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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. 2007
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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@®Load Rating and Life

1. Load Rating and Life

1.1 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 cause 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.

1.2 Basic rated 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 rated life is defined as follows.

The basic rated 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
rated 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 rated life, the basic
dynamic load rating and the bearing load is given in
formula (1.1).

Lio =( 7)1) ............ 1.1)
where,
P=Si. For ball bearings
p=10/3.cccci For roller bearings

Lu: Basic rated life 10° revolutions
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C : Basic dynamic rated load, N

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

(Pr: radial bearings, Pa.: thrust bearings)

The basic rated life can also be expressed in terms of
hours of operation (revolution), and is calculated as
shown in formula (1.2).

Lin=500fi-------- (1.2)
fh :fn i ............ (1 _3)
fi = ( E )1/1’ AAAAAAAAA (1_4)
n
where,

Lion : Basic rated life, h
fu: Life factor
Jn: Speed factor
n : Shaft speed, min™

Formula (1.2) can also be expressed as shown in
formula (1.5).

6
10 (i)p.

— - (1.5)
607

Lin=

The relationship between Rotational speed » and speed
factor 1. as well as the relation between the basic rated
life Lion and the life factor fi is shown in Fig. 1.1.

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 1.6). 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
L= ; ] P (1 .6)
1/e
( o L )
where,
e=10/9....ccccueevunnn.n. For ball bearings
e=9/8 i For roller bearings

L : Total basic rated life of entire unit, h
L,.L,-L,: Basic rated life of individual bearings, 1, 2,
...n’ h

When the load conditions vary at regular intervals, the
life can be given by formula (1.7).
Im= (S ; /L) s 1.7)
where,
@ ; : Frequency of individual load conditions
Lj : Life under individual conditions
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Fig. 1.1 Bearing life rating scale

1.3 Adjusted life rating factor

The basic bearing life rating (90% reliability factor) can
be calculated through the formulas mentioned earlier in
Section 1.2. 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,
shaft 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.

L= -Clz-a&‘(C/P)p (1 8)
where,

L : Adjusted life rating in millions of revolutions
(10%)(adjusted for reliability, material and
operating conditions)

a: : Reliability adjustment factor
a- : Material adjustment factor
as:Operating condition adjustment factor
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1.3.1 Life adjustment factor for reliability a.

The values for the reliability adjustment factor a. (for a
reliability factor higher than 90%) can be found in Table
1.1.

Table 1.1 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

1.3.2 Life adjustment factor for material -

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 manufacturing
processes, 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.

1.3.3 Life adjustment factor a: 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 a; factor has a value of one; and when
lubricating conditions are exceptionally favorable, and all
other operating conditions are normal, a; 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 a: becomes less than one. This
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 (zmin"' x dpomm 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. 1.2.
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Fig. 1.2 Life adjustment value for operating temperature

1.4 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 rated 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

1.5 Allowable static equivalent load

Generally the static equivalent load which can be
permitted (See Section 2.3.2 page A-9) is limited by the
basic static rated load as stated in Section 1.4.
However, depending on requirements regarding friction
and smooth operation, these limits may be greater or
lesser than the basic static rated load.

In the following formula (1.9) and Table 1.2 the safety
factor S, can be determined considering the maximum
static equivalent load.

So =Co/ Po++ (1.9)
where,
S : Safety factor
C, : Basic static rated load, N
(radial bearings: Co, thrust bearings: Co.)
Pomax : Maximum static equivalent load, N
(radial: P max, thrust: Co. max)

Table 1.2 Minimum safety factor values So

Operating conditions begﬁll'!gs bge?rlilr?és
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.)

Notes: 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.
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2. 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 shaft.

2.1 Load acting on shafts

2.1.1 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 (2.1)
where:
K : Actual shaftload N {kgf}
fw © Load factor (Table 2.1)
K : Theoretically calculated value N {kgf}

Table 2.1 Load factor f

Amount L
of shock Sw Application
Very little or 1.0~1.2 Electrical machines, machine tools,
no shock : *“ Imeasuring instruments.
Railway vehicles, automobiles,
rolling mills, metal working machines,
: ,\, paper making machines, rubber mixing
Light shock 1.2~1.5 machines, printing machines, aircraft,
textile machines, electrical units, office
machines.
N Crushers, agricultural equipment,
Heavy shock 11.5~3.0 construction equipment, cranes.
2.2 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 (#), 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, F, for stepped loads is
calculated from formula (2.2). F'1 , F ....... F. are the
loads acting on the bearing; »1, 7....... 7 and 1, fo....... tn
are the bearing speeds and operating times
respectively.

A-8

(P i) Vp
=0 ) (2.2)
where:
p=3 For ball bearings
p=10/3  For roller bearings
F
F
N
P, Fm
Fn
(ARA N2 b2 7n bn

Fig. 2.1 Stepped load

(2) Consecutive series load

Where it is possible to express the function F(t) in terms
of load cycle to and time ¢, the mean load is found by
using formula (2.3).

Fu=( ;7 jf“p(t)ffdt ]1/]’ ..................

where:
For ball bearings
For roller bearings

p=3
»=10/3

F

[N Fe N\

~

0 to 2lo t

Fig. 2.2 Linear fluctuating load

(3) Linear fluctuating load
The mean load, F,, can be approximated by formula
(2.4).

Fmin + 2Fmax

Fm: 3

- (2.4)

Fmax
A

—

Fmin ’

Fig. 2.3 Time function series load
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(4) Sinusoidal fluctuating load
The mean load, F'», can be approximated by formulas
(2.5) and (2.6).

case (a) Fm=0.75Fma == (2.5)
case (b) Fm=0.65Fmax ===+ (2.6)
F
Fmax |————_
AYYAWA
\/ \/ t
(a)
F

RVAYA
\/

(b)

Fig. 2.4 Sinusoidal variable load

2.3 Equivalent load

2.3.1 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 giving 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 (2.7).

Pr=XF i YE o eeevrerereneenes
where,
P:  Dynamic equivalent radial load, N
F: . Actual radial load, N
F. . Actual axial load, N
X . Radial load factor
Y | Axial load factor
The values for X and Y are listed in the bearing tables.
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(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 (2.8).

Pa:Fa+1 _2F'r ..................
where,

P. - Dynamic equivalent axial load, N
F. © Actual axial load, N
F: © Actual radial load, N

Provided that £/ F. = 0.55 only.

2.3.2 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 (2.9) or (2.10). The greater of
the two resultant values is always taken for Po:.
Po=X, F:tY, Fo- (2.9)
Py = vvererenneeens (2_10)
where,
P, . Static equivalent radial load, N
F:  Actual radial load, N
F. @ Actual axial load, N
X, . Static radial load factor
Y, . Static axial load factor
The values for X, 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 (2.11).
Pou=F.,+27F (2.11)
where,
P.. . Static equivalent axial load, N
F. © Actual axial load, N
F: © Actual radial load, N
Provided that F: / F. = 0.55 only.
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3. Bearing Tolerances

3.1 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 3.1 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 3.1 indicates which standards and precision
classes are applicable to the major bearing types. Table
3.2 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 3.3 - 3.8. Allowable values for chamfer dimensions
are shown in Table 3.9, and allowable error limitations and
values for radial bearing inner ring tapered bores are
shown in Table 3.10.

