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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 patrties, 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. 2001
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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e Classification and Characteristics of Rolling Bearings

Ball bearings

Radial ball bearings

Single row deep groove ball bearings

Single row angular contact ball bearings

Duplex angular contact ball bearings

Rolling
bearings

Double row angular contact ball bearings

Four-point contact ball bearings

Self-aligning ball bearings

Insert ball bearings

Single direction thrust ball bearings
with flat back face

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

Thrust ball bearings

Radial roller bearings

Double direction angular contact
thrust ball bearings

Single row cylindrical roller bearings

Double row cylindrical roller bearings

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
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Tapered roller thrust bearings
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e Classification and Characteristics of Rolling Bearings

NTN

@ Ultra thin wall type ball bearings
i? LL Turntable bearings
= Ball screw support bearings

Railway car journal roller bearings
(RCT bearings)

O Ultra-clean vacuum bearings
@ SL-type cylindrical roller bearings
Speqial ) @ Rubber molded bearings
application
bearings @ :
Crossed roller thrust bearings
Clearance adjusting needle roller
bearings
:%: Complex bearings
ﬁ‘:ﬂ Connecting rod cage-equipped
needle rollers
@ Yoke type track rollers
Stud type track rollers
Special application bearings are not listed in this catalog.
Linear Linear motion bearings are not listed in this catalog
motion
bearings

Fig. 1.9 Classification of rolling bearings
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e Classification and Characteristics of Rolling Bearings

NTN

Width
Contact angle
Snap ring —_| DA
5 [o) i Out i
Cage = Outer ring Ll iiniel, . Outer ring,
- ) . 5 front face back face
&1— Inner ring g | .
nner ring, i
Ball 5 —| s Innerring,
% Q@ © back face front face
8:2s 2
1 o8l ogl 3 .
= GE) SE = Effective
&l £ 5] load center
2S| & =z
Inner ring }*— Inner ring s
raceway m side face 3
Outer ring —1 I Shield
raceway
Bearing chamfer
Deep groove ball bearing Angular contact ball bearing

Contact angle

Bearing width

| i ) ) )
m\]/a{r:l?ig Outer ring with 2 ribs Standout
Cone front face rib
T Tapered roller

-~ L-shaped loose rib

Cone back face rib —

.

Effective load center .
Cup small inside

diameter (SID)

Cylindrical roller @’ Cone, back face N
Cone, front face
\

}*—— Cup, back face

Roller inscribed
circle diameter
|

Cup, front face

Cylindrical roller bearing Tapered roller bearing

Lock washer . ;
Bearing bore diameter

«1— Locknut
Tapered bore of = Shaft washer
inner ring Sleeve T B
Bearing
height ) ( Ball
] ] L
Inner ring Bearing outside diameter

Spherical roller

. Housing washer
Quter ring 9

Spherical roller bearing Single-direction thrust ball bearing

Fig. 1.10 Diagram of representative bearing parts
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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 is produced.

(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

Generally speaking, when comparing ball and roller
bearings of the same dimensions, ball bearings exhibit a
lower frictional resistance and lower face run-out in
rotation than roller bearings.

This makes them more suitable for use in applications
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which require high speed, high precision, low torque and
low vibration. Conversely, roller bearings have a larger
load carrying capacity which makes them more suitable
for applications requiring long life and endurance for
heavy loads and shock loads.

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

Bearings which are internationally standardized as to
shape and size are much more economical to use, as
they are interchangeable and available on a worldwide
basis.

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.



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, such as the calculation of
various angles and clearances, which will ensure proper

2.1 Bearing selection flow chart

91NpPad0lid

SWwia)l uolew U0

Confirm operating
conditions and
operating
environment

Select bearing

——Pp» type and

configuration

o Function and construction of
components to house bearings

e Dimensional limitations
(refer to page insert ...[J -28)

e Bearing load (magnitude,
direction, vibration; presence
of shock load)

e Bearing load (direction and (refer to page insert ...[J -19)
magnitude) * Rotational speed

(refer to page insert ...[0 -68)

Bearing tolerances

(refer to page insert ...[J -33)

Rigidity

(refer to page insert ... -64)

Allowable misalignment of

inner/outer rings

(refer to page insert ... -85)

Friction torque

(refer to page insert ...[] -69)

Bearing arrangement (fixed

side, floating side)

(refer to page insert ...00 -13)

e Installation and disassembly
requirements
(refer to page insert ... -86)

e Bearing availability and cost

e Bearing mounting location
0O

o Rotational speed
O

o Vibration and shock load
0

o Bearing temperature (ambient
and friction-generated)

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

NTN

fit. 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

o Shaft runout tolerances
(refer to page insert ... -33)
(refer to page insert ...00 -17) o Rotational speed

o Dynamic/static equivalent load (refer to page insert ...00 -68)
conditions o Torque fluctuation
(refer to page insert ...00 -23)

o Safety factor
(refer to page insert ...00 -17)

o Allowable speed
(refer to page insert ...00 -68)

o Allowable axial load
(refer to page insert ...[] -17, 25)

o Allowable space
(refer to page insert ...0 -28)

o Design life of components to
house bearings

uolneinbiyuod pue adA) Bulreaq Jo uonodv|es

(1) Dimensional limitations

The allowable space for bearings is typically limited.
In most cases, shaft diameter (or the bearing bore
diameter) has been determined according to the
machine’s other design specifications. Therefore, a
bearing’s type and dimensions are determined
according to standard 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 rated loads 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 an axial 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 standard 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, etc., 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
when under load. With certain types of equipment it is
necessary to reduce this deformation as much as
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Bearing Selection

possible. Roller bearings exhibit less elastic
deformation than ball bearings, and therefore are
recommended for such equipment. Furthermore, in
some cases, bearings are given an initial load
(preloaded) to increase their shafting 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, etc. result in a certain degree of
misalignment between the bearing’s inner and outer
rings. In cases where the degree of misalignment is
likely to be 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)
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Bearing Selection

2.2 Type and character is tics
Table 2.1 shows types and characteristics of rolling bearings.

Table 2.1 Types and characteristics of rolling bearings

Bearing types

Characteristics

O

Deep Angular
groove | contact
ball ball
bearings | bearings

o

Double row
angular
contact

ball bearings

E=

Duplex

angular

contact
ball bearings

==

Self-
aligning
ball
bearings

ss

Cylindrical
roller
bearings

i

Single-
flange
cylindrical
roller bearings

=

Double- | Double row
flange cylindrical
cylindrical roller
roller bearings| bearings

=

==

Load Carrying Capacity

Radial load

L

L

L

A

N

L

N

NTN

Axial load
Highspeedl 0000Qoooogooo oooOo (00D 0000QUoo0O0 (0000 |bOoO0o
HighrotatingaccuracylJJJJ ooo0o (000D oooo o ooo0o (00D 0o oooo
Low noisevibration' |0 00000000 |0 oo 0 oo 0o 00 oo
Low friction torque1 ooooguooo o ooo oo oo O 0 O
Highrigidity1 a o ooo ooo O ooo ooo ooo oooo
1
Vibration/shock resistance | U O oo O 0o 0oo oog 00O oog
Allowable misalignment*
for inner/outer riggs 0o 0 0 0 oooo o 0 0 0
For fixed bearings” | [ 0O 0o g (frogaddf | 1 0 o0 0o O
For floating bearings’ |© T O o0 o B ment| 0 O oo 0 0 oo
Non-separable or separable4 o g o[ o0 o0 o[
Tapered bore bearingss 0 o[ o[ 0 a o[
For duplex ONU, N |ONJ, NF |RUP,NP,NH | [0
Remarks arrangement type type type
Reference page B-5 B-41 B-72 B-41 B-77 B-89 B-89 B-89 B-89
Tapered |Multi-row, | Spherical | Thrust | Double row | Spherical Bearing types
roller |4-row roller ball i‘ggg&‘; roller
bearings |tapered | pearings | bearings | rustpal | thrust
roller bearings | bearings
bearings. Reference
E % @ % g h% page
Characteristics
Load Carrying Capacity
-
Radial load
-
Axial load
oooo (0DOoo ooo oo oooo (0o A-66 Highspeedl
oooo (0O O oo oooo o A-31 | High rotating accuracyl 1 [0 The number of stars in dicate
T the degree to which that bearing
0 0 O oo 0 0 — | Low noise/vibration type displays that particular
L 1 characteristic.
- U o 0 o 0 A-67 | Low friction torque [1 Not applicable to that bearing
] . L1 type.

