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Introduction to NSK Large-Size Rolling Bearing Catalog
(CAT. No. E125f)

We want to thank you for your interest in this edition of our Large-Size Rolling
Bearing Catalog.

Recently, operating requirements for machines and other equipment that use rolling
bearings have become increasingly severe and diversified. Accordingly, rolling
bearings, which are highly important machine elements, must be designed to satisfy
more and more stringent requirements for higher speeds, greater precision, higher
reliability, and other challenging demands.

We edited this Large-Size Rolling Bearing Catalog to reflect the growing number of
NSK products, new developments, and technical progress. In it, you will find a wide
range of bearings that will satisfy almost any requirement; however, special bearings
not listed here are available by contacting NSK.

The first patr (A pages) contains general information about rolling bearings to
facilitate selection of the most appropriate type. Next, supplementary technical
information is provided peculiar to each bearing type at the beginning of the section
devoted to each type (B pages). Also, there is an explanation about special-purpose
bearings, mostly for steel mill roll necks.

In the dimensional tables, bearings are listed in the order of increasing bore size.
The data shown for each bearing includes the boundary dimensions, bearing load
ratings, abutment and fillet dimensions, and mass.

At the end, NSK products and certain applications specially designed to meet
particular conditions are shown. These may be helpful regarding bearing selection
and the design of surrounding parts.

Data in this catalog are given in both the International Unit System (SI) and
Engineering Unit System (Gravitational System of Units).

We hope this catalog will allow you to select the optimum bearing for your
application. However, if assistance is required, please contact NSK, and the
company’s engineers and computer programs can quickly supply the information you
need.
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1. SELECTION OF BEARING SIZE

1.1 Bearing Life

The various functions required of rolling bearings vary
according to the bearing application. These functions must
be performed for a prolonged period. Even if bearings
are properly mounted and correctly operated, they will
eventually fail to perform satisfactorily due to an increase in
noise and vibration, loss of running accuracy, deterioration
of grease, or fatigue flaking of the rolling surfaces.

Bearing life, in the broad sense of the term, is the period
during which bearings continue to operate and to satisfy
their required functions. This bearing life may be defined
as noise life, abrasion life, grease life, or rolling fatigue life,
depending on which one causes loss of bearing service.

Aside from the failure of bearings to function due to natural
deterioration, bearings may fail when conditions such as
heat-seizure, fracture, scoring of the rings, wear of the
seals, or other damage occurs.

Conditions such as these should not be interpreted as
normal bearing failure since they often occur as a result of
errors in bearing selection, improper design or manufacture
of the bearing surroundings, incorrect mounting, or
insufficient maintenance.

1.1.1 Rolling Fatigue Life and Rating Fatigue Life
When rolling bearings are operated under load, the
raceways of their inner and outer rings and rolling elements
are subjected to repeated cyclic stress. Because of metal
fatigue of the rolling contact surfaces of the raceways and
rolling elements, scaly particles may separate from the
bearing material. This phenomenon is called “flaking”.
Rolling fatigue life is represented by the total number of
revolutions at which time the bearing surface will start
flaking due to stress. This is called fatigue life.

Even for seemingly identical bearings, which are of the same
type, size, and material and receive the same heat treatment
and other processing, the rolling fatigue life varies greatly
even under identical operating conditions. This is because
the flaking of materials due to fatigue is subject to many
other variables. Consequently, “rating fatigue life”, in which
rolling fatigue life is treated as a statistical phenomenon, is
used in preference to actual rolling fatigue life.

Suppose a number of bearings of the same type are
operated individually under the same conditions. After a
certain period of time, 10% of them fail as a result of flaking
caused by rolling fatigue. In this case, the total number
of revolutions is defined as the rating fatigue life or, if the
speed is constant, the rating fatigue life is often expressed
by the total number of operating hours completed when
10% of the bearings become inoperable due to flaking.

