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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. 2009
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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@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 washer 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 washer,"

the inner ring is called the "shaft raceway washer" and the

outer ring is called the "housing raceway washer."

. Outer rin
Rolling elements o

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
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 | .
nner rin
Rolling bearings divide into two main classifications: ball J
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
Rolling bearings can be further classified according to Shaft raceway washer Shaft raceway washer

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 R =
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 washer Housing raceway washer
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 Flg- G AL L

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

A-5



@Classification and Characteristics of Rolling Bearings

Single row deep groove ball bearings ---B- 5

Single row angular contact ball bearings ---B-43

Radial ball

Duplex angular contact ball bearings ---B-46

bearings

Four-point contact ball bearings -+ B-58

Double row angular contact ball bearings ---B-60

Ball bearings

Self-aligning ball bearings «-«--+--cooeeeee B-65

Ball bearings for rolling bearing unit*

Single direction thrust ball bearings ---B-255

Thrust ball

=
=
=
2
==
=
—
il
i

Double direction angular contact
thrust ball bearings*

bearings Eégﬁga

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

Rolling

bearings

=

Single row cylindrical roller bearings ---B- 77

Double row cylindrical roller bearings ---B-102

Radial roller
bearings

Il 5

Needle roller bearings*

Single row tapered roller bearings --- - B-119

Double row tapered roller bearings ------ B-184

Roller bearings

Spherical roller bearings «-«-«oxoroeeeees B-219

Cylindrical roller thrust bearings*

Needle roller thrust bearings™

Thrust roller
bearings

=

@
il

i

o

Tapered roller thrust bearings*

fil

Spherical roller thrust bearings --------- B-262

Fig. 1.2 Classification of rolling bearings

A-6
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@Classification and Characteristics of Rolling Bearings

NTN

Ultra thin wall type ball bearings™

Ball screw support bearings™

Railway car journal roller bearings*

Ultra-clean vacuum bearings*

@ SL-type cylindrical roller bearings*

c T™ Fa
Special application @ @ Insulated bearings MEGAOHM™ series
bearings

Rubber molded bearings*

Clearance adjusting needle roller
bearings*

o

-
P@q Complex bearings*
1

=

Connecting rod needle roller
bearings with cage*

Roller followers*

Cam followers*

Linear ball bearings*

Linear motion

bearings Linear roller 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



@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

£ - # g

53 2a ¢

53

*E & | 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.
& | They also have superior

ic ) e

O | acoustic characteristics.

Load capacity is lower for Load capacity is higher for

2 | ball bearings, but radial rolling bearings. Cylindrical
© | 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

o roller bearings in pairs

g 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 2z LLB LLU LLH

(=

2

g

3

2

€

o

S I I [




@Classification and Characteristics of Rolling Bearings

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 1)
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

Type Shield Non-contact Contact
and Open Zlg sealed sealed
symbol LLM LLD
c

=}

E

=]

=

L 10

o

(&) . . I .

Table 1.5 Combinations of duplex angular contact ball bearings

Tamje Ba‘ijkl;:)c:;?(“k Fa%eu-lt)?:;ace Tandem duplex
symbol DB DF DT
Mo opyeoljoe
B

e [T T T
s | || L

NTN

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

NUP t
1;\:1'? NU type NJ type NH ype
N type NF type type
AL (NJ+HJ)

=

NU type NJ type NUP type

Drawings

N type NF type NH type




@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

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

TyPe| (B 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 .
Type bearing Needle roller thrust bearing
C Jr—————7 |
; AXK type
‘ [ I ! I ]
; AS type raceway washer
T
s (| | [
"“:E GS/WS type raceway washer
=
;? Cylindrical roller thrust bearing | Spherical roller thrust bearing
S
(8}
) [GR)
[ I [ [ e SN
(G D %E §2§7
Center alignment |
angle ‘J—«
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NTN

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

Bearing unit

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

2.1 Bearing selection flow chart

2inpasoid

sSwa) uonew.iyuo)

Confirm operating
conditions and
operating

environment

—»

