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Warranty

NTN warrants, to the original purchaser only, that the delivered product which is the subject of this sale (a)
will conform to drawings and specifications mutually established in writing as applicable to the contract, and (b)
be free from defects in material or fabrication. The duration of this warranty is one year from date of delivery.
If the buyer discovers within this period a failure of the product to conform to drawings or specifications, or a
defect in material or fabrication, it must promptly notify NTN in writing. In no event shall such notification be
received by NTN later than 13 months from the date of delivery. Within a reasonable time after such
notification, NTN will, at its option, (a) correct any failure of the product to conform to drawings, specifications
or any defect in material or workmanship, with either replacement or repair of the product, or (b) refund, in part
or in whole, the purchase price. Such replacement and repair, excluding charges for labor, is at NTN's
expense. All warranty service will be performed at service centers designated by NTN. These remedies are
the purchaser's exclusive remedies for breach of warranty.

NTN does not warrant (a) any product, components or parts not manufactured by NTN, (b) defects caused
by failure to provide a suitable installation environment for the product, (c) damage caused by use of the
product for purposes other than those for which it was designed, (d) damage caused by disasters such as fire,
flood, wind, and lightning, (e) damage caused by unauthorized attachments or modification, (f) damage during
shipment, or (g) any other abuse or misuse by the purchaser.

THE FOREGOING WARRANTIES ARE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE.

In no case shall NTN be liable for any special, incidental, or consequential damages based upon breach of
warranty, breach of contract, negligence, strict tort, or any other legal theory,and in no case shall total liability
of NTN exceed the purchase price of the part upon which such liability is based. Such damages include, but
are not limited to, loss of profits, loss of savings or revenue, loss of use of the product or any associated
equipment, cost of capital, cost of any substitute equipment, facilities or services, downtime, the claims of third
parties including customers, and injury to property. Some states do not allow limits on warranties, or on
remedies for breach in certain transactions. In such states, the limits in this paragraph and in paragraph (2)
shall apply to the extent allowable under case law and statutes in such states.

Any action for breach of warranty or any other legal theory must be commenced within 15 months following
delivery of the goods.

Unless modified in a writing signed by both parties, this agreement is understood to be the complete and
exclusive agreement between the parties, superceding all prior agreements, oral or written, and all other
communications between the parties relating to the subject matter of this agreement. No employee of NTN or
any other party is authorized to make any warranty in addition to those made in this agreement.

This agreement allocates the risks of product failure between NTN and the purchaser. This allocation is
recognized by both parties and is reflected in the price of the goods. The purchaser acknowledges that it has
read this agreement, understands it, and is bound by its terms.

© NTN Corporation. 2002
Although care has been taken to assure the accuracy of the data compiled in this catalog, NTN does not
assume any liability to any company or person for errors or omissions.
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CAD data of model numbers given in the catalog is available as an electronic catalog. For information, please contact NTN Engineering.
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e Classification and Characteristics of Rolling Bearings

NTN

1. Classification and Characteristics of Rolling Bearings

1.1 Rolling bearing construction

Most rolling bearings consist of rings with raceway
(inner ring and outer ring), rolling elements (either balls or
rollers) and cage. 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.

Outer
ring

Inner
ring

Ball
Raceway (inner ring and outer ring) or raceway disc 1) Cage
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 Deep groove ball bearing Angular contact ball bearing

outer ring on the housing. Fig A Fig.B
Note 1: The raceway of thrust bearing is called "raceway disc," the

inner ring is called the "shaft raceway disc" and the outer

ring is called the "housing raceway disc."

. Outer rin
Rolling elements ’

Rolling elements classify in 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 so constructed as to
allow the rolling elements to rotate orbitally while also
rotating on their own axes at the same time.

Cylindrical roller bearing Needle roller bearing

Cages Fig. C Fig. D
Cages function to maintain rolling elements at a uniform

pitch so 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 Outer ring
way they are manufactured, and include pressed, Roller
machined and formed cages.

Cage

1.2 Classification of rolling bearings

Rolling bearings divide 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 Tapered roller bearing Spherical roller bearing
the rollers: cylindrical, needle, tapered and spherical. Fig. E Fig. F

Inner ring

Rolling bearings can be further classified according to Shaft raceway disc Shaft raceway disc
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: railway car journal roller bearings, Housing raceway disc Housing raceway disc
ball screw support bearings, turntable bearings, as well

as linear motion bearings (linear ball bearings, linear Thrust ball bearing Thrust roller bearing
roller bearings and linear flat roller bearings).Types of . L)

rolling bearings are given in Fig. 1.2. Fig. 1.1 Rolling bearing

A-5



e Classification and Characteristics of Rolling Bearings

Radial ball
bearings

NTN

Single row deep groove ball bearings

Single row angular contact ball bearings

Duplex angular contact ball bearings

Ball bearings

Four-point contact ball bearings

Double row angular contact ball bearings

Self-aligning ball bearings

Ball bearings for rolling bearing unit*

Single direction thrust ball bearings

Thrust ball
bearings

Rolling
bearings

Radial roller
bearings

Double direction angular contact
thrust ball bearings

High-speed duplex angular contact
ball bearings (for axial loads)

Single row cylindrical roller bearings

Double row cylindrical roller bearings

C
C
=
5
=
=
=
i
bt
ZE
=

Needle roller bearings*

Roller bearings

Single row tapered roller bearings

Double row tapered roller bearings

Spherical roller bearings

Cylindrical roller thrust bearings*

Needle roller thrust bearings*

Thrust roller
bearings

Tapered roller thrust bearings*

=s(z=== == N SR IV

Spherical roller thrust bearings

Fig. 1.2 Classification of rolling bearings

A-6



e Classification and Characteristics of Rolling Bearings NTN

Ultra thin wall type ball bearings*

(? LL Turntable bearings*
=1
]

Ball screw support bearings*

Railway car journal roller bearings*

Ultra-clean vacuum bearings*

SL-type cylindrical roller bearings*

Special
application
bearings Rubber molded bearings*
Clearance adjusting needle roller
bearings*
Complex bearings*
Connecting rod needle roller
bearings with cage*
Roller followers*
Cam followers*
Linear ball bearings*
Linear
motion Linear roller bearings*
bearings
Linear flat roller bearings*

Note: Bearings marked with an asterisk are not contained in this catalog.
For details, see the catalog devoted to the concerned type of bearing.

A-7




e Classification and Characteristics of Rolling Bearings

1.3 Characteristics of rolling bearings

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.

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

Table 1.1 Comparison of ball bearings and roller bearings

Ball bearings

Roller bearings

= — -8 &

5 2a ¢

g3

= & | Point contact Linear contact

8 = | Contact surface is oval when | Contact surface is generally

load is applied. rectangular when load is
applied.

» | Because of point contact Because of linear contact,

-2 | there is little rolling rotational torque is higher for
2 | resistance, ball bearings are | roller bearings than for ball
9 | suitable for low torque and bearings, but rigidity is also
& | high-speed applications. higher.

_5:’3 They also have superior

O | acoustic characteristics.

Load capacity is lower for Load capacity is higher for

2 | ball bearings, but radial rolling bearings. Cylindrical
'g bearings are capable of roller bearings equipped with
2 | bearing loads in both the a lip can bear slight radial
© | radial and axial direction. loads. Combining tapered

2 roller bearings in pairs

9 enables the bearings to bear

an axial load in both directions.

NTN

1.3.3 Radial and thrust bearings

Almost all types of rolling bearings can carry both radial
and axial loads at the same time.

Generally, bearings with a contact angle of less than
45°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.

1.3.4 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 over the
world over. It is therefore better to design mechanical
equipment to 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
to use. 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 feature of typical standard bearings are as follows:

Deep groove ball bearings

The most common type of bearing, deep groove ball
bearings are widely used in a variety of fields. Deep
groove ball bearings include shield bearings and sealed
bearings with grease 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 Shield Sealed

and Non-contact|Non-contact| Contact | Low torque
symbol 7z LLB LLU LLH

=

.

<

=

2

c

]
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e Classification and Characteristics of Rolling Bearings

NTN

Angular contact ball bearings

The line that unites point of contact of the inner ring,
ball and outer ring runs at a certain angle (contact angle)
in the radial direction. Bearings are generally designed
with three contact angles.

Angular contact ball bearings can support an axial load,
but cannot be used by single bearing because of the
contact angle. They must instead be used in pairs or in
combinations.

Angular contact ball bearings include double row
angular contact ball bearings for which the inner and
outer rings are combined as a single unit. 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
wearing could occur depending on the load conditions.

Table 1.3 Contact angle and symbol

Contact angle

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

Contact angle 10
symbol c A B

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

Table 1.4 Configuration of double row angular contact ball bearings

Cylindrical roller bearings

Uses rollers for rolling elements, and therefore has 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
shaft or housing tightly. If there is 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 is a 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 roller end face and ribs
for increasing axial road capacity. And the E type with a
special internal design for enhancing radial load capacity.
The E type is standardized for small-diameter sizes.
Table 1.6 shows the basic configuration for cylindrical
roller bearings.

In addition to these, there are cylindrical roller bearings

with multiple rows of rollers and the SL type of full
complement roller bearing without cage.

Table 1.6 Types of cylindrical roller bearings

Type Shielg |Non-contact | Contact
and Open Zlg sealed sealed
symbol LLM LLD
=
i=l E j
§
=
=2
s I 1
o
O . . R .

Table 1.5 Combinations of duplex angular contact ball bearings

NUP type
Tg;]%e NU type NJ type NH P
Symbol N type NF type type
ymbo 0 NJ+HJIO
(%]
()]
§ NU type NJ type NUP type
©
a
N type NF type NH type

e | Baciadack | Faceielie | andem duptex
symbol DB DF 211
=

o

oo Rloo il oo
g S
2 0 TV

S ‘. N




e Classification and Characteristics of Rolling Bearings

Tapered roller bearings

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
combined load from inner and outer ring, the rollers are
pushed against the inner ring rib and roll guided with rib.

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

NTN bearings with 4T-, ET-, T- and U attached to the
name conform to ISO and JIS standards for sub-unit
dimensions (nominal contact angle, nominal small end
diameter of outer ring) and are internationally
interchangeable.

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

Sub-unit dimensions

— 1

E : nominal small end diameter of outer ring
a : Nominal contact angle

Fig. 1.3 Tapered roller bearings

A-10
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Spherical roller bearings

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 variety of bearing types that differ according
to internal design.

Spherical roller bearings include as type equipped with
an inner ring with a tapered bore. The 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 in industrial
machinery. When heavy axial load is applied to the
bearing, the load on rollers of another row is disappeared,
and can cause problems. Attention must therefore be
paid to operating conditions.

Table 1.7 Types of spherical roller bearings

Standard

TyPel (8 type)

C type 213 type E type

Configuration

Thrust bearings

There are many types of thrust bearings that differ
according to shape of rolling element and application.
Allowable rotational speed is generally low and special
attention must be paid to lubrication.

In addition to the ones given below, there are various
types of thrust bearings for special applications. For details,
see the catalog devoted to the concerned type of bearing.

Table 1.8 Types of thrust bearings

Single direction thrust ball

s bearing

Needle roller thrust bearing

1/ —— |

‘ AXK type

? @ # [ I i I ]
; AS type raceway disc

D N )

GS/WS type raceway disc

Cylindrical roller thrust bearing | Spherical roller thrust bearing

Configuration

(A

Center alignment |
angle ‘J—«




e Classification and Characteristics of Rolling Bearings

Needle roller bearings

Needle roller bearings use needle rollers as rolling
elements. The needle rollers are a maximum of 5 mm in
diameter and are 3 to 10 times as long as they are in
diameter. Because the bearings use needle rollers as
rolling elements, the cross-section is thin, but they have a
high load capacity for their size. Because of the large
number of rolling elements, the bearings have high rigidity
and are ideally suited to wobbling or pivoting motion.

There is a profusion of types of needle roller bearings,
and just a few of the most representative types are
covered here. For details, see the catalog devoted to the
concerned type of bearing.

Table 1.9 Main types of needle roller bearings

Type Needle roller bearing with cage

Configuration

Roller follower Cam follower

NTN

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

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

For lubrication, grease is sealed inside the bearing, and
particle generation is prevented by a double seal. For
details, see the catalog devoted to the concerned type of
bearing.

Grease fitting

Setscrew with ball

Fig. 1.4 Oil-lubricated bearing unit




e Bearing Selection

2. Bearing Selection

Rolling element bearings are available in a variety of
types, configurations, and sizes. When selecting the
correct bearing for your application, it is important to

consider several factors, and analyse in various means.

A comparison of the performance characteristics for each

bearing type is shown in Table 2.1. As a general
guideline, the basic procedure for selecting the most
appropriate bearing is shown in the following flow chart.

NTN

2.1 Bearing selection flow chart

U
o Confirm operating Select beari
a ol elect bearing
- conditions and B! type and
= operaling configuration
c environment 9
(¢
© Function and construction of e Dimensional limitations
components to house bearings (refer to page insert ...A-30)
e Bearing load (magnitude,
O ® Bearing mounting location direction, vibration; presence
of shock load)
o ® Bearing load (direction and (refer to page insert ...A-21)
> magnitude) * Rotational speed
:": (refer to page insert ...A-70)
-~ o Rotational speed e Bearing tolerances
3 (refer to page insert ...A-35)
© o Vibration and shock load * Rigidity ,
=% (refer to page insert ...A-67)
o o Bearing temperature (Ambient Aoy ablelni=alldmentol
temperature / temperature RSB GRES
o rise) (refer to page insert ...A-87)
—_ e Friction torque
—+ " : (refer to page insert ...A-71)
e Operating environment ; f
(BD (potential for corrosion, degree * 2%2”;‘%;‘;;2"3;2;"1 (ke
of contamination, extent of (refer to page insert ...A-15)
[7)] lubricati
ubrication) e Installation and disassembly

requirements
(refer to page insert ...A-88)
e Bearing availability and cost

b

> Select bearing > Select bearing
dimensions tolerances

© Shaft runout tolerances
(refer to page insert ...A-35)
o Rotational speed
(refer to page insert ...A-70)
o Torque fluctuation

© Design life of components to

house bearings

(refer to page insert ...A-19)
e Dynamic/static equivalent load

conditions

(refer to page insert ...A-25)
o Safety factor

(refer to page insert ...A-19)
o Allowable speed

(refer to page insert ...A-70)
o Allowable axial load

(refer to page insert ...A-19, 25)
o Allowable space

(refer to page insert ...A-30)

uolneinbiyuod pue adA) Bulreaq Jo uonodv|es

(1) Dimensional limitations

The allowable space for bearings is generally limited.
In most cases, shaft diameter (or the bearing bore
diameter) has been determined according to the
machine’s other design specifications. Therefore,
bearing’s type and dimensions are determined
according to bearing bore diameters. For this reason all
dimension tables are organized according to standard
bore diameters. There is a wide range of standardized
bearing types and dimensions: the right one for a
particular application can usually be found in these
tables.
(2) Bearing load

The characteristics, magnitude, and direction of loads
acting upon a bearing are extremely variable. In
general, the basic load ratings shown in bearing
dimension tables indicate their load capacity. However,
in determining the appropriate bearing type,
consideration must also be given to whether the acting
load is a radial load only or combined radial and axial
load, etc. When ball and roller bearings within the same
dimension series are considered, the roller bearings
have a larger load capacity and are also capable of
withstanding greater vibration and shock loads.

(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

A-12



e Bearing Selection

>

Select bearing’s
internal
clearance

Select cage
type and
material

—»

Select lubricant,
lubrication method,
sealing method

—»

Select any
special bearing
specifications

—»

Confirm
handling
procedures

o Material and shape of shaft

and housing

(refer to page insert ...A-85)
o Fit

(refer to page insert ...A-49)
o Temperature differential

between inner/outer rings

(refer to page insert ...A-59)
o Allowable misalignment of

inner/outer rings

(refer to page insert ...A-87)
o Load (magnitude, nature)

(refer to page insert ...A-21)
o Amount of preload

(refer to page insert ...A-66)
o Rotational speed

(refer to page insert ...A-70)

o Rotational speed
(refer to page insert ...A-70)
© Noise level
o Vibration and shock load
e Momentary load
o Lubrication type and method
(refer to page insert ...A-72)

e Operating temperature
(refer to page insert ...A-72)
o Rotational speed
(refer to page insert ...A-70)
o Lubrication type and method
(refer to page insert ...A-72)
o Sealing method
(refer to page insert ...A-80)
o Maintenance and inspection
(refer to page insert ...A-94)

e Operating environment
(high/low temperature,
vacuum, pharmaceutical, etc.)

o Requirement for high reliability

o |nstallation-related dimensions
(refer to page insert ...A-86)

e Installation and disassembly
procedures
(refer to page insert ...A-88)

possible. Roller bearings exhibit less elastic

(8) Installation and disassembly

NTN

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 cases where the degree of misalignment is
relatively large, self-aligning ball bearings, spherical
roller bearings, or bearing units with self-aligning
properties are the most appropriate choices.
(Refer to Fig. 2.1)

(7) Noise and torque levels

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

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 / Allowable
misalignment / misalignment
angle angle
|
b |
/o /
e \ /

Self-aligning ball bearing Spherical roller bearing

Fig. 2.1
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2.2 Type and characteristics
Table 2.1 shows types and characteristics of rolling bearings.