O0o00ogoool ] ool 000 | A-54 | High rigidity ; 2 0 Indicates dual direction. o
oon oooo loooo (o o0 0000 | A-18 | Vibration/shock resistance Indicates single direction axial
Mmoo Allowable misalignment movement only.
aad g oooo (o oo 0000 | A79 | forinnerfouter rings 3 [ Indicates movement at raceway.

- - _ 2 o Indicates movement at mated
o[ oo oo 0 oo o0 A-13 | For fixed bearings surface of inner or outer ring.

. . 3 4 o Indicates both inner ring and
0 o[ o[ o [J 0 | A-13 | For floating bearlngs4 outer ring are detachable.
o N on 0 o o[ o[ _ Non-separable or separable 50 Indl_cates inner ring with tapered
5 bore is possible.

0 o[ g A-79 | Tapered bore bearings
[For duplex —0 | Remarks
arrangement

B-131 B-131 B-229 B-265 B-265 B-265 Reference page
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Bearing Selection

2.3 Selection of bearing arrangement

Shaft assemblies generally require two bearings to
support and locate the shaft radially and axially, relative to
the stationary housing. These two bearings are called the
“fixed-side” and “floating-side” bearings. The fixed-side
bearing “fixes” or controls movement of the shaft axially in
relation to the housing. The floating-side bearing moves or
“floats” axially in relation to the housing and is therefore
able to relieve stress caused by the expansion and
contraction of the shaft due to temperature fluctuations,
and allow for misalignment caused by fitting errors.

Fixed-side bearings have the capacity to receive both
axial and radial loads, and therefore a bearing which
controls axial movement in both directions should be
selected. Floating-side bearings receive only radial loads,
and therefore bearings which are mounted to permit free
axial movement, or bearings with separable inner and

outer rings are most desirable. Cylindrical roller bearings
are generally separable and allow for axial displacement
along their raceway surfaces; deep groove ball bearings
are non-separable, but can be mounted to allow for
displacement along their fitting surfaces.

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 representative 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).

Table 2.2 (1) Bearing arrangement (Fixed and Floating)

NTN

Arrangement .
Comment Application
Fixed Floating
[— |
AH— :(I = 1. General arrangement for small machinery. Small pumps, small
= 2. For radial loads, but will also accept axial loads. electric motors,

|
—

. Preloading by springs or shims on outer ring face.

auto-mobile
transmissions, etc.

H‘ |

byl |
=

1. Suitable for high speed. Widely used.
2. Even with expansion and contraction of shaft, non-fixing side moves

smoothly.

Medium-sized
electric motors,
ventilators, etc.

1|

1. Radial loading plus dual direction axial loading possible.
2. In place of duplex angular contact ball bearings, double-row angular

contact ball bearings are also used.

Wormgear speed
reducers, etc.

1. Heavy loading capable.
2. Shafting rigidity increased by preloading the two back-to-back

fixed bearings.

. Requires high precision shafts and housings, and minimal fitting

Machine tool
spindles, etc.

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

bearing mounting and dismounting can be facilitated.

. Not suitable for axial load applications.

Counter shafts for
general industrial
equipment, etc.

I

i

fl

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

load demands.

. Allows for shaft deflection and fitting errors.
. Accepts radial loads as well as dual direction axial loads.

Reduction gears for
generall industrial
equipment, etc.

I

I

. Widely used in general industrial machinery with heavy and shock

loading.

. Radial and dual directional axial loading.

Industrial machinery
reduction gears. etc.

]

SR

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

speeds.

. Maintains clearance between the bearing’s outer diameter and

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

Diesel locomatives,
etc.
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Table 2.2 (2) Bearing arrangement (Placed oppositely)

Arrangement Comment Application
| | _
H H Small electric motors,
— General arrangement for use in small machines. small reduction
( ( ) gears, etc.
— — 1. This type of back-to-back arrangement well suited for moment loads. ) )
D :Ci L N Spindles of machine
= = = 2. Preloading increases shatt rigidity.
( ( ) ( . . tools, etc.
3. High speed reliable.
I —) 1. Accepts heavy loading. Construction
| 2. Suitable if inner and outer ring shrink-fit is required. equipment, mining
3. Care must be taken that axial clearance does not become too small | €quipment sheaves,
. during operation. agitators, etc.
1. Withstands heavy and shock loads. Wide range application.
Back to back 2. Shafting rigidity increased by preloading. Reduction gears,
3. Back-to-back arrangement for moment loads, and face-to-face automotive axles, etc.
- arrangement to alleviate fitting errors.
4. With face-to-face arrangement, inner ring shrink-fit is facilitated.
Face to face
Table 2.2 (3) Bearing arrangement (Vertical shaft)
Arrangement Comment Application
Machine tool spindles,
When fixing bearing is a duplex angular contact ball bearing, non-fixing | vertical mounted
bearing is a cylindrical roller bearing. electric motors, etc.

1. Most suitable arrangement for very heavy axial loads.

errors can be absorbed.

HA

2. Depending on the relative alignment of the spherical surface of the Crane center shafts,
& rollers in the upper and lower bearings, shaft deflection and fitting( etc.
— 3. Lower self-aligning spherical roller thrust bearing pre-load is possible.
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e Load Rating and Life

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,
gnawing, 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.

The basic dynamic load rating is an expression of the
load capacity of a bearing based on a constant load
which the bearing can sustain for one million revolutions
(the basic life rating). For radial bearings this rating
applies to pure radial loads, and for thrust bearings it
refers to pure axial loads. 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. Please consult NTN
Engineering for basic load ratings of bearings constructed
of special materials or using special manufacturing
techniques.

The relationship between the basic rating life, the basic
dynamic load rating and the bearing load is given in
formula (3.1).

A-15
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L0 —........... 03.10
where,
P= B, For ball bearings
p=10/3....ccciis For roller bearings

Lo : Basic rating life 10° revolutions
C : Basic dynamic rating load, N
(Cr: radial bearings, Ca: thrust bearings)
P : Equivalent dynamic load, N
(Pr: radial bearings, Pa: thrust bearings)

The basic rating life can also be expressed in terms of
hours of operation (revolution), and is calculated as
shown in formula (3.2).