Bearing type Applicable standard Applicable tolerance Tolerance table
Deep groove ball bearing class 0 class 6 | class5 | class 4 | class 2
Angular contact ball bearings class 0 class 6 | class5 | class 4 | class 2
I - 1SO492 Table 3.3
Cylindrical roller bearigns class 0 class 6 | class5 | class 4 |class 2
Spherical roller bearings class 0 - - - -
. metric 1S0492 class 0,6X | class 6 | class 5 | class 5 = Table 3.4
Tapered roller bearings
Inch ABMA Std.19 class 4 class 2 | class 3 | class O | class 00 | Table 3.5
Thrust ball bearings s class 0 class 6 | class 5 | class 4 = Table 3.6
Spherical roller thrust bearings class 0 = = = = Table 3.7
. metric NTN standard class 0 - = = = Table 3.8
Thrust tapered roller bearings
Inch ANSI/ABMA Std. 23 class 2 - = = = Table 3.8
Table 3.2 Comparison of tolerance classifications of national standards
Standard Tolerance Class Bearing Types
;’;”‘apn"’},”a‘ige(j',‘g;‘ strial JIS B 1514 class 0,6X | class6 | class5 | class 4 | class2 | Alltype
Normal
1ISO 492 class Class 6 | Class 5 | Class 4 | Class 2 | Radial bearings
Class 6X
International Organization Normal _ .
for Standardization (ISO) ISO 199 - Class 6 | Class 5 | Class 4 Thrust ball bearings
1ISO 578 Class 4 - Class 3 | Class 0 | Class 00| Tapered roller bearings (Inch series)
Deutsches Institut
fur Normung(ISO) DIN 620 PO P6 P5 P4 P2 All type
American National © ABEC-1 |ABEC-3|ABEC-5 Radial bearings
Standards Institute (ANSI) | ANSVABMA §td.20 | poec 1 | Reec.s |RBEC-5 | ABEC7 | ABEC-9| (Except tapered roller bearings)
Anti-Friction Bearing
Manufacturers (ABMA) ANSI/ABMA Std.19| Class4 | Class?2 | Class 3 | Class O | Class 00| Tapered roller bearings (Inch series)

@ "ABEC" is applied for ball bearings and "RBEC" for roller bearings.

Notes: 1. JIS B 1514, ISO 492 and 199, and DIN 620 have the same specification level.
2. The tolerance and allowance of JIS B 1514 are a little different from those of ABMA standards.
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Table 3.3 Tolerance for radial bearings (Except tapered roller bearings)

Table 3.3 (1) Inner rings

NTN

Nominal Single plane mean bore diameter deviation Single radial plane bore diameter variation
bore
diameter Admp Vap
a
mm diameter series 9 max diameter series 0,1 | max diameter series 2,3,4
class 0 class 6 class 5 class 40 class 20 class class class class class |class class class class class | class class class class class
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
80 120 0O 20 0 -15 0 -10 O 8 0 -5 25 19 10 8 5 2519 8 6 5 |15 11 8 6 5
120 150 0O 25 0 -18 0 -13 0O -10 O -7 31 23 13 10 7 31 2310 8 7 |19 14 10 8 7
150 180 o 25 0 -18 0 -13 0 -10 O -7 31 23 13 10 7 31 2310 8 7 |19 14 10 8 7
180 250 0O 830 0 -2 0 -5 0 -12 0 -8 38 28 15 12 8 38 28 12 9 8 |23 17 12 9 8
250 315 o 3 0 25 0 -18 — — — — 44 31 18 — — | 44 31 14 — — | 26 19 14 — —
315 400 0O -4 0 -30 0 -28 — — — — 50 3823 — — | 50 38 18 — — | 30 23 18 — —
400 500 0O 45 0 -35 — - - - — — 56 4 — — — | 56 44 — — — | 34 26 — — —
500 630 0O 50 0 -40 — - = - — — 63560 — — — | 6350 — — — |38 30 — — —
630 800 o -75 — — — - = - — — 9 - — — =1 9 - — — — |55 — — — —
800 1,000 o -100 — — — - - - — — 2 - - ——/125 - — — — |75 — — — —
1,000 1,250 0o 126 — — — - = - — — %% — — — — 1586 — — — — | 94 — — — —
1,250 1,600 0 -160 — — — - = - — — 20— — — — 200 — — — — 120 — — — —
1,600 2,000 0o 200 — — — — — — — — 250 — — — — 1250 — — — — 150 — — — —

© The dimensional difference Ads of bore diameter to applied for class 4 and 2 is the same as the tolerance of dimensional 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 3.3 (2) Outer rings

Nominal Single plane mean outside diameter deviation Single radial plane outside diameter variation
outside
diameter Abmp Vop
D open type
mm diameter series 9 max diameter series 0,1 | max diameter series 2,3,4
o o
class 0 class 6 class 5 class 4 class 2 class class class class class | class class class class class | class class class class class
5 4 2|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
80 120 0o -15 0 -13 0 -10 O -8 0 ES 19 16 10 8 5 19 16 8 6 5 11 10 8 6 5
120 150 o -18 0 -15 0 -11 O 9 0 =5 23 19 11 9 5 2319 8 7 5 14 11 8 7 5
150 180 o 2 0 -18 0 =-13 0 -10 O -7 31 23 1310 7 31 23 10 8 7 19 14 10 8 7
180 250 0O 30 0 20 0 -5 0 -11 O -8 38 25 15 11 8 38 25 11 8 8 23 15 11 8 8
250 315 o 3% 0 -2 0 -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 O -15 0 -10 50 35 20 1510 50 35 15 1110 30 21 15 1110
400 500 0O 45 0 -383 0 -238 — - = - 56 41 23 — — | 56 41 17 — — | 34 25 17 —
500 630 0O 50 0 -38 0 -28 — - = — 63 4828 — — | 63 48 21 — — | 38 29 21 — —
630 800 0O -75 0 -4 0 -35 — - = — 94 56 35 — — | 94 56 26 — — | 55 34 26 — —
800 1,000 0 -100 0 -60 — - — - — — 1256756 — — —|126 75 — — — | 75 45 — — —
1,000 1,250 0 -126 — — - — - — — 15 — — — — 166 — — — — |94 — — — —
1,250 1,600 0 -160 — — - — - = — 20— — — — 200 — — — — 120 — — — —
1,600 2,000 0 200 — — — - — - = — 250 — — — — 1260 — — — — 1560 — — — —
2,000 2,500 0 250 — — — - — - = — 30 — — — — 310 — — — — 190 — — — —