Table 2.1 Type of rolling bearings and performance comparison

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

bearings | bearings | ball bearings | ball bearings | bearings roller bearings| roller bearings| bearings

Characteristics

slel=z=s = ElE =l
e R R T R

Axial load
Highspeed° oooo |oooo (oo oo oo gooo |ggd ooo gog ooo
High rotating accuracy° ooo 0ooo 00 ooao ooano 0o a ooo
Low noisefvibration® ogoo \ ] [ ] a
Low friction torque® |0 00O (000 oo O 0
High rigidity° oo oo oo oo oo ooo oo
Vibration/shock resistance” 0 0 oo oo oo oo oo
Allowable misalignment®
for inner/outer rir%]gs - ooo 0
Stationary in axial direction® | o 0 ) fubbmid | O o 0
Moveable in axial direction’ | o o o LoE et | O 0
Separable inner/outer ringso o o o 0 0
Inner ring tapered bore ® o o o
Remarks For duplex NU, N NJ, NF [NUP,NP,NH | NNU, NN NA
arrangement type type type type type
Reference page B-5 B-43 B-74 B-43 B-79 B-91 B-91 B-91 B-116 E-2
Tapered |Double-row,| Spherical | Thrust | Double row | Cylindrical | Spherical Bearing types
roller 4-row roller ball angular roller roller
bearings | tapered | pearings | bearings | _contact thrust thrust
roller thrustball | pearings | bearings
bearings bearings Reference
E % @ % g H:H % page
Characteristics
Load Carrying Capacity
J A Radial load
.y - - - —y—!
Axial load
ooo |oo 00 0 ooo  |o 0 A-66 | High speed®
goo 0 0 ooo A-31 | High rotating accuracyo © 0 The number of stars indicates
° the degree to which that bearing
g — | Low noise/vibration type displays that particular
. ° characteristic.
A-67 | Low friction torque 0 Not applicable to that bearing
. L@ type.
0o 0000 (000 0o ooo 000 A-54 | High rigidity ® 1 Indicates dual direction. ©
00 000 (000 0 ooo (000 A-18 | Vibration/shock resistance” Indicates fmglle direction axial
- - movement only.
O ooo 0 O 000 A-79 fA()IH\rl]vr?é)rI/taomgarl:gg;nent“ © [ indicates movement in the axial
i e direction is possible for the
o ] 0 o) O o [¢) A-13 | Stationary in axial direction raceway surface; o indicates
R . M ble in axial directi ) movement in the axial direction is
- - ° A-13 oveable in axial direction possible for the fitting surface of
5 0 5 _ ; inc® the outer ring or inner ring.
o 0 o o Separable inner/outer nngs‘a © - Indicates both inner ring and
o) A-79 | Inner ring tapered bore outer ring are detachable.
" o Indicates inner ring wit
Including © ¢ Indi ' l ith
For duplex needle roller _ Remarks tapered bore is possible.
arrangement thrust bearing
B-133 B-133 B-233 B-269 B-269 E-48 B-269 Reference page
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2.3 Selection of bearing arrangement

Shafts or axles are generally supported by a pair of
bearings in the axial and radial directions. The bearing
which prevents axial movement of the shaft relative to the
housing is called the "fixed side bearing" and the bearing
which allows axial movement relatively is called the
"floating-side bearing". This allows for expansion and
contraction of the shaft due to temperature variation and
enables error in bearing mounting clearance to be
absorbed.

The fixed side bearing is able to support radial and
axial loads. A bearing which 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

NTN

cylindrical roller bearings, and occurs on the fitting surface
for those which are not separable, such as deep groove
ball bearings.

In applications with short distances between bearings,
shaft expansion and contraction due to temperature
fluctuations is slight, therefore the same type of bearing
may be used for both the fixed-side and floating-side
bearing. In such cases it is common to use a set of
matching bearings, such as angular contact ball bearings,
to guide and support the shaft in one axial direction only.

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).

the axial direction occurs on the raceway surface for
bearings with separable inner and outer rings such as

Table 2.2 (1) Bearing arrangement (distinction between fixed and floating-side)

Arrangement icati
Comment ARp;;hcatlon
Fixed Floating (Reference)
|
— = 1. General arrangement for small machinery. Small pumps,
= 2. For radial loads, but will also accept axial loads. auto-mobile

transmissions, etc.

= 1. Suitable when mounting error and shaft deflection are minimal or used
for high rotational speed application.

( = D 2. Even with expansion and contraction of shaft, floating side moves
T

Medium-sized
electric motors,
ventilators, etc.

rJ I TJ I
=

smoothly.

|
= 1. Radial loading and dual direction of axial loading possible. Worm reduction

= 2. In place of duplex angular contact ball bearings, double-row angular gear
0 contact ball bearings are also used.

||
|

1. Heavy loading capable.

2. Shafting rigidity increased by preloading the two back-to-back
fixed bearings.

3. Requires high precision shafts and housings, and minimal fitting
[ errors.

1. Allows for shaft deflection and fitting errors.
2. By using an adaptor on long shafts without screws or shoulders, General industrial

bearing mounting and dismounting can be facilitated. machinery
3. Self-aligning ball bearings are used for positioning in the axial direction,

and not suitable for applications requiring support of axial load.

Reduction gears for
general industrial
machinery

. Widely used in general industrial machinery with heavy and shock(

fl

— — — .
() V] load demands. Reduct;qndge?r's Ifor
= — 2. Allows for shaft deflection and fitting errors. g1eancehri?rllelrny ustria
( O 3. Accepts radial loads as well as dual direction of axial loads.

|
|

Reduction gears for
general industrial
machinery

1. Accepts radial loads as well as dual direction axial loads.
2. Suitable when both inner and outer ring require tight fit.

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

speeds.
] ,

. Maintains clearance between the bearing’s outer diameter and
housing inner diameter to prevent deep groove ball bearings from
receiving radial loads.

Transmissions for
diesel locomotives

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

Application

Arrangement Comment (Reference)

| | 1. General arrangement for use in small machines. .
. . ) . . . Small electric motors,
H H 2. Preload is sometimes applied by placing a spring on the outer ring small reduction

( ) [ side surface or inserting a shim.
(can be floating-side bearings.) gears, etc.

1. Back to back arrangement is preferable to face to face arrangement
when moment load applied. Machine tool

2. Able to support axial and radial loads; suitable for high-speed rotation. | spindles, etc.
3. Rigidity of shaft can be enhanced by providing preload.

O

h—

L

j— = 1. Capable of supporting extra heavy loads and impact loads. Construction
2. Suitable if inner and outer ring tight fit is required. equipment, mining
3. Care must be taken that axial clearance does not become too small | €quipment sheaves,

o
_
Il

—

L

during operation. agitators, etc.

1. Withstands heavy and shock loads. Wide range application.

2. Shaft rigidity can be enhanced by providing preload, but make sure
Back to back preload is not excessive.

3. Back-to-back arrangement for moment loads, and face-to-face
arrangement to alleviate fitting errors.

( ) ( 4. With face-to-face arrangement, inner ring tight fit is facilitated.

Face to face

Reduction gears,
front and rear axle of
automobiles, etc.

F—

Table 2.2 (3) Bearing arrangement (Vertical shaft)

Application

Arrangement Comment (Reference)

1. When fixing bearing is a duplex angular contact ball bearing, floating | Vertically mounted
bearing should be a cylindrical roller bearing. electric motors, etc.

p

1. Most suitable arrangement for very heavy axial loads.

. . . Crane center shafts,
E i 2. Shaft deflection and mounting error can be absorbed by matching the

center of the spherical surface with the center of spherical roller thrust etc.
bearings.
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3. Load Rating and Life

3.1 Bearing life

Even in bearings operating under normal conditions, the
surfaces of the raceway and rolling elements are
constantly being subjected to repeated compressive
stresses which causes flaking of these surfaces to occur.
This flaking is due to material fatigue and will eventually
cause the bearings to fail. The effective life of a bearing
is usually defined in terms of the total number of
revolutions a bearing can undergo before flaking of either
the raceway surface or the rolling element surfaces
occurs.

Other causes of bearing failure are often attributed to
problems such as seizing, abrasions, cracking, chipping,
scuffing, rust, etc. However, these so called "causes" of
bearing failure are usually themselves caused by
improper installation, insufficient or improper lubrication,
faulty sealing or inaccurate bearing selection. Since the
above mentioned "causes" of bearing failure can be
avoided by taking the proper precautions, and are not
simply caused by material fatigue, they are considered
separately from the flaking aspect.

3.2 Basic rating life and basic dynamic load rating

A group of seemingly identical bearings when subjected
to identical load 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
subjected to identical operating conditions will attain or
surpass before flaking due to material fatigue occurs. 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 under which the basic rating life of
the bearing is 1 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
load rating (Cr)" and "basic dynamic axial load rating (Ca)."
The basic dynamic load ratings given in the bearing
tables of this catalog are for bearings constructed of NTN
standard bearing materials, using standard manufacturing
techniques.

The relationship between the basic rating life, the basic
dynamic load rating and the bearing load is given in
formula.
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C
For ball bearings: Lo OO ? O i, 03.10
C
For roller bearings: Lo 0O FDW3 ........... 03.20
where,

Lo : Basic rating life 10° revolutions
C : Basic dynamic load rating, N {kgf}

(Cr: radial bearings, Ca: thrust bearings)
P : Equivalent dynamic load, N {kgf}

(Pr: radial bearings, Pa: thrust bearings)
n : Rotational speed, min™*

The relationship between Rotational speed n and speed
factor fn as well as the relation between the basic rating
life Lion and the life factor fn is shown in Table 3.1 and
Fig. 3.1.

Table 3.1 Correlation of bearing basic rating life, life factor,
and speed factor

Classification Ball bearing Roller bearing
. . . 3
Basic rating life| 10° / C s | 10° [ C\® 103
. —— (&) =500 | ——(F) =500f
10h h 60n \ P 60n P
Life factor . C f. C
fn
Speed factor ( 33.3 )1’3 ( 33.3 )3’10
fn n n
Ball bearings Roller bearings
n fa Lo fn n fa Lon fn
min’* h min* h
80,000 —- 5.4 80,000——,46
60,000 —— 0082 E 60,000 5 0.106 +
i3 g 2 E3 60,000
400003 010 Fas 40,000 3 0.12 44
SuETY = 40,000~ 30,000 + 40,000
200004012 s0000-§ 4 200004 20,000 F3s
EE=r E 15,000 - 016 T
014 Z o5
10,000 20,000 10,000 —F- 018 200004 3
8,000 016 8,000
6003 oy PO oot 020 15000
3 {— 0.22
4,000 £ 0.20 s
3 10,000 #0903 0281 nog—F 28
3,000 022 = 3,000 - 026 : —F
- 0.24 8,000 25 F =3
20007 45 E 2000 2 ey
1500 = 028 6,000 o 6,000
3 P 1,500 §
- 0.30 i ]
1,000 4000 » 1,000 °* w000 10
801 o035 =+ 19 B0 . R P
0L on 3,000 % 18 600 —3 3,000 % 17
w0 *+ 17 4007’ £
e 2,000 16 w0F 05 2,000—% 15
- 05 = 15 P
200 R I w0 o 1,500 F 14
150 06 a9 150 —F 13
3 1,000 — E —
100 % o7 900 — 12 100§ *7 1‘00990;— 12
3L 800 3 80— 800 —
=508 0% g, e 00— 11
* F 600 —§ 0 600 3
40770_9 w0 41— 1.0 m’fﬂﬂ i@
30:7 0@ 2w £ 500 X
400 303 400 —F 095
+ 11 o090 iaa 3 000
2012 - —3
300 —F 085 0%, 30— ogs
15§13 Fos0 153
— 14 =8 3080
. AL - 14
10 149 200 074 10 —4-144 200—t—076

Fig. 3.1 Bearing life rating scale
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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
life (see formula 3.3).

1
o .. e

LO
O

1.1
= D .
L L

where,
L : Total basic rating life of entire unit, h
L:, L2 ...Ln: Basic rating life of individual bearings, 1, 2,
...n,h
€=10/9...cccccuviiiiiinns For ball bearings
€=9/8..iiiiiis For roller bearings

When the load conditions vary at regular intervals, the
life can be given by formula (3.4).
®1 P2 D j

LmO0 —0O0—0 ...—

L1 L2 Lj

where,
Lm : Total life of bearing
@ j: Frequency of individual load conditions
Z®i=1)
L;: Life under individual conditions

If 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.

fn

n

cop

3.3 Adjusted rating life

The basic bearing rating life (90% reliability factor) can
be calculated through the formulas mentioned earlier in
Section 3.2. However, in some applications a bearing life
factor of over 90% reliability may be required. To meet
these requirements, bearing life can be lengthened by the
use of specially improved bearing materials or
manufacturing process. Bearing life is also sometimes
affected by operating conditions such as lubrication,
temperature and rotational speed.

Basic rating life adjusted to compensate for this is
called "adjusted rating life," and is determined using
formula (3.6).

Lna 0 aioazoasolio...[d 3.60
where,
Lna : Adjusted rating life in millions of revolutions
(10°)
Reliability factor
Bearing characteristics factor

Operating conditions factor

ai :
az:
as .
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3.3.1 Reliability factor a1
The value of reliability factor a1 is provided in Table 3.2
for reliability of 90% or greater.

3.3.2 Bearing characteristics factor a.

Bearing characteristics concerning life vary according to
bearing material, quality of material and if using special
manufacturing process. In this case, life is adjusted using
bearing characteristics factor a..

The basic dynamic load ratings listed in the catalog are
based on NTN's standard material and process,
therefore, the adjustment factor a.[0 1. a. [0 1 may be
used for specially enhanced materials and manufacturing
methods.If this applies, consult with NTN Engineering.

Dimensions change significantly if bearings made of
high carbon chrome bearing steel with conventional heat
treatment are used at temperatures in excess of 120°C
for an extended period of time. NTN Engineering
therefore offers a bearing for high-temperature
applications specially treated to stabilize dimensions at
the maximum operating temperature (TS treatment). The
treatment however makes the bearing softer and affects
life of the bearing. Life is adjusted by multiplying by the
values given in Table 3.3.

Table 3.2 Reliability factor a.

Reliability % Ln Reliability factor a:
90 Lo 1.00
95 Ls 0.62
96 L. 0.53
97 Ls 0.44
98 L. 0.33
99 L. 0.21

Table 3.3 Treatment for stabilizing dimensions

TS2 160 1.00
TS3 200 0.73
TS4 250 0.48

3.3.3 Operating conditions factor as

Operating conditions factor as is used to compensate for
when lubrication condition worsens due to rise in
temperature or rotational speed, lubricant deteriorates, or
becomes contaminated with foreign matter.

Generally speaking, when lubricating conditions are
satisfactory, the as factor has a value of one; and when
lubricating conditions are exceptionally favorable, and all
other operating conditions are normal, as can have a
value greater than one. asis however less than 1 in the
following cases:
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e Dynamic viscosity of lubricating oil is too low for bearing
operating temperature
(13 mm?/s or less for ball bearings, 20 mm?/s for roller
bearings)

e Rotational speed is particularly low
(If sum of rotational speed n min™ and rolling element
pitch diameter Dpw mm is Dpw[1 n [0 10,000)

® Bearing operating temperature is too high
If bearing operating temperature is too high, the
raceway becomes softened, thereby shortening life.
Life is adjusted by multiplying by the values given in
Fig. 3.2 as the operating condition factor according to
operating temperature. This however does not apply to
bearings that have been treated to stabilize
dimensions.

e |_ubricant contaminated with foreign matter or moisture
If using special operating condition, consult with NTN
Engineering. Even if a- [0 1 is used for specially
bearings made of enhanced materials or produced by
special manufacturing methods, a:.x as 0 1 is used if
lubricating conditions are not favorable.

1.0

0.8

0.6

0.4

0.2

100 150 200 250 300
Operating temperature °C

Operating conditions factor as

Fig. 3.2 Operating conditions factor according to operating temperature

Table 3.4 Machine application and requisite life (reference)

NTN

When a super heavy load is applied, harmful plastic
distortion could be produced on the contact surfaces of
the rolling elements and raceway. The formulae for
determining basic rating life (3.1, 3.2, and 3.6) do not
apply if Pr exceeds either Cor (Basic static load rating) or
0.5 Cr for radial bearings, or if Pa exceeds 0.5 Ca for thrust
bearings.

3.4 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 3.4. 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.

3.5 Basic static load rating

When stationary rolling bearings are subjected to static
loads, they suffer from partial permanent deformation of
the contact surfaces at the contact point between the
rolling elements and the raceway. The amount of
deformity increases as the load increases, and if this
increase in load exceeds certain limits, the subsequent
smooth operation of the bearings is impaired.

It has been found through experience that a permanent
deformity 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 impairment in running efficiency.

Service

Machine application and requisite life (reference) Lion

x 10°h

classification

04 4012

120030 300 60 600

Machines used for short
periods or used only
occasionally

® Household appliances
® Electric hand tools

® Farm machinery
o Office equipment

® Home air-

O conditioning motor
® Construction

O equipment

® Elevators

® Cranes

Short period or intermittent
use, but with high reliability
requirements

® Medical appliances
® Measuring instruments

® Crane (sheaves)

® Small motors

® Buses/trucks

® General gear drives
® \Woodworking

[0 machines

Machines not in constant
use, but used for long
periods

® Automobiles
® Two-wheeled vehicles

® Machine spindles
® Industrial motors

® Crushers

® Vibrating screens

® Main gear drives
® Rubber/plastic

® Calender rolls

® Printing machines

® Rolling mills
® Escalators
® Conveyors
® Centrifuges

Machines in constant use
over 8 hours a day

® Railway vehicle

0 axles

® Air conditioners

® | arge motors

® Compressor pumps

® Papermaking
0 machines

® Propulsion

[0 equipment for
O marine vessels

® | ocomotive axles
® Traction motors

® Mine hoists

® Pressed flywheels

24 hour continuous
operation, non-interruptable

® \Water supply

O equipment

® Mine drain

O pumps/ventilators
® Power generating
[ equipment
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The basic static load rating refers to a fixed static load
limit at which a specified amount of permanent
deformation occurs. It applies to pure radial loads for
radial bearings and to pure axial loads for thrust bearings.
The maximum applied load values for contact stress
occurring at the rolling element and raceway contact
points are given below.

4,200 MPa {428kgf/mm?}
4,600 MPa {469kgf/mm?}
4,000 MPa {408kgf/mm?}

For ball bearings
For self-aligning ball bearings
For roller bearings

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

3.6 Allowable static equivalent load

Generally the static equivalent load which can be
permitted (See page A-25) is limited by the basic static
rating load as stated in Section 3.5. However, depending
on requirements regarding friction and smooth operation,
these limits may be greater or lesser than the basic static
rating load.
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This is generally determined by taking the safety factor
So given in Table 3.5 and formula (3.7) into account.

So =Coll Po...[0 3.70

where,
So : Safety factor
Co : Basic static load rating, N {kgf}
(radial bearings: Cor, thrust bearings: Coa)
Po : Static equivalent load, N {kgf}
(radial: Por, thrust: Coa)

Table 3.5 Minimum safety factor values So

Operating conditions begﬁﬂgs beRa?rIilr%s
High rotational accuracy demand 2 3
Normal rotating accuracy demand 1 15
(Universal application) ’
Slight rotational accuracy
deterioration permitted 0.5 1
(Low speed, heavy loading, etc.)

Note 1: For spherical thrust roller bearings, min. Sovalue=4.
2: For shell needle roller bearings, min. Sovalue=3.
3: When vibration and/or shock loads are present, a load factor
based on the shock load needs to be included in the Po max value.
4: If a large axial load is applied to deep groove ball bearings or
angular ball bearings, the contact oval may exceed the raceway
surface. For more information, please contact NTN Engineering.



e Bearing Load Calculation

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 dead load of the rotator, load produced
when the machine performs work, and load produced by
transmission of dynamic force. These can theoretically
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 machine vibration and/or shock.
This actual shaft load can be found by using formula
(4.2).

KO fwl Ke
where,

K O Actual shaft load NO kgf(l

fw 0 Load factor (Table 4.1)

Kc[O Theoretically calculated value NO kgf(]

Table 4.1 Load factor fw

Amount .
of shock fw Application
Very little or 1.001.2 Electric machines, machine tools,
no shock ’ *“ |measuring instruments.
Railway vehicles, automobiles,
rolling mills, metal working machines,
Light shock 1.20 1.5 | paper making machines, printing
machines, aircraft, textile machines,
electrical units, office machines.
Heavy shock  |1.50 3.0 Crushers, agricultural equipment,
vy : ~ | construction equipment, cranes.