P
Lion O 500 fn ............ 0 3.20
fo Ofai= i, 03.30
33.3 4,
fu M a4 ... 03.40
n
where,
Lion : Basic rating life, h
i : Life factor
Jn: Speed factor
7 : Rotational speed, r/ min
Ball bearings Roller bearings
n n Laon ﬁ n n Lion ﬁ
r/min n r/min n
80,000 —~ 54 80,000—— 46
60,000 < 0082 3 +
20Ch T = 60,000 5 0106 =
3 0 Rl SE 3 3 60,000
40,0003 HE 40,000 4 012 44
300004 20 E
000§ 40000 30,000 =
20000+ 012 S0000= 20000§ 40,000 335
Y= 15,000 £ 0.5 T
— 0.14 = 35
10,000— 20,000 10,000—b o1 20000-% g
8,000 016 o0 o
6,000 % 15 s soof 020 15000
3 4022
400020, o | A= o .
3,000 - 022 ' B 3000026 20000 1
o2 80004 25 i3 80003
2,000 7% 2 E 2000 2% +
B 6,000 PO 3
1,500 = 028 1500 -] 6,000
- 0.30 — — 2
1,000 3 so04—2 1,000 °* 4000 % 0
801 o35 I P 800 : Iag
— 0.4 3
601 4 3,000 % 18 600 3,000 17
400§ qE 40077 E I
300 = 2,000~ 16 200308 2,000—% 15
L os g 3
200 1 R 0 w0 1,500 14
150 4706 Lag 150§ Lag
w—,, M0, 1004 1000— ,
=5 800 s0—f 800 —]
60108 700 % o o8 700 —F 11
600 —f 0+
=— 0.9 B 600 —
0 500 4— 1.0 0] i
10 oo £l E PPN 500 1.0
30 400 —3 30— . a00 —F 095
— 11 - 0.90 E:
e 3 — 11 + 090
- 1.2 300 —F 085 204 ., 3003 ogs
15 _F-13 o080 15—
- 14 e = 3080
—E —_a e 14
10 149 200 074 10 F_144 200—1—076

Fig. 3.1 Bearing life rating scale
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Formula (3.2) can also be expressed as shown in

formula (3.5).
10°

C
Lind —0O — 0O ..
607”7 P

.03.50

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

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 3.6). The total bearing life of the unit is
a life rating based on the viable lifetime of the unit before
even one of the bearings fails due to rolling contact

fatigue.
1
Lg
otolo . L4
1 2 Ln
where,
e=10/9.....cccceernnnnn. For ball bearings
=98, For roller bearings

L : Total basic rating life of entire unit, h
L1, L2 ...Ln: Basic rating life of individual bearings, 1, 2,

...n, h

When the load conditions vary at regular intervals, the
life can be given by formula (3.7).

LeO003S@® ;OLiO . 03.70

Table 3.1 Machine application and requisite life

NTN

where,
@ ;: Frequency of individual load conditions
Lj : Life under individual conditions

3.3 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 3.1. 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.

3.4 Adjusted life rating factor

The basic bearing life rating (90% reliability factor) can
be calculated through the formulas mentioned earlier in
Section 5.2. 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 special
construction techniques. Moreover, according to
elastohydrodynamic lubrication theory, it is clear that the
bearing operating conditions (lubrication, temperature,
speed, etc.) all exert an effect on bearing life. All these
adjustment factors are taken into consideration when
calculating bearing life, and using the life adjustment
factor as prescribed in ISO 281, the adjusted bearing life
can be determined.

Lna O ainazoastd COPH ...0 3.80

Service
classification

Life factor and machine application Lion

+10%h

Pz

4,12

12230 30260 60277

Machines used for short
periods or used only O
occasionally

® Electric hand tools
® Household appliances

® Farm machinery
o Office equipment

Short period or intermittent
use, but with high reliability
requirements

® Medical appliances
® Measuring instruments

® Home air-

O conditioning motor
® Construction

O equipment

® Elevators

® Cranes

® Crane (sheaves)

Machines not in constant
use, but used for long
periods

® Automobiles
® Two-wheeled vehicles

® Small motors
® Buses/trucks
® Drivers

® \Woodworking
00 machines

® Machine spindles
® Industrial motors
® Crushers

® Vibrating screens

® Main gear drives
® Rubber/plastic

® Calender rolls

® Printing machines

Machines in constant use
over 8 hours a day

® Rolling mills
® Escalators
® Conveyors
® Centrifuges

® Railway vehicle

[ axles Air conditioners
® | arge motors

® Compressor pumps

® | ocomotive axles
® Traction motors

® Mine hoists

® Pressed flywheels

® Papermaking
00 machines

® Propulsion

[0 equipment for
0 marine vessels

24 hour continuous
operation, non-interruptable

® \Water supply

O equipment

® Mine drain

O pumps/ventilators
® Power generating
[0 equipment
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where,
Lra : Adjusted life rating in millions of revolutions

(10%)(adjusted for reliability, material and

operating conditions)

a1 : Reliability adjustment factor

a2 : Material adjustment factor

as : Operating condition adjustment factor

3.4.1 Life adjustment factor for reliability a:

The values for the reliability adjustment factor a1 (for a
reliability factor higher than 90%) can be found in Table
3.2.

Table 3.2 Reliability adjustment factor values 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

3.4.2 Life adjustment factor for material a:

The life of a bearing is affected by the material type and
quality as well as the manufacturing process. In this
regard, the life is adjusted by the use of an a: factor.

The basic dynamic load ratings listed in the catalog are
based on NTN's standard material and process,
therefore, the adjustment factor a:=1. When special
materials or processes are used the adjustment factor
can be larger than 1.

NTN bearings can generally be used up to 120°C. If
bearings are operated at a higher temperature, the
bearing must be specially heat treated (stabilized) so that
inadmissible dimensional change does not occur due to
changes in the micro-structure. This special heat
treatment might cause the reduction of bearing life
because of a hardness change.

3.4.3 Life adjustment factor as for operating conditions

The operating conditions life adjustment factor as is
used to adjust for such conditions as lubrication,
operating temperature, and other operation factors which
have an effect on bearing life.

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.

However, when lubricating conditions are particularly
unfavorable and the oil film formation on the contact
surfaces of the raceway and rolling elements is
insufficient, the value of as becomes less than one. This

A-17

insufficient oil film formation can be caused, for example,
by the lubricating oil viscosity being too low for the
operating temperature (below 13 mm?/s for ball bearings;
below 20 mm?/s for roller bearings); or by exceptionally
low rotational speed (nr/min x dpmm less than 10,000).
For bearings used under special operating conditions,
please consult NTN Engineering.

As the operating temperature of the bearing increases,
the hardness of the bearing material decreases. Thus, the
bearing life correspondingly decreases. The operating
temperature adjustment values are shown in Fig. 3.2.

=
[}

o
o

o
o

o
~

©
(V)

Life adjustment value as

100 150 200 250 300
Operating temperature °C

Fig. 3.2 Life adjustment value for operating temperature

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.

The basic rating static load 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.

For ball bearings 4,200 Mpa
(except self-aligning ball bearings)

For self-aligning ball bearings 4,600 Mpa
For roller bearings 4,000 Mpa
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3.6 Allowable static equivalent load Table 3.4 Minimum safety factor values S,
Generally the static equivalent load which can be Operating conditions beoangs | boanens
permitted (See Section 4.4.2 page A-23) is limited by the High rotational accuracy demand 2 3

basic static rating load as stated in Section 5.5.
However, depending on requirements regarding friction
and smooth operation, these limits may be greater or

lesser than the basic static rating load. Slight rotational accuracy
deterioration permitted 0.5 1

(Low speed, heavy loading, etc.)