@Function and construction of
components to house bearings

@Bearing mounting location

@Bearing load (direction and
magnitude)

@Rotational speed
@Vibration and shock load

@Bearing temperature (Ambient
temperature / temperature
rise)

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

Select bearing
type and
configuration

@Dimensional limitations

(refer to page insert ---A-30)
@Bearing load (magnitude,

direction, vibration; presence

of shock load)

(refer to page insert -:-A-21)
@Rotational speed

(refer to page insert ---A-70)
@Bearing tolerances

(refer to page insert -:-A-35)
@Rigidity

(refer to page insert ---A-67)
@Allowable misalignment of

inner/outer rings

(refer to page insert ---A-87)
@Friction torque

(refer to page insert ---A-71)
@Bearing arrangement (fixed

side, floating side)

(refer to page insert ---A-15)
@Installation and disassembly

requirements

(refer to page insert ---A-88)
@Bearing availability and cost

b

NTN

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.

> Select bearing > Select bearing
dimensions tolerances

@Shaft runout tolerances
(refer to page insert --*A-35)
@Rotational speed
(refer to page insert ***A-70)
@Torque fluctuation

@Design life of components to

house bearings

(refer to page insert --*A-19)
@Dynamic/static equivalent load

conditions

(refer to page insert +**A-25)
@Safety factor

(refer to page insert **+A-19)
@Allowable speed

(refer to page insert *-+A-70)
@Allowable axial load

(refer to page insert +-A-19, 25)
@Allowable space

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

uoneinbiyuod pue adA} bulieaq Jo uond9|as

(1) Dimensional li

The allowable space for bearings is generally limited.

mitations

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
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>

Select bearing’s
internal
clearance

Select cage
type and

material

Select lubricant,
lubrication method,

sealing method

—»

Select any
special bearing
specifications

—»

Confirm
handling
procedures

@Material and shape of shaft
and housing
(refer to page insert --A-85)
Fit

(refer to page insert ***A-49)
@Temperature differential

between inner/outer rings

(refer to page insert **+A-59)
@Allowable misalignment of

inner/outer rings

(refer to page insert *--A-87)
@Load (magnitude, nature)

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

(refer to page insert -A-66)
@Rotational speed

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

@Rotational speed
(refer to page insert *--A-70)
@Noise level
@ Vibration and shock load
@Momentary load
@Lubrication type and method
(refer to page insert ***A-72)

@Operating temperature
(refer to page insert ---A-72)
@Rotational speed
(refer to page insert *-*A-70)
@ Lubrication type and method
(refer to page insert *+*A-72)
@Sealing method
(refer to page insert **+A-80)
@Maintenance and inspection
(refer to page insert *-+A-94)

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

@Requirement for high reliability

@Installation-related dimensions
(refer to page insert *--A-86)
@Installation and disassembly
procedures
(refer to page insert ***A-88)

NTN

possible. Roller bearings exhibit less elastic
deformation than ball bearings. Furthermore, in some
cases, bearings are given a load in advance
(preloaded) to increase their rigidity. This procedure is
commonly applied to deep groove ball bearings,
angular contact ball bearings, and tapered roller
bearings.

(6) Misalignment of inner and outer rings

Shaft flexure, variations in shaft or housing accuracy,
and fitting errors. result in a certain degree of
misalignment between the bearing’s inner and outer
rings. In 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.

(8) Installation and disassembly

Some applications require frequent disassembly and
reassembly to enable periodic inspections and repairs.
For such applications, bearings with separable
inner/outer rings, such as cylindrical roller bearings,
needle roller bearings, and tapered roller bearings are
most appropriate. Incorporation of adapter sleeves
simplifies the installation and disassembly of self-
aligning ball bearings and spherical roller bearings with
tapered bores.

