arrangeme 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
g (Reference)
1. When a fixing bearing is a duplex angular contact ball Vertically
bearing, the floating bearing should be a cylindrical roller mounted electric
bearing. motors, etc.

i

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 thrust spherical roller 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 spalling (flaking) of these
surfaces to occur. This spalling 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
spalling 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 spalling 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 spalling 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 (C;)" and “basic
dynamic axial load rating (C,)"

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 formula
(3.1) and formula (3.2).

For ball bearings : Lo = (%)3 --------- (3.1)
For roller bearings: L1g = (%)10/3 ...... (3.2)

Where:

Lyo: Basic rating life 106 revolutions

C : Basic dynamic load rating, N
Radial bearing C;
Thrust bearing C,

P : Dynamic equivalent load, N
Radial bearing Py
Thrust bearing P,

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

The relationship between rotational speed n
and speed factor f;, as well as the relationship
between life factor f}, and basic rating life Lo
are shown in Table 3.1 and Fig. 3.1.

@ Load Rating and Life
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Table 3.1 Bearing basic rating life, life factor, and speed factor

NTN

Division Ball bearing Roller bearing
Basic rating life 106 , C \3 10° , C \10/3
0 (=) =500/33 (=) =500 fu1o3
10h h 60n * P 60n * P
Life factor € €
Jn— Jo—
Ju P P
Speed factor ( 333 )1/3 ( 33.3 )3/10
fn n n
Ball bearing Roller bearing
n Ja Lion Jn n Ja Lion Ju
min™* h min* h
80000 — 54 80 000——,4°
60000 —- 0082 = 60000 —— 0.106 F=
= 009 60000 —" E3 60000 ——
40000 % —+ 45 40000 4~ 012 4
30000 210 E .
= 40000 — 30000 + 40000 —
20000 4 4 res +
012 30000 —& WD = 30000+ >°
15000 =+ ES 15000 < 0.16
E 014 f s 1 =
10000— 20000+ 10 000 —F- 018 20000 3
8000 — 0.16 - 5000+
+ i 3 —0.20
6000 % (13 Baw=e 6000 15000
i S 3 022
4000 — 0. 2 7
=2 10000 — #00073-024 44 go0— 25
3000 022 ES 3000 —— 0.26 =+
+024 8000 —-25 iE om 8000 —F
2000 % 456 E3 2000 =+
£ 6000 — o=
1500 = 0.28 3 AE— 6000
00 2 035 ¥ 2
loooi 4000 —=— 2 1000*77 ’ 40007’1.9
800 % 035 E Y 8003 o, EOT
600 3 04 3000 —%- 1.8 Gooi 3000—% 17
400 4 i 400 3 4 16
300 3 2000 = 16 200505 20003 15
I os o i
ES 1500 = 3
200 o6 14 200~ ¢ 1500— 14
150 — O = 13 150 — E13
3 1000 — = 1000—F
10 ==E 7 900 —F 1.2 100 97 S e 1.2
80+ 800 80— 800 —F
60— 08 700 £ 44 ok 0.8 700 —& 1.1
Tos 0T + 09 600 —¢
WIE 6 500 —— 10 40— 500 —F—1.0
0+ - 400 = 995 303 10 _+ 095
11 £ 090 £20
20— 1, N E $ 090
— 1 300 —f 0.85 20— 12 300 —f 085
15 £ 13 F-0.80 15— 45
=14 s = + 080
10 —5— 149 aw ==, 10 == 200——076

Note n : Rotational speed, min-1

Fig. 3.1 Bearing life rating scale

A-21
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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).
L= r (3.3)
(

1 1
e
Ly Ly Ly

Where:
L : Total basic rating life of entire unit, h
Ly, Ly-+-Ly: Basic rating life of individual
bearings 1,2, ---n, h
e 1e=10/9 e For ball bearings
e=9/8 e For roller bearings
When the load conditions vary at regular
intervals, the life can be given by formula (3.4).

$2

_( P
Lm=Cp+ Li

Where:
L : Total life of bearing, h
#j : Frequency of individual load
conditions (Z¢; = 1)
Lj : Life under individual conditions, h
If dynamic equivalent load P and rotational
speed n 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.

PN )
C—an (3.5)

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
required. In addition, bearing life may be
enhanced by the use of specialty bearing

NTN

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).

Lya=ai+ax+az = Lig e (3.6)
Where:

Lna : Adjusted rating life in millions of
revolutions (109)

a1 : Life adjustment factor for reliability

az  Life adjustment factor for special
bearing properties

as : Life adjustment factor for operating
conditions

3.3.1 Life adjustment factor for reliability a:
The value of life adjustment factor for
reliability a: 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 az.

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
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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 a:

Reliability % Ly Llfefzgjr:Tit:I;ﬁirl;f; 1C o
90 Lo 1.00
95 Ls 0.64
9% La 0.55
97 L3 0.47
8 1o 0.37
99 L1 0.25
99.2 Log 0.22
99.4 Lo.s 0.19
99.6 Lo4 0.16
99.8 Lo 0.12
99.9 Lo.i 0.093
99.92 L0.08 0.087
99.94 L0.06 0.080
99.95 Lo.os 0.077

Table 3.3 Treatment for dimensional
stabilization

Code | Max. operating Life adjustment factor for
oce 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 as 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 mm?2/s
or less for roller bearings as a standard)

@ Rotational speed is particularly low (when
the product of pitch diameter Dy mm and
rotational speed n min~1is Dpw -1 <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 < 1 is
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 formulas for determining
basic rating life (3.1, 3.2, and 3.6) do not apply
if P, exceeds either Cy; or 0.5C; for radial
bearings, or if P, exceeds 0.5C, for thrust
bearings.
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3.4 Modified rating life

3.4.1 Background
Adjusted rating life Ly, 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 ISO 281:2007.
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, JIS B 1518 was similarly revised in 2013.
Modified rating life Ly, using life
modification factor aiso can be obtained by
formula (3.7).