Normal rotating accuracy demand 1 15
(Universal application) '

In the following formula (3.9) and Table 3.4 the safety Note 1: For spherical thrust roller bearings, min. Sovalue=4.

factor SO can be determined considering the maximum 2: For shell needle roller bearings, min. S value=3.

static equivalent load. 3: When vibration and/or shock loads are present, a load factor
q based on the shock load needs to be included in the P, max value.
So =Cod Po...00 3.90

where,
So : Safety factor
Co : Basic static rating load, N
(radial bearings: Cor, thrust bearings: Coa)
Pomax : Maximum static equivalent load, N
(radial: Por max, thrust: Coa max)

A-18
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4. Bearing Load Calculation

To compute bearing loads, the forces which act on the
shaft being supported by the bearing must be
determined. These forces include the inherent dead
weight of the rotating body (the weight of the shafts and
components themselves), loads generated by the
working forces of the machine, and loads arising from
transmitted power.

It is possible to calculate theoretical values for these
loads; however, there are many instances where the
load acting on the bearing is usually determined by the
nature of the load acting on the main power
transmission shatft.

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).

K O Actual shaft load NO kgf(d
JfwO Load factor (Table 4.1)
KO Theoretically calculated value NO kgflJ

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. For load calculation methods
regarding other types of gear and shaft arrangements,
please consult NTN Engineering.

(1)Loads acting on parallel shaft gears
The forces acting on spur and helical parallel shaft
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 (4.4).

Table 4.1 Load factor fu

Amount -
of shock Sw Application
Very little or 1.001.2 Electric machines, machine tools,
no shock : | measuring instruments.
Railway vehicles, automobiles,
rolling mills, metal working machines,
. paper making machines, rubber mixing
Light shock 12015 machines, printing machines, aircraft,
textile machines, electrical units, office
machines.
Heavy shock  |1.50 3.0 Crushers, agricultural equipment,
vy : *~ | construction equipment, cranes.
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19.1x 10°0 H

&0 —pon N
o | 04.20

1.95x 100 H

“DOn 0 kgfO
KsO K:ltana O Spur gearQd ......... 0 4.2al

tana .
0 K, @ O Helical gearOd ...... 0 4.2b0

KO VEPOKS oo 0 4.30
KO KiOtanp O Helical gearO ...... 04.40

where,

KO Tangential gear load (tangential force), N

K[ Radial gear load (separating force), N

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

K. Parallel load on shaft, N

H O Transmission force , kW

n O Rotational speed, r/min

Dpld Gear pitch circle diameter, mm

a [0 Gear pressure angle

B O Gear helix angle

Kt

Fig. 4.3 Radial resultant forces
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Because the actual gear load also contains vibrations where,
and shock loads as well, the theoretical load obtained by
the above formula should also be adjusted by the gear Ksp Ks¢[O Pinion and gear separating force, N
factor 1. as shown in Table 4.2. Kap[ Kag[] Pinion and gear axial load, N
Table 4.2 Gear factor f; 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

Gear type Sz

Precision ground gears
g 9 1.0521.1

AN EE TR [FRiile ETETS 26 i 02 i) load (K2) shown in Fig. 4.5 are positive directions. The
Ordinary machined gears direction of rotation and the helix angle direction are
(Pitch and tooth profile errors of less than 0.1 mm) 1113 defined as viewed from the large end of the gear. The

gear rotation direction in Fig. 4.5 is assumed to be
clockwise (right).
(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 0 Tangential gear load (tangential force), N
Ks [0 Radial gear load (separating force), N

K. 0O Parallel shaft load (axial load), N

H 0O Transmission force, kW Fig. 4.4 Loads on bevel gears
n O Rotational speed, r/min

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

B O Helix angle

o [0 Pitch cone angle

In general, the relationship between the gear load and
the pinion gear load, due to the right angle intersection of
the two shafts, is as follows:

KapO Ksgeoovooiiiiiiiiainns 04.60 Fig. 4.5 Bevel gear diagram

Table 4.3 Loads acting on bevel gears Unit N

Rotation
direction

bl Right Left Left Right

Clockwise Counter clockwise Clockwise Counter clockwise

Pinion

_ 19.1x 10°0H | 1.95x 10°0H
Tangential load K Ki=
meD n 5 meD n

L . - 0s0 [] q - 0s0 g .
Driving side K=K {tana LCOSB ﬂ-ﬁnﬁ sind Ks=K: |tana é:icosﬁ Dt3n|3 sind

Separating force Ks

Driven side K=K |tana Qé%g fanp sind }Zl K=K |tana ﬁL%@nB sind F

SO
cosf

tana 25" J @ang coss }D K=K o

ind O
Gosp [ tana Els—ﬂ fanp cosd

[
cosf

Driving side Ka=Kt

Axial load Ka

tana Elsm—é% fanf cosd

0 =
cosB Ka=K:i

. . _ ind 0
Driven side K=K tana EEOTBD' tanp cosd }]
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4.1.2 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 (4.7).

5 l9.1x 10°0 H
¢ Dvdn

6
1.92>:Dl7(; OH O kgfD
where,

K:O Sprocket/pulley tangential load, N
H O Transmitted force, kW

Dpld 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 (4.8). For
chain drives, the same formula can also be used if
vibrations and shock loads are taken into consideration.

K:O 0 K:...04.80
where,

K Sprocket or pulley radial load, N
fv0 Chain or belt factor (Table 4.3)

Table. 4.4 chain or belt factor fo

Chain or belt type S

Chain (single) 1.201.5
V-belt 1.502.0
Timing belt 1.101.3
Flat belt (w / tension pulley) 2.503.0
Flat belt 3.004.0

e side

F2 Tensiop Side

Fig. 4.6 Chain / belt loads
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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).

a+b d
FraO b F1D6+d Fro............. 04.100

a c
FrBDDTFID otd Fro............. 04.110

where,
F:{1 Radial load on bearing A, N
F:d] Radial load on bearing B, N
F'1, F1 Radial load on shaft, N

Bearing A Bearing B

Fig. 4.7 Gear shaft
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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, Fim, for stepped loads is
calculated from formula (4.12). F1, F2 ....... Fu are the
loads acting on the bearing; %1, n2....... nn and t1, to.......
tn are the bearing speeds and operating times
respectively.

IR ALY tiqj/p

Fu] T n Ol e 04.120
where:
pd3 For ball bearings
p010/3  For roller bearings
F
i
N
F, Fu
F.
1 b Neals N In

Fig. 4.8 Stepped load

(2) Consecutive series 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/
rd = “Bdda. Of

.................. 04.130
where:
pd3 For ball bearings
p010/3  For roller bearings
F
Fw
o to Ao t

Fig. 4.9 Time function series load
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(3) Linear fluctuating load
The mean load, F'm, can be approximated by formula
(4.14).

Frmin0 2F
Frnl %* ...04.140
F
Fmax
Fn | |
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 (a) Fml[ 0.75Fmax
case (b) Fnl0.65Fmax ......... 0 4.160

F
Fmax -————_
AVYANWA
t
O a0
F
Fmax

***** ANA
\J

V3

Fig. 4.11 Sinusoidal variable load

ObO
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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).
where,
P00 Dynamic equivalent radial load, N
F:0 Actual radial load, N
Fa0 Actual axial load, N
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).