~ ;
Allowable /
misalignment ,/

angle

Allowable
misalignment
angle

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
Load Carrying Capacity
J Radial load J T L T T
Axial load
High speed ® WHW T [Fededede Yok WY |k WRWW [ WHR | WRW | RRW [ WRR
High rotating accuracy® | #rvc e | dedede | Yo PAGAGAS VW | WW ¥ YRR
Low noise/vibration® |+ v et | oo w pAg W w W w
Low friction torque® | Ye e de [eve vt W phe W
High rigidity ® Fok AR A Foik Yok Yo D O
Vibration/shock resistance” ¥ * RAke i@ ke i@ ke
All ble misali t®
forinneriouter rings | < fekd | %
Stationary in axial direction® | © © O FabBandlF| G ©
Moveable in axial direction” | O O Fo e ment | O @) O
Separable inner/outer ringso O O O
Inner ring tapered bore ® O O O
For duplex NU, N NJ, NF  [NUP,NP,NH | NNU, NN NA
Remarks arrangement type type type type type
Reference page B-5 B-43 B-60 B-43 B-65 B-77 B-77 B-77 B-102 —
Tapered | Double-row,| Spherical | Thrust | Cylindrical | Spherical Bearing types
roller 4-row roller ball roller roller
bearings | tapered | bearings | bearings | thrust thrust
roller bearings | bearings
bearings Reference
Characteristics
Load Carrying Capacity
J i Radial load
- - -
Axial load
Feded | Feie Fode o Yo P A-70 | High speed®
WWW | W phe A-35 | High rotating accuracy ®
pAe — | Low noise/vibration®
A-71 | Low friction torque®
Fw WHRRW | WWw YR W A-58 | High rigidity ® @ ¢ The number of stars indicates the
L . o degree to which that bearing type
WK WRW | FORw Yevede Yol | A-21 Vlbranon/sho.ck rf}smtancea displays that particular characteristic.
% Fede e * P s A-85 %Iroiwr?grl/eomlesrarlilgg?em * Nolt applicable t? thz?\t bea}ﬂng tlype.
P P ~ P P K . e @ O Indicates dual direction. O Indicates
O O A-15 | Stationary in axial direction single direction axial movement only.
C e 0O A-15 | Moveable in axial direction” @ © indicates movement in the axial
— — — — - — o direction is possible for the raceway
O C — | Separable inner/outer rings surface; O indicates movement in the
N . ) axial direction is possible for the fitting
- A-85 | Inner ring tapered bore surface of the outer ring or inner ring.
Including A Indi ; B
For duplex o O O Indicates both inner ring and outer
arrangement pherﬁ(sj{ebg)a”r(ier:g Remarks ring are detachable.
B-119 | B-119 | B-219 | B-255 — B-255 Reference page e boaple, ner fing with tapered bore

A-14
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cylindrical roller bearings, and occurs on the fitting surface

2.3 Selection of bearing arrangement for those which are not separable, such as deep groove

Shafts or axles are generally supported by a pair of ball bearings.
bearings in the axial and radial directions. The bearing In applications with short distances between bearings,
which prevents axial movement of the shaft relative to the shaft expansion and contraction due to temperature
housing is called the "fixed side bearing” and the bearing fluctuations is slight, therefore the same type of bearing
which allows axial movement relatively is called the may be used for both the fixed-side and floating-side
“floating-side bearing". This allows for expansion and bearing. In such cases it is common to use a set of
contraction of the shaft due to temperature variation and matching bearings, such as angular contact ball bearings,
enables error in bearing mounting clearance to be to guide and support the shaft in one axial direction only.
absorbed. Table 2.2 (1) shows typical bearing arrangements

The fixed side bearing is able to support radial and where the bearing type differs on the fixed side and
axial loads. A bearing which can fix axial movement in floating side. Table 2.2 (2) shows some common bearing
both directions should therefore be selected. A floating- arrangements where no distinction is made between the
side bearing that allows movement in the axial direction fixed side and floating side. Vertical shaft bearing
while supporting a radial load is desirable. Movement in 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 Comment Application
(Reference)

Fixed Floating

— = 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.

— . . ) . . electric motors,
( ( Z) 2. Even with expansion and contraction of shaft, floating side moves ventilators, etc.
T

Medium-sized

rJ I rJ 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.

aﬁ: 2. Shafting rigidity increased by preloading the two back-to-back Reduction gears for
fixed bearings. general industrial

Zj 3. Requires high precision shafts and housings, and minimal fitting machinery
; | 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.