Lom = @1 @iso * L woeeeeeeeeemmeeeennes (37)

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).

ec Cy
Tl R (3.8)

aiso = f(

Where:

C,: 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, 1.5 GPa 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 Dy, average bearing diameter
(d + D)/2), filtration and seal structures
(including presence of pre-washing).

K : 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
x 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 vy of the
lubricant.

Reference dynamic viscosity vi depends on
rotational speed n and size (Dyy), and can be
obtained by Fig. 3.2 or formula (3.10) and
formula (3.11).

@ Load Rating and Life
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Table 3.4 Value of contamination factor ec

€c

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

Extreme cleanliness
Particle size of the order of lubricant 1 1
film thickness; laboratory conditions

High cleanliness

QOil 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 U5-03 |0E-04

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 with inadequate sealing

0.1-0 |0.1-0

Very severe contamination 0 0

v, mm2/s
1000
500 s
4
200 ™~ EO\\
S0 \
100 g %
50 ™
20 \
10 >~ ™
5 o~
. \ N Dypy, mm

10 20 50 100 200 500 1000 2000

Fig. 3.2 Diagram for reference dynamic
viscosity v1

In the case of n <1000 min-%,

vi = 45000 1083 DPW—O.S ............ (3.10)
In the case of n =1 000 min-1,
vi =4 500 n 05 DprO.S ................ (3.11)
A-25
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Fig. 3.3 shows the relationship among C,, /P,
ec, k 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) In the case of k¥ > 4, x = 4 shall be assumed.
The same approach does not apply in the
case of k < 0.1.

Diagrams for radial roller bearings, thrust
ball bearings, and thrust roller bearings have
also been presented (see Fig. 3.4 through
Fig. 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
50

2 //
: Vs

k=42 1080605

0.2
1
0,5% 0.15
///
wee
=T |
0.1 0.1
0.005 001 002 00501 02 05 1 2 5ecCy/P

Fig. 3.3 Life modification factor aiso
(radial ball bearing)
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aiso
K=42108

Z )
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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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0.005 001 002 005 01 02

1 2 5 ecCy/P

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

3.4.3 Applicable bearings of modified rating life
Fatigue load limit C, 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.

@ Load Rating and Life
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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 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)

. I Machine application and requisite life Lop %103 hours
Service classification
Upto 4 4to12 12 to 30 30 to 60 60 or more
Machines used for Household Farm machinery
short periods or used | appliances Office equipment

only occasionally

Electric hand tools

Short period or Medical Home Crane (sheaves)
intermittent use, but appliances air-conditioning
with high reliability Measuring motor
requirements instruments Construction
equipment
Elevators
Cranes
Machines not in Automobiles Small motors Machine Main gear drives
constant use, but used | Two-wheeled Buses/trucks spindles Rubber/plastic
for long periods vehicles General gear Industrial motors | Calender rolls
drives Crushers Printing
Woodworking Vibrating machines
machines screens
Machines in constant Roll neck of steel | Railway vehicle | Locomotive Papermaking
use over 8 hours a day mill axles axles machines
Escalators Air conditioners | Traction motors | Propulsion
Conveyors Large motors Mine hoists equipment for
Centrifuges Compressor Pressed marine vessels
pumps flywheels
24 hour continuous Water supply
operation, equipment
Mine drain

non-interruptible

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 also follows the Weibull
distribution while adhering to formula (3.1)
and formula (3.2) for life calculation and the
calculation formula for 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 Ly life of 90 %
reliability and the Ls 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. 3.7). Table 3.2
shows the latest a1 values after review.

10.000 90.000

5.000 Y. 95.000

//
//
1.000 // 99.000
II V4

S 0500 o 99.500
£ 4
2 : / S
z Diagram based on / <
© . =
'8 0100 ISO 281:1990 A \\ 99.900 E
b AN V4 4 ©
o \ 7 \ &
o 0.050 N\ = —1199.950 @
= \ Diagram based on [1]
= / ISO 281:2007 EEE

0.010 99.990

i |
] |
0.005 99.995
/!
/
/
0.001 / 99.999
0.001 0.010 0.100 1.000

Life adjustment factor for reliability a:

Fig. 3.7 Life adjustment factor for reliability a:
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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 = (Cy/ Py)?,
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.

NTN
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T x1073
Misalignment amount (mm/mm)

Fig. 3.8 Misalignment angle and life ratio of
deep groove ball bearing
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Fig. 3.9 Misalignment angle and life ratio of
cylindrical roller bearing

Light load

Normal load

Heavy load

fieyuauwiwoy



Commentary

©® Load Rating and Life

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 [see Fig. 3.11], load distribution
& < 0.5 holds. The maximum rolling element
load becomes larger than when the
bearing clearance is zero [see Fig. 3.10].

[Load factor ¢ and conceptual diagram]

Fig.3.10
=05 y=+90°
Radial clearance 0

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

Fig.3.12
05<¢ <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

o

o os

S o

o

B 06

2

- 04
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
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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 Co; or Coq
respectively and is provided in the bearing
dimensions table.

3.10 Allowable static equivalent load

Generally the static equivalent load which can
be permitted (refer to 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: Copa

Py: Static equivalent load, N
Radial bearing: Py,
Thrust bearing: Pog

Table 3.6 Minimum safety factor values S

Operating conditions beBa?'!Lg b':‘;uﬁ:g
Applications that require quiet rotation 2 3
Applications subjected to impact loads 1.5 3
Normal rotation applications 1 1.5

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

2. For drawn cup needle roller bearings, min. Sp value = 3.
However, for HK-F type®) 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 Pg max value.