O 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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Unit um
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 Ass variation
Vamp Kia Sd (Wlth Slde) Vs
Siae ()
normal modified
class class class class class | class class class class class | class class class | class class class | class 0,6 class5,4 class2 |class 0,6 class 5,4 [class class class class class
0 6 5 4 2 0 6 5 4 2 5 4 2 5 4 2 0 6 5 4 2
max max max max high  low high low high low |high low high low max
1511 5 4 25| 2613 6 5 25 9 5 25 9 5§ 25/0 -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 25| 0 -250 0 -250 O -250 | O -500 O -380| 30 30 8 5 25
1914 7 5 35| 3018 8 6 5 10 6 4 10 7 5 0 -250 0 -250 O -300 | O -500 O -380| 30 30 8 5 4
2317 8 6 4 40 20 10 8 5 11 7 5 13 8 5 0 -300 0 -300 0 -350 | O -500 O -500 | 30 3010 6 5
2619 9 — — 5025 13 — — |13 — — 15 — — 0O -30 0-350— — | 0 -500 0 -500| 353513 — —
30 23 12 — — 6030 15 — — (156 — — |20 — — 0O -400 O 400 — — | O -630 O -630 | 40 40 15 — —
34 26 — — — 653 — — — | — — — - — — O 40— —— —|— —— — | 5045 — — —
38 30 — — — 7040 — — — | — — — - — — o 00— —— —|— —— —| 6050 — — —
5 — — — — 80 — — — — | = — — - - — o -0 — — — —|— —— —| 70 —— — —
7% — — — — 99— - — — | = — — - — — 0100 — —— —|— —— —| 860 —— — —
949 — — — — |10 — — — — | — — — - — - o120 — —— —|— —— —|100 — — — —
120 — — — — 120 — — — — |— — — | — — — |0-160— —— —|— —— —|120—— — —
% — — — — |140 — — — — | — — — - — — 020 — —— —|— —— —|140—— — —
@ To be applied to deep groove ball bearing and angular contact ball bearings.
© To be applied to individual raceway rings manufactured for combined bearing use.
Unit xm
Mean single plane | Outer ring radial runout | Outside surface | Outside ring Outer ring width
outside diameter Kea inclination axial runout variation
variation So Sea® Vos
Vomp
class class class class 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 5 4 2 5 4 2 5 4 2
max max max max max
11 10 5 4 25|35 18 10 6 5 9 5 25| 11 6 5 8 4 25
14 11 6 5 25|40 20 11 7 5 10 5 25 183 7 5 8 5 2.5
19 14 7 5 35| 45 23 13 8 5 10 5 25 14 8 5 8 5 2.5
23 15 8 6 4 50 25 15 10 7 11 7 4 15 10 7 10 7 4
26 19 9 7 4 60 30 18 11 7 13 8 5 18 10 7 11 7 )
30 21 10 8 5 70 35 20 13 8 13 10 7 20 13 8 13 8 7
34 25 12 — — 80 40 23 — — 15 — — 23 — — 15 - -
38 29 14 — — |100 50 25 — — 18 — — 25 — — 18 - -
55 34 18 — — |120 60 30 — — |20 — — 30 — — |20 — —
75 45 — — — |140 75 — — — - = — - — — — - -
94 — — — — |160 — — — — - = — - — — — - -
20 — — — — (190 — — — — - — — - — — — - -
%0 — — — — 220 — — — — - = — - — — — - -
%% — — — — 260 — — — — - — — - — — — - -

© To be applied to deep groove ball bearings and angular contact ball bearings.
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Table 3.4 Tolerance of tapered roller bearings (Metric system)
Table 3.4 (1) Inner rings

Nominal Single plane mean bore Single radial plane Mean single plane Inner ring radial runout | Face
_bore diameter deviation bore diameter variation | bore diameter variation e runout
diameter “ with bore
Admp Vap Vamp
d Sd
- class 06X class 5.6 dlkes 40 class class class class | class class class class | class class class class | class class
! ’ 0,6X 6 5 4 0,6X 6 5 4 0,6X 6 5 4 5 4
over incl. high low high low high low max max max max
80 120 0O 20 0 -15 o0 -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 -2 o0 -15 30 22 17 11 23 1 M 8 50 20 13 8 11 7
250 315 0o -3 — - — — 35 - = — 26 - — — 60 — — — - —
315 400 0 -40 — - — — 40 - — — 30 — - — 7% - — — - —
400 500 0 -45 — - - — 45 - - - 34 - - — 80 - - — - —
500 630 0 -50 — - — — 50 — — — 38 - — — 9 — — — = =
630 800 0o -75 — - — — 75 - - — 56 - — — 105 — - — - —
800 1,000 0 -100 — - - — |100 — — — 75 = = = 120 — — — - —
1,000 1,250 0 -125 — - — — | 125 - - - 94 - — — 140 — - — - —
1,250 1,600 0 -160 — - - — |10 — - — 120 — — — 160 — - — - —

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

Table 3.4 (2) Outer rings

Nominal Single plane mean outside Single radial plane Mean single plane Outer ring radial runout | Outside
outside diameter deviation outside diameter outside diameter K. surface

diameter " variation variation e inclination
D P VDp VDmp SDe

T @ | class class class class | class class class class | class class class class | class class
class 0,6X class 5,6 class 4 06X 6 5 4 | 06X 6 5 4 | 06X 6 5 4 5 4
over incl. high low high low high low max max max max
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 -5 0 -1 20 15 11 8 15 11 8 6 40 20 11 7 10 5
150 180 o 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 o 35 0 25 0 -18 35 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 -4 — - — — 45 - = — 34 - = — 80 - = - - —
500 630 0 -50 — - - — 50 - - — 38 - - — 100 - - — - —
630 800 0o -75 — - — — 75 - = — 56 - = — 120 - = — - —
800 1,000 0 -100 — - - — | 100 - = - 75 - - - 140 - - - - —
1,000 1,250 0 -125 — - — — | 125 - - — 84 - - — 165 - - — - —
1,250 1,600 0 -160 — - — — | 160 - = — 120 = = 190 = = = =
1,600 2,000 0 -200 — - - — | 200 - = - 150 - — — | 230 - - - - —

@ The dimensional difference Aps of outside diameter to be applied for class 4 is the same as the tolerance of dimensional difference Apmp of average outside diameter.
© Aps as the same as Apmp in the case of class 4.

7<rTa 7‘HCH‘ —Ci— C.

I LB | (-

Single Double Row Double Row Four Row
(outside direction) (inside direction)
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Unit xm
Inner ring Inner ring width deviation Overall width deviation of assembled single | Overall width deviation | Overall width deviation
axial runout As row tapered roller bearing, or height deviation | of assembled double rows| of assembled four rows
(with side) S A tapered roller bearing or | tapered roller bearing
5 = height deviation or height deviation
a Asis,  Acts Aszs,  Aces
class 4 class 0,6 class 6X class 4,5 class 0,6 class 6X class 4,5 class 0,6,5 class 0,6,5
max high low high low high low high  low high low high low high low high low
5) 0 200 0 -50 0 -400 +200 -200 +100 O +200 -200 +400 -400 +500 -500
7 0 250 0 -50 0 -500 +350 -250 +150 O +350 -250 +500 -500 +600 -600
8 0 -300 o -50 0 -600 +350 -250 +150 O +350 -250 +600 -600 +750 -750
— 0 350 o 50 — — +350 -250 4200 O — — +700 -700 +900 -900
— 0 400 o 50 — — +400 -400 +200 O — — +800 -800 +1,000 -1,000
— 0 450 @ — — -  — — — - — — — +900 -900 +1,200 -1,200
— 0 500 — — - - — — - — — — +1,000 -1,000 +1,200 -1,200
— 0 750 — - - - — — - — — — +1,500 -1,500 +1,500 -1,500
— o -1000 — — — — — — - — — — +1,500 -1,500 +1,500 -1,500
— o 1200 — — — — — — - — — — +1,500 -1,500 +1,500 -1,500
— 0o 1500 — — — — — — - — — — +1,500 -1,500 +1,500 -1,500
Unit xm Table 3.4 (3) Effective width of outer and inner rings with roller  ypjt ,m
Outer ring axial Outer ring width deviation Nominal Effective width deviation Tapered roller bearing outer
runout Acs _bore of roller and inner ring assembly | ring effective width deviation
s diameter of tapered roller bearing
e o d Aris Arzs
class 4 class 06,54  class 6X mm class 0 class 6X class 0 class 6X
max sup. inf. sup. inf. over incl. high  low high low | high low high low
6 ) 0 -100 80 120 +100 -100 +50 0 | +100 -100 +50 O
7 !dentpal todss 0 -100 120 180 +150 -150 +50 0 | +200 -100 +100 O
8 inner ring of 0 -100 180 250 +150 -150 +50 0 | +200 -100 +100 O
same bearing
10 0 -100 250 315 +150 -150 +100 O | +200 -100 +100 O
10 0 -100 315 400 +200 -200 +100 O | +200 -200 +100 O
13 0 -100
— 0 -100
— 0 -100
: : : Master cup Master cone