= . T = 1. Widely used in general industrial machinery with heavy and shock )

@ @ load demands. Reductllgndge?r_s Ifor
= = 2. Allows for shaft deflection and fitting errors. ?neancehriar:elpy ustria

( O 3. Accepts radial loads as well as dual direction of axial loads.

= — 1 — Reduction rs for

g@ 1. Accepts radial loads as well as dual direction axial loads. eduction gears 1o

general industrial

( 7) ( o 2. Suitable when both inner and outer ring require tight fit. machinery

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

= H — 1 T speeds
D: P ' Transmissions for
j— = 2. Maintains clearance between the bearing’s outer diameter and diesel locomotives
(7 D O housing inner diameter to prevent deep groove ball bearings from
receiving radial loads.

A-15
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Table 2.2 (2) Bearing arrangement (no distinction between fixed and floating-side)

3. Care must be taken that axial clearance does not become too small | €duipment sheaves,

Arrangement Comment a:‘pepf'gf:;g;
| | 1. General arrangement for use in small machines. s .
mall electric motors,
I): 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.
o 1. Back to back arrangement is preferable to face to face arrangement
ﬁ when moment load applied. Machine tool
— h — 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.
J— — 1. Capable of supporting extra heavy loads and impact loads. Construction
io C 2. Suitable if inner and outer ring tight fit is required. equipment, mining

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.

—O ( 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 ete.
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.

C
For ball bearings: Lo =( e )

C
For roller bearings: Lo = ( ?)10/3

where,

Lo : Basic rating life 10° revolutions

C:

NTN

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 fu 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
L =500 fn =500 fn
10h h 60n \ P 60n \ P
Life factor - C f c
S P P
Speed factor ( 33.3 )‘/3 ( 33.3 )3“0
i n n
Ball bearings Roller bearings
n fn Lion ﬁ\ n ﬁ\ Lion ﬁ\
min” h min’’! h
—— 54 4
60,000 —— 0.082 #0000 S 0000 iE 4‘;6
d F F-5 60,000 5 0.106 ES
iy Gy S E 60,000
400003 o0 Eus 40,000 4- 0.12 —+44
30,0003 40,000 & 30,000 F 40000—
200004012 woof * 200" e
15,000+ E 15,000 4 0.1 E
— 0.14 - 35
10,000 20,0003 10,000 —F 018 20,000 3
8,000 016 8,000 3
6,000 % 0.8 '5'0007—3 5,000777020 [SiTCOs |
3 — 0.22
4,000 4— 0.20 S
3 10,000 4000 3 024 10,000 2°
3,000 022 = 3,000 3 026 ’ =
024 8,000 25 F 8,000
2,000 7F 45 E 2000 o =+
S 6,000 0% 3
1,500 028 1,500 - 6,000
030 £ Lo
— 3 035
1,000 s000—4_» 1,000 JPVRE 3B
[-0.35 =+ 19 803 4 318
b I 3,000 18 6003 3000—% 17
w3 =+ 17 o 6
0w 2,000 16 w0305 2000 15
- — 1.5
200 4 1,500 — 1 w0 o 1,500 —F 14
150 = 06 Tag 150 13
3 1,000 — —
100 3 900 - 12 100 *7 1’00990;42
3L 800 3 80 800 —
s 08 70 TH 44 =08 00— 1.1
E S00RSH ©7 600 —
= 0.9 = 0.9
o 50 4— 1.0 40 500 ——1.0
wi 10 Eo0os 3 10
400 —3 303 400 —F 095
F 11 F o090 i 3 e
20312 085 20
300 — & — 1.2 300 — 085
15 13 Fos0 153
= 14 = + 080
i 22 Bl = 14
10 149 200 074 10144 200—1—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).

L =

(-
1
where,
L : Total basic rating life of entire unit, h
L1, L2 ---Ln: Basic rating life of individual bearings, 1, 2,
...n’ h
e=10/9....ccccvvveunnen.. For ball bearings
=98, For roller bearings

When the load conditions vary at regular intervals, the
life can be given by formula (3.4).