4.1.2 Gear load

The loads operating on gears can be divided into three
main types according to the direction in which the load is
applied; i.e. tangential (Kt), radial (Ks), and axial (Ka).
The magnitude and direction of these loads differ
according to the types of gears involved. The load
calculation methods given herein are for two general-use
gear and shaft arrangements: parallel shaft gears, and
cross shaft gears.

(1)Loads acting on parallel shaft gears
The forces acting on spur gears and helical gears are
depicted in Figs. 4.1, 4.2, and 4.3. The load magnitude
can be found by using or formulas (4.2), through (4.5).

19.1x 10°0H
Kld—pan N
| e 0 4.20
1.95x 10°0H
~ b0n 0 kgfd
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KsO Kt tana [ Spur geard ...... U 4.3al
tana .

0 K “cosB [0 Helical gear ...... 0 4.3b0

KO VKEOKS oo, 0 4.40

KaO Kitanf O Helical geard ...... 04.50

where,

Kt[J Tangential gear load (tangential force), N {kgf}

Ks[0 Radial gear load (separating force), N {kgf}

Kr Right angle shaft load (resultant force of
tangential force and separating force), N {kgf}

KalJ Parallel load on shaft, N {kgf}

H O Transmission force , kW

n 0 Rotational speed, min*

Dp[] Gear pitch circle diameter, mm

a [0 Gear pressure angle, deg

B O Gear helix angle, deg

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

Fig. 4.2 Helical gear loads

Kt

Kr

\
N7

Fig. 4.3 Radial resultant forces
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Table 4.2 Gear factor f:

Gear type fz

Precision ground gears

(Pitch and tooth profile errors of less than 0.02 mm) 105011

Ordinary machined gears

(Pitch and tooth profile errors of less than 0.1 mm) 11013

(2)Loads acting on cross shafts

Gear loads acting on straight tooth bevel gears and
spiral bevel gears on cross shafts are shown in Figs. 4.4
and 4.5. The calculation methods for these gear loads are
shown in Table 4.3. Herein, to calculate gear loads for
straight bevel gears, the helix angle 3 = 0.

The symbols and units used in Table 4.3 are as follows:

Kt O Tangential gear load (tangential force), N {kgf}
Ks [ Radial gear load (separating force), N {kgf}
Ka [ Parallel shaft load (axial load), N {kgf}

H 0O Transmission force, kW

n 0O Rotational speed, min*

Dpm [0 Mean pitch circle diameter, mm
a [0 Gear pressure angle, deg

3 0O Helix angle, deg

o [ Pitch cone angle, deg

Because the two shafts intersect, the relationship of
pinion and gear load is as follows:

Ksp Kag..'ovvvviiveineenne, 0 4.60
Kap Ksguv'ovivviiviineennen, 04.70
where,

Kspd Ksg[J Pinion and gear separating force, N {kgf}
Kap[J Kag[] Pinion and gear axial load, N {kgf}

Table 4.3 Loads acting on bevel gears

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

Fig. 4.4 Loads on bevel gears

Fig. 4.5 Bevel gear diagram

Ei?éac‘ttiigﬂ Clockwise Counter clockwise Clockwise Counter clockwise
Types of load Heli
di?elz:(tion Right Left Left Right
6 6
Tangential load (tangential force) oo Lo I { 1.95x 10°0 H }
Kt Dpmd N q Dpmd N
- . c0sd . c0sd ;
Driving side Ks=K: |tana +tanp sind } Ks=K: |tana - tanf3 sind }
Radial load cosp cosp
(separation force)
K . . . .
) Driven side Ks=Kt |tana Egzg - tanB sind Ks=K: |tana gg:g +tanp sind }
- . sind sind
Driving side Ka=K: |tana ——— - tanf cosd Ka=K {tana ———— +tan cosé}
Parallel load on gear ¢ at { cosP P S cosf B
shaft (axial load)
Ka . . sind sind
Driven side Ka=K¢ |tana =) +tanf cosd Ka=K: |tana i tanf cosd
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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 (4.8).

19.1 x 10°01 H
KO=55, — N
.............. 0 4.80
1.95x 10°0 H
Dol N 0 kgfD)

where,
Kt Sprocket/pulley tangential load, N {kgf}
H O Transmitted force, kW
DpJ Sprocket/pulley pitch diameter, mm

For belt drives, an initial tension is applied to give
sufficient constant operating tension on the belt and
pulley. Taking this tension into account, the radial loads
acting on the pulley are expressed by formula (4.9). For
chain drives, the same formula can also be used if
vibrations and shock loads are taken into consideration.

KrO foO Kt...0O 4.90
where,

Ki{J Sprocket or pulley radial load, N {kgf}
folJ Chain or belt factor (Table 4.4)

Table. 4.4 chain or belt factor fo

Chain or belt type fo

Chain (single) 1.2015
V-belt 1.50 2.0
Timing belt 1.101.3
Flat belt (w / tension pulley) 2.503.0
Flat belt 3.004.0

F2 Tension Side

Fig. 4.6 Chain / belt loads

NTN

4.2 Bearing load distribution

For shafting, the static tension is considered to be
supported by the bearings, and any loads acting on the
shafts are distributed to the bearings.

For example, in the gear shaft assembly depicted in
Fig. 4.7, the applied bearing loads can be found by using
formulas (4.10) and (4.11).

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

a+b d
Frall b Fi1O o+d

a c
Frs0) O b FiO c+d

where,
FrAd Radial load on bearing A, N {kgf}
Fre] Radial load on bearing B, N {kgf}
F1, F1 Radial load on shaft, N {kgf}

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

a b
Bearing A Bearing B

<5 <5
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4.3 Mean load

The load on bearings used in machines under normal
circumstances will, in many cases, fluctuate according to
a fixed time period or planned operation schedule. The
load on bearings operating under such conditions can be
converted to a mean load (Fm), this is a load which gives
bearings the same life they would have under constant
operating conditions.

(1) Fluctuating stepped load
The mean bearing load, Fm, for stepped loads is
calculated from formula (4.12). F1, F2 ....... Fn are the
loads acting on the bearing; ni, na....... nn and ta, to.......
tn are the bearing speeds and operating times
respectively.

S FP ni t0-2P
le:[l 201 niti|:||:\:|

where:
pO3 For ball bearings
p0 10/3  For roller bearings

Fig. 4.8 Stepped load

(2) Continuously fluctuating load
Where it is possible to express the function F(t) in
terms of load cycle to and time t, the mean load is
found by using formula (4.13).

to 1/)
P ) Bt d [ s 0 4.130

where:
pO3 For ball bearings
pO 10/3  For roller bearings

Fig. 4.9 Load that fluctuated as function of time

NTN

(3) Linear fluctuating load
The mean load, Fm, can be approximated by formula
(4.14).

FminJ 2Fmax

FmO 3 ...04.140

Fig. 4.10 Linear fluctuating load

(4) Sinusoidal fluctuating load
The mean load, Fm, can be approximated by formulas
(4.15) and (4.16).

case (&) FmO0.75Fmax ......... 0 4.150
case (b) Fm0.65Fmax ......... 04.160

Fig. 4.11 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 (4.17).

P XFO YFRa oo 04.170
where,
P:00 Dynamic equivalent radial load, N {kgf}
Fr0 Actual radial load, N {kgf}
Fa[0 Actual axial load, N {kgf}
X O Radial load factor
Y O 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, self-aligning
thrust roller bearings can accept some radial load. The
dynamic equivalent axial load for these bearings is
given in formula (4.18).

Pald Fal0 1.2Fr....cvvvinann. 0 4.180
where,
PalJ Dynamic equivalent axial load, N {kgf}
FalJ Actual axial load, N {kgf}
FrO Actual radial load, N {kgf}
Provided that Fr/ Fa O 0.55 only.

4.4.2 Static equivalent load

The static equivalent load is a hypothetical 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 (4.19) or (4.20). The greater
of the two resultant values is always taken for Por.
Pord Xo Fr[J Yo Fa... 0 4.190
0 4.200

A-25

NTN

where,
Pof] Static equivalent radial load, N {kgf}
Fr O Actual radial load, N {kgf}
Fa O Actual axial load, N {kgf}
Xo [ Static radial load factor
Yo O Static axial load factor
The values for Xo and Yo are given in the respective
bearing tables.

(2) Static equivalent axial load
For spherical thrust roller bearings the static equivalent
axial load is expressed by formula (4.21).
Poal] Fald 2.7Fr...00 4.210
where,
Pod] Static equivalent axial load, N {kgf}
Fa O Actual axial load, N {kgf}
Fr O Actual radial load, N {kgf}
Provided that Fr/ FaJ 0.55 only.

4.4.3 Load calculation for angular contact ball
bearings and tapered roller bearings
For angular contact ball bearings and tapered roller
bearings the pressure cone apex (load center) is located
as shown in Fig. 4.12, and their values are listed in the
bearing tables.

When radial loads act on these types of bearings the
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 (4.22).

0.5F
Fa —y !

where,
Fa: Axial component force, N {kgf}
Fr: Radial load, N {kgf}
Y: Axial load factor

The dynamic equivalent radial loads for these bearing
pairs are given in Table 4.5.

>
a
1 F @
Load center F3 F Load center
N2 centet
— Fr
= o

Fig. 4.12 Pressure cone apex and axial component force
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Table 4.5 Bearing arrangement and dynamic equivalent load

Bearing arrangement

Load condition

Axial load

Dynamic equivalent radial load

Rear Brgr  Brgr FalO %D Fa |PrOXFiOYr {0'\5(';”15 Fa}
% % B ) ] B e
= o — Pro0 Fro
Front Brgu Brg: E— Pri0Fr1
o N— (% 0 (%I e
V] Fa, [0 0.5F1 0.5F1
F £ FalIO - 0 Fa ProO XFoO Yo | =0 Fa
5l 1 Y1 Y1
Rear 29!  Bran D Pr10 Frr
0.5Fr]1 O.5Fr1
Vo O VI OFa fFo-mmmmmmmmm
: Fall O 0'3'?” OFa | PrnOXEn0 Yn {C%D Fa}
rl Fro
o BTOT Brg: FalO 0-3';’“5 Fa | PrOXF1OY1 {(%ID Fa}
0.5Fm — 0.5F
l_l_—“'-.—!l YHrH D YIrI D Fa 777777777777777777777777777777777
V] Fa [0
Fir . I Pr]ID Fr]I
r r

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.
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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.

(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™, with a radial load Fr of
3.2 kN {326 kgf} ?

From formula (4.17) the dynamic equivalent radial load:

Pr0 FrO 3.2kNO 326kgf]

Basic dynamic load rating C: for bearing 6208 given on
page B-12 is 29.1 kN {2970 kgf}, ball bearing speed factor
fn relative to rotational speed n = 650 min from Fig. 3.1
is fn = 0.37. Thus life factor fn from formula (3.5) is:

3.2

Therefore, with fn = 3.36 from Fig. 3.1 the rated life, Lion,
is approximately 19,000 hours.

fnJ fng 0 0.37x J3.36

(Example 2)

What is the life rating Lion for the same bearing and
conditions as in Example 1, but with an additional
axial load Fa of 1.8 kN {184 kgf} ?

To find the dynamic equivalent radial load value for Pr,
the radial load factor X and axial load factor Y are used.
Basic static load rating Cor for bearing 6208 given on page
B-12 is 17.8 kN {1820 kgf} and fo is 14.0. Therefore:

14x 1.8
17.8

fOD Fa
Cor

0 1.42

Calculating by the proportional interpolation method
given on page B-13, e = 0.30.

For the operating radial load and axial load:
1.8

O EX) [J0.56[0 e=0.30

Fa
Fr

From page B-13 X =0.56 and Y = 1.44, and from
formula (4.17) the equivalent radial load, Pr, is:

PO XF:O YF.[1 0.56x 3.2[11.43x 1.8
04.38 kNO 447kgf)

From Fig. 3.1 and formula (3.1) the life factor, fn, is:

Cr 29.1
0 f, P, 0 0.37x 438 0 2.46
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Therefore, with life factor fn = 2.46, from Fig. 3.1 the
rated life, Lion, is approximately 7,500 hours.

(Example 3)

Determine the optimum model number for a
cylindrical roller bearing operating at the rotational
speed n = 450 min*, with a radial load Fr of 200 kN
{20,400kgf}, and which must have a life (Lion) 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™). To find the
required basic dynamic load rating, Cr, formula (3.1) is
used.

fr 3.02

C:O Tﬂ PO T46X 200

0 1,313kN0 134,000kgf]

From page B-106, the smallest bearing that fulfills all
the requirements is NU2336 (Cr = 1,380 kN {141,000kgf}).
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(Example 4)

The spur gear shown in Fig. 4.13 (pitch diameter Dp =
150 mm, pressure anglea = 20°) is supported by a pair
of tapered roller bearings, 4T-32206 (Cr=54.5 kN
{5,600 kgf}) and 4T-32205 (Cr = 42 kN {4300 kfg}).

Find rating life for each bearing when gear transfer
power H = 150 kW and rotational speed n = 2,000 min™.

,,,—4!:7
Bearings I ! Bearings II
(4T-32206) ‘ (4T-32205)
7 7
S
- H
=
~——70 100
170

Fig. 4.13 Spur gear diagram

The gear load from formulas (4.2), (4.3a) and (4.4) is:

ko 191X 10°0H ; 19.100x 150
D0 n 150% 2,000
[ 9.55kND 974kgf0
Ks O K tana [0 9.55x tan20°
[ 3.48KND 355kgf0]
KOV kZOK: OV 9,55 [ 3.48°
0 10.16kNO 1,040kgf0]

The radial loads for bearings I and I are:

100 100
FrI D 170 KrD 170

x 10.1600 5.98kNO 610kgfO]

70
FrH D ﬁ KrD

70
170

x 10.160 4.18kNDO 426kgfO

0.5FrH
Yo

O. Frl

5
Y 01.25

01.870

From Table 4.5, equivalent radial load:
Pri O Fr1 05.98kNO 610kgf)

O.5Frl
Y1

[00.4x 4.18[11.67%x 1.87

0 4.79kN[ 489kgf]
From formula (3.5) and Fig. 3.1 the life factor, fn, for
each bearing is:

Pro O XFrn O Y

frrO fa % [J0.293x 54.500 5.980J 2.67

PCrHH [10.293x 42.00] 4.79(1 2.57

fan O fa

A-28

Therefore: a2 0 1.47 4T-tapered roller bearings shown in
B-144)

Ln 00 13,200% a.
J13,200x 1.4
0 18,480 hour

Ln.[0 11,600% a.
0 11,600x 1.4
0 16,240 hour

The combined bearing life, Ln, from formula (3.3) is:

1

1 1 /e
a
D Ln.® Lho’ |j

Lal]

d

1 1 /9
O
N 18,480%8 ~ 16,240%8

09,330 hour
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(Example 5)

Find the mean load for spherical roller bearing 23932
(La = 320 kN {33,000 kgf}) when operated under the
fluctuating conditions shown in Table 4.6.

Table 4.6
Condition | ©Perating|  Radial load Axial load Revolution
N_o. t:pmie Fri Fai ni
I O kNO kgf O kNO kgf O mint
1 5 100 1020 O 20 2040 1200
2 10 120 1220 O 40 408 0O 1000
3 60 200 2040 O 600 6120 800
4 15 250 2550 0 70 7140 600
5 10 300 3060 O 100 1020 O 400

The equivalent radial load, Pr, for each operating condition
is found by using formula (4.17) and shown in Table 4.7.
Because all the values for Fri and Fai from the bearing tables
are greater than Fa/ Fr>el0 0.18, X O 0.67, Y2 O 5.50.

Pill XFiOY2 Fald 0.67Fi 0 5.50Fa
From formula (4.12) the mean load, Fm, is:

10/3
Fn ]

3 P gnine il]310
——— ] [0 48.1kN0O 4,906kgf]
dlnpe i O

Table 4.7
Condition No.

Equivalent radial load. Pri
kNJ kgf O
17.70 1805 O
30.00 3060 O
46.40 4733 0
55.30 5641 [0
75.10 7660 O

gld wiN(kF =

A-29

NTN

(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 Fr0 10kNO 1,020kgfl]
Rotational speed n [ 2,000 min™

Radial load is:

P:0 RO 10kNO 1,020kgf0
The speed factor of cylindrical roller bearing, fn,at N
2,000 min*, from Table 3.1
33.3
fn L] 2,000

The life factor, fn, from formula (3.4)

124
10
Therefore the basic rated life, Lion , from Table 3.1

Lson 0 500% 3.63% 137,000

3/10
[1 00293

fnJ 0.293% 03.63

And next, allowable axial load of cylindrical roller bearing is
shown in page B-93.

In formula (1) on page B-93, based on NUP312 from Table
4 on page B-93, k = 0.065.
de[10 600 130020 95mmInd 2,000 min™
Take into consideration that intermittent axial load.

de0 nx 10°0 19x 10°*

In Fig. 1 on page B-93, dp[0 n = 19x 10, In the case of
intermittent axial load, allowable surface pressure at the lip Pt
0 40 MPa.

Therefore the allowable axial load, P;, following

P, 0.065x 60°x 400 9,360N0 954kgfO
Based on Table 4 of page B-93, it is within the limits of
Famax 0 0.4x 10,000 = 4,000 N. Therefore P: J 4,000 N
{408 kgf}.
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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 Figs. 5.1 - 5.3. To facilitate
international bearing interchangeability and economical
bearing production, bearing boundary dimensions have been
standardized by the International Standards Organization
(ISO). In Japan, rolling bearing boundary dimensions are
regulated by Japanese Industrial Standards (JIS B 1512).

Those 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 dimensions.

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

Outer 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

rgﬁ t; Q?f”
A : pits
Fm Nss

+-— 1 ¢deD E Al i

|

Fig. 5.1 Radial bearings
(excluding tapered roller bearings)

Table 5.1 Dimension series numbers

Fig. 5.2 Tapered roller bearings

¢ da
—@ d —
r
r \r4r
T |
L I ‘ J
L ¢deD I
<—(p‘[)14> JJ*
oD

Fig. 5.3 Single direction thrust bearings

Dimension series
Diameter series Width series Height series | Reference
(outer diameter dimensions) | (width dimensions) |(height dimensions) diagram
Radial bearings number |7,8,9,0,1,2,3,41(8,0, 1, 2, 3, 4, 5, 6 )
(excluding tapered roller F—--——-—-——--—-——-——-—F-———————————————— —— | Diagram 5.4
bearings) dimensions| small «————— large | small «————large
. number 90 1, 2, 3 0,123 )
Tapered roller bearings -~ -———-——~—————————— —— | Diagram 5.5
dimensions| small <—— large small <— large
) number | O, 1, 2, 3, 4 7,9 1, 2|
Thrust bearings R Bty — Diagram 5.6
dimensions| - small <— large small <> large
Dimension Diameter
series serles
. x
Width s 0 1 2 3 4 5 6 &
series b B f
Di t §
e o
o It | | — !
B Caem -
Dimension & o 3 20 o o 2 9 9
) o |lglss 2 99 | 8 8 28 g 8 3¢ Pl
{ Q,,\ A LA RAE: i a :
. B . i i . —10—
Fig. 5.4 Dimension series for radial bearings Cu
(excluding tapered roller bearings; diameter series 7 has been omitted) [, !
3
Diameter 2 — //%
series 1 — \V |
9 . /’{ »}" i a 1 2
-1 - = 1 [
=1 | - ‘ ! ‘ ‘ ’
Width {O ‘
series o o T o on o o o 24
. \ o 1 L _ L1 I
—
Fig. 5.5 Dimension series for tapered roller bearings Fig. 5.6 Dimension series for
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thrust bearings
(excluding diameter series 5)
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future standardization, there are many standard bearing
dimensions which are not presently manufactured.