“* Ti—  sub-unit “* To—  sub-unit
O To be applied for nominal bore diameters of

406.400mm (16 inch) or lass. @ @
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Table 3.5 Tolerance for tapered roller bearings of inch system

Table 3.5 (1) Inner rings Unit xm
Nominal bore diameter Single bore diameter deviation
da Ads
mm
Class 4 Class 2 Class 3 Class 0 Class 00

over incl. high low high low high low high low high low
76.2 266.7 +25 0 +25 0 +13 0 +13 0 +8 0
266.7 304.8 +25 0 +25 0 +13 0 +13 0 - =
304.8 609.6 +51 0 +51 0 +25 0 - - - -
609.6 914.4 +76 0 - - +38 0 = = = =
914.4 1,219.2 +102 0 - - +51 0 - - - -
1,219.2 — +127 0 - - +76 0 = = = =

Table 3.5 (2) Outer rings Unit xm
Nominal outside diameter Single outside diameter deviation
D Aps
mm
Class 4 Class 2 Class 3 Class 0 Class 00

over incl. high low high low high low high low high low
- 266.7 +25 0 +25 0 +13 0 +13 0 +8 0
266.7 304.8 +25 0 +25 0 +13 0 +13 0 = =
304.8 609.6 +51 0 +51 0 +25 0 - - — —
609.6 914.4 +76 0 +76 0 +38 0 - - - -
914.4 1,219.2 +102 0 - = +51 0 = = = =
1,219.2 - +127 0 - - +76 0 - = = =

Table 3.5 (3) Effective width of inner rings with roller and outer rings

Nominal Nominal Overall width deviation of assembled single row tapered roller bearing Overall width deviation
_bore outside Are of assembled 4-row
diameter diameter tapered roller bearings
d D Apzs, Acas
mm mm
Class 4 Class 2 Class 3 Class 0,00 Class 4,2,3,0
over incl. over incl. high low high low high low high low high low
- 101.6 +203 0 +203 0 +203 -203 +203 -203 +1,520 -1,520
101.6 304.8 +356 -254 +203 0 +203 -203 +203 -203 +1,520 -1,520
304.8 609.6 - 508.0 | +381 -381 +381 -381 +203 -203 — - +1,520 -1,520
304.8 609.6 | 508.0 - +381 -381 +381 -381 +381 -381 - - +1,520 -1,520
609.6 = +381 -381 - - +381 -381 - - +1,520 -1,520
Table 3.5 (4) Radial deflection of inner and outer rings .
Unit um
Nominal outside diameter Inner ring radial runout Kia
D Outer ring radial runout Kea
mm
Class 4 Class 2 Class 3 Class 0 Class 00
over incl. max
- 304.8 51 38 8 4 2
304.8 609.6 51 38 18 - -
609.6 914.4 76 51 51 = =
914.4 - 76 - 76 - -
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utside direction)

Master cone
“* To— sub-unit
P |11 I (}S‘d

1 —=

le— B —

. G

Double Row
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Four Row
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Unit um

Effective width deviation of roller and inner
ring assembly of tapered roller bearing

Tapered roller bearing outer ring effective width deviation

Ar2s
Arts
Class 4 Class 2 Class 3 Class 4 Class 2 Class 3
high low high low high low high low high low high low
+102 0 +102 0 +102 -102 +102 0 +102 0 +102 -102
+152 -152 +102 0 +102 -102 +203 -102 +102 0 +102 -102
- - +178  -1789 +102 -1029 - - +203 2039 +102 1029

@ To be applied for nominal bore diameters of 406.400 mm (16 inch) or less.
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Table 3.6 Tolerance of thrust ball bearings

Table 3.6 (1) Shaft washer Unit xm
Nominal Single plane mean bore diameter deviation Single radial plane Thrust bearing shaft washer raceway
_bore A bore diameter variation| (or center washer raceway) thickness variation
diameter dmp
Vip Si
d
mm Class Class Class Class Class Class Class Class
0,6,5 4 0,6,5 4 0 6 5 4
over incl. high low high low max max
80 120 0 -20 0 -15 15 11 15 8 4 3
120 180 0 -25 0 -18 19 14 15 9 5 4
180 250 0 -30 0 -22 23 17 20 10 5 4
250 315 0 -35 0 -25 26 19 25 13 7 5
315 400 0 -40 0 -30 30 23 30 15 7 5
400 500 0 -45 0 -35 34 26 30 18 9 6
500 630 0 -50 0 -40 38 30 35 21 11 7
630 800 0 -75 0 -50 55 - 40 25 13 8
800 1,000 0 -100 - - 75 - 45 30 15 -
Table 3.6 (2) Housing washer Unit xm
Nominal Single plane mean outside diameter deviation | Single radial plane Thrust bearing housing washer raceway
outside A outside diameter thickness variation
diameter e variation 5
e
D Vop
mm Class Class Class Class Class Class Class Class
0,6,5 4 0,6,5 4 0 6 5 4
over incl. high low high low max max
80 120 0 -22 0 -13 17 10
120 180 0 -25 0 -15 19 11
180 250 0 -30 0 -20 23 15
2l 2l v e . 2 22 L According to the tolerance
315 400 0 -40 0 -28 30 21 o
400 500 0 45 0 33 34 25 of 51 against "d" or 'dz
i i of the same bearings
500 630 0 -50 0 -38 38 29
630 800 0 -75 0 -45 55 34
800 1,000 0 -100 0 -60 75 45
1,000 1,250 0 -125 - - 95 -
Table 3.6 (3) Height of bearings center washer
Unit um
Nominal ¢d
bore Single direction type @[]
diameter —
0
d Ars k j T
mm J
. NP
over incl. high low
80 120 0 -150
120 180 0 -175
180 250 0 -200
250 315 0 -225
315 400 0 -300
400 500 0 -350
500 630 0 -400
630 800 0 -500
800 1,000 0 -600