®2
4 ..
L2

(Of
Lm:(i‘i_
LA

where,
L : Total life of bearing
@ ; : Frequency of individual load conditions
(Z@;5=1)
Lj : Life under individual conditions

If equivalent load P and rotational speed » 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.

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 = a1-az-a3 Lo (36)
where,
Lna : Adjusted rating life in millions of revolutions
(10°)
: Reliability factor
: Bearing characteristics factor
: Operating conditions factor

ai
a2
as

3.3.1 Reliability factor a:
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: =1. a: > 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 a1
90 L 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

R e
TS2 160 1.00
TS3 200 0.73
TS4 250 0.48

3.3.3 Operating conditions factor a:

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. as is 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)

® Rotational speed is particularly low
(If sum of rotational speed % min” and rolling element
pitch diameter Dpw mm is Dpw - 2 < 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 Lubricant contaminated with foreign matter or moisture
If using special operating condition, consult with NTN
Engineering. Even if az > 1 is used for specially
bearings made of enhanced materials or produced by
special manufacturing methods, a:Xas < 1 is used if
lubricating conditions are not favorable.

e
o

o
o

o
[}

o
~

o
(S

Operating conditions factor as

100 150 200 250 300
Operating temperature °C

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

X10%h

classification ~4 4~12

12~30 30~60 60~

Machines used for short
periods or used only
occasionally

® Household appliances
® Electric hand tools

® Farm machinery
® Office equipment

® Home air-
conditioning motor

® Construction
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
machines

Machines not in constant
use, but used for long
periods

® Automobiles
® Two-wheeled vehicles

® Machine spindles
® |[ndustrial 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
axles

® Air conditioners

® Large motors

©® Compressor pumps

® Papermaking
machines

® Propulsion
equipment for
marine vessels

® |_ocomotive axles
® Traction motors

® Mine hoists

® Pressed flywheels

24 hour continuous
operation, non-interruptable

® \Water supply
equipment

® Mine drain
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.

A-20
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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 :Co/po‘“ (37)

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

Table 3.5 Minimum safety factor values So

Operating conditions begﬁﬂgs beRaorIilr?gr;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.



@®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
(4.1).

K=ﬁv °
where,

K : Actual shaftload N {kgf}

Jfw : Load factor (Table 4.1)

K. © Theoretically calculated value N {kgf}

Table 4.1 Load factor fi

Amount s
o el Jw Application
Very little or 1.0~1.2 Electric machines, machine tools,
no shock : = Imeasuring instruments.
Railway vehicles, automobiles,
rolling mills, metal working machines,
Light shock 1.2~1.5 |paper making machines, printing
machines, aircraft, textile machines,
electrical units, office machines.
Heavy shock  |1.5~3.0 Crushers, agricultural equipment,
y : ' | 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 (K), 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).

_19.1X10° - H N
v Dy n
Y (4_2)
1.95X10° - H
=" Dyn {kgf}

Ks= Kt *

Kr=

NTN

tana (Spurgear) oo (4.3a)

=K - éigg (Helical gear) - (4.3b)
W/Krz-FKsz ........................... (4.4)

K.= Ki *tan8 (Helical gear) -+ (4.5)

where,
Kt

K

Ka:

H
n

o

B

. Tangential gear load (tangential force), N {kgf}
Ks :

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

. Right angle shaft load (resultant force of

tangential force and separating force), N {kgf}
Parallel load on shaft, N {kgf}

. Transmission force , kW
: Rotational speed, min”
Dy
. Gear pressure angle, deg
. Gear helix angle, deg

Gear pitch circle diameter, mm

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.

A-21

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

Gear type Sz
Precision ground gears _
(Pitch and tooth profile errors of less than 0.02 mm) 1.05~1.1
Ordinary machined gears
(Pitch and tooth profile errors of less than 0.1 mm) 1.1~1.3

(2)Loads acting on cross shafts

Gear loads acting on straight tooth bevel gears and
spiral bevel gears on cross shafts are shown in 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 5= 0.