PO Fald1.2Fr. i, (14.180
where,
P, Dynamic equivalent axial load, N
F.[0 Actual axial load, N
F+0O0 Actual radial load, N
Provided that F: / Fa 0 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.
Por0 Xo Fr00 Yo Fa...[04.190
Pord Fr 04.200
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where,
Pof] Static equivalent radial load, N
F: 0 Actual radial load, N
Fa0 Actual axial load, N
Xo0 Static radial load factor
Y, O Static axial load factor
The values for Xo and Y, 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).
Poald Fall 2.7F...11 4.210
where,
Pod] Static equivalent axial load, N
Fa0O Actual axial load, N
Fr O Actual radial load, N
Provided that F: / Fa 0.55 only.
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4.4.3 Load calculation for angular ball bearings and
tapered roller bearings
For angular 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 (either DB or DF
arrangements). For load calculation this component force
must be taken into consideration and is expressed by
formula (4.22).

0.5F:

F.0

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

| Fr

Load center || F:

e

Fig. 4.12 Pressure cone apex

Table 4.5 Bearing arrangement and dynamic equivalent load

Bearing arrangement Load condition Axial load Equivalent radial load
DB IO g | proxFaoy: |22 0 g,
e 0.5F1 —, Q.5F1 Y Y
arrangement Tr o @ﬁ OFa oo
% Fall O -;F’” PO Fra
Fri1 Fru f
DF Brgn  Brg: FalO D’% PO Fn
arrangement T I 0.5Frt 0 @ﬂ 0 Ha S
V] Fa, [ 1 Y1 Yu 9 5F1 0.5F1
Fru Fr1 Fallll .YI 0 Fa P XFr Y 'Y 0 Fa
I
SFr1
DB Brg1 Brgn Fall P10 Fr1
Y
arrangement %D g%D S O
Fano @ n@, | PaDXFa0 Y {MDJ&}
Fr1 Fri T T
DF Brgu Brg: Fal0O ﬂLgF’“ 0@ Pri0XFrOY1 {O—'?,F'H 0 Ea}
arrangement i, % O Q% 0@ .t LI I no__ )
I I
FallO % Pl Frn

Note 1: The above are valid when the bearing internal clearance and preload are zero.
2: Radial forces in the opposite direction to the arrow in the above illustration are also regarded as positive.
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4.6 Bearing rated 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 (L1on)
for deep groove ball bearing 6208 operating at
650 r/min, with a radial load F: of 3.2 kN ?

From formula (4.17) the dynamic equivalent radial load:
P:0 F:0 3.2kNO 326kgf0d
The basic dynamic rated load for bearing 6208 (from
bearing table) is 29.1 kN, and the speed factor (fv) for ball
bearings at 650 r/min () from Fig. 4.1 is 0.37. The life
factor, fi, from formula (3.3) is:

20.1
th_ﬁ\ 32

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

D037x

0J3.36

(Example 2)

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

To find the dynamic equivalent radial load value for Pr,
the radial load factor X and axial load factor Y are used.
The basic static load rating, Cor, for bearing 6208 is 17.8
kN.

Fa
Cor

1.8
DWDOJ.O

Therefore, from the bearing tables e= 0.29.
For the operating radial load and axial load:
1.8

O 30 00 0.560 e=0.29

F‘l
Fr

From the bearing tables X = 0.56 and Y = 1.48, and
from formula (4.17) the equivalent radial load, P, is:

PO XF:0O YF.0 0.56% 3.200 1.48%x 1.8
04.46 kNO 455kgf0]

From Fig. 3.1 and formula (3.3) the life factor, fi, is:

2246D 241

Therefore, with life factor fu = 2.41, from Fig. 5.1 the
rated life, Lion, is approximately 7,000 hours.

Jn
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(Example 3)

Determine the optimum model number for a
cylindrical roller bearing operating at 450 r/min,
with a radial load F: of 200 kN, and which must
have a life of over 20,000 hours.

From Fig. 3.1 the life factor fi = 3.02 (L1on at 20,000),
and the speed factor fa = 0.46 (n = 450 r/min). To find the
required basic dynamic load rating, Cr, formula (3.3) is
used.

fi 3.02
fu 0.46

0 1 313kNO 134,000kgf]

c:.0 P00 x 200

From the bearing table, the smallest bearing that fulfills
all the requirements is NU2336 (C: = 1380 kN).

(Example 4)

What are the rated lives of the two tapered roller
bearings supporting the shaft shown in Fig. 4.14
Bearing I is an 4T-32206 with a Cr = 54.5 kN,

and bearing I is an 4T-32205 with a Cr = 42.0 kN.
The spur gear shaft has a pitch circle diameter Dy of
150 mm, and a pressure angle a of 20°. The gear
transmitted force HP = 150 kW at 2,000 r/min
(speed factor n).

,,,—4!:7

Bearings1 2/ | Bearings II

(4T-32206) ‘ (4T-32205)
. :
Q_
— —

S
70 100
170

Fig. 4.14 Spur gear diagram

The gear load from formulas (4.1), (4.2a) and (4.3) is:

19.1x 10°0H _ 19,100x 150
D,0n 150% 2,000

0 9.55kN0O 974kgfO
Ks O KO tana O 9.55x tan20°
O 3.48kN0 355kgf0
KOV k20K 0V 955 0 3.48°
0 10.16kNO 1,040kgf0]
The radial loads for bearings I and I are:

100 100
Frl D 170 Krl:l 170

KO

x 10.160 5.98kNO 610kgfC)
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70 70
Frn O 170 K0 170 X 10.160 4.18kNDC 426kgfC)

0.5F"1 0.5F"1
% 01.870 Vi

01.31

The equivalent radial load is:
Pr1 O Fr 05.98kNO 610kgfd

0.5F1
Y1
00.4x 4.180011.67%x 1.87
0 4.66kNO 475kgf)
From formula (3.3) and Fig. 3.1 the life factor, fi, for each
bearing is:

JSurO f“% 0 0.293x 54.500 5.980J 2.67

Prn OXFrn O Y1

JSaoO fu% 0 0.293x 42.000 4.660J 2.64

Therefore: a2 O 1.41 4T-tapered roller bearings shown in

B-136)

L0 13,200% a.
[013,200%x 1.4
118,480 ore

L[ 12,700% a.
[112,700%x 1.4
017,780 ore

The combined bearing life, Ln, from formula (3.6) is:

1
|:| 1 0 1 ﬁ/e

e
th Lhz

LhD

1
1 1 /9
0
N 18,480%8 ~ 17,780%8 ﬁ
0 9,780 hour

O

(Example 5)

Find the mean load for spherical roller bearing 23932
(La = 320 kN) when operated under the fluctuating
conditions shown in Table 4.7.

Table 4.7
Condition Operating|  Radial load Axial load Revolution

NF). t:pmie Fhi Fai Ni

1 oo kN kgf O O kNJ kgf 0 0O rpm
1 5 100 102000 20 20400| 1200
2 10 120 12200 0O 40 40800 1000
3 60 200 204000 60 61200 800
4 15 250 2550 0 O 70 71400 600
5 10 300 3060 00O 100 102000 400
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The equivalent radial load, Pr, for each operating condition
is found by using formula (4.17) and shown in Table 4.8.
Because all the values for Fr: and Fa from the bearing tables
are greater than Fa / Fr > el 0.18, X 0 0.67 e Y2 O 5.50.

Pill XFr DYz Ful 0.67Fx 0 5.50F%

Table 4.8
Condition No.[1 ~ Equivalent radial load. P
i kND kgf O O

17.70 180500
30.00 3060 0O O
46.40 473300
55.30 5641 00
75.10 7660 O O

albh w(N|F

From formula (4.12) the mean load, F'm, is:
0 P e (030
Fuf] —————] 0O 48.1kNO 4,906kgf0]
dnOe: O

(Example 6)

Find the Basic rated life and limit of allowable axial
load when operated following.