4. If a large 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. Sq value = 3.

1) For details, see the special catalog “"HK-F Type Drawn Cup
Needle Roller Bearings (CAT.N0.3029/JE)".

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 Pyax < 4 200 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
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(2) Tapered roller bearing (see 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 a.
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
bearing a radial load (F;) and a certain degree
of axial load (F3). Unlike basic dynamic load
ratings based on rolling fatigue, allowable
axial load (Fa max) is defined by the following
two methods. When determining the actual
allowable axial load, the smaller value out of
P; and F,; determined with formula (3.13) and
formula (3.14) respectively, is used.

(MAllowable axial load P; based on allowable
surface pressure of rib

This is the allowable axial load that is

determined by factors such as the amount

NTN

of heat produced on the sliding surface
between the ends of the rollers and rib,
seizure and wear. The surface pressure on rib
defines the amount of axial load which can
be applied to the bearing through the center
line. The allowable axial load is approximately
determined by formula (3.13), which is based
upon experience and testing.
Pi=ky - d? - Py e (3.13)
Where:
P; : Allowable axial load based on
allowable surface pressure of rib, N
k1 : Factor determined by internal design
of bearing (see Table 3.7)
d : Bearing bore diameter, mm
P, Allowable surface pressure of rib, MPa
(see Fig. 3.16)

@Allowable axial load Fy; based on radial load
If the ratio of the axial load to the radial load
is large, the rollers will not rotate properly. The
allowable axial load F,r based on the radial
load is determined by formula (3.14).

Far=ky + Fp woeveeveeneein (3.14)
Where:
F,: Allowable axial load based on radial
load, N

ky : Factor determined by internal design
of bearing (see Table 3.7)
F; : Radial load, N

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

@ Load Rating and Life
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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.

200 T

1
Grease\ubrlcanon__ ‘ Pri ‘ ilv oil lubricati
or oil lubrication T Primarily oil lubrication

---- Grease lubrication

150 4

100 4

50

Allowable surface pressure P, MPa

0 5 10 15 20 25 30
Dpyy - n x10% mm - min-t
Dyy: Roller pitch diameter, mm
D,y = (Bearing bore diameter +
bearing outside diameter)/2, mm
n: Rotational speed, min-1t

Fig. 3.16 Allowable surface pressure of rib
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Table 3.7 Factors k1 and k»

Bearing series k1 k>
NJ, NUP10
NJ, NUP, NF, NH2 0.040 0.4
NJ, NUP, NH22
NJ, NUP, NF, NH3
NJ, NUP, NH23 DS as
NJ, NUP, NH2EA (E)
NJ, NUP, NH22EA (E) DO o
NJ, NUP, NH3EA (E)
NJ, NUP, NH23EA (E) DO o
NJ, NUP, NH4 0.100 04
SL01-48 0.022 0.2
SLO1-49 0.034 0.2
SL04-50 0.044 02

Note: EA type and E type have the same value.

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).
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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 = fyy * K¢ wovermemmensesinnssne, (4.1)

Where:

K : Actual shaft load, N

fw : Load factor (see Table 4.1)

K, : Theoretically calculated value, N

Table 4.1 Load factor fy

Amount of
shock fw

Machine application examples

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

Railway vehicles, automobiles,
rolling mills, metal working

1.2 to | machines, paper making

1.5 machines, printing machines,
aircraft, textile machines, electrical
units, office machines.

Light shock

.5 to | Crushers, agricultural equipment,
.0 construction equipment, cranes.

Heavy shock %

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 (Ky), radial (Ks), and axial (K,). The
magnitude and 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 through Fig. 4.3.

Fig. 4.2 Helical gear loads

K¢

K: : Ky

® Bearing Load Calculation
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Loads acting on gears are obtained from
formula (4.2) through formula (4.6).

Formula (4.2) describes the gear load in
the tangential direction when the shaft input
torque is known

Formula (4.3) describes the gear load in
the tangential direction when the transmitted
power is known

6.
K= 191x10°-H (4.3)
Dy n
K=K - tan a (Spur gear) - (4.4a)
tan a .
=K osf (Helical gear) -+ (4.4b)
Ke=a K2+ K2 oooeeoeenesnnnennennens (4.5)
Ka=K; - tan g (Helical gear) - (4.6)
Where:

K : Tangential gear load (tangential force), N

K : Radial gear load (separating force), N

K; : Right angle shaft load (Combined
radial load, resultant force of tangential
force and separating force), N

K, : Parallel shaft load (axial load), N

T :Inputtorque, N - mm

H : Transmitted force, kW

n : Rotational speed, min-1

Dy Gear pitch circle diameter, mm

a : Gear pressure angle, °

£ :Helix angle, °

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 1 as
shown in Table 4.2.

Table 4.2 Gear factor f,

Gear type I

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

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

(2) Loads acting on cross shafts
Gear loads acting on straight tooth bevel gears
and spiral bevel gears on cross shafts are
shown in Fig. 4.4 and Fig. 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 g = 0.
The symbols and units used in Table 4.3 are
as follows:
K :Tangential gear load (tangential force), N
Ks :Radial gear load (separating force), N
K, : Parallel shaft load (axial load), N
H : Transmitted power, kW
n : Rotational speed, min-1
Dpm: Mean pitch circle diameter, mm
: Gear pressure angle, °
: Helix angle, ©
: Pitch cone angle, °

™ R

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

Kip = Kpg wrorreemersersessnssnssinsnns 4.7
Kap = Kig +wovoeesssserssmsssssssssisssnnninns (4.8)
Where:

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 (K3) 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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Fig. 4.4 Loads on bevel gears Fig.