@ This standard is applied to flat back face bearing of class 0.
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Table 3.7 Tolerance of spherical thrust roller bearing Table 3.7 (2) Housing washer
Table 3.7 (1) Shaft washer Unit xm Unit gxm
Nominal Single plane mean |Single radiall Face | Height deviation of outs’i\ii%n:iiir;%eter Single plane mean
bore diameter | bore diameter deviation | plane bore | runout single direction outside diameter
d diameter | yyith hore thrust bearing d deviation
Admp variation A
mm Vap Sd Ars i e
over incl. high low max max high low over incl. high  low
80 120 0 -20 15 25 +200 -200 120 180 0 -25
120 180 0 -25 19 30 +250 -250 180 250 0 -30
180 250 0 -30 23 30 +300 -300 250 315 0 -35
250 315 0 -35 26 35 +350 -350 315 400 0 -40
315 400 0 -40 30 40 +400 -400 400 500 0 -45
400 500 0 -45 34 45 +450 -450 500 630 0 -50
500 630 0 -50 38 50 +500 -500 630 800 0 -75
630 800 0 -75 55 60 +750 -750 800 1,000 0 -100
1,000 1,250 0 -125
4d 1,250 1,600 0 -160
1 ;
SE= 7
A\ A\ \,‘J A\ A\ *
Table 3.8 Tolerance of thrust tapered roller bearings Table 3.8 (2) Housing washer (metric series)
Table 3.8 (1) Shaft washer (metric series) ) .
Unit um Unit xm
Nominal Single plane mean Bearing hight Nominal Single plane mean
outside diameter bore diameter deviation outside diameter outside diameter
d deviation D deviation
Ars
mm Admp mm ADmp
over incl. high low high low over incl. high low
80 120 0 -20 0 -150 180 250 0 -30
120 180 0 -25 0 -175 250 315 0 -35
180 250 0 -30 0 -200 315 400 0 -40
250 315 0 -35 0 -225 400 500 0 -45
315 400 0 -40 0 -300 500 630 0 -60
400 500 0 -45 0 -350 630 800 0 -75
500 630 0 -50 0 -400 800 1,000 0 -100
630 800 0 -75 0 -500 1,000 1,250 0 -125
800 1,000 0 -100 0 -600
Table 3.8 (3) Shaft washer (inch series) Table 3.8 (4) Housing washer (inch series)
Unit um Unit um
Nominal Single plane mean Bearing hight Nominal Single plane mean
bore diameter bore diameter deviation outside diameter outside diameter
a deviation Are D deviation
over incl. Admp over incl. Apmp
mm mm high low high low mm mm high low
- 304.800 +25 0 +381 -381 = 304.800 +25 0
304.800 609.600 +51 0 +381 -381 304.800 609.600 +51 0
609.600 | 914400 +76 0 4381 -381 e, % O
914.400 | 1,219.200 +102 0 +381 -381 914.400 | 1,219.200 +102 0
1,219.200 - +127 0

e 4
. = R -l

$D 2

b— gy —
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3.2 Limits and tolerances for chamfer and
tapered bore

Side face of inner
ring or center
washer, or side face
of outer ring

i35
s min OF . <|%B
15 min e 5|2
L5 9|5
>/ S
) T £ 5]
Bore diameter face | y i or 7smin| & o
of bearing or outer [
diameter face of s max OF 71 max
bearing (Axial direction)
Table 3.9 Allowable critical-value of bearing chamfer
Table 3.9 (1) Radial bearing (except tapered roller bearing) Table 3.9 (2) Tapered roller bearings of metric system
Unit mm Unit mm
T's min‘. Nominal 7's max OF 7'1s max Ts mino dia'\lngg?iel:aéfbgerg:ng 7'smax OF 71s max
or bore diameter . : or "d" or nominal 7 q
d Radial Axial outside diameter "D" Radial Axial
7'1s min over incl. direction direction 7'1s min over incl. direction direction
- 40 1 2 - 40 0.7 1.4
0.6 0.3
40 - 1.3 2 40 - 0.9 1.6
- 50 1.5 3 - 40 1.1 1.7
1 0.6
50 - 1.9 3 40 - 1.3 2
w - 120 2 3.5 ] - 50 1.6 2.5
' 120 = 25 4 50 - 1.9 3
- - 120 2.3 4 - 120 2.3 3
' 120 - 3 5 1.5 120 250 2.8 3.5
- 80 3 4.5 250 - 3.5 4
2 80 220 3.5 5 - 120 2.8 4
220 - 3.8 6 2 120 250 3.5 4.5
o - 280 4 6.5 250 - 4 5
' 280 = 45 7 - 120 35 5
- 100 3.8 6 2.5 120 250 4 5.5
2.5 100 280 4.5 6 250 - 4.5 6
280 - 5 7 - 120 4 5.5
. - 280 5 8 3 120 250 4.5 6.5
280 - 5.5 8 250 400 5 7
4 - - 6.5 9 400 - 53 7.5
5 - - 8 10 - 120 5 7
6 - - 10 13 4 120 250 53 7.5
7.5 - - 12.5 17 250 400 6 8
9.5 - - 15 19 400 - 6.5 8.5
12 - - 18 24 - 180 6.5 8
5
15 - - 21 30 180 - 7.5 9
19 - - 25 38 5 - 180 7.5 10
@ These are the allowable minimum dimensions of the chamfer dimension 180 — 9 11

r* or *r1" and are described in the dimensional table. @ These are the allowable minimum dimensions of the chamfer dimension

"r" or "r1" and are described in the dimensional table.
© Inner rings shall be in accordance with the division of "d" and outer rings
with that of "D".

Note: This standard will be applied to the bearings whose dimensional series
(refer to the dimensional table) are specified in the standard of ISO 355
or JIS B 1512. Please consult NTN Engineering on non-standard
bearings.

A-20
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Table 3.9 (3) Thrust bearings Unit mm

7’s min OF 7’1 min

¥'s max OF 71s max
Radial and axial direcition

0.6 15
1 2.2
1.1 2.7
1.5 3.5
2 4
2.1 4.5
3 55
4 6.5
5 8

6 10
7.5 12.5
9.5 15
12 18
15 21
19 25

O These are the allowable minimum dimensions of the chamfer
dimension "7" or "r1" and are described in the dimensional table.