Boundary dimensions for radial bearings (excluding
tapered roller bearings) are shown in the attached tables.

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

(Bearing number examples)

620522C30 2A

Shell Alvania 2 grease

Radial internal clearance C3
Shielded (both)

Nominal bore diameter 25mm

Diameter series 2
Deep groove ball bearing

7012CDB0 GMP4

L Tolerances JIS Class 4

Medium preload

Back-to-back duplex arrangement
Contact angle 15°

Nominal bore diameter 60mm
Dimension series 0

Angular contact ball bearing

20G1C3

L Radial internal clearance C3
- High strength machined brass

| =z
lC

rivetless cage with square holes

Nominal bore diameter 1000mm
Dimension series 3
Cylindrical roller bearing NU type

47030208

—‘7 L Nominal bore diameter 40mm
Diameter series 2

Width series 0

Tapered roller bearing

Spec. 4T

NTN

"basic number" followed by "supplementary codes." The
makeup and order of bearing numbers is shown in Table 5.2.

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.

23034BD1

_|_— Lubrication hole/lubrication groove
(when outer diameter is less than 320mm)
Type B
Nominal bore diameter 170mm

Dimension series 0
Width series 3
Spherical roller bearing

2400 750BK30
Bore diameter: tapered inner

ring bore, standard taper ratio 1:30
Type B

Bore diameter 750mm

Dimension series 0

Width series 4

Spherical roller bearing

51120L1P5

L Tolerances JIS Class 5

High strength, machined

brass cage

Nominal bore diameter 100mm
Diameter series 1

Height series 1

Thrust ball bearing
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Table 5.2 Bearing number composition and arrangement

NTN

Supplementary prefix code

Basic number

Bearing series

Dimension series code

Bore diameter code

Contact angle code

Special application/material/ Bearing bore °
heat treatment code series code | yigthheight series®| Diameter series | Code  |giameter mm| Code Contact angle
4T: 4T tapered roller bearings Deep groove ball bearings (type code 6) ﬁg gg Agnilé:ar Cgtnt?ftdba” tbetarin?s 0
) 68 (@ 8 . . andard contact angle 30°
ET: ET tapered roller bearings 69 ) 9 2.5 25 B Standard contact angle 40
ETA: ET+special heat treatment 22 Ecl)g 2 1 1 c Standard contact angle 15
E:  Bearing using case 63 © 3 Tapered roller bearings
hardened steel Angular contact ball bearings (type code 7) 9 9 o CBZD t(:?_ntalcg_ang;e??ver 10°
) 78 @) 8 o/Including
EA: Bearing made of 79 @) 9 00 10 D Contact angle over 17°
nitride-treated case ;g %) (2) o1 i tofincluding 24°
hardened steel o5 Eog 5 02 15 Contact angle over 24°
TA: Bearing made of . . 03 17 tofincluding 32°
nitride-gt;reated bearing Selfiazllgnlng ball beéslor)lngs (type cod; 1,2)
steel (SUJ3) s © 5 122 22
TM: Bearing made of special 22 @) 2 128 28
heat-treated bearing 23 2 3 132 32
steel (SUJ3) Cylindrical roller bearings (type code NU, N, NF, NNU, NN, etc.) o o
; ; NU10 1 0
Stainless steel bearings mggz ((2)) g 82 gg
N:  High speed steel bearings NUE ©) 3
. ; NU23 2 3
M:  Plated bearings NI ©) A gg 128
5S: Ceramic rolling element NNU49 4 9
bearings NN30 3 0 96 480
HL:  HL roller bearings ;’Zag;red roller bea;mgs (type codt;S) /500 500
ECO: ECO-Top tapered roller 320X 2 0 ggg 228
bearings ggg (2) g
LH: Bearing made of bearing 2820 8 g /2,360 2,360
steel that provides long 313X 1 3 /2,500 2,500
life at high temperatures 323 2 3
(STJ2), which is treated to i )
stabilize dimensions at Spherical roller bearings (type code 2)
temperatures up to 250°C 239 3 9
230 3 0
TS3: Dimension stabilized 240 4 0
bearing for high 231 3 1
temperature use gg% ‘2‘ ;
(to 200°C) 532 3 >
R . . 213 1 3
TS4: Dimension stabilized 223 > 3
bearing for high
temperature use Single direction thrust ball bearings (type code 5)
(to 250°C) 511 1 1
512 1 2
513 1 3
514 1 4
Cylindrical roller thrust bearings (type code 8)
811 1 1
812 1 2
893 9 3
Spherical thrust roller bearings (type code 2)
292 9 2
293 9 3
294 9 4

@ 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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Supplementary suffix codes

)
Internal clearance

Internal Seal / External Duplex L
modifications code| ~ cage code Shield code | configuration code | arrangement code | /preload code | Tolerance code| Lubrication code
u: L1: LLB: K: DB: C2: P6: 12A:
Internationally High strength, Synthetic rubber| Tapered inner Back-to-back Internal JIS Class 6 Shell Alvania 2
interchangeable | machined brass | seal (non- ring bore, arrangement clearance less grease
tapered roller cage contact type) standard taper than normal P5:
bearings ratio 1:12 DF: JIS Class 5 13A:

F1: LLU: Face-to-face (CN): Shell Alvania 3
R: Machined Synthetic rubber| K30: arrangement Normal clearance | P4: grease
Non- carbon steel seal Tapered inner JIS Class 4
internationally cage (contact type) ring bore, DT: C3: /8A:
interchangeable standard taper | Tandem Internal P2: Shell Alvania
tapered roller G1: LLH: ratio 1:30 arrangement clearance JIS Class 2 EP2 grease
bearings High strength Synthetic rubber greater than
machined brass | seal N: D2: normal 2: /5K:
ST: rivetless (low-torque type) With snap ring | Two matched, ABMA MULTEMP SRL
Low torque cage with groove paired bearings | C4: Class 2
tapered roller square holes, 7Z: Internal JLX11:
bearings Steel shield NR: G: Flush ground | clearance 3 Barierta JFE552
G2: With snap ring greater than C3 | ABMA
HT: Pin type cage Oa: Class 3 /LPO3:
High axial load D: Spacer C5: Thermosetting
use cylindrical J: With oil hole (a = spacer’s Internal 0: grease
roller bearings Pressed steel standard width | clearance ABMA (grease for
cage D1: dimensions) greater than C4 | Class 0 poly-lube
Lubrication bearings)
T2: hole/lubrication CM: 00:
Plastic mold groove Radial internal | ABMA
cage clearance for Class 00

electric motor
use

/GL:
Light preload

IGN:
Normal preload

IGM:
Medium preload

IGH:
Heavy preload
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6. Bearing Tolerances

6.1 Dimensional accuracy and running accuracy

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

Dimensional accuracy

Dimensional accuracy constitutes the acceptable values
for bore diameter, outer diameter, assembled bearing
width, and bore diameter uniformity as seen in chamfer
dimensions, allowable inner ring tapered bore deviation
and shape error. Also included are, average bore diameter
variation, outer diameter variation, average outer diameter
unevenness, as well as raceway width and height variation
(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 runout, and outer ring outer diameter runout.

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

Table 6.1 indicates which standards and precision
classes are applicable to the major bearing types. Table
6.2 shows a relative comparison between JIS B 1514
precision class standards and other standards. For greater
detail on allowable limitations and values, refer to Tables
6.3 - 6.9. Allowable values for chamfer dimensions are
shown in Table 6.10, and allowable limitations and values
for radial bearing inner ring tapered bores are shown in
Table 6.11.

Bearing type Applicable standard Tolerance class Tolerance table
Deep groove ball bearings class 0 class 6 | class5 | class 4 | class 2
Angular contact ball bearings class 0 class 6 | class5 | class 4 | class 2
Self-aligning ball bearings class 0 O ad ad O
— _ JIS B 1514 Table 6.3

Cylindrical roller bearigns (1S0492) class 0 class 6 | class5 | class 4 |class 2

Needle roller bearings class 0 class 6 | class 5 | class 4 O

Spherical roller bearings class 0 O O O O

Tapered metric JIS B 1514 class 0,6X | class 6 | class 5 | class 5 0 Table 6.4

roller Inch ANSI/ABMA Std.19 class 4 class 2 | class3 | class O | class 00 | Table 6.5

bearings -

9 J series ANSI/ABMA Std.19.1 | class K class N | classC | class B | class A | Table 6.6
Thrust ball bearings JIS B 1514 class 0 class 6 | class 5 | class 4 O Table 6.7
Spherical roller thrust bearings (1S0199) class 0 O O O O Table 6.8
Double direction angular contact thrust ball bearings | NTN standard 0 0 class 5 | class 4 0 Table 6.9

Table 6.2 Comparison of tolerance classifications of national standards
Standard Applicable standerd Tolerance Class Bearing Types
;’f‘a"nad”;ﬁe(jr,‘g;‘ strial JIS B 1514 Class 0,6X | Class 6| Class5| Class 4 | Class 2| All type
Normal . .
1ISO 492 class Class 6 | Class 5 | Class 4 | Class 2 | Radial bearings
Class 6X
International Organization Normal ’
for Standardization (1S0) | O 1% Class |©lass6 | Class5 | Class4 O Thrust ball bearings
ISO 578 Class 4 Class 3 | Class 0 | Class 00| Tapered roller bearings (Inch series)
ISO 1224 O Class 5A |Class 4A O Precision instrument bearings
Deutsches Institut
fur Normung(DIN) DIN 620 PO P6 P5 P4 P2 | Alltype
American National 9 ABEC-1 |ABEC-3|ABEC-5 Radial bearings
Standards Institute (ANSI) ANSI/ABMA Std.20 | ppgc-1  |RBEC-3|RBEC-5 | ABEC-7 | ABEC-9 (Except tapered roller bearings)
American Bearing ANSI/ABMA Std.19.1 | Class K | Class N | Class C | Class B | Class A | Tapered roller bearings (Metric series)
Manufacturer's Association - .
(ABMA) ANSI/ABMA Std.19 | Class4 | Class2 | Class 3 | Class O | Class 00| Tapered roller bearings (Inch series)

@ "ABEC" is applied for ball bearings and "RBEC" for roller bearings.
Notes 1: JIS B 1514, ISO 492 and 199, and DIN 620 have the same specification level.

2: The tolerance and allowance of JIS B 1514 are a little different from those of ABMA standards.
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Table 6.3 Tolerance of radial bearings (Except tapered roller bearings)
Table 6.3 (1) Inner rings

NTN

O Nominal Dimensional tolerance of mean Bore diameter variation
O bore bore diameter within plane
O diameter Vep
Admp
oo d
0 mm diameter series 9 diameter series 0.1 | diameter series 2.3.4
class 0 class 6 class 5 class 4“ class 20 class class class class class | class class class class class | class class class class class
5 4 2 5| 4 2 0 6 5 4 2
over incl. | high low high low high low high low high low max max max
069 25| 0 -8 0 -7 0 5 0 -4 0 25|10 9 5 425 8 7 4 3 25 6 5 4 3 25
25 10 0 -8 0 -7 0 5 0 -4 0 25|10 9 5 425 8 7 4 3 25 6 5 4 3 25
10 18 0 -8 0 -7 0 5 0 -4 0 25|10 9 5 425 8 7 4 3 25 6 5 4 3 25
18 30 0 -10 O -8 0 6 0 5 0 25|13 10 6 525/ 10 8 5 4 25 8 6 5 4 25
30 50 0 -12 0 -10 O -8 0 6 0 25|15 13 8 6 25| 1210 6 5 25/ 9 8 6 5 25
50 80 0O -15 0 -12 O 9 0 -7 0 -4 19 15 9 7 4 1915 7 5 4 |11 9 7 5 4
80 120 0 20 0 -15 0 -10 O -8 0 5 25 19 10 8 5 2519 8 6 5 |15 11 8 6 5
120 150 0O 25 0 -18 O -13 0 -10 O -7 31 23 13 10 7 312310 8 7 |19 14 10 8 7
150 180 0O 25 0 -18 O -13 0 -10 O -7 31 23 13 10 7 31 23 10 8 7 |19 14 10 8 7
180 250 0O 30 0 -2 0 -15 0 -12 0 -8 38 28 15 12 8 382812 9 8 |23 17 12 9 8
250 315 0 35 0 -25 0 -18 O o 0O O 44 31 18 0O O | 44 31 14 0 0O |26 19 14 O O
315 400 0O 40 O -30 0 -23 O o o0 0O 50 38 23 0 O | 503818 O O |30 2318 O O
400 500 0 45 0 -35 O o O o O O 56 44 0 0O O | 5644 0 O 0O |34 260 0O O
500 630 0 -50 0 -40 O o O 0o 0 O 63 50 0 O O | 6350 0 O O |3 30 0 O O
630 800 0 -75 O o O o O O O O O 0O O OO O0O0ODDOoOOoO|0Doooooao
800 1000 0 -100 O o O o O o 0O O O 0 0O 00 O0o0OOoo|(0ooao0oao
1000 1250 0 -125 0O o O O O o o0 0O O 0O O OO I [ 0 A o A W A R
1250 1600 0 -160 O o O o O o 0O O O 0 0O OO0 OO0o0DOoo|(b0oooooao
1600 2000 0 -200 O 0 0 o 0O 0o 0 O 0O 0 0 00 OO0 0O0O0O|0 0000

@ The dimensional difference Ads of bore diameter to applied for class 4 and 2 is the same as the tolerance of dimentional difference Admp of average bore diameter.
However, the dimensional difference is applied to diameter series 0, 1, 2, 3 and 4 against Class 4, and to all the diameter series against Class 2.

Table 6.3 (2) Outer rings

O Nominal Dimensional tolerance of mean outside Outside diameter variation @
[ outside diameter within plane v
0 diameter i
Abmp
OO0 D open type
ooooo : . . . . )
O mm diameter series 9 diameter series 0.1 | diameter series 2.3.4
e e
class 0 class 6 class 5 class 4 class 2 class class class class class | class class class class class | class class class class class
5 4 2 5 4 2 0 6 5 4 2
over incl. | high low high low high low high low high low max max max
259 6 0 -8 0 -7 0 5 0 -4 0 -25 10 9 5 4 25| 8 7 4 3 25| 6 5 4 3 25
6 18 0 -8 0 -7 0 5 0 4 0 -25 10 9 5 4 25| 8 7 4 3 25| 6 5 4 3 25
18 30 0 9 0 -8 0 6 0 5 0 4 12 10 6 5 4 9 8 5 4 4 7 6 5 4 4
30 50 0O -11 O 9 0 70 6 0 -4 14 11 7 6 4 11 9 5 5 4 8 7 5 5 4
50 80 0O -13 0 -11 O 9 0 -7 0 -4 16 14 9 7 4 1311 7 54 |10 8 7 5 4
80 120 0O -15 0 -13 0 -10 O -8 0 -5 19 16 10 8 5 1916 8 6 5 |11 10 8 6 5
120 150 0O -18 0 -15 0 -11 O -9 0 -5 231911 9 5 2319 8 75 |14 11 8 7 5
150 180 0O 25 0 -18 0 -13 0O -10 O -7 31 23 1310 7 31 23 10 8 7 19 14 10 8 7
180 250 0O 30 0 -20 0 -15 0 -11 0 -8 38 25 1511 8 382511 8 8 |23 1511 8 8
250 315 0O -3 0 -25 0O -18 O -13 0 -8 44 31 18 13 8 44 31 14 10 8 | 26 19 14 10 8
315 400 0O 40 O -28 0 -20 O -15 0 -10 50 35 20 1510 50 35 15 1110 | 30 21 15 1110
400 500 0 45 0 -33 0 -23 O O o O 56 4123 0 O | 5641170 0O |34 2517 O O
500 630 0O 50 0 -38 0 -28 0O O o O 63 48280 0O | 6348210 0O (382921 0 O
630 800 0 -75 0 -4 0 -35 0O O 0o 0O 94 56 35 0 0O | 9456 260 O |55 34 26 0O O
800 1000 0 -100 0 -60 O O o O o O 125 75 0 0O 0O (125 750 O 0O |75 450 0O O
1000 1250 0 -125 0O O o O O O 0o O 0 OO0 0|0 000 O |00Do Ooo
1250 1600 0 -160 O O o O o O o O 0O OO0 0|0 0O0Oo0 O|00o oo
1600 2000 0 -200 O O o O o O o O 0O Ooo o |0ooo o|o0oo oo
2 000 2 500 0 -250 O O 0o 0O O 0O 0o O 0O 000D 0O |00O0OO0D O(00o0 0o