Table 4.3 Loads acting on bevel gears

NTN

4.5 Bevel gear diagram

Rotation direction Clockwise Counter clockwise Clockwise Counter clockwise
Types of load
Helix direction Right Left Left Right
. . 19.1 x 10°- H
Tangential load (tangential force) Kt ==
Dpm - n
Driving side K=K [tana cosd +tang siné] Ks =K [tana aesd - tang siné]
Radial load cosfp cosfs
(separation force) Kg
, ) cosd ; Cosd )
Driven side K5=Kt[tana e -tanp smé] K5=Kt[tana = +tang sm&]
Driving side Ky =K [ tana Sl tanf cosd ] Ky =K [ tana i) +tanf cosé]
Parallel load on gear cosfp cosfs
shaft (axial load) Kj, . .
) ) sind sind
Driven side K, =K [tana ey +tang cosé] K, =K [tana = - tang cosé]
(3) Load acting on hypoid gears Where:
A hypoid gear is a spiral bevel gear that K : Tangential gear load (tangential force), N
transmits power by offset shafts. Fig. 4.6 K : Radial gear load (separating force), N
shows the load acting on a hypoid gear, and K, : Parallel shaft load (axial load), N
Table 4.4 shows the calculation method. H : Transmitted force, kW

n : Rotational speed, min-1

Dy Gear
o : Gear
£ Helix

driven sh

mean pitch circle diameter, mm
pressure angle, °
angle, °

d1 : Tooth tip cone angle, °
07 : Tooth bottom cone angle, °
* The driving shaft has a subscript p, and the

aft has a subscript g.
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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) Kg

Driving shaft

Formula (4.11)

Formula (4.12)

Driven shaft

Formula (4.13)

Formula (4.14)

Parallel load on gear shaft

Driving shaft

Formula (4.15)

Formula (4.16)

(axial load) Ka Driven shaft Formula (4.17) Formula (4.18)
4) Load acting on worm gears
191 x 106H “) ne 8 _
K= T (4.9) A worm gear is a gear made by combining a
pmp TP worm (screw gear) and a worm wheel (helical
ear). The gear direction differs depending on
191 x 106H _ cosfle gean). The gear dir pencing
Kig = D Py cosp tp (4.10) the rotation direction and the screw direction
pmg T P (right screw, left screw) of the worm shaft.
% Fig. 4.8 shows the direction of loads acting on
sp= i (tanay cosdip+sing, sindyp) -+~ (4.11) the gear, and Table 4.5 shows the calculation
cospp
method of the loads.
Kip ) )
Ksp= vy (tanay cosdip=sinfy sindip) -+ (4.12)
P
so = Kig (tanag cosdpg-sinfy sindg)--- (4.13)
¢ Cosfpy g g 3 g
o= Kig (tanag cosdagtsinfy sindag) -+ (4.14)
g Cosfe g g g g
K :ﬁ(tana sindip-sinfy cosdyy)--- (4.15)
P Cosp, P p P p
Kip , , .
Kap = —2— (tanay sindjp+singp cosdip) -+ (4.16) Fig. 4.7 Worm gears
cospp
K K; : Tangential gear load (tangential force), N
Kag = ﬁ (tanag sindag+sinfy cosdag) -~ (4.17) K : Radial gear load (separating force), N
£ K, : Parallel shaft load (axial load), N
1% H : Transmitted force, kW
ag = g (tanag sindag-sinfly cosdag) -+ (4.18) n : Rotational speed, min~1
cosflg

Dy : Gear mean pitch circle diameter, mm

a : Gear pressure angle, °

y :Worm lead angle, °

* The worm shaft has a subscript w, and the
worm gear has a subscript h.
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Right screw, clockwise
Ksw Ksw
\

a

Left screw, clockwise

dah

Right screw, counter

Left screw, counter
KSW KSW
A

@
w7

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
Tangential load _19.1x10°H K
(tangential force) K Kiw = nDpy Kin tany Kaw
Radial load Koo Kiwtana Ka = Kiw tana
(separating force) K W tany <t tany OV
Parallel load on gear Kitw
shaft (axial load) K, Kaw = tany Kah = Ktw

® Bearing Load Calculation
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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.

_19.1x105- H

K;
t Dp-n

Where:
K : Sprocket/pulley tangential load, N
H : Transmitted power, kW
Dy: Sprocket/pulley pitch diameter, mm
n : Rotational speed, min-1

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.

Ke=fio o Kpoooveerrmr, (4.20)

Where:

K : Sprocket or pulley radial load, N
/b : Chain or belt factor (see Table 4.6)

Table 4.6 Chain or belt factor f},

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

(o3 i

\ K,

F, -
2 TenSIon side

Fig. 4.9 Chain/ belt loads

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 formula
(4.21) and formula (4.22).

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

complicated.
a+b d
For = F Fq ceeeeeeennnnns 4.21
== Fre - FI (4.21)
-_ 4 C P i
Fig = b Fi+ oid F1 (4.22)
Where:

Fia : Radial load on bearing A, N
FiB : Radial load on bearing B, N
F1, F1: Radial load on shaft, N

If directions of radial load differ, the
vector sum of each respective load must be
determined.

a | b |
%earingA %earing B
( T T
0 Fia ] Fi
TR LB
c——d
Fig. 4.10



Commentary

® Bearing Load Calculation

NTN

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 (Fin). This
is a load which gives bearings the same life
they would have under constant operating
conditions.

(1) Fluctuating stepped load (see Fig. 4.11)
The mean bearing load, Fyy, for stepped loads
is calculated from formula (4.23). Fy, Fr - Fy
are the loads acting on the bearing; ny, ny -
npand ¢y, tp - ty are the bearing speeds and
operating times respectively.