A-21

Theoretical tapered hole ~ Tapered hole having dimensional

¢d T 2a—1— ¢di $d+Aimp T ——2a

NTN

\/T \ dd+ $di+

| Admp  Adimp

5

\ 1

difference of the average bore
diameter within the flat surface

Table 3.10 (1) Tolerance and allowable values (Class 0) of

tapered bore of radial bearings

Unit xm
d Aamp Adimp - Admp Vap 00
mm

over incl. high low high low max
80 120 + 54 0 + 35 0 22
120 180 + 63 0 + 40 0 40
180 250 + 72 0 + 46 0 46
250 315 + 81 0 + 52 0 52
315 400 + 89 0 + 57 0 57
400 500 + 97 0 + 63 0 63
500 630 +110 0 + 70 0 70
630 800 +125 0 + 80 0 =
800 1,000 +140 0 + 90 0 =
1,000 1,250 +165 0 +105 0 =
1,250 1,600 +195 0 +125 0 —

Table 3.10 (2) Allowable variations for radial bearing inner ring

tapered bores standard taper ratio 1:30 (Class 0)

Units um
d Admp Adimp - Admp Vip OO
mm
over incl. high  low high low max
80 120 +20 0 +35 0 22
120 180 +25 0 +40 0 40
180 250 +30 0 +46 0 46
250 315 +35 0 +52 0 52
315 400 +40 0 +57 0 57
400 500 +45 0 +63 0 63
500 630 +50 0 +70 0 70

@ Applies to all radial flat planes of inner ring tapered bore.
@ Does not apply to diameter series 7 and 8.
Note: Quantifiers

1
For a standard taper ratio of 1:12 d1=d+ 35 B

For a standard taper ratio of 1:30 d1=d+ % B

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

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

Vap . Unevenness of the bore diameter with the flat surface
B . Nominal width of inner ring
a  Half of the tapered bore’s nominal taper angle
For a standard taper ratio of 1:12 « =2°23'9.4"
For a standard taper ratio of 1:30 « =0°57"7.4"
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4. Bearing Fits

4.1 Interference

For rolling bearings, inner and outer rings are fixed on
the shaft or in the housing so that relative movement
does not occur between fitted surfaces during operation
or under load. This relative movement (referred to as
"creep”) between the fitted surfaces of the bearing and
the shaft or housing can occur in a radial direction, an
axial direction, or in the direction of rotation. To help
prevent this creeping movement, bearing rings and the
shaft or housing are installed with one of three
interference fits, a "tight fit" (also called shrink fit),
"transition fit," or "loose fit" (also called clearance fit),
and the degree of interference between their fitted
surfaces varies.

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

4.2 The necessity of a proper fit

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

Table 4.1 Radial load and bearing fit

® Raceway cracking, early peeling and displacement of
raceway

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

® Seizing caused by loss of internal clearances

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

4.3 Fit selection

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

® Shaft and housing material, wall thickness, finished

surface accuracy, etc.

® Machinery operating conditions (nature and

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

4.3.1 "Tight fit," "transition fit," or "loose fit"

(1) For raceways under rotating loads, a tight fit is
necessary. (refer to Table 4.1) "Raceways under
rotating loads" refers to raceways receiving loads
rotating relative to their radial direction. For raceways
under static loads, on the other hand, a loose fit is
sufficient.

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

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

lllustration Bearing rotation Ring load Fit
Static
load Inner ring:
Rotatring . . i
Rotating inner Inner ring :
Outer ring: : . R
Stationary ring load Tight fit
Unbalanced )
load Inner ring: Static outer Outer ring :
Stationary . N
ring load Loose fit
Outer ring:
Rotating
Static
load /2 Inner ring:
Stationary
Outer ring: St_atlc inner Inner ring :
Rotating ring load Loose fit
Unbalanced
load Inner ring: Rotating outer Outer ring :
Rotating ring load Tight fit
Outer ring:
Stationary

A-22



@®Bearing Fits

4.3.2 Recommended Fits

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

Widely used fits for 0 Class tolerance bearings and
various shaft and housing bore diameter tolerances are
shown in Fig. 4.1.

Generally-used, standard fits for most types of bearings
and operating conditions are shown in Tables 4.2 - 4.6.

Table 4.2: Fits for radial bearings

Table 4.3: Fits for thrust bearings

Table 4.4: Fits for electric motor bearings

Table 4.5: Fits for inch series tapered roller bearings
(ANSI Class 4)

Table 4.6: Fits for inch series tapered roller bearings
(ANSI Class 3 and 0)

Table 4.5. shows fits and their numerical values.

For special fits or applications, please consult NTN
Engineering.

4.3.3 Interference minimum and maximum values
The following points should be considered when it is
necessary to calculate the interference for an application:
® |n calculating the minimum required amount of
interference keep in mind that:
1) interference is reduced by radial loads
2) interference is reduced by differences between
bearing temperature and ambient temperature
3) interference is reduced by variation of fitted
surfaces
® Maximum interference should be no more than
1:1000 of the shaft diameter or outer diameter.
Required interference calculations are shown below.

(1) Radial loads and required interference
Interference between inner rings mounted on solid
shafts is reduced when acted upon by radial loads.
Calculation of the minimum required amount of
interference in such cases is shown in formulae (4.1) and

(4.2).
Fi =03 Cor
Awr=0.08 (d - Fi/B)" N
0.25 (d - F/ B)"™ fkgf } fo (4.1)
Fi > 0.3 Cor
A= 0.02 (Fi/ B) N
- 0.2 (F//B) fkf } fo (4.2)
Where,

Aqr: Required effective interference for load xm
d : Nominal bore diameter mm

B : Inner ring width mm

F: : Radial load N {kgf}

Cor : Basic static rated load N {kgf}

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

NTN

shown in formulae (4.3).
Aat=0.0015 @ AT -+oervererrrrrsrreere e (4.3)
Aqr : Required effective interference for
temperature difference xm
AT Difference between bearing temperature
and ambient temperature 'C
d : Bearing bore diameter mm

(3) Fitted surface variation and required interference
Interference between fitted surfaces is reduced by

roughness and other slight variations of these surfaces
which are flattened in the fitting process. The degree of
reduced interference depends upon the finish treatment
of these surfaces, but in general it is necessary to
assume the following interference reductions.

For ground shafts: 1.0~2.5 um

For lathed shafts: 5.0~7.0 um

(4) Maximum interference

When bearing rings are installed with an interference fit,
tension or compression stress may occur along their
raceways. If interference is too great, this may cause
damage to the rings and reduce bearing life. For these
reasons, maximum interference should not exceed the
previously mentioned ratio of 1:1,000 of shaft or outside
diameter.

4.3.4 Other details
(1) Tight interference fits are recommended for,
® Operating conditions with large vibration or shock
loads
® Applications using hollow shafts or housings with
thin walls
® Applications using housings made of light alloys or
plastic

(2) Loose interference fits are preferable for,
® Applications requiring high running accuracy
® Applications using small sized bearings or thin

walled bearings
Housing
G6 Hs
H7|
JG
“

Class 0 He

~

|ADmp
M6 |7
Ne6|N7[

P8|P7

Loose fit Transition fit
Tight fit
Types of fits
[ Transition fit Tight fit

6
Eaﬂiﬂi
5
/| Class 0 K5
‘ hs ‘E@
Admp h6

Shafts

Fig. 4.1
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(8) Consideration must also be given to the fact that fit
selection will affect internal bearing clearance

selection. (refer to page insert A-29)

NTN

(4) A particular type of fit is recommended for SL type
cylindrical roller bearings.