1.2 Basic Dynamic Load Rating and Fatigue
Life
1.2.1 Basic Dynamic Load Rating

NSK

The basic dynamic load rating is defined as the constant
load applied on bearings with stationary outer rings that
the inner rings can endure for a rating life of one million
revolutions (10° rev). The basic dynamic load rating of
radial bearings is defined as a central radial load of constant
direction and magnitude, while the basic dynamic load
rating of thrust bearings is defined as an axial load of
constant magnitude in the same direction as the central
axis. The load ratings are listed under C' for radial bearings
and C, for thrust bearings in the dimension tables.

1.2.2 Selection of Bearing Size Based on Basic
Dynamic Load Rating

The following relation exists between bearing load and

rating fatigue life:

For ball bearings L:(%)a ................. (1.1)
. C\©
For roller bearings LZ(T 3 s (1.2)

where L : Rating fatigue life (10° rev)
P : Bearing load (equivalent load) (N), {kgf}
............ (Refer to Page A11)
C : Basic dynamic load rating (N), {kgf}
For radial bearings, C is written C+
For thrust bearings, C is written Ca

In the case of bearings that run at a constant speed, it is
convenient to express the fatigue life in terms of hours. In
general, the fatigue life of bearings used in automobiles and
other vehicles is given in terms of mileage.

By designating the rating fatigue life as Ly (h), bearing
speed as 7 (rpm), fatigue life factor as /i, and speed factor
as fx, the relations shown in Table 1.1 are obtained:

Table 1.1 Rating Fatigue Life, Fatigue
Life Factor and Speed Factor

lF_’gsameters Ball Bearings Roller Bearings
Rating 106 /C\3 108 112 10
Fatigue LFW(?) =500, Li=g05 *) *=500f;
Life
Fatigue C c
Life ftp N
Factor
Fol 100 5 Fol 100 i
Speed "~ 500x607 | "~ 500x607 |
E 1 3
actor =(0.03n) ° =(0.03p)
R, S Fig. 1.1, Appendix Table 12 (See Page C50)
L, fiyreoeeeeeees Fig. 1.2, Appendix Table 13 (See Page C51)
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Fig. 1.2 Fatigue Life Factor
and Fatigue Life

If the bearing load P and speed # are known,
determine a fatigue life factor /i appropriate
for the projected life of the machine and then
calculate the basic dynamic load rating C by
means of the following equation.

A bearing which satisfies this value of C
should then be selected from the bearing
tables.

1.2.3 Temperature Adjustment for Basic
Dynamic Load Rating

If rolling bearings are used at high
temperature, the hardness of the bearing
steel decreases. Consequently, the basic
dynamic load rating, which depends on the
physical properties of the material, also
decreases. Therefore, the basic dynamic
load rating should be adjusted for the higher
temperature using the following equation:

C: Basic dynamic load rating
after temperature adjustment
(N), {kgf}

fi: Temperature factor
(See Table 1.2.)

C : Basic dynamic load rating
before temperature adjustment
(N), {kef}

If large bearings are used at high
temperatures, they must be given special
dimensional stability heat treatment to
prevent excessive dimensional changes.
The basic dynamic load rating of bearings
given such special dimensional stability heat
treatment may become lower than the basic
dynamic load rating listed in the bearing
tables.

Table 1.2 Temperature Factor f/;

Bearing °C 125 | 150 | 175 | 200 | 250
Temperature
Temperature 1.00 | 1.00 | 095 | 0.90 | 0.75
Factor fi

1.2.4 Adjustment of Rating Fatigue Life
As described previously, the basic equations for calculating
the rating fatigue life are as follows:

For ball bearings Lon(%)S ............... (1.5)

For roller bearings Lm:(%)? ............. (1.6)
The Lo life is defined as the rating fatigue life with a
statistical reliability of 90%. Depending on the machines in
which the bearings are used, sometimes a reliability higher
than 90% may be required.