T (Fi? njti) ] 1/p

Fm:[ z (niti)

Where:
p=3 For ball bearings
p =10/3 For roller bearings

H
N Fi

M Fim

Fo

nyty | naty N In

Fig. 4.11 Stepped load

(2) Continuously fluctuating load

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

1

lo

1
Fn=[—=1"% F@) a] " e (4.24)
Where:
p=3 For ball bearings
p=10/3 For roller bearings
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F(5)

LN\ P N

\/

0 s Do t

Fig. 4.12 Load that fluctuated as function of time

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

_ Fnin + 2Fmax

F
" 3

Fmax Fo | |

Fig. 4.13 Linear fluctuating load

(4) Sinusoidal fluctuating load (see Fig. 4.14)
The mean load, Fy,, can be approximated by
formula (4.26) and formula (4.27).
Case () Fin = 0.75 Fmax
Case (b) Fiy = 0.65 Fiax

F

VAVYANA

v

©) !

Fmar———f\ - /\
\/ \

(b) !
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=XFp+ YFy oeeeeeeeeseenenininis (4.28)
Where:
P;: Dynamic equivalent radial load, N
Fy: Actual radial load, N
F,: 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 a
contact angle of 90° cannot carry radial loads.
However, thrust spherical roller bearings
can accept some radial load. The dynamic
equivalent axial load for these bearings is given
in formula (4.29).
Pa=Fat 12F, coininiin, (4.29)
Where:
P,: Dynamic equivalent axial load, N
Fa: Actual axial load, N
F;: Actual radial load, N
Provided that F; / F3 < 0.55 only.

4.4.2 Static equivalent load
The static equivalent load is a hypothetical
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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 formula (4.31). The greater of the two
resultant values is always taken for Py,.

Por=Xo Fr+ Yo Fy woooveeereemeeeiennens (4.30)
Pop = Fy ooveeeeeeessssnnsss (4.31)
Where

Py, Static equivalent radial load, N
F; : Actual radial load, N
F, : Actual axial load, N
Xo : Static radial load factor
Yo : Static axial load factor
The values for Xy and Yy are given in the
respective bearing tables.

(2) Static equivalent axial load
For thrust spherical roller bearings the static
equivalent axial load is expressed by formula
(4.32).
Poa = Fa+ 2.7Fy e, (4.32)
Where:
Poa: Static equivalent axial load, N
F, : Actual axial load, N
F; : Actual radial load, N
Provided that Fy / F, < 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
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center) is 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:
F,: Axial component force, N
F; : Actual radial load, N
Y : Axial load factor
The axial loads for these bearing pairs
are given in Table 4.7.

a ~—a—

Angular contact ball Tapered roller bearing

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
Rear Dr81  Bragm FaI:O'?FrH +F,
0.5F;1 < 0.5F1 +F, I
Y1 Yn
Front DBrgr  Brgi -
0.5F;1 S 0.5F1 +F,
Y1 Y1 7 O5Fu
all— YI a
Rear Brgi1 Brgn
O.iFr]I B O.iFrI +F,
I I
Fal= 0.5F;1 +F,
Y1
Front Brgn  Brgi Fa1= OE/FrH _F,
0.5F,1 S 0.5F;1 +F, I
Y1 Y1

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
Lion for deep groove ball bearing 6208
operating at rotational speed n = 650 min~1,
with a radial load F; of 3.2 kN?

From formula (4.28) the dynamic equivalent

radial load P;:
Py =Fy=3.2kN

Basic dynamic load rating C; for bearing
6208 given on page B-26is 32.5 kN, ball
bearing speed factor f;, relative to rotational
speed n = 650 min~1 from Fig. 3.1 is f;, = 0.37.
Thus life factor f}, from formula (3.5) is:

_r G _ 32.5 _
So=faph=037x32>=376

Therefore, with fj, = 3.76 from Fig. 3.1 the
rated life, Lion, is approximately 27 000 hours.

(Example 2)

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

To find the dynamic equivalent radial load
value for Py, the radial load factor X, axial load
factor Y, and Constant e are used.
Basic static load rating Co, for bearing 6208
given on page B-26is 17.8 kN and fj is 14.0.
A-43

Therefore:

forFa 14x1.8

Cor ~ 178 1%

Calculated by the proportional interpolation
method given on B-27, ¢ = 0.30.
For the operating radial load and axial load:
%:%:0.56 > =030
From B-27, X=0.56and Y = 1.44,
and from formula (4.28) the dynamic
equivalent radial load, Py, is:
Pr=XF + YF,
=056x32+144x18
=4.38 kN
From Fig. 3.1 and Table 3.1 the life factor,

Jh, st

32.5

438 - 275

., C
fh:fn?::OS?x

Therefore, with life factor f}, = 2.75, from
Fig. 3.1 the rated life, Lion, 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~2, with a
radial load F; of 200 kN, and which must
have a life (L1on) of over 20 000 hours.

From Fig. 3.1 the life factor
fn=3.02 (L1on at 20 000), and the speed factor
fn=0.46 (n = 450 min-1). To find the required
basic dynamic load rating, Cy, formula (3.5) is
used.
_/n 3.02

= Pr=g g X 200= 1313 kN
o .

Cr

From page B-108, the smallest bearing that
fulfills all the requirements is NU2332E
(Cr=1460 kN).
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(Example 4)

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

a = 20°) is supported by a pair of tapered
roller bearings, 32907XU (C; = 30.5 kN)
and 32908XU (C; = 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 E* Bearing II

(32907xU) ‘

|
—70 iiooa

170

(32908xU)

150

Fig. 4.16 Spur gear diagram

The gear load from formula (4.3), formula
(4.43) and formula (4.5) is:

_191x 106 -/ _ 19100000 x 150

K Dp-n  150x2000
=9.55kN

Ks=K; - tana = 9.55 x tan20°
=3.48 kN

K= VK2 + K2 =4/ 9.552 + 3.482
=10.16 kN

The radial loads for bearings Tand 1 are:
100 100
FrI m Kr—ﬁx 10.16 = 5.98 kN
_ 70 _ 70 B
Fr1 =370 Ky = 170 X 10.16 =4.18 N
O'?};'I 1.45 > 0'5% =1.01 Therefore,