@ The dimensional difference Aps of outer diameter to be applied for classes 4 and 2 is the same as the tolerance of dimensional difference Abmp of average outer
diameter. However, the dimensional difference is applied to diameter series 0, 1, 2, 3 and 4 against Class 4, and also to all the diameter series against Class 2.
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Unity m
Mean bore diameter Inner ring Side runout Inner ring Inner ring width deviation Inner ring width
variation radial runout with bore axial runout Ass variation
Vdmp Kia Sd o ® Vs
ia . [3)
normal modified
class class class class class | class class class class class | class class class | class class class | class 0,6 class5,4 class2 |class 0,6 class 5,4 [class class class class class
0 6 5 4 2 0 6 5 4 2 5 4 2 5 4 2 0 6 5 4 2
max max max max high low high low high low |high low high low max
6 5 32 15/ 10 5 4 2515| 7 3 15 7 3 15|0 40 0 -40 0 -40|0 O 0 -250| 12 12 5 2515
6 5 32 15|/ 10 6 4 2515| 7 3 15 7 3 15| 0 -120 0 -40 O -40|0 -250 0O -250| 15 15 5 25 1.5
6 5 32 15| 10 7 4 2515| 7 3 15 7 3 15| 0 -120 0 -80 O -80| 0 -250 0O -250| 20 20 5 25 1.5
8 6 3 2515 13 8 4 3 25| 8 4 15 8 4 25| 0 -120 0 -120 0 -120| 0 -250 0O -250| 20 20 5 25 1.5
9 8 43 15|/ 1510 5 4 25| 8 4 15 8 4 25| 0 -120 0 -120 0 -120| 0 -250 0O -250| 20 20 5 3 1.5
11 9 5 352 2010 5 4 25| 8 5 15 8 5 25| 0 -150 0 -150 O -150| 0 -380 0O -250| 25 25 6 4 15
1511 5 4 25| 2513 6 5 25| 9 5 25 9 5 25| 0 -200 0 -200 O -200| O -380 0O -380| 25 25 7 4 25
1914 7 5 35/ 3018 8 6 2510 6 25|10 7 25 |0 -250 O -250 O -250| O -500 O -380| 30 30 8 5 25
1914 7 5 35/ 3018 8 6 5 |10 6 4 10 7 5 0 -250 0 -250 O -250| O -500 O -380| 30 30 8 5 4
2317 8 6 4 40 20 10 8 5 |11 7 5 13 8 5 0O -300 O -300 O -300| 0O -500 O -500f 30 3010 6 5
2619 9 0 0O|502 13 0 0O (13 0 O |15 O O 0O 350 0 O O O 0 -500 0 O 353513 0 O
302312 0 O] 603015 0 0O |15 O O |20 O O 0O -400 0 O 0O O 0 -630 0 O 40 4015 0 O
34260 0O 0O|e6530 O OO0 O O 0O o 0O 0 400 O O O |0 O O O 50 450 0O O
38300 0O 0O|70400 0O 0O |O 0O O |0O o 0o 0 5000 O O O |0 O O O 60 500 0O O
550 0 O 0O|80O O O OO0 O O |0 o 0O 0 o oo o oo o oo 700 0 O O
750 O 0O 0O|9eO O O OO O O |0O o 0O 0 0o 0o o o o (o o o o 800 O O O
940 O O O0O|1000 O O OO 0O O |0O o 0 0 o oo o o0 o o ojoooo0o o o
1200 0 O O(1200 O O O |O O O |O o 0O 0 o oo o o0 o o000 j122000 0 O
500 0O O 0O (1400 O O 0O |O O 0O |O o 0O 0 0o 0o o o o0 o O o (14000 0o o
@ Applies to ball bearings such as deep groove ball bearings and angular ball bearings.
© To be applied for individual raceway rings manufactured for combined bearing use.
O Nominal bore diameter of bearings of 0.6 mm is included in this dimensional division.
Unit gy m
Outside diameter Mean bore diameter | Outer ring radial runout | Outside surface | Outside ring Outer ring Outer ring width
variation Vor ® variation K inclination axial runout width variation
Sealed/shield Vomp . 5 .. @ deviation v
bearings D ea cs
diameter series Acs
23400 01,234
class class class class class | class class class class class | class class class | class class class class 0,6 class class class
class 0 class6 | 0 6 5 4 2 0 6 5 4 2 5 4 2 5 4 2 ! 5 4 2
max max max max max all type max
10 9 6 5 3 2 15,15 8 5 3 15 8 4 15 8 5 15 52515
10 9 6 5 3 2 15(15 8 5 3 15| 8 4 15 8 5 15| Dependson |Depends 5 2515
12 10 7 6 3 252 15 9 6 4 25 8 4 15 8 5 25 | tolerance of |on 52515
16 13 8 7 4 3 2 | 2010 7 5 25| 8 4 15| 8 5 25 tABSd'” fre'at'on t‘;'zra'?ce 5 25 15
20 16 |10 8 5 352 |25 13 8 5 4 8 4 15| 10 5 4 b° ot same °| tB_S'”t 63 15
26 20 |11 10 5 4 25|35 18 10 6 5 9 5 25| 11 6 5 |Peang relaionto g 4 25
d of same
30 25 14 11 6 5 25| 40 20 11 7 5 10 5 25 13 7 5 bearing 85 25
38 30 19 14 7 5 35| 45 23 13 8 5 10 5 25 14 8 5 8 5 25
— — 23 15 8 6 4 50 25 15 10 7 11 7 4 15 10 7 10 7 4
— — 26 19 9 7 4 60 30 18 11 7 13 8 5 18 10 7 11 7 5
— — 30 21 10 8 5 70 35 20 13 8 13 10 7 20 13 8 13 8 7
— — 34 2512 — — | 8 40 23 — — |15 — — 23 — — 15 — —
— — 38 29 14 — — |100 50 25 — — |18 — — 25 — — 18 — —
— — 56 34 18 — — |120 60 30 — — |20 — — 30 — — 20 — —
— — 7% 45 — — — 140 75 — — — | — — — —_ - — _ = —
— — _ - — — — 160 — - — — | = — — —_ = — _ — —
— — _ - - - — 190 - - - — | = — — _ = — _— —
— — - - - - — 20 — — — — | = - — —_ - — _ = —
— — _ - — — — 250 - - — — | = — — —_ = — _ — —

O To be applied in case snap rings are not installed on the bearings.
@ Applies to ball bearings such as deep groove ball bearings and angular ball bearings.
@ Nominal outer diameter of bearings of 2.5 mm is included in this dimensional division.
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Table 6.4 Tolerance of tapered roller bearings (Metric series)
Table 6.4 (1) Inner rings

0 Nominal Dimensional tolerance of mean Bore diameter Mean bore diameter Inner ring radial runout |  Side
0 bore bore diameter within plane variation variation Ki runout
0 diameter a with bore
Admp Vdp Vdmp
oo d Sq
5 mm @ | class class class class | class class class class | class class class class | class class
class 0,6X class 5,6 class 4 06X 6 5 4 |o6Xx 6 5 4 |oex 6 5 4 5 4
over [0 incl. high low high low high low max max max max
10 18 0 -12 0 -7 0 -5 12 7 5 4 9 5 5 4 15 7 5 3 7 3
18 30 0 -12 0 -8 0 -6 12 8 6 5 9 6 5 4 18 8 5 3 8 4
30 50 0O -12 0 -10 O -8 12 10 8 6 9 8 5 5 20 10 6 4 8 4
50 80 0O -15 0 -12 o0 -9 15 12 9 7 11 9 6 5 25 10 7 4 8 5
80 120 0O -20 0 -15 0 -10 20 15 11 8 15 11 8 5 30 13 8 5 9 5
120 180 0O 25 0 -18 o0 -13 25 18 14 10 19 14 9 7 35 18 11 6 10 6
180 250 0O 30 0 -22 o0 -15 30 22 17 11 23 16 11 8 50 20 13 8 11 7
250 315 0 -35 — —_ - - 35 - — — 26 — — — 60 — — — — —
315 400 0 -40 — —_ - — 40 — — — 30 — — — N7 - — — — —
400 500 _ = = _ - - _ = = = _ = = = —_ = = = —_ —
500 630 - - — —_- - - —- = = = —- = = = —- = = = — —
630 800 _- - - —_- - - - = = — —- = = — - = = — — —
800 1,000 —_ = = —_ - - —_ = = = —_ = = = —_ = = = — —
@ The dimensional difference Ads of bore diameter to be applied for class 4 is the same as the tolerance of dimensional difference Admp of average bore diameter.
Table 6.4 (2) Outer rings
0 Nominal Dimensional tolerance of mean Outside diameter Mean bore diameter | Outer ring radial runout | Outside
O outside outside diameter within plane variation variation K surface
0 diameter “ inclination
Domp Vop Vomp
oo b SD@
O mm
| 06X class 5.6 dlss 49 class class class class | class class class class | class class class class | class class
GESS Y, , 06X 6 5 4 |o06x 6 5 4 |o6x 6 5 4 | 5 4
over incl. high low high low high low max max max max
18 30 0 -12 0 -8 0 -6 12 8 6 5 9 6 5 4 18 9 6 4 8 4
30 50 0O -14 O 9 0 -7 14 9 7 5 11 7 ) 5 20 10 7 5 8 4
50 80 0O -16 0 -11 O -9 16 11 8 7 12 8 6 5 25 13 8 5 8 4
80 120 0O -18 0 -13 0 -10 18 13 10 8 14 10 7 5 35 18 10 6 9 5
120 150 0O -20 0 -15 0 -11 20 15 11 8 15 11 8 6 40 20 11 7 10 5
150 180 0O 25 0 -18 0 -13 25 18 14 10 19 14 9 7 45 23 13 8 10 5
180 250 0O -30 0 -20 O -15 30 20 15 11 23 15 10 8 50 25 15 10 11 7
250 315 0O 35 0 -25 O -18 35 25 19 14 26 19 13 9 60 30 18 11 13 8
315 400 0O -40 O -28 0 -20 40 28 22 15 30 21 14 10 70 35 20 13 13 10
400 500 0 -45 — —_- - - 45 - - — 34 — — — 80 — — — — —
500 630 0 -50 — —_ - - 50 — — — 38 —_- - — 100 — — — — —

@ Does not apply to bearings with flange.
© The dimensional difference Dps of outside diameter to be applied for class 4 is the same as the tolerance of dimensional difference Domp of average outside diameter.
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Unity m
Inner ring Inner ring width deviation Assembly width deviation of single-row Combination width | Combination width
axial runout Ass tapered roller bearings deviation of double | deviation of 4-row
D00O0pO0O0000000 A fow bearings bearings
Sia ABis,  Acis AB2s,  Acas
class 4 class 0,6 class 6X  class 4,5 class 0,6 class 6X class 4,5 class 0,6,5 class 0,6,5
max high  low high low high low high  low high low high low high low high low
3 0 -120 0 -50 0 -200 +200 0 +100 0 +200 -200 O | | O
4 0 -120 0 -50 0 -200 | +200 O +100 0 +200 -200 O O O O
4 0 -120 0 -50 0 -240 | +200 O +100 0 +200 -200 +240 -240 O O
4 0 -150 0 -50 0 -300 | +200 O +100 0 +200 -200 +300 -300 O O
5 0 -200 0 -50 0 -400 | +200 -200 +100 O +200 -200 +400 -400 +500 -500
7 0 -250 0 -50 0 -500 +350 -250 +150 0 +350 -250 +500 -500 +600 -600
8 0 -300 0 -50 0 -600 | +350 -250 +150 O +350 -250 +600 -600 +750 -750
O 0 -350 0 -50 O O +350 -250 +200 O O O +700 -700 +900 -900
O 0 -400 0 -50 g O +400 -400 +200 0 O O +800 -800 +1 000 -1000
O O 0 o O 0 O O 0 O | 0 0 +900 -900 +1200 -1200
O O | o O | O O | O | 0 O +1 000 -1 000 +1200 -1200
O O g o o g O O g O | O O +1 500 -1 500 +1500 -1500
O O O o O o 0O 0 O O O O O +1500 -1500 +1500 -1500
Unity m Table 6.4 (3) Effective width of outer and inner rings with roller unity m
Outer ring axial Outer ring width deviation O Nominal Effective width deviation Tapered roller bearing outer
runout Acs 0 bore of roller and inner ring assembly | ring effective width deviation
Sea 0 diameter of tapererd roller bearing Arae
SR DO0O00 Ans
° O mm
class 4 class 0,6,5,4 class 6X class 0 class 6X class 0 class 6X
max sup. inf. sup. inf. over incl. high low high low [ high low high low
5 0 -100 10 18 +100 0 +50 0 | +100 0 +50 O
5 Depends on 0 -100 18 30 +100 0 +50 O +100 0 +50 O
5 tolerance of 0  -100 30 50 +100 O +50 0 | +100 O +50 0
Ags in
6 relationtod  © -100 50 80 +100 0 +50 0 | +100 0 +50 O
7 S — 0 -100 80 120 +100 -100 +50 O | +100 -100 +50 O
8 - 0 -100 120 180 +150 -150 +50 O | +200 -100 +100 O
earing
10 0 -100 180 250 +150 -150 +50 O +200 -100 +100 O
10 0 -100 250 315 +150 -150 +100 O | +200 -100 +100 O
13 0 -100 315 400 +200 -200 +100 O | +200 -200 +100 O
— 0 -100
— 0 -100
O Applies to bearing where d is greater than 10 mm — T Master cup — T Master cone
but is less than or equal to 400 mm. sub-unit sub-unit
4 -—-—+ od —--—--+ od
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Table 6.5 Tolerance of tapered roller bearings (Inch series)

Table 6.5 (1) Inner rings

NTN

Unity m
Nominal bore diameter Single bore diameter deviation
d 0 Ads
mm (inch) O O O O O
Class 4 Class 2 Class 3 Class 0 Class 00
over incl. high low high low high low high low high low
0 76.2( 3 ) +13 0 +13 0 +13 0 +13 0 +8 0
76.2( 3 ) 266.7 (10.5) +25 0 +25 0 +13 0 +13 0 +8 0
266.7(10.5) 304.8 (12 ) +25 0 +25 0 +13 0 +13 0 — —
304.8(12 ) 609.6 (24 ) +51 0 +51 0 +25 0 — — — —
609.6(24 ) 914.4 (36 ) +76 0 — — +38 0 — — — =
914.4(36 ) 1219.2 (48 ) +102 0 — = +51 0 — — — —
1219.2(48 ) O +127 0 — — +76 0 = = = =
Table 6.5 (2) Outer rings Unity m
Nominal outside diameter Single outside diameter deviation
D ADs
mm (inch) O O O O O
Class 4 Class 2 Class 3 Class 0 Class 00
over incl. high low high low high low high low high low
O 266.7 (10.5) +25 0 +25 0 +13 0 +13 0 +8 0
266.7 (10.5) 304.8(12 ) +25 0 +25 0 +13 0 +13 0 —0 —
304.8(12 ) 609.6 (24 ) +51 0 +51 0 +25 0 —0 — —0 —
609.6 (24 ) 914.4(36 ) +76 0 +76 0 +38 0 —0 — —0 —
914.4(36 ) 1219.2(48 ) +102 0 — 0O — +51 0 —0 — —0 —
1219.2(48 ) O +127 0 — 0 — +76 0 —0 — —0 —

Table 6.5 (3) Single-row tapered roller bearing assembly width, combination width of 4-row bearings,
effective width of inner ring with rollers, effective width of outer ring

Nominal Nominal Overall width deviation of assembled single row tapered roller bearing Overall width deviation
_bore outside Are of assembled 4-row
diameter diameter tapered roller bearings
d D Ag2s, Aczs
mm (inch) mm (inch)
Class 4 Class 2 Class 3 Class 0,00 Class 4,2,3,0
over incl. over incl. high low high low high low high low high low
O  1016(4) +203 0 +203 0 +203 -203 +203 -203 +1524  -1524
101.6 ( 4) 304.8(12) +356 -254 +203 0 +203 -203 +203 -203 +1 524 -1524
304.8(12) 6096 (24)| O  508.0(20)| +381 -381 +381 -381 +203 -203 —0 —0O +1524  -1524
304.8(12) 609.6(36) | 508.0(200 O +381 -381 +381 -381 +381 -381 —0 —0 | +1524 -1524
609.6 (24) O +381 -381 —0 —0 +381 -381 —0 —0 +1 524 -1524
Table 6.5 (4) Radial deflection of inner and outer rings Unity m
Nominal outside diameter Inner ring radial runout Kia
D Quter ring radial runout Kea
mm (inch) O O O
Class 4 Class 2 Class 3 Class 0 Class 00
over incl. max
— 304.8 (14) 51 38 8 4 2
304.8 (14) 609.6 (24) 51 38 18 — —
609.6 (24) 914.4 (36) 76 51 51 = =
914.4 (36) — 76 = 76 — —
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Master cup Master cone
Ta sub-unit T sub-unit
- —-— d —-—-—+ od
Unity m
Effective width deviation of roller and inner Tapered roller bearing outer ring effective width deviation
ring assembly of tapered roller bearing Aras
At1s
O O O O O O
Class 4 Class 2 Class 3 Class 4 Class 2 Class 3
high low high low high low high low high low high low
+102 0 +102 0 +102 -102 +102 0 +102 0 +102 -102
+152 -152 +102 0 +102 -102 +203 -102 +102 0 +102 -102
—0 —o  +178 -178® 4102 -102® —0 —0 +203  -203® 4102 -102®
—0 —0 —0 —0O —0 —0 —0O0 —0O —0O —0O —0 —0
—O —0O —0O —0O —0 —0 —0O0 —0O —0 —0 —0 —0O

@ To be applied for nominal bore diameters d of 406.400 mm (16 inch) or less.
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Table 6.6 Tolerance of tapered roller bearings of J series (Metric series)
Table 6.6 (1) Inner rings

NTN

Nominal Mean bore diameter deviation Bore diameter variation Mean bore diameter
bore A V. variation
diameter Gl &
Vdmp
Ood
mm Class Class Class Class Class Class Class Class |Class Class Class Class
K N C B K N © B K N © B
over incl. | high low high low high low high low max max
10 18 0 -12 0 -12 0 -7 0 -5 12 12 4 3 9 9 5 4
18 30 0 -12 0 -12 0 -8 0 -6 12 12 4 3 9 9 5 4
30 50 0 -12 0 -12 0 -10 0 -8 12 12 4 3 9 9 5 5
50 80 0 -15 0 -15 0 -12 0 -9 15 15 5 3 11 11 5 5
80 120 0 -20 0 -20 0 -15 0 -10 20 20 5 3 15 15 5 5
120 180 0 -25 0 -25 0 -18 0 -13 25 25 5 3 19 19 5 7
180 250 0 -30 0 -30 0 -22 0 -15 30 30 6 4 23 23 5 8
Note: Please consult NTN Engineering for Class A bearings.
Table 6.6 (2) Outer rings
Nominal Mean outside diameter deviation Outside diameter Mean outside outer ring
outside A variation diameter variation axial runout
diameter Dmp
Vop Vomp Sea
O D
R Class Class Class Class Class Class Class Class |Class Class Class Class Class
K N C B K N © B K N © B B
over incl. | high low high low high low high low max max max
18 30 0 -12 0 -12 0 -8 0 -6 12 12 4 3 9 9 5 4 8
30 50 0 -14 0 -14 0 -9 0 -7 14 14 4 3 11 11 5 5 8
50 80 0 -16 0 -16 0 -11 0 -9 16 16 4 3 12 12 6 5 4
80 120 0 -18 0 -18 0 -13 0 -10 18 18 5 3 14 14 7 5 4
120 150 0 -20 0 -20 0 -15 0 -11 20 20 5 3 15 15 8 6 4
150 180 0 -25 0 -25 0 -18 0 -13 25 25 5 3 19 19 9 7 5
180 250 0 -30 0 -30 0 -20 0 -15 30 30 6 4 23 23 10 8 6
250 315 0 -35 0 -35 0 -25 0 -18 35 35 8 5 26 26 13 9 6
315 400 0 -40 0 -40 0 -28 0 -20 40 40 10 5 30 30 14 10 6
Note: Please consult NTN Engineering for Class A bearings.
Table 6.6 (3) Effective width of inner and outer rings Unity m
Nominal Effective width deviation of roller and inner ring oo Tapered roller bearing outer ring
diiaar?{ :ter 00 0 o Assemply-pfitapered roller bearing ooono effective width deviation
AT1s Ata2s
Od
A [ Class Class Class Class Class Class Class Class
K N C B K N © B
over incl. high  low high low high low high low| high low high low high low high low
10 80 +100 0 +50 0 +100 -100 +100 0 +50 0 +100 -100
80 120 +100 -100 +50 0 +100 -100 +100 -100 +50 0 +100 -100
120 180 +150 -150 +50 0 +100 -100 +200 -100 +100 O +100 -150
180 250 +150 -150 +50 0 +100 -150 =* * | +200 -100 +100 O +100 -150 = *

Note 1: "«" mark are to be manufactured only for combined bearings
2: Please consult NTN Engineering for Class A bearings.
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Unity m
Inner ring Overall width deviation of assembled
axial runout tapered roller bearing
ATs
Sia
Class Class Class Class Class
B K N C B
max sup inf  sup inf  sup inf  sup inf
3 +200 0 +100 0 +200 -200 +200 -200
4 +200 0 +100 0 +200 -200 +200 -200
4 +200 0 +100 0 +200 -200 +200 -200
4 +200 0 +100 0 +200 -200 +200 -200
5 +200 -200 +100 0 +200 -200 +200 -200
7 +350 -250 +150 0 +350 -250 +200 -250
8 +350 -250 +150 O +350 -300 +200 -300

Table 6.6 (4) Radial runout of inner and outer rings

Unity m
Nominal Inner ring radial runout Kia
outside and
diameter Outer ring radial runout Kea
D
mm Class Class Class Class
K N C B
over incl. max
18 30 18 18 5 3
30 50 20 20 6 3
50 80 25 25 6 4
80 120 35 35 6 4
120 150 40 40 7 4
150 180 45 45 8 4
180 250 50 50 10 5
250 315 60 60 11 5
315 400 70 70 13 5

Note: Please consult NTN Engineering for Class A bearings.