However, recent improvements in bearing material have
greatly extended the fatigue life. In addition, the developent
of the Elasto-Hydrodynamic Theory of Lubrication proves
that the thickness of the lubricating film in the contact
zone between rings and rolling elements greatly influences
bearing life. To reflect such improvements in the calculation
of fatigue life, the rating fatigue life is adjusted using the
following adjustment factors:

Lna=818283L100 i, (1.7

where L. Adjusted rating life in which reliability,
material improvements, lubricating
condition, etc. are considered
L1 : Rating fatigue life with a reliability of 90%
a1 : Life adjustment factor for reliability
a»: Life adjustment factor for special bearing
property
as: Life adjustment factor for operating
conditions

The life adjustment factor for reliability & is listed in Table
1.3 for reliabilities higher than 90%.

The life adjustment factor for special bearing property &z is
greater than one because of improvements in bearing stegl.
NSK now uses vacuum degassed bearing steel, and the
results of tests by NSK show that life is greatly improved
when compared with earlier materials. The basic dynamic
load ratings Cr and C, listed in the bearing tables were
calculated considering the extended life achieved by
improvements in materials and maunfacturing techniques.
Consequently, when estimating life using Equation (1.7), it
is sufficient to assume a@z=1.

Teble 1.3 Reliability Factor a,

Reliability (%) 90 95 96 97 98 99

a, 1.00 | 0.62 | 0.63 | 0.44 | 0.33 | 0.21

NSK

The life adjustment factor for operating conditions &as is
used to adjust for various factors, particularly lubrication. If
there is no misalignment between the inner and outer rings
and the thickness of the lubricating film in the contact zones
of the bearing is sufficient, it is possible for @s to be greater
than one; however, &s is less than one in the following
Cases:
o When the viscosity of the lubricant in the contact zones
between the raceways and rolling elements is low.
e \When the circumferential speed of the rolling elements
is very slow.
e \When the bearing temperature is high.
e \When the lubricant is contaminated by water or foreign
particles.
e When misalignment of the inner and outer rings is
eXCessive.

It is difficult to determine the proper value for as for
specific operating conditions because there are still many
unknowns. Since the special bearing property factor a
is also influenced by the operating conditions, there is a
proposal to combine @2 and as into one quantity (82xa&s),
and not consider them independently. In this case, under
normal lubricating and operating conditions, the product
(a2xas) should be assumed equal to one. However, if the
visocisty of the lubricant is too low, the value drops to as
lowas 0.2.

If there is no misalignment and a lubricant with high
viscosity is used so sufficient fluid-film thickness is
secured, the product of (82xas) may be about two.

When selecting a bearing based on the basic dynamic load
rating, it is best to choose a reliability factor &1 appropriate
for the projected use and an empirically determined C/
P or fi value derived from past results for lubrication,
temperature, mounting conditions, etc. in similar machines.

The rating fatigue life equations (1.1), (1.2), (1.5), and
(1.6) give satisfactory results for a broad range of bearing
loads. However, extra heavy loads may cause detrimental
plastic deformation at ball/raceway contact points. When Py
exceeds Cor (Basic static load rating) or 0.5 C., whichever
is smaller, for radial bearings or P, exceeds 0.5 C, for
thrust bearings, please consult NSK to establish the
applicablity of the rating fatique life equations.
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SELECTION OF BEARING SIZE

1.3 Calculation of Bearing Loads

The loads applied on bearings generally include the weight
of the body to be supported by the bearings, the weight of
the revolving elements themselves, the transmission power
of gears and belting, the load produced by the operation
of the machine in which the bearings are used, etc. These
loads can be theoretically calculated, but some of them
are difficult to estimate. Therefore, it become necessary to
correct the estimates using empirically derived data.

1.3.1 Load Factor

When a radial or axial load has been mathematically
calculated, the actual load on tne bearing may be greater
than the calculated load because of vibration and shock
present during operation of the machine. The actual load
may be calculated using the following equation:

Fr =fw . Frc
Fa =fw . Fac
where  F: , F, :Loads applied on bearing (N), {kgf}

Fi, Fa: Theoretically calculated load (N),
{kgf}
S Load factor

The values given in Table 1.4 are usually used for the load
factor fw.