The axial loads for bearing T and Il are:
F,1 =0kN

_05F1 _ 0.5%x598

YI © 206 1.45kN

Fan

From page B-137, the dynamic equivalent
radial load for bearing 1 is:
Fa1 0

Fop :@:O<€=O.29

Py1 =Fr1 =5.98kN

Equally, the dynamic equivalent radial load
for bearing Iis:
Far 145

Fr]] —m=035 >e=0.29

Prn =XFrn + Y1 Fan
=04x4.18+2.07x1.45
=4.67 kN

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

fal =/ gf; =0.293 x 30.5/5.98 = 1.49
T
. G B
JhI =/n P 0.293x36.0/4.67=2.26
T

Therefore, from Table 3.1
Lp1 =500 /K1 =1 900 hours
Ly =500 /hn = 7 550 hours
The combined system bearing life, Ly, from
formula (3.3) is:

1
Lp= ——
T 1 e
[e+]
Ln1®  Lp2°
_ 1
[ 1 + 1 ] 8/9
190098 755098
=1600 hours
(Example 5)

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

® Bearing Load Calculation
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Table 4.8

Condition | Operating | Radial load | Axial load | Rotational
No. time speed
1 i Fii Faj 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, Py, for
each operating condition is found by using
formula (4.28) and shown in Table 4.9.
Because all the values for Fyj and F,i from the
bearing tables are greater than F, / Fy > e = 0.17,
X=067Y,=581

Pri = XFyi+ Yy Faj = 0.67F;i + 5.81F,;

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

PN G RN DI R
Z (ni - ¢i)
Table 4.9
Condition No. | Dynamic equivalent radial load.
i Pri (kN)
1 18.3
2 313
3 48.3
4 57.4
5 78.2
(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 F; = 10 kN

Rotational speed n = 2 000 min-1
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Radial load F;is 10 kN, and
Pr=F=10kN

The speed factor of cylindrical roller bearing,
fn,atn=2000min"1, from Table 3.1

33.3 ] 3/10

=] 5000 =0.293

The life factor, f},, from Table 3.1

137

fh=0.293 x 10

=4.01

Therefore the basic rated life, Ligp , from

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

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

First, calculate allowable axial load P; based
on allowable surface pressure of rib. In formula
(3.13) on page A-32, according to NUP312 in
Table 3.7 on page A-33, k1 = 0.065,

Dpw = (60 +130) / 2 = 95 mm, rotational
speed n = 2 000 min~1.

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

Dpw * nx 104 =19 x 104

In Fig. 3.16 on page A-33, Dpy, * n x 104 =19 x 104,
In the case of the intermittent axial load, allowable
surface pressure of rib is P, = 40 MPa.

Therefore, P is calculated as follows.

P¢=0.065x602x 40 =9360N

Next, calculate allowable axial load Fur
based on the radial load. In formula (3.14) on
page A-32, according to NUP312 in Table 3.7
on page A-33, k» = 0.4.

Based on radial load F; = 10 000 N, Fy is
calculated as follows.

Far=0.4x 10000 =4 000N

To actually calculate allowable axial load
Fa max, of Py and Fa, calculated above, employ
a smaller value.

Therefore, based on Py=9 360 N > F,: =4 000 N,
Fa max is calculated as follows.

Famax =4 000N

g
E
E
2
3
£}
=
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5. Boundary dimensions and bearing number codes

5.1 Boundary dimensions

A rolling bearing’s major dimensions, known as
"boundary dimensions”, are shown in Fig. 5.1
through Fig. 5.3. To facilitate international
bearing interchangeability and economical
bearing production, bearing boundary
dimensions have been standardized by the
International Organization for Standardization
(ISO). In Japan, rolling bearing boundary
dimensions are regulated by Japanese
Industrial Standards (JIS B 1512 series).

Boundary dimensions which have been
standardized include: bearing bore diameter,
outside diameter, width/height, and chamfer
dimensions - all important dimensions when
considering the compatibility of shafts,
bearings, and housings. However, as a general
rule, bearing internal construction dimensions
are not covered by these standards.

For metric series rolling bearings there are
90 standardized bore diameters (d) ranging in
size from 0.6 to 2 500 mm.

Outside diameter dimensions (D) for radial
bearings with standardized bore diameter
dimensions are covered in the “"diameter
series”; their corresponding width dimensions
(B) are covered in the "width series”. For thrust
bearings there is no width series; instead,
these dimensions are covered in the “height
series”. The combination of all these series
is known as the “dimension series”. All series
numbers are shown in Table 5.1.

Although many rolling bearing dimensions
are standardized and have been listed here for
purposes of future standardization, there are
many standard bearing dimensions which are
not presently manufactured.

Boundary dimensions for radial bearings
and thrust bearings are shown in the attached
tables (refer to page H-2 through page H-19).
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Fig. 5.1 Radial bearings (excluding tapered
roller bearings)

—— T —

5
e

T gagp

L%

Fig. 5.2 Tapered roller bearings

pdy
—gd—
Il {4“‘7
f L
T \ ,
| ; \—t
R
éD

Fig. 5.3 Single direction thrust bearings

® Boundary Dimensions and Bearing Number Codes

fieyuauwiwoy

Table 5.1 Dimension series numbers
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Dimension series
Diameter series Width series Height series Reference
(outside diameter dimensions) (width dimensions) | (height dimensions) | diagram
Radial bearings Code 7.89.0.1.2.34 8.0.1.2.3.45.6
(excluding tapered roller Fig. 5.4
bearings) Dimension | Small «—— Large | Small «<— Large
Code 9.0.1. 2. 3 0.1.2 3
Tapered roller bearings Fig. 5.5
Dimension | Small «— Large Small «— Large
Code 0.1.2 3. 4 7.9.1.2
Thrust bearings =~ |- - Fig. 5.6
Dimension | Small «— Large Small «— Large
Width —— 8 0 1 2 3 4 5 6
series 4
3
Diameter | 2
series i
O T
9 T T T T ) ) ]
8 11 il 1T N I 11 )
e B ERRE B ] ] N
imension 0 gl | Slam| o |lov o = o | ™ 0O N 0o o 0 0 O
series Noo oooL oo @‘ i OON‘\—(N o N oom‘ Hm o SIS IS S S wnwnwn O O O
L=l S Ll [ISUSL i@ ] I L RN