Provided that intermittent axial load and oil lubricant.

F:00 10kNO 1,020kgf0
7 0 2,000 r/min

The equivalent radial load is:

P00 F:0 10kNO 1,020kgfO0
The speed factor of cylindrical roller bearing, fn. at 20
2,000 r/min

33.3 3/10
A0 5o O D0.293

The life factor, fh, from formula (3.4)

124
10
There fore the basic rated life, Lion ,from formula (3.3)

Li10n 0 500% 3.63 [ 24,000

JSnl0 0.293x 03.63

And next, allowable axial load of cylindrical roller bearing is
shown in a heading 4.5.

The value of coefficient, k, show in table 4.6. k 0 0.065

dp1] 600 130020 95mm»0 2,000 r/min
Take into consideration that intermittent axial load.
dp0nx 10°0 19x 10°
The allowable face pressure of the collar, P, from
Fig.4.13.

P00 40MPa
There fore the allowable axial load, P, following

P.[00.065x 60°x 400 936N0 95.5kgf0]

and meet a demand Famax[d 0.4x 10,0000 4,000N from table
4.6.



5. Boundary Dimensions and Bearing Number Codes

Table 5.1 Dimension series numbers

Dimension Diameter
series  series
———— T
@,
F— S
‘e
! 3
ES
70— “
- 7
02917—
93. 9
10—
L H
L1 i
L 13
3
Diameter 2
series 1
] = ,
2
Width
series L 24
Fig. 55 Dimension series Figor Stépered rollerDim
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standardized, and have been listed here for purposes of
future standardization, there are many standard bearing
dimensions which are not presently manufactured.

Boundary dimensions for radial bearings (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

(Bearing number examples)

62052ZC30 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

NU320G1C3

Radial internal clearance C3

High strength machined brass
rivetless cage with square holes
Dimension series 3

Cylindrical roller bearing NU type

U3
4T0 30208

)

Nominal bore diameter 40mm
Diameter series 2

Width series 0

Tapered roller bearing
Spec. 4T (top tapered)
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related specifications. Bearing numbers are comprised of a
"basic number" followed by "supplementary codes." The
makeup and order of bearing numbers is shown in Table 5.2.

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
—I_— 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

Nominal bore diameter 750mm
Dimension series 0

Width series 4

Spherical roller bearing

51120L1P5

it

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

Supplementary prefix code

Basic number

Basic numbers

Dimension series code

Bore diameter number

Contact angle code

Special application/material/ Bearing bore °
heat treatment code series code | yiginheight series®| Diameter series | Code  |giameter mm| Code Contact angle
AT: 4T tapered roller bearings Deep groove ball bearings (type code 6) /0.6 0.6 | Angular contact ball bearings .
) 68 @ 8 /1.5 15 | OAO | Standard contact angle 30
ET: ET tapered roller bearings 69 @) 9 2.5 25 B Standard contact angle 40°
. 60 1 0
E: carburized alloy steel 62 éog % | 1 c Standard contact angle 15
bearings 63 ©) 3 Tapered roller bearings
stainless steel bearings Angular contact ball bearings (type code 7) g g 0B0O Contact angle over 10°
78 @ 8 C to/including 17°
H:  high speed steel bearings 79 @) 9 D Contact angle over 17°
i 70 1) 0 00 10 to/including 24°
plated bearings 72 (0) 2 01 12 o | "
_ _ 73 (©) 3 02 15 qntact angle 9ver 4
5S: ceramic rolling element o ] 03 17 to/including 32
bearings Self-aligning ball bearings (type code 1,2)
. o 12 (0 2
HL:  HL (high lubrication) roller 13 0) 3 122 22
bearings 22 %) 2 /28 28
. . . 23 2) 3 132 32
TS2: dimension stabilized o )
bearing for high Cylindrical roller bearings (type code NU, N, NF, NNU, NN, etc.) 04 20
temperature use NU10 1 0
(to 160°C) NU2 0) 2 05 25
NU22 2 2 06 30
TS3: dimension stabilized “823 (g) g
bearing for high N ©) i 88 450
temperature use 92 460
(to 200°C) NNU49 4 9
NN30 3 0 96 480
TS4: dimension stabilized Tapered roller bearings (type code 3
bearing for high oo rings (type code ) 500 500
temperature use 320X 2 o /530 530
(to 250°C) 302 (o] 2 /560 560
322 2 2
303 0 3
203D o 2 12,360 2,360
313X 1 3 /2,500 2,500
323 2 3
Spherical roller bearings (type code 2)
239 3 9
230 3 0
240 4 0
231 3 1
241 4 1
222 2 2
232 3 2
213 1 3
223 2 3
Single direction thrust ball bearings (type code 5)
511 1 1
512 1 2
513 1 3
514 1 4
Cylindrical roller thrust bearings (type code 8)
811 1 1
812 1 2
893 9 3
Self-aligning 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 / Raceway Duplex o
modifications code| ~Cage code Shield code | configuration code | arrangement code | /preload code | Tolerance code| Lubrication code
u: L1: LLB: K: DB: Cc2: 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: rivet-less (low-torque type) Snap ring Two matched, Inch series MULTEMP SRL
Low torque cage with groove paired bearings | C4: tapered roller
tapered roller square holes, ZZ: Internal bearing (ABMA) | /LX11:
bearings Steel shield NR: G: Flush ground | clearance Class 2 Barierta JFE552
G2: Snap ring greater than C3
HT: Pin type cage groove with Oa: 3: /LPO3:
High axial load snap ring Spacer C5: Inch series Solid grease
use cylindrical | J: (a = spacer’s Internal tapered roller (for use with
roller bearings Pressed steel D: standard width | clearance bearing (ABMA) | solid grease
cage Lubrication dimensions) greater than C4 | Class 3 bearings)
hole/lubrication
T2: groove CM: 0:
Plastic mold Radial internal | Inch series
cage clearance for tapered roller

electric motor
use

/GL:
Light preload

GN:
Normal preload

GM:
Medium preload

GH:
Heavy preload

bearing (ABMA)
Class 0

00:

Inch series
tapered roller
bearing (ABMA)
Class 00
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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 average, 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. JIS Class 0
corresponds to normal precision class bearings, and
precision becomes progressively higher as the class
number becomes smaller; i.e., Class 6 is less precise than
Class 5, which is less precise than Class 4, and so on.

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 error limitations and values, refer to
Tables 6.3 - 6.9. Allowable values for chamfer dimensions
are shown in Table 6.10, and allowable error limitations
and values for radial bearing inner ring tapered bores are
shown in Table 6.11.