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

Ki : Tangential gear load (tangential force), N {kgf}
Ks . Radial gear load (separating force), N {kgf}
K. : Parallel shaft load (axial load), N {kgf}

H : Transmission force, kW

n : Rotational speed, min”

Dpm : Mean pitch circle diameter, mm

a . Gear pressure angle, deg

[+ Helix angle, deg

6 . Pitch cone angle, deg

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

Kop=[Kag-++rererereeceseses (4.6)
Kap=[Ksgr+vrererereoreseses (4_7)
where,

Ks, Ksg © Pinion and gear separating force, N {kgf}
Kap, Kag : Pinion and gear axial load, N {kgf}

Table 4.3 Loads acting on bevel gears

NTN

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 (K.) 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

gcr’éiﬂgﬂ Clockwise Counter clockwise Clockwise Counter clockwise
Types of load Helix
alieeiien Right Left Left Right
6 6
Tangential load (tangential force) - 19.1X10" - H { 1.95X10" - H }
K me *n g me *n
Driving side Ke=K: |tana 208 o +tan Bsin 8} K=K: |tana 298 O tan Bsin 8}
Radial load 0s cos 8
(separation force)
Ks . . cos ; cosd :
= t —_— _ = t
Driven side K=K: |tana 05 8 tan Bsiné K=K |[tana = +tanfsiné
- . ind siné
Driving side K=K |tana 39 _tan [5cos & K.=K: |tana ——— jtan f3cos 8}
Parallel load on gear 9 ' cos 3 = cos /3 +
shaft (axial load)
= ; ; sin & sin &
Driven side K=K: |tana Yk tan S cos & Ke=K: |tana c0sf tan Bcos &
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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).

191 X10° - H
K=—p"—" N
............... (4.8)
1.95X10° - [/
= Dven {kgf}
where,

K © Sprocket/pulley tangential load, N {kgf}
H : Transmitted force, kW
Dy : 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.

KE=fv * K+ (4.9)
where,

K:r @ Sprocket or pulley radial load, N {kgf}
Jfv 2 Chain or belt factor (Table 4.4)

Table. 4.4 chain or belt factor /%

Chain or belt type fo

Chain (single) 1.2~1.5
V-belt 1.5~2.0
Timing belt 1.1~13
Flat belt (w / tension pulley) 2.5~83.0
Flat belt 3.0~4.0

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 a

FrA:T Fl+c+d FII  ceverecennccens (4.10)
___a T e,
Fp=—-—Fi+_ > F1 (4.11)
where,

Fra: Radial load on bearing A, N {kgf}
Fis © Radial load on bearing B, N {kgf}
F'1, 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

‘FrA 7 7 ‘FrB -
<

|
T
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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 (Fn), 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, Fim, for stepped loads is
calculated from formula (4.12). F'1 , F2 ....... Fu are the
loads acting on the bearing; n1, na....... nn and ti, ta.......
in are the bearing speeds and operating times
respectively.

Z (Fl Mi tl
[ Z(n,t) ] ..................... (4.12)
where:
p=3 For ball bearings
p=10/3  For roller bearings
F
F
N
Fs Fu
Fu
7t Nealz n In

Fig. 4.8 Stepped load

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

tl)
Fo= [ %_[; F(t)pdt ] .................. (4.13)
where:
p=3 For ball bearings
p=10/3  For roller bearings
F
Fo
0 to 2to t

Fig. 4.9 Load that fluctuated as function of time
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(3) Linear fluctuating load
The mean load, Fm, can be approximated by formula
(4.14).

Fun= LMJQZFW o (4.14)
F
Fmax
Fmin ’ \/

Fig. 4.10 Linear fluctuating load

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

case (@) Fun=0.75Fmax *==*o* (4.15)
case (b) Fmn=0.65Fmax ==******* (41 6)
F
Fmax

(a)

F max ———————7
/\ " /\

(b)

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).

Pr=XFr+YFa .................. (4_17)
where,
P: 