Fig. 5.4 Dimension series for radial bearings (excluding tapered roller bearings; diameter series 7

has been omitted)

3
Diameter | 2 N /<
series (1) ) — A
- ? o
9 e \—w = i
on 2 A1
i 2
width | ] 1]
series o~ o~ ] o~ ™m o - N
A NN i 11
Fig. 5.5 Dimension series for tapered roller bearings (based on JIS B 1534)
Height ——— 7 9 1 2
series 4
Diameter g
series 1
0 ] I
< | o
Dimension N~| I~ o o
series ol ¥ o < O™ < INE ~
'T"T i ﬂ”‘ﬂ” LTTTT Y ©_a i

Fig. 5.6 Dimension series for thrust bearings (excluding diameter series 5)
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5.2 Bearing numbers

Rolling bearing part numbers indicate bearing
type, dimensions, tolerances, internal
construction, and other related specifications.
Bearing numbers are comprised of a “basic
number” followed by “supplementary codes”
The makeup and order of bearing numbers is
shown in Table 5.2.

(Bearing number examples)

620577 C3/2AS
_D Grease: Alvania Grease S2
Radial internal clearance C3
Double side steel shield
Nominal bore diameter 25 mm

Diameter series 2
Deep groove ball bearing

7012BDB /GM P6
TToIerances JIS Class 6
Medium preload

Back-to-back arrangement
Contact angle 40°

Nominal bore diameter 60 mm
Diameter series O

Angular contact ball bearing

NU320G1C3

Radial internal clearance C3

High strength machined brass
rivetless cage with square holes

Nominal bore diameter 100 mm
Diameter series 3

Cylindrical roller bearing
NU type

4T-30208

J Nominal bore diameter 40 mm
Diameter series 2
Width series O

Tapered roller bearing
Spec. 4T

The basic number indicates general
information about a bearing, such as its
fundamental type, boundary dimensions,
series number, bore diameter code and
contact angle. The supplementary codes
derive from prefixes and suffixes which
indicate a bearing’s tolerances, internal
clearances, and related specifications.

23034EAD1

—LWith oil inlet and oil groove
ULTAGE™ series
window type pressed steel cage
Nominal bore diameter 170 mm
Diameter series O
Width series 3

Spherical roller bearing

240/750 BK30

Bore diameter : tapered inner
ring bore, standard taper
ratio 1:30

Type B

Nominal bore diameter 750 mm
Diameter series O

Width series 4

Spherical roller bearing

51120L1P5

—LTolerances JIS Class 5
High strength, machined
brass cage
Nominal bore diameter 100 mm
Diameter series 1
Height series 1

Single direction thrust ball bearing
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"ULTAGE™" (a name created from
the combination of “ultimate”, signifying
refinement, and “stage”, signifying NTN's
intention that this series of products be
employed in diverse applications) is the
general name for NTN'’s new generation of
bearings that are noted for their industry-
leading performance.
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Table 5.2 Bearing number composition and arrangement
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Supplementary prefix
code

Basic number

Bearing series

Dimension series code

Bore diameter code

Contact angle code

Supplementary suffix codes

Special application/ Bearing Bore
material/ series Width/height | Diameter .
heat treatment code code series 1) series Code d|arrr\‘1r$|ter Code?  Contactangle
4T- 4T tapered roller Deep groove ball bearings (type code 6) /0.6 0.6 | Angular contact ball bearing
bearings 67 (1) 7 /1.5 1.5 (A) | Standard contact angle 30°
68 (1) 8 /2.5 25| B | Standard contact angle 40°
E- Bearings using 69 (1) 9 C | Standard contact angle 15°
carburizing 16600 g% 8 1 1 .
(case hardened) 62 (0) 2 Tapered roller bearing
steel 63 (0) 3 9 9 | (B) | Contact angle over 10°
Angular contact ball bearings (type code 7) to/including 17° .
F-  Stainless steel 78 ) s 00 10 | C | Contactangle over 17
bearings 79 1) 9 01 12 to/including 24
70 1) 0 02 15 D | Contact angle over 24°
TS2- Dimension stabilized 2 (0) 2 03 17 to/including 32
X ! 73 (0) 3
bearing for high _ K
temperature use Self aligning ball bearings (type code 1, 2) /22 22
(to 160 °C) 12 (0) 2 /28 28
13 (0) 3 /32 32
. . . 22 (2) 2
TS3-Dimension stabilized 23 ) 5
bearing for high P ) 04 20
e Cylindrical roller bearings (type code NU, N, NF, NNU, NN, etc.) 05 25
(to 200 °C) N © % 06 30
NU22 2 2 8 8
TS4- Dimension stabilized NU3 (0) 3 88 440
bearing for high NU23 2 3 92 460
temperature use NH?J@ (2) g 96 480
(t0 250°C) NN30 3 0
Tapered roller bearings (type code 3) ggg ggg
329X 2 9
320X 2 0 /350 S5
302 0 2 :
322 2 2 /2 360 2 360
303 0 3 2500 | 2500
303D 0 3 /
313X 1 3
323 2 3
Spherical roller bearings (type code 2)
239 3 9
230 3 0
240 4 0
231 3 1
241 4 1
222 2 2
232 3 2
213 1 3
223 2 3
Single direction thrust ball bearings (type code 5)
511 1 1
512 1 2
513 1 3
514 1 4
Thrust cylindrical roller bearings (type code 8)
811 1 1
812 1 2
893 9 3
Thrust spherical roller bearings (type code 2)
292 9 2
293 9 3
294 9 4