Bearing type Applicable standard Appliclble tolerance Tolerance table
Deep groove ball bearing class 0 class6 | class5 | class 4 | class 2
Angular contact ball bearings class 0 class 6 | class5 | class 4 | class 2
Self-aligning ball bearings class 0 oo oo od od
o ; 1SO492 Table 6.3
Cylindrical roller bearigns class 0 class 6 | class5 | class 4 |class 2
Needle roller bearings class 0 class 6 | class5 | class 4 oo
Spherical roller bearings class 0 oo oo ogd od
Tapered metric 1SO492 class 0,6X | class 6 | class 5 | class 5 0o Table 6.4
roller Inch AFBMA Std.19 class 4 class 2 | class 3 | class O | class00 | Table 6.5
bearings J series ANSI/AFBMA Std.19.1| class K classN | classC | class B | class A | Table 6.6
Thrust ball bearings S6iEs class 0 class 6 | class 5 | class 4 00 | Table6.7
Spherical roller thrust bearings class 0 oo oo oo oo Table 6.8
Double direction angular contact thrust ball bearings | NTN standard oo 00 | class5 | class 4 00 | Table6.9
Table 6.2 Comparison of tolerance classifications of national standards
Standard Tolerance Class Bearing Types
;’?;’na},”;ze(j,ﬁ‘gy strial JIS B 1514 class 0,6X | class6 | class5 | class4 | class 2 | All type
1ISO 492 c:ﬁég{; Class 6 | Class 5 | Class 4 | Class 2 | Radial bearings
][gtresrrt]::g:zigt?::i(ﬁggn I1ISO 199 Ngg::' Class 6 | Class 5 | Class 4 OO | Thrust ball bearings
ISO 578 Class 4 00 |Class3 | Class 0 |Class 00| Tapered roller bearings (Inch series)
I1ISO 1224 oo 00O |Class 5A|Class 4A OO | Precision instrument bearings
N s DIN 620 PO P6 P5 P4 P2 | Alltype
: . ° - -
pmerican Natonal | ANSUABMAS1020| REECT | RBECS | RpEC.S| ABECT | ABECS| (el e roler bearings)
Anti-Friction Bearing ANSI/ABMA Std.19.1 ClassK | Class N| Class C | Class B | Class A | Tapered roller bearings (Metric series)
Manufacturers (AFBMA) 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 AFBMA standards.
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Table 6.3 Tolerance for radial bearings (Except tapered roller bearings)
Table 6.3 (1) Inner rings

O Nominal Single plane mean bore diameter deviation[] Single radial plane bore diameter variation(]
5 gigore 000000000 O A 0000000000 00 Vel
oo d O O
0 mm g diameter series 9 maxdiameter series 0.1 | maxdiameter series 2.3.4
class 0 class 6 class 5 class 4“ class 2° di@ss class class class class | class class class class class | class class class class class
0 6 5] 4 5] 4 2 0 6 5 4
over incl. | high low high low high low high low high low max max max
0.640 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 -2.5 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| 1310 6 525/ 10 8 5 4 25 8 6 5 4 25
30 50 0O -12 0 -10 O -8 0 6 0 -2.5 1513 8 6 25 12 10 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 19 15 7 5 4 11 9 7 5 4
80 120 0O -20 0 -15 O -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 0 -13 0 -10 O -7 31 23 13 10 7 312310 8 7 |19 14 10 8 7
150 180 0 25 0 -18 0 -13 0 -10 O -7 31 2313 10 7 312310 8 7 |19 14 10 8 7
180 250 0O -30 0 -22 O 15 0 -12 0 -8 38 28 15 12 8 38 28 12 9 8 |23 17 12 9 8
250 315 0 35 0 -25 O -18 O o o O 44 31 18 O O 44 31 14 O 0O | 26 19 14 O O
315 400 0 40 0 -30 0 -23 O 0O 0O O 50 3823 0 O | 503818 O O |30 23 18 O O
400 500 0 -45 0 -35 O o 0O o o O 56 44 0 0O O 56 44 0 0O 0O |34 26 0 O O
500 630 0 -50 0 -40 O o 0O | O 6350 0 O O | 63500 O O |38300 O O
630 800 0 -75 O o 0O o 0O o 0O O 94 0 0O 0O O 94 O 0O O 0O |5 0 0 O O
800 1,000 0 -100 O o O o 0O o o O 125 0 0 0O O (125 0 O O O |75 0 O O O
1,000 1,250 0 -125 O o 0O o 0O o 0O 0 155 0 0 O O (155 0 0O O 0O (94 0 O O O
1,250 1,600 0 -160 O o O o 0O o o O 2000 O O O (2000 O O Op1200 O O O
1,600 2,000 0 -200 O o 0O o 0O o 0O 0 250 0 O O 0O (250 O O O O 150 0 O O O

© The dimensional difference Ads of bore diameter to applied for class 4 and 2 is the same as the tolerance of dimentional difference Aamp 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