Master cup Master cone
T sub-unit T sub-unit
-m-—--—1 od —-—-T1 ¢@d
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Table 6.7 Tolerance of thrust ball bearings

NTN

Table 6.7 (1) Shaft raceway disc Unity m
Nominal Mean bore diameter deviation Bore diameter Raceway thickness variation
_bore A variation S
diameter i '
Vdp
Od
mm Class Class Class Class Class Class Class Class
0,6,5 4 0,6,5 4 0 6 5 4
over incl. high low high low max max
— 18 0 -8 0 -7 6 5 10 5 3 2
18 30 0 -10 0 -8 8 6 10 5 3 2
30 50 0 -12 0 -10 9 8 10 6 3 2
50 80 0 -15 0 -12 11 9 10 7 4 3
80 120 0 -20 0 -15 15 11 15 8 4 3
120 180 0 -25 0 -18 19 14 15 9 5 4
180 250 0 -30 0 -22 23 17 20 10 5 4
250 315 0 -35 0 -25 26 19 25 13 7 5
315 400 0 -40 0 -30 30 23 30 15 7 5
400 500 0 -45 0 -35 34 26 30 18 9 6
500 630 0 -50 0 -40 38 30 35 21 11 7
Table 6.7 (2) Housing raceway disc Unity m
Nominal Mean outside diameter deviation Outside diameter Raceway thickness variation
outside A variation S
diameter 1S &
VDp
0O D
mm Class Class Class Class Class Class Class Class
0,6,5 4 0,6,5 4 0 6 5 4
over incl. high low high low max max
10 18 0 -11 0 -7 8 5
18 30 0 -13 0 -8 10 6
30 50 0 -16 0 -9 12 7
50 80 0 -19 0 -11 14 8
80 120 0 -22 0 -13 17 10 )
120 180 0 25 0 15 19 11 Accordlng to the tolerance
of S1 against "d" of the same
180 250 0 -30 0 -20 23 15 bearings
250 315 0 -35 0 -25 26 19
315 400 0 -40 0 -28 30 21
400 500 0 -45 0 -33 34 25
500 630 0 -50 0 -38 38 29
630 800 0 -75 0 -45 55 34
Table 6.7 (3) Bearing height Unity m

Nominal Single direction
bore Bearing height @
diameter deviation
Od 0
mm ATs
over incl. high low
— 30 0 -75
30 50 0 -100
50 80 0 -125
80 120 0 -150
120 180 0 -175
180 250 0 -200
250 315 0 -225
315 400 0 -300
400 500 0 -350
500 630 0 -400

@ This standard is applied for flat back face bearing of class 0.
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Table 6.8 Tolerance of spherical thrust roller bearing Table 6.8 (2) Housing raceway disc

Table 6.8 (1) Shaft raceway disc Unity m Unity m
. . . - Nominal Single plane mean
Nominal Mean bore Bore Side Bearing height : : ; .
bore diameter | diameter deviation |diameter| runout deviation outside diameter outs(;de_d![_ameter
d A variation |with bore A D SUEAIL
m| Ts
T ° Vap Sd mm Apmp

over incl. high low max max high low over incl. high  low
50 80 0 -15 11 25 +150 -150 120 180 0 -25
80 120 0 -20 15 25 +200 -200 180 250 0 -30
120 180 0 -25 19 30 +250 -250 250 315 0 -35
180 250 0 -30 23 30 +300 -300 315 400 0 -40
250 315 0 -35 26 35 +350 -350 400 500 0 -45
315 400 0 -40 30 40 +400 -400 500 630 0 -50
400 500 0 -45 34 45 +450 -450 630 800 0 -75
800 1,000 0 -100

Table 6.9 Tolerance of double direction type angular contact thrust ball bearings

Table 6.9 (1) Inner rings and bearing height Unity m

Nominal Mean bore diameter Side runout | Inner ring axial Inner ring Bearing height

bore diameter deviation Admp with bore runout width variation deviation
d Bore diameter deviation Ads Sy S Vs Ats
mm Class 5 Class 4 Class5 Class4 | Class5 Class4 | Class5 Class4 Class 5, Class 4

over incl. high low high low max max max high low

18 30 0 -6 0 -5 8 4 5 3 5 2.5 0 -300

30 50 0 -8 0 -6 8 4 5 3 5 3 0 -400

50 80 0 -9 0 -7 8 5 6 5 6 4 0 -500

80 120 0 -10 0 -8 9 5 6 5 7 4 0 -600
120 180 0 -13 0 -10 10 6 8 6 8 5 0 -700
180 250 0 -15 0 -12 11 7 8 6 10 6 0 -800
250 315 0 -18 0 -15 13 8 10 8 13 7 0 -900
315 400 0 -23 0 -18 15 9 13 10 15 9 0 -1,000

Table 6.9 (2) Outer rings

Unity m
Nominal Mean outside diameter Outside surface inclination|  Outer ring axial runout Outer ring width variation
outside diameter deviation Aom
a a P SD SEa VCs
D Outside diameter
deviation Aos
mm
Class 5 Class 4 Class 5 Class 4 Class 5 Class 4 Class 5 Class 4
over incl. high low max max max
30 50 -30 -40 8 4 According to 5 2.5
50 80 -40 -50 8 4 tolerance of Sia 6 3
80 120 -50 -60 9 5 against "d" of the 8 4
120 150 -60 -75 10 5 same bearings 8 5
150 180 -60 -75 10 5 8 5
180 250 -75 -90 11 7 10 7
250 315 -90 -105 13 8 11 7
315 400 -110 -125 13 10 13 8
400 500 -120 -140 15 13 15 10
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6.2 Chamfer measurements and tolerance or
allowable values of tapered bore

Side face of inner

ring or center

of outer ring

I's min OF

s mm>z
-

I's max OF I1s max

Bore diameter face | g i or Fsmin
of bearing or outer e
diameter face of

bearing

Table 6.10 Allowable critical-value of bearing chamfer
Table 6.10 (1) Radial bearing (Except tapered roller bearing)

(Radial direction)

I's min OF I'1s min

I's max O I1s max

(Axial direction)

washer, or side face

NTN

Table 6.10 (2) Tapered roller bearings of metric series

Unit mm Unit mm
I's min“ Nor_ninal I's max OI I'1s max I's mino d|[a\lr?1g]tlenf(ljfbggeaﬁn I's max OI I'1s max
or bore diameter : : or "d" or nominal ¥ . 3
d Radial Axial outside diameter "D" Radial Axial
I'is min over incl. direction direction I'is min over incl. direction direction
0.05 — — 0.1 0.2 05 — 40 0.7 1.4
0.08 — — 0.16 0.3 ' 40 — 0.9 1.6
0.1 — — 0.2 0.4 w — 40 1.1 1.7
0.15 — — 0.3 0.6 ' 40 — 1.3 2
0.2 — — 0.5 0.8 — 50 1.6 25
1
— 40 0.6 1 50 — 1.9 3
0.3
40 — 0.8 1 — 120 2.3 3
0 — 40 1 2 15 120 250 2.8 35
' 40 = 1.3 2 250 — 35 4
a — 50 1.5 3 — 120 2.8 4
50 — 1.9 3 2 120 250 3.5 4.5
i — 120 2 3.5 250 — 4 5
' 120 — 25 4 — 120 35 5
03 — 120 2.3 4 2.5 120 250 4 5.5
' 120 — 3 5 250 — 4.5 6
= 80 3 4.5 — 120 4 5.5
2 80 220 35 5 3 120 250 45 6.5
220 — 3.8 6 250 400 5 7
o — 280 4 6.5 400 — 55 7.5
' 280 — 45 7 = 120 5 7
= 100 3.8 6 120 250 55 7.5
4
2.5 100 280 45 6 250 400 6 8
280 — 5 7 400 — 6.5 8.5
: — 280 5 8 — 180 6.5 8
5
280 — 5.5 8 180 — 7.5 9
4 — — 6.5 9 a — 180 7.5 10
5 — — 8 10 180 — 9 11
6 — — 10 13 @ These are the allowable minimum dimensions of the chamfer dimension
"r" or "r1" and are described in the dimensional table.
7.5 — — 125 17 © Inner rings shall be in accordance with the division of "d" and outer rings
95 _ _ 15 19 with that of "D".
12 — — 18 24 Note: This standard will be applied to the bearings whose dimensional series
(refer to the dimensional table) are specified in the standard of ISO 355
15 — — 21 30 or JIS B 1512. For further information concerning bearings outside of
19 — — 25 38 these standards or tapered roller bearings using US customary unit,

@ These are the allowable minimum dimensions of the chamfer dimension

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

please contact NTN Engineering.
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Adimp[J Admp
2

od
@ d+Admpl] O
@ di+Aampd O

8

Theoretical tapered bore Tapered bore having dimensional
difference of the average bore
diameter within the flat surface

\ L g

Table 6.11 (1) Tolerance of and tolerance values for tapered bore of

Table 6.10 (3) Thrust bearings radial bearings

Unit mm Standard taper ratio 1:12 tapared hole (class 0) unity m
d Admp Ad1mp - Admp Vdpo e
A ) I's max OF Iis max mm
I's min OF F'1min . . . -
Radial and axial direcition over incl. |high low high low max
10 [+ 22 0 + 15 0 9
0.05 0.1 10 18 [+ 27 0 + 18 0 11
18 30 |+ 33 0 + 21 0 13
0.08 0.16 30 50 |+39 0 | +25 0 16
0.1 0.2 50 80 |+ 46 0 + 30 0 19
80 120 |+ 54 0 + 35 0 22
0.15 03 120 180 |+63 0 | + 40 0 40
0.2 0.5 180 250 |+ 72 0 + 46 0 46
250 315 |+ 81 0 + 52 0 52
0.3 0.8
315 400 |+ 89 0 + 57 0 57
0.6 15 400 500 [+ 97 0 + 63 0 63
1 - 500 630 |+110 0 + 70 0 70
; 630 800 |+125 0 + 80 0 —
1.1 2.7 800 1,000 |+140 0 + 90 0 —
1,000 1,250 |+165 0 +105 0 —
£ € 1,250 1,600 |+195 0 | +125 0 —
2 4 Table 6.11 (2) Tolerance of and tolerance values for tapered bore of
radial bearings
2.1 4.5 Standard taper ratio 1:30 tapered bore (class 0) Units p m
3 55 d Admp Ad1mp = Admp Vdp o6
mm
4 6.5 over incl. high low high low max
5 8 50 80 +15 0 +30 0 19
80 120 +20 0 +35 0 22
6 10 120 180 +25 0 +40 0 40
75 125 180 250 +30 0 +46 0 46
250 315 +35 0 +52 0 52
9.5 15 315 400 +40 0 +57 0 57
12 18 400 500 +45 0 +63 0 63
500 630 +50 0 +70 0 70
15 21 @ Applies to all radial flat planes of inner ring tapered bore.
19 25 @ Does not apply to diameter series 7 and 8.
Note: Quantifiers

O These are the allowable minimum dimensions of the chamfer For a standard taper ratio of 1:120 d:(J d[J Dl‘lg B
dimension "r" or "r1" and are described in the dimensional table.

For a standard taper ratio of 1:300 d:00 dOI @ B

Admp O Dimensional difference of the average bore
diameter within the flat surface at the theoretical
small end of the tapered bore.

Adaimp0 Dimensional difference of the average bore
diameter within the flat surface at the theoretical
large end of the tapered bore.

Vdp [0 Unevenness of the bore diameter with the flat surface
B O Nominal width of inner ring
o [ Half of the tapered bore’s nominal taper angle
0 0 0O O For a standard taper ratio of 1:120 o 00 2°23'9.4"

oooo
00000000 For a standard taper ratio of 1:300 o 0 0°57'7.4"
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6.3 Bearing tolerance measurement methods
For reference, measurement methods for rolling bearing

tolerances are in JIS B 1515.

Table 6.12 Rotation tolerance measurement methods

NTN

Table 6.12 shows some of the major methods of
measuring rotation tolerances.

Characteristic tolerance

Measurement method

Inner ring radial runout
(Kia)

Measuring load

Measuring load

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

Outer ring radial runout
(Kea)

Measuring load

Measuring load

[

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

Inner ring axial runout

Measuring load

Measuring load

="

Axial runout of the inner ring is
the difference between the
maximum and minimum reading

(Sia) of the measuring device when
the inner ring is turned one
© revolution.
© @) Axial runout of the outer ring is

Outer ring axial runout
(Sea)

Measuring load

Measuring load

pioeesiol

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

Inner ring side
runout with bore
(Sq)

Inner ring side runout with bore
is the difference between the
maximum and minimum reading
of the measuring device when
the inner ring is turned one
revolution together with the
tapered mandrel.

Outer ring outside
surface inclination

(Sv)

1.2rs max

40

1.2rs max

Reinforcing ’
plate

Outer ring outside surface
inclination is the difference
between the maximum and
minimum reading of the measuring
device when the outside ring is
turned one revolution along the
reinforcing plate.
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7 Bearing Fits

7.1 Fitting

For rolling bearings, inner and outer rings are fixed on
the shaft or in the housing so that relative movement
does not occur between fitting surfaces during operation
or under load. This relative movement between the fitting
surfaces of the bearing and the shaft or housing can
occur in a radial direction, an axial direction, or in the
direction of rotation. Types of fitting include tight,
transition and loose fitting, which may be selected
depending on whether or not there is interference.

The most effective way to fix the fitting surfaces
between a bearing's raceway and shaft or housing is to
apply a "tight fit." The advantage of this tight fit for thin
walled bearings is that it provides uniform load support
over the entire ring circumference without any loss of load
carrying capacity. However, with a tight fit, ease of
installation and disassembly is lost; and when using a
non-separable bearing as the floating-side bearing, axial
displacement is not possible. For this reason, a tight fit
cannot be recommended in all cases.

7.2 The necessity of a proper fit

In some cases, improper fit may lead to damage and
shorten bearing life, therefore it is necessary to make a
careful investigation in selecting a proper fit. Some of the
bearing failure caused by improper fit are listed below.

® Raceway cracking, early flaking and displacement of
raceway

® Raceway and shaft or housing abrasion caused by
creeping and fretting corrosion

® Seizing caused by negative internal clearances

Table 7.1 Radial load and bearing fit

® Increased noise and deteriorated rotational accuracy
due to raceway groove deformation

Please refer to insert pages A-96 [0 A-99 for
information concerning diagnosis of these conditions.

7.3 Fit selection

Selection of a proper fit is dependent upon thorough
analysis of bearing operating conditions, including
consideration of:

® Shaft and housing material, wall thickness, finished

surface accuracy, etc.

® Machinery operating conditions (nature and

magnitude of load, rotational speed, temperature,
etc.)

7.3.1 "Tight fit" or "Loose fit"

(1) For raceways under rotating loads, a tight fit is
necessary. (Refer to Table 7.1) "Raceways under
rotating loads" refers to raceways receiving loads
rotating relative to their radial direction. For raceways
under static loads, on the other hand, a loose fit is
sufficient.

(Example) Rotating inner ring load = the direction of
the radial load on the inner ring is rotating
relatively

(2) For non-separable bearings, such as deep groove ball
bearings, it is generally recommended that either the
inner ring or outer ring be given a loose fit.

lllustration Bearing rotation Ring load Fit
Static
load Inner ring:
Rotating . . .
Rotating inner Inner ring :
Outer ring: ; R .
Stationary ring load Tight fit
Unbalanced )
load Inner ring: Static outer Outer ring :
Stationary . )
ring load Loose fit
Outer ring:
Rotating
Static
load Inner ring:
Stationary
Outer ring: St_atlc inner Inner ring :
Rotating ring load Loose fit
Unbalanced
load Inner ring: Rotating outer Outer ring :
Rotating ring load Tight fit
Outer ring:
Stationary
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7.3.2 Recommended Fits

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

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

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

Table 7.2: Fits for radial bearings

Table 7.3: Fits for thrust bearings

Table 7.4: Fits for electric motor bearings

Table 7.6: Fits for inch series tapered roller bearings
(ANSI Class 4)

Table 7.7: Fits for inch series tapered roller bearings
(ANSI Class 3 and 0)

Table 7.5. shows fits and their numerical values.

For special fits or applications, please consult NTN
Engineering.

7.3.3 Interference minimum and maximum values
The following points should be considered when it is
necessary to calculate the interference for an application:
® |n calculating the minimum required amount of
interference keep in mind that:
1) interference is reduced by radial loads
2) interference is reduced by differences between
bearing temperature and ambient temperature
3) interference is reduced by variation of fitting
surfaces
® The upper limit value should not exceed 1/1000 of
the shaft diameter.
Required interference calculations are shown below.

(1) Radial loads and required interference

Interference of the inner ring and shaft decreases when
a radial load is applied to the bearing. The interference
required to secure effective interference is expressed by
formulae (7.1) and (7.2).