1.3.2 Average of Fluctuating Load

When the load applied on bearings fluctuates, an average

load which will yield the same bearing life as the fluctuating

load should be calculated.

(1) When the relation between load and rotating speed is
divided into the following steps (Fig. 1.3).

Load F'1 : Speed 1 ; Operating time ¢1
Load F'2 : Speed n2 ; Operating time £

Load Fn - Speed ﬁn ; Operating time in
Then, the average load F', may be calculated using the
following equation:

p [FPnit1+ FPnoto+ - + FiPnata
Fu=
nib1+noto+ e + Wnkn

where Frn : Average fluctuating load (N), {kgf}
p=3 for ball bearings
p=10/3 for roller bearings

The average speed 7 m may be calculated as follows:

_ niti+nsta+ o+ Nakn
T i R (1.10)

Teble 1.4 Values of Load Factor £

Operating Conditions Typical Applications fe
Smooth operation free from Electric motors, 1 to1.2
shock Machine toals,

Air conditioners
Normal operation Air blowers, Compressors, 121015

Elevators, Cranes,
Paper making machines

Operation accompanied by shock Construction equipment, 15103
and vibration Crushers, Vibrating screens,
Rolling mills

A 10

Fy

0
Lﬂl t|mo by Ny by

Fig. 1.3 Incremental Load Variation

(2) When the load fluctuates almost linearly (Fig. 1.4), the
average load may be calculated as follows:

Fm:% (Pt 2F ) oo (1.11)
where F i - Minimum value of fluctuating load
(N), {kef}

F max - Maximum value of fluctuating load
(N), {kef}

(3) When the load fluctuation is similar to a sine wave (Fig.
1.5), an approximate value for the average load F'm, may
be calculated from the following equation:

In the case of Fig. 1.5(a)

FmZ=0.65 Finax covooevveevoececoeeeoeevoeseesess (1.12)
In the case of Fig. 1.5(b)
Fin50.75 F i oo (1.13)

Fmax Fmax
I F / Fn

OF'”iti b——nit;
@ (b)

Fig. 1.5 Sinusoidal Load Variation

NSK

F, min

OL-; o N t,-*-l

Fig. 1.4 Simple Load Fluctuation

1.4 Dynamic Equivalent Load

In some cases, the loads applied on bearings are purely
radial or axial loads; however, in most cases, the loads
are a combination of both. In addition, such loads usually
fluctuate in both magnitude and direction. In such cases,
the loads actually applied on bearings cannot be used for
bearing life calculations; therefore, a hypothetical load that
has a constant magnitude and passes through the center
of the bearing, and will give the same bearing life that the
bearing would attain under actual conditions of load and
rotation should be estimated. Such a hypothetical load is
called the dynamic equivalent load.

1.4.1 Calculation of Dynamic Equivalent Loads

The dynamic equivalent load on radial bearings may be
calculated using the following equation:

P=XF Y F oo (1.14)
where P : Dynamic equivalent load (N), {kgf}
F : Radial load (N), {kgf}
F,: Axial load (N), {kgf}
X : Radial load factor
Y : Axial load factor

The values of X and Y are listed in the bearing tables.
The equivalent radial load for radial roller bearings with
a=0°is

P=F,

In general, thrust ball bearings cannot take radial loads, but
spherical thrust roller bearings can take some radial loads.
In this case, the dynamic equivalent load may be calculated
using the following equation:

P=Fat1.2F t oo, (1.15)
F. -
where F, =055
A11




SELECTION OF BEARING SIZE

1.5 Basic Static Load Ratings and Static
Equivalent Loads

1.5.1 Basic Static Load Ratings

When subjected to an excessive load or a strong shock load,
rolling bearings may incur a local permanent deformation of
the rolling elements and raceway surface if the elastic
limit is exceeded. The nonelastic deformation increases in
area and depth as the load increases, and when the load
exceeds a certain limit, the smooth running of the bearing
is impeded.