0 Nominal O Single plane mean outside diameter deviation O Single radial plane outside diameter variation
o outside OO0D00000  Aomp DO0DO000000 OO0 Voed
oo D O gooOoO00oDOoOO0Dn0 opentype
0 mm g diameter series 9 maxdiameter series 0.1 | maxdiameter series 2.3.4
e e
[dlass O class 6 class 5 class 4 class 2 class class class class class | class class class class class | class class class class class
0 6 5] 4 2 0 6 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 4 325/ 6 5 4 3 25
6 18 0 8 0 -7 0 5 0 -4 0 -2.5 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 0 -11 o0 -9 0 -7 0 6 0 -4 1411 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 13 11 7 5 4 10 8 7 5 4
80 120 0 -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 O 11 0 9 0 -5 231911 9 5 2319 8 7 5 14 11 8 7 5
150 180 0 25 0 -18 0 -13 0 -10 0 -7 31231310 7 | 312310 8 7 |19 14 10 8 7
180 250 0 30 0 20 0 -15 0 -11 O -8 38 25 1511 8 382511 88 |23 1511 8 8
250 315 0 -3 0 -25 O -18 0 -13 O -8 44 31 18 13 8 44 31 14 10 8 26 19 14 10 8
315 400 0O 40 0 -28 0 -20 0O -15 0 -10 50 35 20 1510 50 35 15 1110 | 30 21 15 1110
400 500 0 45 0 -33 O -23 0O o 0O O 56 41 23 0 0O 56 41 17 0 O 34 25 17 O O
500 630 0 50 0 -38 O -28 0O o o O 63 48 28 0 O 63 48 21 0 O 38 29 21 O O
630 800 0 -75 0 45 0 -3 0O o o O 94 56 35 0 0O | 9456 26 0 O |55 34 26 O 0O
800 1,000 0 -100 0 -60 O o 0O o 0O O 125 75 0 0O 0O (125 75 O O 0O 75 45 0 0O O
1,000 1,250 0 -125 O o 0O o 0O o o O 155 0 O 0O O (355 0 O O O 94 0 0O O O
1,250 1,600 0 -160 O o 0O o O o 0O O 2000 OO O (2000 OO DO 1200 O O O
1,600 2,000 0 -200 O o O o 0O o o O 250 0 O O O (250 0 O O O 150 0 O O O
2,000 2,500 0 -250 O o 0 o 0O o 0O O 310 0 OO O (3100 O 0O O j1%0 0 O O 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 Apmp 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 single plane Inner ring Face runout | Inner ring Inner ring width deviation Inner ring width
bore diameter variation radial runout with bore axial runout Asss varietion
Vamp[D Kiall SaOd (with S'ge) - Vs
Si
o u o ; normal O modified © o
class class clag class class | class class (:Iag| class class | class clag class | class class class | class 0,6 class5,4 class?2 |class 0,6 class 5,4 |class class clag class class
0 6 4 2 [ 4 2 5 ;{ 2 5 4] 2 0 6 13( 4 2
m m m max high low high low high low |high low high low m
6 5 3 2 15| 10 5 4 2515 7 3 15 7 3 15| 0 40 0 -40 0 -40 | O 0 0-250| 12112 5 2515
6 5 3 2 15| 10 6 4 2515 7 3 15 7 3 15/0 -120 0 40 0 -40 | 0 -250 0 -250| 1515 5 2515
6 5 3 2 15| 10 7 4 2515 7 3 15 7 3 15/0 -120 0 -80 0 -80 | 0 -250 0 -250 | 20 20 5 2515
8 6 3 2515| 13 8 4 3 25 8 4 15 8 4 250 -120 0 -120 0 -120 | O -250 0 -250 | 20 20 5 2515
9 8 4 3 15| 1510 5 4 25 8 4 15 8 4 250 -120 0 -120 0 -120 | O -250 0 -250 | 20 20 5 3 15
11 9 5 352 2010 5 4 25 8 5 15 8 5 250 -150 0 -150 O -150 | O -380 0 -250| 2525 6 4 15
1511 5 4 25| 2513 6 5 25 9 5 25 9 5 250 -200 0 -200 O -200 | O -380 O -380| 2525 7 4 25
1914 7 5 35| 3018 8 6 25|10 6 25|10 7 250 -250 0 -250 O -250 | O -500 O -380| 3030 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| 3030 8 5 4
2317 8 6 4 40 20 10 8 5 11 7 5 13 8 5 0O -300 0 -300 O -300 | O -500 O -500| 30 3010 6 5
2619 9 0O O 50 25 13 O O 13 0 0O 15 0 0O 0 -350 0 -350 O O 0 -500 0 -500 | 353513 O O
3023 12 O O 60 30 15 O O 15 0 0O 20 O O 0 -400 0 -400 O 0 0 -630 0 -630| 40 4015 O O
3426 0 O O 6535 0 O O o 0o o O O 0 4500 OO o |0 oo 0O 50450 O O
3830 0 O O 7040 O O O o o o 0o o o 0 5000 0O O o |0o oo 0o 60500 O O
550 0O O O 800 O O O o oo o o od 0 -7500 OO o |o oo 0O 700 O O O
750 0O O O 900 O O O o 00 o o0 O 0 -1,000 0 0O O o |0 oo 0O 80 0 O O O
94 0 O 0O 0O (1000 O O O o oo 0o o0 O 0 -1250 0 O O 0|0 o0 0OJ100000 O
120 0 O O O |120 0 O O O o oo o o O 0 -1600 0 0O O o |o o0 0O(12000 0 O
150 0 0O O O (1400 O 0O O o 00 O 0 0O 0 -20000 O O O |0 o0 01400 0 O O
@ To be applied for deep groove ball bearing and angular contact 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.
Unitpy m
Single radial plane Mean single plane Outer ring radial runout | Outside surface |  Outside ring Outer ring Outer ring width
outside diameter outside diameter Keall inclination axial runout width 0 variation
variation Vop@ variation Son o) deviationO Vool
capped bearings Vompll O e 0 s
diameter series 0 O ul O Acs 0 0
O
23400 01234 class class clag class class | class class class class class | class class class | class clag class class 0.6 class class class
class 0 class 6 0 6 §] 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 5 2515
10 9 6 5 3 2 15,15 8 5 3 15 8 4 15 8 5 1.5 Identicalto |Identicalto 5 2.5 1.5
12 10 7 6 3 252 15 9 6 4 25 8 4 15 8 5 25| Assofinner |Assand Vas 5 2.5 1.5
16 13 8 7 4 3 2 | 2010 7 5 25| 8 4 15| 8 5 25 L'”g eeEme | o '””fr 5 2515
20 6 |10 8 5 352 |25 13 8 5 4 8 4 15| 10 5 4 |°e€anng rng o 63 15
26 20 |11 10 5 4 25|35 18 10 6 5 9 5 25/ 11 6 5 same 84 25
bearing
30 25 14 11 6 5 25|40 20 11 7 5 10 5 25 13 7 5 85 25
38 30 19 14 7 5 35| 45 23 13 8 5 10 5 25 14 8 5 85 25
O O 23 15 8 6 4 50 25 15 10 7 11 7 4 15 10 7 10 7 4
O ad 26 19 9 7 4 60 30 18 11 7 13 8 5 18 10 7 11 7 5
O O 30 21 10 8 5 70 35 20 13 8 13 10 7 20 13 8 138 7
O O 34 25 12 0O O 80 40 23 O O 15 0 O 23 0 O 150 0O
O a0 38 29 14 O [O |100 50 25 O O 18 O O 25 0 O 18 0 O
| O 55 34 18 0O 0O (120 60 30 O O 20 O O 30 0O O 20 0 O
O O 75 45 0 O 0O (140 75 O O O o o 0O o o o oo o
O O 94 0O O O 0O |10 O 0O O O o o 0O o o o o o 0o
O O 120 O O 0O O (190 O 0O 0O O o o 0O o 0O O o o 0o
O ad 150 O O 0O 0O (220 O O O O o o 0O o o o oo o
O O 190 O O 0O 0O (250 O O O O o o 0O o o o o o 0o

@ To be applied in case snap rings are not installed on the bearings.
@ To be applied for deep groove ball bearings and angular contact 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 system)

Table 6.4 (1) Inner rings

NTN

0 Nominal Single plane mean bore Single radial plane Mean single plane Inner ring radial runout Face
0 bore diameter deviation bore diameter variation | bore diameter variation K runout
O diameter a with bore
Aampd Vap Vamp
oo 40 g Sqa0l
5 mm @ | class class class class | class class class class | class class class class | class [dlass
O cass06X casshe  cass4” |on o0 5T UFTIOR ST T U0k e 5 s 04
over [0 incl. max max max max max
10 18 0o -12 0 -7 0 -5 12 7 5 4 9 5 5 4 15 7 5 3 7 3
18 30 0o -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 o 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 0 -13 25 18 14 10 19 14 9 7 35 18 11 6 10 6
180 250 0O 30 0 -22 0 -15 30 22 17 11 23 16 11 8 50 20 13 8 11 7
250 315 0 35 0O o O ad 35 ad O O 26 ad O a 60 ad O ad o Od
315 400 0 -40 O o 0O O 40 O O O 30 ad O O 70 a0 O O o O
400 500 0 -45 O o O O 45 O | O 34 a O O 80 O O O o d
500 630 0 50 O o O ad 50 ad O O 38 ad O ad 90 a0 O ad o Od
630 800 0 75 O o o O 75 O O O 56 O O O 105 O O O o d
800 1,000 0 -100 O o O ad 100 ad O O 75 ad O a 120 ad O ad o Od

@ The dimensional difference Ads of bore diameter to be applied for class 4 is the same as the tolerance of dimensional difference Aamp of average bore diameter.

Table 6.4 (2) Outer rings

00 Nominal Single plane mean outside Single radial plane Mean single plane Outer ring radial runout | Outside
0 outside diameter deviation outside diameter outside diameter surface
0 diameter At L Kea O
Apmp variation variation a inclination
oo oo - Vel Viomp sof®
O mm 0
| 0.6X clasgs 6 dkes 49 class class Qlass class | class class Qlass class | class class class class | class Qlass
O BEESQ, , 06X 6 15 4 [06X 6 15 4 | 06X 6 5 4 | 5 4
over incl. max max max max max
18 30 0o -12 0 -8 0 -6 12 8 6 5 9 6 5 4 18 9 6 4 8 4
30 50 0O -14 o0 9 0 -7 14 9 7 5 11 7 5 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 o -18 0 -13 0 -10 18 13 10 8 14 10 7 5 35 18 10 6 9 5
120 150 o 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 0 -15 30 20 15 11 23 15 10 8 50 25 15 10 11 7
250 315 0O 3% 0 -25 0 -18 3% 25 19 14 26 19 13 9 60 30 18 11 13 8
315 400 0O -40 0 -28 0 -20 40 28 22 15 30 21 14 10 70 35 20 13 13 10
400 500 0 -45 O o 0O ad 