F 0 0.3 Cor
Aer =0.08 (d0 Fr/ B)™? N
=0.25 (d0 Fe/ B)*? O kgf O [ (7.1)
F 0 0.3 Cor
Aer=0.02 (F:/ B) N
=0.2 (F./B) O kgt o Lo (7.2)
Where,

Adr: Required effective interference according to
radial load p m
d : Bearing bore diameter mm
B : Inner ring width mm
F: : Radial load NO kgf(l
Cor : Basic static load rating NO kgf(l

(2) Temperature difference and required interference
Interference between inner rings and steel shafts is
reduced as a result of temperature increases (difference
between bearing temperature and ambient temperature,
AT) caused by bearing rotation. Calculation of the
minimum required amount of interference in such cases is

shown in formula (7.3).
Aar=0.00150 A0 AT ovivvns i e e e e (7.3)
Aar : Required effective interference for
temperature difference p m
AT : Difference between bearing temperature
and ambient temperature °C
d : Bearing bore diameter mm

(3) Fitting surface variation and required interference
Interference decreases because the fitting surface is

smoothened by fitting (surface roughness is reduced).
The amount the interference decreases depends on
roughness of the fitting surface. It is generally necessary
to anticipate the following decrease in interference.

For ground shafts: 1.000 2.5y m

For lathed shafts: 5.00 7.0y m

(4) Maximum interference

When bearing rings are installed with an interference fit,
tension or compression stress may occur along their
raceways. If interference is too great, this may cause
damage to the rings and reduce bearing life. You should
try to obtain the previously described upper limit.

7.3.4 Other details
(1) Tight interference fits are recommended for,
® Operating conditions with large vibration or shock
loads
® Applications using hollow shafts or housings with
thin walls
® Applications using housings made of light alloys or
plastic
(2) small interference fits are preferable for,
® Applications requiring high running accuracy
® Applications using small sized bearings or thin
walled bearings
(3) Consideration must also be given to the fact that fit
selection will effect internal bearing clearance
selection. (refer to page insert A-58)

Housing
G7 H8.
JIS class 0 Gs H7
bearing He 6|07
N o “
M6 M7
N6 |N7[
P6[P7
Loose fit Transition fit

Tight fit

Types of fits

[ Transition fit Tight fit
JIS class 0

pé
ald
el
bearing ks
t J5 | J6
B

Shafts

Fig 7.1 State of fitting
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(4) A patrticular type of fit is recommended for SL type
cylindrical roller bearings.(See page C-44.)

Table 7.2 General standards for radial bearing fits (JIS Class 0, 6X, 6)

Table 7.2 (1) Tolerance class of shafts commonly used for radial bearings (classes 0, 6X and 6)

NTN

: Cylindrical roller bearing : :
Ball bearings Tapered roller bearing Spherical roller bearing Shaft
Conditions - tolerance Remarks
Shaft diameter (mm) dFEs
Over Under Over \ Under \ Over Under
Cylindrical bore bearing (Classes 0, 6X and 6)
— Light Ioad0 — 18 - - - - hs When greater accuracy is required
?D or 138 %88 G 128 - - Jig js5, k5, and m5 may be substituted
o . — — .
= = fluctuating load - o 140 200 _ _ mé6 for js6, k6, and m6.
>3
« q
3 — 18 — — — — 0jss Alteration of inner clearances to
% 5] 18 100 - 40 - 40 k5 accommodate fit is not a consideration
2o | ordinary @ 100 140 40 100 40 65 mS with single-row angular contact
33 | 140 200 100 140 65 100 m6 ) ;
2o oad 200 280 140 200 100 140 bearings and tapered roller bearings.
o = Therefore, k5 and m5 may be
= — — 200 400 140 280 p6 R id il ey
32. _ _ - - 280 500 6 substituted for k6 and m6.
o= o
> 5 Hea\gyrload - - 128 %38 188 }28 Bg Use bearings with larger internal
o - - .
impact load _ _ 200 - 140 200 6 clearances than CN clearance bearings.
Inner ring must ) When greater accuracy is required use g5.
» = | move easily Overall shaft diameter g6 For large bearings, f6 will suffice for to
= over shaft facilitate movement.
0O =
S S | Inner does not :
o 3 . When greater accuracy is
o ha\_/e to move Overall shaft diameter h6 required use hs.
easily over shaft
. . . Generally, shaft and inner rings
Center axial load Overall shaft diameter js6 are not fixed using interferance.
Tapered bore bearing (class 0) (with adapter or withdrawal sleeve)
(2] (2 I )
Overall load Overall shaft diameter ho/Ts | h10/T7 ™ will suffice for power
transmitting shafts.

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

All loads

All bearing types

All shaft diameters

Tolerance
class

ho / 1T5@

General applications

hio/ 1IT7®@

Transmission shafts, etc.

@ Standards for light loads, normal loads, and heavy loads

Normal loads: 0.06 C: [J equivalent radial load O 0.12 C:

{ Light loads: equivalent radial load 00 0.06 Cr

Heavy loads: 0.12 Cr [ equivalent radial load

@ IT5 and IT7 show shaft roundness tolerances, cylindricity tolerances, and related values.

Note: All values and fits listed in the above tables are for solid steel shafts.
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Table 7.2 (3) Tolerance class of housing bore commonly used for radial bearings (classes 0, 6X and 6)

NTN

Conditions

Housing

Types of load

Outer ring axial ]
direction movement

Toleration class
of housing bore

Remarks

Single housing
or
divided housing

Single housing

G7 will suffice for large bearings
or bearings with large

All types of loads Able to move. H7 temperature differential between
the outer ring and housing.
Light load @
or ° Able to move. H8 —
ordinary load
. . F7 will suffice for large bearings
Outer ring Shaft and inner . or bearings with large
static load ring become hot. Able to move easily. G7 temperature differential between
the outer ring and housing.
Requires precision As a rule, cannot move. K6 Primarily applies to
rotation with light roller bearings.
or ordinary oads. Able to move. JS6 Primarily applies to ball bearings.
Requires quiet operation. Able to move. H6 —
Light or ordinary load Able to move. JS7 If precision is required, JS6
. and K6 are used in place of
Indeterminate Ordinary load or 3S7 and K7. P
load heavy load ® As a rule, cannot move. K7
Large impact load Cannot move. M7 —
Light or fluctuating load Cannot move. M7 —
Outer ring Ordinary or heavy load Cannot move. N7 Primarily applies to ball bearings.
rotational load Heavy load or large
impact load with Cannot move. P7 Primarily applies to roller bearings.

thin housing

@ Standards for light loads, normal loads, and heavy loads

Normal loads: 0.06 Cr [ equivalent radial load 0 0.12 Cr

{ Lightloads: 0 0 0 OO equivalent radial load O 0.06 Cr

Heavy loads: 0.12 Cr O equivalent radial load
@ Indicates whether or not outer ring axial displacement is possible with non-separable type bearings.

Note 1: All values and fits listed in the above tables are for cast iron or steel housings.
2: If only center axial load is applied to the bearing, select a tolerance class that provides clearance for the outer ring in the axial direction.
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Table 7.3 Standard fits for thrust bearings (JIS Class 0 and 6)

Table 7.3 (1) Shaft fits

NTN

. " . Shaft diameter
Bearing type Load conditions Fit mm Tolerance class
over [J O incl.
All thrust bearings Centered axial load only Transition fit All sizes js6 or h6
= Inner ring static load Transition fit All sizes js6
) 3
Spherical roller % Inner ring rotating load Transition fit -8 O 200 k6 or js6
thrust bearings | & or 200 O 400 m6 or k6
] Indeterminate load Tight fit 400 O O né or mé
Table 7.3 (2) Housing fits
Bearing type Load conditions Fit Tol:zle;zgce Remarks
) Select a tolerance class that will provide clearance between outer ring and housing.
Al Centered axial load only - - -
bearings Loose fit H8 Greater accuracy required with thrust ball bearings
! & | Outer ring static load —
Spherical % g H7
roller thrust | 3 | Indeterminate o K7 Normal operating conditions
bearings = | load or outer ring Transition fit : :
2 | rotating load M7 For relatively large radial loads

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

Table 7.4 Fits for electric motor bearings

Shaft fits Housing fits
Bearin e i i
9 typ Shaf;ggmetiﬁrcllmm Tolerance class Hodtglr?]%tlé?re Tolerance class
O 18 i5
R o i 18 0 100 k5 All sizes H6 or J6
g 100 O 160 ms
N 0 40 k5
I(IZyllgdrlc_aI 40 0 160 m5 All sizes H6 or J6
roller bearings 160 0 200 n6
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Table 7.5 Numeric value table of fitting for radial bearing of 0 class

Table 7.5 (1) Fitting against shaft

NTN

Nominal bore Mean boreo g5 g6 h5 h6 i5 js5 i6
diameter of diameter
bearing deviation bearing shaft bearing shaft | bearing shaft | bearing shaft | bearing shaft | bearing shaft bearing shaft
d A
o |- [T 1 T [ [T [
mm [ ___ 11 11 | | LT ___ 11
over incl. | high low
3 6 0 -8 4TO 9L 4T0O 121 8TO 5L 8TO 8L 11TO 2L 10.5TO 2.5L| 21470 2L
6 10 0 -8 3TO 11L 3TO 14L 8TO 6L 8TO 9L 1210 2L 11T O 3L 15T0O 2L
10 18 0 -8 2T0O 14L 2T0O 17L 8TO 8L 8TO 11L 13TO 3L 12T O 4L 16TO 3L
18 30 0 -10 3T0 16L 3TO 20L 10TO 9L 10TO 13L 15T0O 4L 14.5T0O 4.5L | 19TO 4L
30 50 0 -12 3T0O 20L 3TO 25L 12T0O 11L 12T0O 16L 18TO 5L 17.5TO 5.5L| 23TO 5L
50 80 0 -15 5T0 23L 5T0 29L 15TO 13L 15T0O 191 21TO 7L 21.5TO 6.5L| 27TO 7L
80 120 0 -20 8T0O 27L 8TO 34L 20TO 15L 20TO 22L 26T0O 9L 27.5TO 7.5L| 33TO 9L
120 140
140 160 0 -25 11T0O 32L 11T0O 39L 25T0O 18L 25T0O 25L 32T0O 11L 34T 0O 9L 39T0O 11L
160 180
180 200
200 225 0 -30 15T0O 35L 15T0O 44L 30TO 20L 30TO 29L 37T0O 13L 40T O 10L 46T0O 13L
225 250
250 280
280 315 0 -35 18TO 40L 18TO 49L 35T0 23L 35T0 32L 42T0 16L 46.5T0O 11.5L | 51TO 16L
315 355
355 400 0 -40 22T0O 43L 22T0 54L 40T0O 25L 40TO 36L 47T0O 18L 52.5T0O12.5L | 58T0O 18L
400 450
450 500 0 -45 25T0 47L 25T0O 60L 45T0 27L 45T 40L 52T0O 20L 58.5T0 13.5L | 65T0 20L
@ Above table is not applicable to tapered roller bearings whose bore diameter d is 30mm or less.
Table 7.5 (2) Fitting against housing
Nominal Mean outside® G7 H6 H7 J6 J7 Js7 K6
outside diameter
diameter of deviation housing bearing | housing bearing | housing bearing | housing bearing | housing bearing | housing bearing | housing bearing
bearing
D Aonp [T [T [T [T T T T
mm _ L1 _ 11 __ 10 __ 111 __ 111 __ I
over incl. high  low
6 10 0 -8 5L0 28L 00 17L 00 23L 4TO 13L 7TO 16L 7.5T0O 15.5L 7TO 10L
10 18 0 -8 6L0 32L 00 19L 00 26L 5TO 14L 8TO 18L 9T O 17L 9TO 10L
18 30 0 -9 7L0 37L o0 22L 00 30L 5TO 17L 9TO 21L 10.5T0O 19.5L 11T0O 111
30 50 0 -11 oLO 45L o0 27L o0 36L 6T0 21L 11T0O 25L 12.5T0 23.5L 13T0O 14L
50 80 0 -13 10L0O 53L 00 32L o0 43L 6T0 26L 1270 31L 15T [0 28L 15T0 171
80 120 0 -15 12L0 62L o0 37L 00 50L 6TO 31L 13T0O 37L 17.5TO 32.5L 18T0O 19L
120 150 0 -18 14L0 72L 00 43L 00 58L 7T0O 36L 1470 44L 20T [0 38L 21TO 221
150 180 0 -25 14L0 79L 00 50L 00 65L 7T0O 43L 1470 51L 20T [O45L 2170 29L
180 250 0 -30 15L0 91L 00 59L o0 76L 7TO 52L 16TO 60L 23T O53L 2470 35L
250 315 0 -35 17L0 104L o0 67L o0 87L 7T0 60L 16TO 71L 26T [ 61L 27T0O 40L
315 400 0 -40 18L0 115L 00 76L o0 97L 7T0O 69L 18T0O 79L 28.5T[ 68.5L 29T0O 47L
400 500 0 -45 20L0 128L 00 85L 00 108L 7TO 78L 20TO 88L 31.5TO 76.5L 32T0O 53L

@ Above table is not applicable to tapered roller bearings whose outside diameter D is 150mm or less.
Note: Fitting symbol "L" indicates clearance and "T" indicates interference.
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NTN

Unity m
js6 k5 k6 m5 m6 n6 p6 ré Nominal bore
diameter of
bearing shaft | bearing shaft | bearing shaft bearing shaft | bearing shaft bearing shaft | bearing shaft bearing shaft bearing
d
I [ [ [ [1 [ [1 [1
| | | | | | I __ 11 mm
over incl.
12T O 4L 14TO 1T 17TO 1T 17TO 4T 20TO 4T 24T0 8T 28T0O 12T g O 3 6
12.5T0 4.5L 15TO 1T 18TO 1T 20TO 6T 23T0 6T 27TO 10T 3270 15T g O 6 10
13.5T0 5.5L 17TO 1T 20TO 1T 2310 7T 26T0 7T 31T0 12T 37T0 18T g O 10 18
16.5T0 6.5L 21710 2T 25T0 2T 27T0 8T 31TO 8T 38T0 15T 45T0 22T g O 18 30
20T O 8L 25T0 2T 30TO 2T 3270 9T 37TO 9T 45T0 17T 54T0 26T 0 O 30 50
24.5T0 9.5L 30TO 2T 36T0 2T 39T0 11T 45T0 11T 54710 20T 66T0 32T O O 50 80
31T O11L 38T0O 3T 45T0 2T 48T0O 13T 55T0 13T 65T0 23T 79T0 37T g O 80 120
113T0O 63T 120 140
37.5T0 12.5L 46T0 3T 53T0 3T 58T0 15T 65T0 15T 77TO 27T 93TO 43T 115T0O 65T 140 160
118TO 68T 160 180
136T0O 77T 180 200
44 570 14.5L 5470 4T 63T0 4T 67T0O 17T 76TO 17T 90TO 31T 109TO 50T 139T0O 80T 200 225
143T0O 84T 225 250
51T 0O 16L 62T0 4T 71TO 4T 78TO 20T 87T0 20T 101TO 34T 123T0O 56T 16170 94T 250 280
165T0O 98T 280 315
58T 0O 18L 69T0 4T 80TO 4T 86T0 21T 97TO 21T 11370 37T 138TO 62T 184T0) 108T 315 355
190TO 114T 355 400
65T 0O 20L 77TO 5T 90TO 4T 95T0 23T 108TO 23T 12570 40T 153T0O 68T 2117011267 400 450
217T0O132T 450 500
Unity m
K7 M7 N7 P7 Nominal
outside
housing bearing | housing bearing | housing bearing | housing bearing diameter of
bearing
[T T [T T D
[T | [ ] [ ] mm
over incl.
10TO 13L 15TO 8L 19TO 4L 2470 1T 6 10
1270 14L 18TO 8L 23T0 3L 2910 3T 10 18
15T0O 151 21TO 9L 28T0O 2L 35T0 5T 18 30
18TO 18L 25T0 11L 33TO 3L 42T0 6T 30 50
2170 22L 30TO 13L 39TO 4L 51T0 8T 50 80
25T0O 251 35T0 15L 45T0 5L 59T0O 9T 80 120
28T0O 30L 40TO 18L 52T0 6L 68T0 10T 120 150
28T0 37L 40TO 25L 52T0 13L 68TL 3T 150 180
33T0O 43L 46T0 30L 60TO 16L 79T0O 3T 180 250
36T0 51L 52T0 35L 66T0O 21L 88T 1T 250 315
40T0O 57L 57T0O 40L 73T0O 24L 98T 1T 315 400
45T0 63L 63T0O 45L 80TO 28L 108TO O 400 500
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Table 7.6 General fitting standards for tapered roller bearings using US customary unit (ANSI class 4)

Table 7.6 (1) Fit with shaft

Unity m
Nominal bearing Bore diameter Shaft diameter L. O
: - bore diameter tolerance tolerance Fitting
Operating conditions d mm Ads Remark
over incl. high low high low max min
= O 762 +13 0 +38 +25 38T O 12T | ppplicable when
a . 76.2 0 304.8 +25 0 + 64 + 38 64T O 13T slight impact
= | Ordinary load givt Impac
=f y 304.8 O 609.6 +51 0 +127 + 76 127T O 25T | loadis applied
E 609.6 0 914.4 +76 0 | +190 +114 | 190T O 38T |aswell
%’. O 76.2 +13 0 + 64 + 38 38T O 12T
® |Heavy load 76.2 O 304.8 +25 0 0.5 p m mean interference per 1 mm of inner ring bore
S |Impact load 304.8 0 609.6 +51 0 diameter. Minimum interference is 25 u m. Tolerance for the
8 609.6 [ 914.4 +76 0 shaft is adjusted to match tolerance of bearing bore diameter.
o |Innerring does 0 76.2 +13 0 + 13 0 13T O 13L
& pnogv*;aggstﬁy 76.2 0 304.8 +25 0 +25 0 25T O 25L
5 | over shaft with 304.8 0 609.6 +51 0 + 51 0 51T O 51L | not applicable
3 Ordlnary load. 609.6 0 914.4 +76 0 + 76 0 76T O 76L When |mpact
2 | \nner ring must O 76.2 +13 0 0 -13 0 0 13L |loadis applied.
® |move easily_ 76.2 O 304.8 +25 0 0 -25 0 O 50L
g OVdE_r Shal;t W(Ijth 304.8 O 609.6 +51 0 0 -51 0 O 102L
& |ordinary foad. 609.6 0 914.4 +76 0 0 -76 0 O 152L
Table 7.6 (2) Fit with housing Unity m
Nominal bearing Outer diameter _Housing bore Fitting .
Operating conditions outer diameter tolerance diameter tolerance Types of fit
D mm Abs
over incl. high low high  low max min
0 76.2 +25 0 + 76 + 51 26L O 76L
When used on 76.2 0 127.0 +25 0 + 76 + 51 26L O 76L
f!oating- or 127.0 O 304.8 +25 0 + 76 + 51 26L O 76L loose fit
_ [fixed side 304.8 0 609.6 +51 0 +152  +102 51L O 152L
§ 609.6 0 914.4 +76 0 +229 +152 76L O 229L
= o 762 +25 0 + 25 0 25T O 25L
>
@ |When outer 76.2 0 127.0 +25 0 + 25 0 25T O 25L
g |Ing s adiusted | 1570 0 3048 +25 o | +51 0 25T 0 51L | transition fit
g’ direction 304.8 O 609.6 +51 0 + 76 + 26 25T O 76L
Si’ 609.6 O 9144 +76 0 +127 + 51 25T O 127L
;?_, o 76.2 +25 0 - 13 - 38 63T O 13T
= |When outer 76.2 0 127.0 +25 0 -25 -51 76T O 25T
ring is no
adjusted in 127.0 O 304.8 +25 0 -25 -51 76T O 25T
axial direction 304.8 0 609.6 +51 0 -25 - 76 1277 O 25T
609.6 O 914.4 +76 0 - 25  -102 178T O 25T tight fit
i i
3 o 76.2 +25 0 - 13 - 38 63T O 13T 2
g,? When OUttef 76.2 O 127.0 +25 0 -25 -51 76T O 25T
o' @ |ring is no
?_J;_ adjusted in 127.0 O 304.8 +25 0 -25 -51 76T O 25T
&3 |axial direction 304.8 I 609.6 +51 0 -25 - 76 1277 O 25T
g 609.6 0 914.4 +76 0 - 25 -102 178T O 25T
@ Fitting symbol "L" indicates clearance and "T" indicates interference.
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Table 7.7 General fitting standards for tapered roller bearings using US customary unit (ANSI classes 3 and 0)