Table 4.2 General standards for radial bearing fits (JIS Class 0, 6, 6X)

Table 4.2 (1) Tolerance class of shafts commonly used for radial bearings (classes 0, 6X and 6)

Load conditions, magnitude | Cylindrical roller bearing i :
Neture | - Lé’,?d Ball bearing Tapered roller bearing Seltalgning roller bearings R "
it | conditions, : : - emarks
of load magnitude Shaft r$|1|r:3r11m:=,-ter Tolerance | Shaft nqllranmeter Tolerance Shaftglgmeter Tolerance
over incl class over incl class over incl class
Light or® : . L
fluctuatin 18 ~100 js6 40 ~140 k6 When greater accuracy is required js5, k5, and
5 . 9 | 100 ~ 200 k6 140 ~ 200 m6 m5 may be substituted for js6, k6, and m6.
Do variable load
o e
£2 9
é' § § 18 ~100 k5 40 ~100 m5 40 ~ 65 m5 Alteration of inner clearances to accommodate
5 SN N g’ 100 ~ 140 m5 100 ~ 140 m6 65 ~ 100 m6 fit is not a consideration with single-row angular
532 g = ormatioad | 140 ~ 200 m6 140 ~ 200 n6é 100 ~ 140 né contact bearings and tapered roller bearings.
=32 200 ~ 280 n6 200 ~ 400 p6 140 ~ 280 p6 Therefore, k5 and m5 may be substituted for
3 e |Z 280 ~500 | 6 | k6and mé.
EAE
Q0o |~ o
8 Heavy 50 ~140 né 50 ~100 né Use bearings with larger internal clearances
e e 140 ~200 [l 100 ~140 puull than CN clearance bearings
shock load 200 ~ ré 140 ~ 200 ré ’
Inner ring axial When greater accuracy is required use g5
) ;'»_" displacement g6 g6 g6 For | 9 —— Y f6 y! bqw du g
5|9 ossible or large bearings, {6 may be used.
és5|a| P All shaft All shaft All shaft
g S| S |Innerring axial| diameters diameters diameters
® | = | displacement h6 h6é h6 When greater accuracy is required use h5.
unnecessary
o|d
gs|s , , :
Q_;;_ @ | Allloads AII shaft js6 An shaft js6 .A" shaft is6 C_:‘ueneral; depe_ndlng on the fit, shaft and inner
So |0 diameters diameters diameters rings are not fixed.
525
S8z
Table 4.2 (2) Fit with shaft (fits for tapered bore bearings (Class 0) with adapter assembly/withdrawal sleeve)
h9 /1T5® General applications
All loads All bearing types All shaft diameters | Tolerance —
class hio/ 1IT7®@ Transmission shafts, etc.

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

Light loads: equivalent radial load = 0.06 Cr

{

Heavy loads: 0.12 Cr <equivalent radial load

Normal loads: 0.06 Cr <equivalent radial load = 0.12 Cr

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

Note: All values and fits listed in the above tables are for solid steel shafts.
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Table 4.2 (3) Housing fits

NTN

Nature ! . . . Tolerance Outer ring axial
of load Housing| Fit Load conditions, magnitude s displacement Remarks
H7 Displacement possible G7 also acceptable for large type
(%) All loads bearings as well as outer rings and
=8 5 G7 Easy displacement housings with large temperature differences.
Qg
éU 5.9‘ % Light“to normal load H8 Displacement possible —
>
2y |@ 8| = . . G7 Easy displacement F7 also acceptable for large type bearings as
25| = Shafﬁ ?Pdh'””er e vty well as outer rings and housings with large
e reach high temperature F7 Easy displacement temperature differences.
== . - - . .
(CJ) Requires silent operation H6 Displacement possible —
= o o 4 : H
55 = =
Qe o8 . . Js6 E_)lspl..ace.ment letipessble Applies primarily to ball bearings
89 g o High rotation accuracy (in principle)
o = a P
Qo 5 required with light to
Q =3 normal loads Displacement not possible . L .
K6 L Applies primarily to roller bearings
(in principle)
5 = Light to normal load Js7 Displacement possible
80 ) : .
_%;- ag Displacement not possible When greater accuracy is required
2 3 8 2 25| Normaltoheavy load K7 isplace P substitute Js6 for Js7 and K6 for K7.
ag_g- = |S 5 (in principle)
@ § = Heavy shock load M7 Displacement not possible -
= _| G -
g'§§ = . Light or variable load M7 Displacement not possible I
%g% <§_' Normal to heavy load N7 Displacement not possible | Applies primarily to ball bearings
So@Q =3
cesa = Heavy load (thin wall housing) ; ; ; IO ;
g,f_'z % or heavy shock load P7 Displacement not possible | Applies primarily to roller bearings
o
5 = .
S= 8 Select a tolerance class that will
= 73 — provide clearance between outer —_—
Ss e ring and housing.
= =

@ Standards for light loads, normal loads, and heavy loads
Light loads: equivalent radial load = 0.06 Cr
{ Normal loads: 0.06 Cr <equivalent radial load = 0.12 Cr
Heavy loads: 0.12 Cr < equivalent radial load
@ Indicates whether or not outer ring axial displacement is possible with non-separable type bearings.

Notes: 1. All values and fits listed in the above tables are for cast iron or steel housings.

2. In cases where only a centered axial load acts on the bearing, select a tolerance class that will provide clearance in the axial
direction for the outer ring.
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Table 4.3 Standard fits for thrust bearings (JIS Class 0 and 6)

Table 4.3 (1) Shaft fits

X . . Shaft diameter
Bearing type Load conditions Fit ) Tolerance class
over incl

All thrust bearings Centered axial load only Transition fit All sizes js6 or h6

S Inner ring static load Transition fit All sizes js6

_— 3
Self-aligning roller | £ | |nner ring rotating load | Transition fit — ~ 200 k6 or js6
thrust bearings | & or 200 ~ 400 m6 or k6
g: direction indeterminate load Tight fit 400 ~ n6 or mé
Table 4.3 (2) Housing fits
Bearing type Load conditions Fit To::?;aslgce Remarks

All thrust Cent

ered axial load only

Select a tolerance class that will provide clearance between outer ring and housing.

bearings Loose fit H8 Greater accuracy required with thrust ball bearings
. |'& | Outer ring static load H7 —
Self-aligning | 3.
roller thrust | 3 | Direction Indeterminate o K7 Normal operating conditions
bearings = | load or outer ring Transition fit - -
£ | rotating load M7 For relatively large radial loads

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

Table 4.4 Fits for electric motor bearings

Shaft fits Housing bore diameter
Bearing type i
na P Shaftosgmetiﬁrdmm Tolerance class Housing fits Tolerance class
Deep groove 18 ~100 k5 )
ball bearings 100 ~160 m5 All sizes H6 or J6
Cylindrical 40 ~160 m5 .
roller bearings 160 ~200 né All sizes H6 or J6
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Table 4.5 Fits for inch series tapered roller bearing (ANSI class 4)