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.
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Raceway
Internal external Duplex Internal
modifications Cage code Seal / Shield | configuration | arrangement | clearance 2) Tolerance Lubrication
code code code code Preload code code )
U L1 LB K DB Cc2 (PO) /2AS
Internationally | High strength, | One-side Tapered inner | Back-to-back | Internal JIS Class O Alvania Grease
interchangeable | machined brass | synthetic ring bore, arrangement | clearance less S2
tapered roller cage rubber seal standard taper than normal P6
bearings (non-contact | ratio 1:12 DF JIS Class 6 /3AS
F1 type) Face-to-face (CN) Alvania Grease
R Machined K30 arrangement | Normal P5 S3
Non- carbon LLB Tapered inner clearance JIS Class 5
internationally | steel cage Double-side ring bore, DT /8A
interchangeable synthetic standard taper | Tandem Cc3 P4 Alvania EP
tapered roller G1 rubber seal ratio 1:30 arrangement | Internal JIS Class 4 Grease 2
bearings High strength | (non-contact clearance
machined brass | type) N D2 greater than P2 /5K
ST rivetless cage With snap ring | Two matched, | normal JIS Class 2 Multemp SRL
Low torque with square LU groove paired bearings
tapered roller holes One-side Cc4 -4 /LX11
bearings synthetic NR +a Internal ABMA Class 4 | Barrierta
G2 rubber seal Snap ring Spacer clearance JFES52
HT Pin type cage | (contact type) (a=spacer's | greaterthan C3| -2
Angular contact D standard width ABMA Class 2 | /LP03
ball bearings J LLU With oil inlet dimensions) C5 Solid grease
and cylindrical | Pressed steel Double-side Internal -3
roller bearings | cage synthetic D1 clearance ABMA Class 3
for high axial rubber seal With oil inlet greater than C4
loads T2 (contact type) | and oil groove -0
Resin cage ™ ABMA Class 0
E LH Radial internal
High load A One-side clearance for -00
capacity Pressed steel synthetic electric motor | ABMA Class 00
cylindrical roller | cage rubber seal use
bearing (ULTAGE™ series | (low-torque
spherical roller | type) /GL
EA bearings) Light preload
ULTAGE™ series LLH
cylindrical roller | M Double-side /GN
bearings High strength, | synthetic Normal preload
machined brass | rubber seal
E cage (low-torque /GM
ULTAGE™ series | (ULTAGE™ series| type) Medium preload
spherical roller | spherical roller
bearings bearings) z /GH
One-side steel Heavy preload
UTG Shield
ULTAGE™ series
Large size 77
tapered roller Double-side
bearing steel
Shield
2) Codes in () are not shown in nominal numbers.
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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

o Contact | Series | Serial 2
Blebdeods angle code | number | number S et
XX O (e]e)e) (66} XX

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

XX O OO0 OO XX

Load limit code 4—‘7

This code has 9 types from light
loads to heavy loads:

EL, LL, L, LM, M, HM, H, HH, and EH.
“J” 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

Code Outer ring angle (contact angle x 2)

Incl. 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.
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5.2.2 Numbers of metric tapered roller
bearings based on ISO 355

Dimension series previously not covered

by 3XX are regulated under JIS B 1512-3.

These dimension series are specified in ISO

355 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).

Diameter series code

NTN

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

Table 5.4 Bearing number composition

Dimension series Bore

Tapered roller di t
bearing code | Angle |Diameter| Width |dlameter

series | series | series code

T O X X 00O

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

X X 000

t 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
bearing outside diameter to the bearing
bore diameter. The classification is shown
in Table 5.4 (2).

Table 5.4 (1) Angle series code

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

The classification is shown in

Code Contact angle a Table 5.4 (3).
Over Incl.

2 10° 13°52' Table 5.4 (3) Width series code
3 13°52' 15°59' T
4 15°59" 18°55/ Code (D-d)095
5 18°55' 23° Over Incl.
6 23° 27° B 0.50 0.68
7 27° 30° C 0.68 0.80

. . D 0.80 0.88

Table 5.4 (2) Diameter series code = 083 2
D "
Note: Quantifiers
Code d 077 d : Nominal bore diameter
Over Incl. D: Nominal outside diameter

B 34 3.8 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 bore 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 I1SO
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, outside
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, outside diameter within a plane, mean
outside 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 outside 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 JIS 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 Table 6.4 through Table 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 O | 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 JISB 1514-1 Class 0 = = = =
Table 6.4
Cylindrical roller bearings (ISO 492) Class O | Class 6 | Class 5 | Class 4 | Class 2
Needle roller bearings Class O | Class 6 | Class 5 | Class 4 =
Spherical roller bearings Class 0 — — — —
Metric series JISB 1514 Class 0, 6X | Class 61| Class 5 | Class4 | — | Table 6.5
(single-row)
Tapered | Metric series
— 1) — — — —
roller (double-row/four-row) GessE LERE
bearings
Inch series ANSI/ABMA Std.19 | Class4 | Class 2 | Class 3 | Class O | Class 00 | Table 6.6
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 O | Class 6 | Class 5 | Class 4 = Table 6.9
Thrust spherical roller bearings (IS0 199) Class 0 — — — — Table 6.10

1) The class is the NTN standard class.
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Table 6.2 Comparison of tolerance classifications of national standards

NTN

Standard Applicable standard Accuracy class Bearing type
Japanese industrial JISB 1514-1 Class 0,6 Class 6 | Class 5 | 