Table 7. (1) Fit with shaft

NTN

Unity m
Nominal bearing Bore diameter Shaft diameter .. @
_ N bore diameter tolerance tolerance Fitting
Operating conditions d mm Ads
over incl. high low high low max min
5 | Precision 0 304.8 +13 0 + 30 + 18 30T O 5T
< ma_lchine tool 304.8 O 609.6 +25 0 + 64 + 38 64T O 13T
2 | spindles 609.6 0 914.4 +38 0 +102 + 64 1027 O 26T
% Heavy load o 762 +13 0 . ) )
S | Impact load 76.2 0 304.8 +13 0 Minimum interference is 0.25 y m per
£ | High-speed 304.8 O 609.6 +25 0 inner ring bore diameter.
= :
g | fotation 609.6 [ 9144 | +38 0
§_g s O 304.8 +13 0 + 13 0 30T O 5T
g_,g me_achine tool 304.8 O 609.6 +25 0 + 25 0 64T O 13T
g& | spindles 609.6 O 914.4 +38 0 | +102 0 | 102T O 26T
o
Note: For class 0, bearing bore diameter d applies to 241.3 mm or less.
Table 7.7 (2) Fit with housing Unity m
Nominal bearing Outer diameter _Housing bore Fitting =
Operating conditions outer diameter tolerance diameter tolerance Type of fit
D mm Abs
over incl. high low high low max min
0 152.4 +13 0 + 38 + 25 12L O 38L
When used for 152.4 0 304.8 +13 0 +38 + 25 12L O 38L
ﬂoating—side 304.8 O 609.6 +25 0 + 64 + 38 13L O 64L
609.6 0 914.4 +38 0 +89 + 51 13L O 89L .
_ loose fit
3 0 152.4 +13 0 + 25 + 13 00O 25L
® |When used for 152.4 O 304.8 +13 0 + 25 + 13 00 25L
é' fixed side 304.8 O 609.6 +25 0 +51 + 25 00 5iL
3 609.6 U 914.4 +38 0 + 76 + 38 00O 76L
5 0 152.4 +13 0 +13 0 13T 0 13L
§ ‘r’l‘égegg‘éfﬁgte q 152.4 0 304.8 +13 0 +13 0 18T 0 8L | e
S |in axial direction 304.8 O 609.6 +13 0 + 25 0 25T O 25L
g 609.6 0 914.4 +38 0 + 38 0 38T O 38L
When outer 0 1524 +13 0 0 -13 26T O 0
ring is not 152.4 0O 304.8 +13 0 0 -25 38T O 0
adjusted in 304.8 O 609.6 +25 0 0 -25 50T O 0
axial direction  |SSg0g 68FNg14.4 +38 0 0 - 38 610 0 | oise
go ordinary load 0 1524 +13 0 -13 - 25 38T O 13T
§'§ When outer ring 152.4 0 304.8 +13 0 -13 - 38 51T O 13T
=i adjusted 304.8 O 609.6 +25 0 -13 - 38 63T O 13T
(=]
8 |in axial direction |*“g09. 6§ 914.4 +38 0 -13 -51 89T O 13T

@ Fitting symbol "L" indicates clearance and "T" indicates interference.

Note: For class 0, bearing outer diameter D applies to 304.8 mm or less.
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8.

8.1 Bearing internal clearance

Bearing internal clearance is the amount of internal free
movement before mounting.

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

When the internal clearance of a bearing is measured, a
slight measurement load is applied to the raceway so the
internal clearance may be measured accurately.

However, at this time, a slight amount of elastic
deformation of the bearing occurs under the measurement
load, and the clearance measurement value (measured
clearance) is slightly larger than the true clearance. This
difference between the true bearing clearance and the
increased amount due to the elastic deformation must be
compensated for. These compensation values are given in
Table 8.1. For roller bearings the amount of elastic
deformation can be ignored.

The internal clearance values for each bearing class are
shown in Tables 8.3 through 8.11.

8.2 Internal clearance selection

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

"
7:% S

o1 —r— | !

Radial clearance =8 Axial clearance =0 1090 -

Fig. 8.1 Internal clearance
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8.2.1 Criteria for selecting bearing internal clearance
A bearing's life is theoretically maximum when
operating clearance is slightly negative at steady
operation. In reality it is however difficult to constantly
maintain this optimal condition. If the negative clearance
becomes enlarged by fluctuating operating conditions,
heat will be produced and life will decrease dramatically.
Under ordinary circumstances you should therefore
select an initial internal clearance where the operating
clearance is slightly larger than zero.
For ordinary operating conditions, use fitting for
ordinary loads. If rotational speed and operating
temperature are ordinary, selecting normal clearance
enables you to obtain the proper operating clearance.
Table 8.2 gives examples applying internal clearances
other than CN (normal) clearance.

8.2.2 Calculation of operating clearance
Operating clearance of a bearing can be calculated
from initial bearing internal clearance and decrease in
internal clearance due to interference and decrease in
internal clearance due to difference in temperature of the

inner and outer rings.

detdO o 0Odt0d O

where,

o eif : Effective internal clearance, mm
d o : Bearing internal clearance, mm

d f

: Reduced amount of clearance due to

Table 8.1 Adjustment of radial internal clearance based on

measured load (deep groove ball bearing)

Unity m

Nomina;B(;:n[:iameter Measuring Load | Internal clearance adjustmer
over incl. NO kgfCl C2 CN C3 C4 C5
109 18 245 0250 | 304 4 4 4 4
18 50 49 Oos0 | 405 5 6 6 6
50 200 | 147 0150 | 608 8 9 9 9

@ This diameter is included in the group.

Table 8.2 Examples of applications where bearing clearances
other than CN (normal) clearance are used

Operating conditions

Applications

Selected clearance

With heavy or shock Railway vehicle axles C3
load, clearance is large. |vipration screens cs30c4
. . Railway vehicle traction
With indeterminate load, | motors C4
both inner and outer
rings are tight-fitted. Tractors and final speed ca
regulators
Paper making machines
Shatft or inner ring is and driers b
heated. - -
Rolling mill table rollers C3
Reduction of noise and .
vibration when rotating. | Micromotors cz0cMm
f Main spindles of lathes
Ad]u_St_ant of clearance (Double-row cylindrical roller CINAD
to minimize shaft runout. | pearings) CONA
Loose fitting for both Compressor roll neck c2

inner and outer rings.
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interference, mm

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

Ot

(1) Reduced clearance due to interference

When bearings are installed with interference fits on
shafts and in housings, the inner ring will expand and the
outer ring will contract; thus reducing the bearings'
internal clearance. The amount of expansion or
contraction varies depending on the shape of the
bearing, the shape of the shaft or housing, dimensions of
the respective parts, and the type of materials used. The
differential can range from approximately 70% to 90% of
the effective interference.

O [0 (0.7000 0.90) Adeff +veveverrranararninnnn, (8.2)
where,
d t+ : Reduced amount of clearance due to

interference, mm
Adett : Effective interference, mm

NTN

shaft is connected to a heat source, or a heated
substance is conducted through the hollow shaft; the
temperature difference between the two rings can be
even greater. The amount of internal clearance is thus
further reduced by the differential expansion of the
two rings.

Ot TOATU Do wevneeeeiiieiee e aees (8.3)
where,

0 t : Amount of reduced clearance due to heat
differential, mm

o : Bearing material expansion coefficient
12.5x 10°°C

AT : Inner/outer ring temperature differential, [

Do : Outer ring raceway diameter, mm

Outer ring raceway diameter, Do, values can be
approximated by using formula (8.4) or (8.5).

For ball bearings and spherical roller bearings,
Do 0 0.20 (d O 4.0D) (8.4)
For roller bearings (except Spherical roller bearing),

(2) Reduced internal clearance due to inner/outer ring Do 0.25(d 0 3.0D) evvvviviviiiiieeeennn (8.5)
temperature difference. where,
During operation, normally the outer ring will range d : Bearing bore diameter, mm
from 5 to 10°C cooler than the inner ring or rotating parts. D : Bearing outside diameter, mm
However, if the cooling effect of the housing is large, the
Table 8.3 Radial internal clearance of deep groove ball bearings Unity m
Nominal bore diameter c2 CN c3 C4 C5
d0 mm
over incl. min max min max min max min max min max
—0 25 0 6 4 11 10 20 —0 —0 —0 —0
2.5 6 0 7 2 13 8 23 —0 —0O —0O —0
6 10 0 7 2 13 8 23 14 29 20 37
10 18 0 9 3 18 11 25 18 33 25 45
18 24 0 10 5 20 13 28 20 36 28 48
24 30 1 11 5 20 13 28 23 41 30 53
30 40 1 11 6 20 15 33 28 46 40 64
40 50 1 11 6 23 18 36 30 51 45 73
50 65 1 15 8 28 23 43 38 61 55 90
65 80 1 15 10 30 25 51 46 71 65 105
80 100 1 18 12 36 30 58 53 84 75 120
100 120 2 20 15 41 36 66 61 97 90 140
120 140 2 23 18 48 41 81 71 114 105 160
140 160 2 23 18 53 46 91 81 130 120 180
160 180 2 25 20 61 53 102 91 147 135 200
180 200 2 30 25 71 63 117 107 163 150 230
200 225 2 35 25 85 75 140 125 195 175 265
225 250 2 40 30 95 85 160 145 225 205 300
250 280 2 45 35 105 90 170 155 245 225 340
280 315 2 55 40 115 100 190 175 270 245 370
315 355 3 60 45 125 110 210 195 300 275 410
355 400 3 70 55 145 130 240 225 340 315 460
400 450 3 80 60 170 150 270 250 380 350 510
450 500 3 90 70 190 170 300 280 420 390 570
500 560 10 100 80 210 190 330 310 470 440 630
560 630 10 110 90 230 210 360 340 520 490 690
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Table 8.4 Radial internal clearance of self-aligning ball bearings

Nominal bore diameter Bearing with cylindrical bore
dZmm 2 C2 CN 227 C3 27 CA 27 C5
over incl. min max min max min max min max min max
25 6 1 8 5 15 10 20 15 25 21 33
6 10 2 9 6 17 12 25 19 33 27 42
10 14 2 10 6 19 13 26 21 35 30 48
14 18 3 12 8 21 15 28 23 37 32 50
18 24 4 14 10 23 17 30 25 39 34 52
24 30 5 16 11 24 19 35 29 46 40 58
30 40 6 18 13 29 23 40 34 53 46 66
40 50 6 19 14 31 25 44 37 57 50 71
50 65 7 21 16 36 30 50 45 69 62 88
65 80 8 24 18 40 35 60 54 83 76 108
80 100 9 27 22 48 42 70 64 96 89 124
100 120 10 31 25 56 50 83 75 114 105 145
120 140 10 38 30 68 60 100 90 135 125 175
140 160 15 44 35 80 70 120 110 161 150 210
Table 8.5 (1) Radial internal clearance for duplex angular contact Table 8.5 (2) Radial internal clearance of self-aligning ball bearings
ball bearings Unity m Unitpy m
Nominal bore Nominal bore
diameter C1 Cc2 CN C3 C4 diameter C2 CN C3 Cc4 C5
d mm . . . . . d mm . . . . .
. min max | min max | min max | min max | min max . min max | min max | min max | min max | min max
over incl. over incl.
— 10| 3 8 6 12 8 15 | 15 22| 22 30 10 only 0 10 5 15 | 10 21 | 16 28 | 24 36
10 18| 3 8 6 12 8 15 | 15 24| 30 40 100 18| 1 11 6 16 | 12 23 | 19 31| 28 40
18 30| 3 10 6 12 10 20 20 32 40 55 18 24 | 1 11 6 16 13 24 21 33 31 43
30 50| 3 10 8 14 14 25 25 40 55 75 24 30| 1 13 6 19 13 26 21 35 31 45
50 80| 3 11 | 11 17 17 32 32 50| 75 95 30 40| 2 15 7 22 15 30 24 39| 35 50
80 100 | 3 13 | 13 22 | 22 40 | 40 60| 95 120 40 50| 2 15 9 24 | 17 32 28 45 | 40 57
100 120 | 3 15 | 15 30 30 50 50 75 |110 140 50 65| O 15 7 24 16 33 28 48 41 61
120 150 3 16 | 16 33 | 35 55 | 55 80 |130 170 65 80| 1 17 |11 31 | 21 42 | 34 56| 50 74
150 180 | 3 18 | 18 35 | 35 60 | 60 90 |150 200 80 100 3 20 | 13 36 | 25 49 | 40 65| 58 67
180 200 | 3 20 | 20 40 40 65 65 100 | 180 240

Note: The clearance group in the table is applied only to contact angles in the table below. Lo . .
Table 8.6 Radial internal clearance of bearings for electric motor

Unity m
Contact angle | Nominal contact . (2) ;
Symilss] frEll Applicable clearance group Nominal bore Radial internal clearance CM
C 15° cioc2 diameter
I 30° 0 c20CNOC3 oo do mm Deep groove ball bearings Cy||nd.r|cal roller bearings
B 20° O CNO C30 C4 over incl. min max min max
@ Not indicated for bearing number. 10 (ncl.) 18 4 11 — —
@ For information concerning clearance other than applicable 18 24 5 12 — —
clearance, please contact NTN Engineering. 24 30 5 12 15 30
30 40 9 17 15 30
40 50 9 17 20 35
50 65 12 22 25 40
65 80 12 22 30 45
80 100 18 30 35 55
100 120 18 30 35 60
120 140 24 38 40 65
140 160 24 38 50 80
160 180 = = 60 90
180 200 — — 65 100

Note 1: Suffix CM is added to bearing numbers.
Example: 6205ZZCM
2: Clearance not interchangeable for cylindrical roller bearings.
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Unity m
Bearing with tapered bore Nominal bore diameter
oo c2 CN oo c3 0o c4 oo cs dd mmO
min max min max min max min max min max over incl.
— — — — — — — — — — 2.5 6
— — — — — — — — — — 6 10
— = = = — = — — = = 10 14
— — — — — — — — — — 14 18
7 17 13 26 20 33 28 42 37 55 18 24
9 20 15 28 23 39 33 50 44 62 24 30
12 24 19 35 29 46 40 59 52 72 30 40
14 27 22 39 33 52 45 65 58 79 40 50
18 32 27 a7 41 61 56 80 73 99 50 65
23 39 35 57 50 75 69 98 91 123 65 80
29 47 42 68 62 90 84 116 109 144 80 100
35 56 50 81 75 108 100 139 130 170 100 120
40 68 60 98 90 130 120 165 155 205 120 140
45 74 65 110 100 150 140 191 180 240 140 160
Table 8.7 Interchangeable radial internal clearance for cylindrical roller bearing (cylindrical bore) Unity m
Nominal bore diameter c2 CN c3 c4 Cc5
dd mm
over incl. min max min max min max min max min max
—0 10 0 25 20 45 35 60 50 75 —0 —0
10 24 0 25 20 45 35 60 50 75 65 90
24 30 0 25 20 45 35 60 50 75 70 95
30 40 5 30 25 50 45 70 60 85 80 105
40 50 5 35 30 60 50 80 70 100 95 125
50 65 10 40 40 70 60 90 80 110 110 140
65 80 10 45 40 75 65 100 90 125 130 165
80 100 15 50 50 85 75 110 105 140 155 190
100 120 15 55 50 90 85 125 125 165 180 220
120 140 15 60 60 105 100 145 145 190 200 245
140 160 20 70 70 120 115 165 165 215 225 275
160 180 25 75 75 125 120 170 170 220 250 300
180 200 35 90 90 145 140 195 195 250 275 330
200 225 45 105 105 165 160 220 220 280 305 365
225 250 45 110 110 175 170 235 235 300 330 395
250 280 55 125 125 195 190 260 260 330 370 440
280 315 55 130 130 205 200 275 275 350 410 485
315 355 65 145 145 225 225 305 305 385 455 535
355 400 100 190 190 280 280 370 370 460 510 600
400 450 110 210 210 310 310 410 410 510 565 665
450 500 110 220 220 330 330 440 440 550 625 735
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Table 8.8 Non-interchangeable radial internal clearance for cylindrical roller bearing

Nominal bore Bearing with cylindrical bore
diameter
00 dOmm 00 CINA 00 C2NA OO0 NA® 00 C3NA 00 C4ANA 00O C5NA
over incl. min max min max min max min max min max min max
— 10 5 10 10 20 20 30 35 45 45 55 — —
10 18 5 10 10 20 20 30 35 45 45 55 65 75
18 24 5 10 10 20 20 30 35 45 45 55 65 75
24 30 5 10 10 25 25 35 40 50 50 60 70 80
30 40 5 12 12 25 25 40 45 55 55 70 80 95
40 50 5 15 15 30 30 45 50 65 65 80 95 110
50 65 5 15 15 35 35 50 55 75 75 90 110 130
65 80 10 20 20 40 40 60 70 90 90 110 130 150
80 100 10 25 25 45 45 70 80 105 105 125 155 180
100 120 10 25 25 50 50 80 95 120 120 145 180 205
120 140 15 30 30 60 60 90 105 135 135 160 200 230
140 160 15 35 35 65 65 100 115 150 150 180 225 260
160 180 15 35 B85 75 75 110 125 165 165 200 250 285
180 200 20 40 40 80 80 120 140 180 180 220 275 315
200 225 20 45 45 90 90 135 155 200 200 240 305 350
225 250 25 50 50 100 100 150 170 215 215 265 330 380
250 280 25 55 55 110 110 165 185 240 240 295 370 420
280 31