Table 4.5 (1) Fit with shaft

NTN

Unit xm
Shaft diameter Ctglr;?a%%f Shaft tolerance Extreme fits1)
Load conditions d mm Ads Remark
over incl. high low high low max min
D | Nommal load 76.2 ~ 304.8 +25 0 +64 +38 64T ~ 13T AIPPr']itC?b'e V¥hen
o) ormal loads, - - slight impac
& | no shock 304.8 609.6 +51 0 +127 + 76 127T 25T load is applied
E 609.6 ~ 914.4 +76 0 +190  +114 190T ~ 38T | gs well.
8
= 76.2 ~ 304.8 +25 0 Use average tight cone fit of 0.5 x m/mm,
S Hﬁavlzllloads or 304.8 ~ 609.6 +51 0 (0.0005 inch/inch) of cone bore, use a
o shock loads 609.6 ~ 914.4 +76 0 minimum fit of 25 mm, 0.0010 inch tlght
() C_0ne axial 76.2 ~ 304.8 +25 0 + 25 0 25T ~ 25L
& g'rfg'ﬁ:f?me”t 304.8 ~ 609.6 +51 0 + 51 0 51T ~ 51l
§ necessary 609.6 ~ 914.4 +76 0 + 76 0 76T ~ 76L Not applicable
N when impact
S | Cone axial 76.2 ~ 304.8 +25 0 0 -25 0 ~ 50L | loadis applied.
=0
o |dspacement | 3048 ~ 6096 | +51 0 0 -5 0 ~ 102L
8. unnecessary 609.6 ~ 914.4 +76 0 0 - 76 0 ~ 152'.
Table 4.5 (2) Fit with housing Unit xm
Housing bore Cup O.D. Housing bore Extreme fits“
Load conditions diameter tolerance tolerance Types of fit
D mm Abs
over incl. high low high  low max min
Light and 76.2 ~ 127.0 +25 0 + 76 + 51 26L ~ 76L
normal loads:  [ESHSHER=SNS048 +25 0 | +76 +51 26L ~ 76L .
cup easily loose fit
axially 304.8 ~ 609.6 +51 0 +152  +102 51L ~ 152L
% displaceable 609.6 ~ 914.4 +76 0 +229 +152 76L ~ 229L
g' Light and 76.2 ~ 127.0 +25 0 + 25 0 25T ~ 25L .
3 normal loads: 127.0 ~ 304.8 +25 0 + 51 0 25T ~ 51L tight
g | cup axially 304.8 ~ 609.6 +51 0 +76 + 26 25T ~ 76L | interference fit
S ALzl 609.6 ~ 914.4 +76 0 | +127 + 51 25T ~ 1271
8 76.2 ~ 127.0 +25 0 - 25 - 51 76T ~ 25T
CHlfa‘r’]Sét'C;i?aslil 127.0 ~ 304.8 +25 0 -25 - 51 76T ~ 25T
displaceable” | 3048 ~ 6096 | <51 0 | -25 -76 | 127T ~ 25T
609.6 ~ 914.4 +76 0 -25  -102 178T ~ 25T tight fit
ight fi
o1 76.2 ~ 127.0 +25 0 -25 - 51 76T ~ 25T :
S 2| Cupnotaxially| 127.0 ~ 304.8 +25 0 -25 - 51 76T ~ 25T
Q = | displaceable 304.8 ~ 609.6 +51 0 -25 -76 127T ~ 25T
e@ 609.6 ~ 914.4 +76 0 -25 102 178T ~ 25T
@ T=tight, L= loose
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NTN

Table 4.6 Fits for inch series tapered roller bearing (ANSI class 3 and 0)

Table 4.6. (1) Fit with shaft

Unit um
Shaft diameter ?glz?a%?::ee Shaft tolerance Extreme fits1)
Load conditions d mm Ads

over incl. high low high low max min
T | Precision ~ 304.8 +13 0 +30 + 18 30T ~ 5T
§_>_’_ maphine tool 304.8 ~ 609.6 +25 0 + 64 + 38 64T ~ 13T
& | spindles 609.6 ~ 914.4 +38 0 +102  + 64 102T ~ 26T
& | Heavy loads, 762 ~ 3048 | +13 0 | Use minimum tight cone fit
5 | or high speed 304.8 ~ 609.6 +25 0 of 0.25 4m/mm 0.00025 inch/inch
& | orshock 609.6 ~ 914.4 +38 0 of cone bore.
§§ Ereean ~ 304.8 +13 0 + 13 0 30T ~ 5T
Sg' machine tool 304.8 ~ 609.6 +25 0 + 25 0 64T ~ 13T
BB | spindies 609.6 ~ 9144 | +38 0 | +102 0 | 102T ~ 26T

Note: Must be applied for maximum bore dia. 241.300mm (9.500 inch) in case of class 0 product.

Table 4.6 (2) Fit with housing Unit xm
Housing bore Cup O.D. Housing bore Extreme fits“
LerE eenahiiene diameter tolerance tolerance Type of fit
D mm Abs
over incl. high low high low max min
~ 152.4 +13 0 + 38 + 25 12L ~ 38L
. 152.4 ~ 304.8 +13 0 +38 + 25 12L ~ 38L
Floating
304.8 ~ 609.6 +25 0 + 64 + 38 13L ~ 64L
609.6 ~ 914.4 +38 0 + 89 + 51 13L ~ 89L )
loose fit
~ 152.4 +13 0 +25 + 13 0 ~ 25L
@ 152.4 ~ 304.8 +13 0 +25 + 13 0 ~ 25L
2 |Clamped
] 304.8 ~ 609.6 +25 0 +51 + 25 0 ~ 51L
3 609.6 ~ 914.4 +38 0 + 76 + 38 0 ~ 76L
@ ~ 152.4 +13 0 + 13 0 13T ~ 13L
° . 152.4 ~ 304.8 +13 0 + 13 0 13T ~ 13L tight
o |Adjustable . .
2 304.8 ~ 609.6 +13 0 + 25 0 25T ~ 25L interference fit
609.6 ~ 914.4 +38 0 + 38 0 38T ~ 38L
~ 1524 +13 0 0 -13 26T ~ 0
Nonadjustable 152.4 ~ 304.8 +13 0 0 -25 38T ~ 0
or in carriers 304.8 ~ 609.6 +25 0 0 -25 50T ~ 0
609.6 ~ 914.4 +38 0 0 -38 76T ~ 0 . .
tight fit
o ~ 152.4 +13 0 -13 - 25 38T ~ 13T
‘§§ Nonadjustable 152.4 ~ 304.8 +13 0 -13 - 38 51T ~ 13T
S é‘ orin carriers 304.8 ~ 609.6 +25 0 -13 - 38 63T ~ 13T
& 609.6 ~ 914.4 +38 0 -13 - 51 89T ~ 13T

@ T=tight, L= loose
Note: Must be applied for maximum cup OD 304.800mm (12.000 inch) in case of class 0 product.
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5. Bearing Internal Clearance

5.1 Bearing internal clearance

Bearing internal clearance (initial clearance) is the
amount of internal clearance a bearing has before being
installed on a shaft or in a housing.

As shown in Fig. 5.1, when either the inner ring or the
outer ring is fixed and the other ring is free to move,
displacement can take place in either an axial or radial
direction. This amount of displacement (radially or axially)
is termed the internal clearance and, depending on the
direction, is called the radial internal clearance or the
axial internal clearance.

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

However, at this time, a slight amount of elastic
deformation of the bearing occurs under the measurement
load, and the clearance measurement value (measured
clearance) is slightly larger than the true clearance. This
discrepancy between the true bearing clearance and the
increased amount due to the elastic deformation must be
compensated for. These compensation values are given in
Table 5.1. For roller bearings the amount of elastic
deformation can be ignored.

The internal clearance values for each bearing class are
shown in Tables 5.2 through 5.9.

"

| % %

Radial clearance = & Axial clearance =81+ 8-

Fig. 5.1 Internal clearance

5.2 Internal clearance selection

The internal clearance of a bearing under operating
conditions (effective clearance) is usually smaller than
the same bearing's initial clearance before being install