The basic static load rating is defined as that static load
which produces the following calculated contact stress at
the center of the contact area between the rolling element
subjected to the maximum stress and the raceway surface.

For ball bearings 4 200MPa
{428kgf/mm?}

For roller bearings 4 000MPa
{408kgf/mm?}

In this most heavily stressed contact area, the sum of the
permanent deformation of the rolling element and that of
the raceway is nearly 0.0001 times the rolling element’s
diameter. The basic static load rating Co is written Coy for
radial bearings and Coa for thrust bearings in the bearing
tables.

In addition, following the modification of the criteria for
basic static load rating by ISO, the new Cy values for
NSK’s ball bearings became about 0.8 to 1.3 times the
past values and those for roller bearings about 1.5 to 1.9
times. Consequently, the values of permissible static load
factor £ have also changed, so please pay attention to this.

1.5.2 Static Equivalent Loads

The static equivalent load is a hypothetical load that
produces a contact stress equal to the above maximum
stress under actual conditions, while the bearing is
stationary (including very slow rotation or oscillation),
in the area of contact between the most heavily stressed
rolling element and bearing raceway. The static radial load
passing through the bearing center is taken as the static
equivalent load for radial bearings, while the static axial
load in the direction coinciding with the central axis is taken
as the static equivalent load for thrust bearings.

(a) Static equivalent load on radial bearings

The greater of the two values calculated from the following
equations should be adopted as the static equivalent load
on radial bearings.

PoXoF Y 0F aciiiiiieeceecs (1.16)
) (1.17)
A12

where Py Static equivalent load (N), {kgf}
F,: Radial load (N), {kgf}
F,: Axial load (N), {kgf}
X : Static radial load factor
Y : Static axial load factor

(b) Static equivalent load on thrust bearings
Po=XoFr+Fa 0F 0% oo (1.18)
where Py : Static equivalent load (N), {kgf}
o : Contact angle

When Fa<X,F", this equation becomes less accurate.
The values of X and Y for Equations (1.16) and (1.18)
are listed in the bearing tables.
The static equivalent load for thrust roller bearings with
a=90°is

Py=F,
1.5.3 Permissible Static Load Factor

The permissible static equivalent load on bearings varies
depending on the basic static load rating and also their
application and operating conditions.

The permissible static load factor £ is a safety factor that is
applied to the basic static load rating, and it is defined by the
ratio in Equation (1.19). The generally recommended values
of £ are listed in Table 1.5. Conforming to the modification of
the static load rating, the values of £ were revised, especially
for bearings for which the values of Co were increased, please
keep this in mind when selecting bearings.

_Go
fe= Py (1.19)
where Co : Basic static load rating (N), {kgf}
Py : Static equivalent load (N), {kgf}

For spherical thrust roller bearings, the value of fs should
be greater than 4.

Table 1.5 Values of Permissible Static Load Factor f;

) o Lower Limit of £
Operating Conditions |
Ball Bearings |Roller Bearings
Low-noise applications 2 3

Bearings subjected to vibration
and shock loads
Standard operating conditions 1 1.5

1.5 2

2. BEARING TOLERANCES

2.1 Bearing Tolerance Standards

The tolerances for the boundary dimensions and
running accuracy of rolling bearings are specified by
ISO 492/199/582 (Accuracies of Rolling Bearings).

Tolerances are specified for the following items:

Dimensional Tolerances

bearings on shafts or in

( ltems necessary to mount

housings

Accuracy of Rolling Bearings——

Running Accuracy

specify the runout of

( ltems necessary to
rotating machine parts

* Tolerances for inscribed and circumscribed circle diameters

) * Permissible face runout with raceway inner and outer rings

Regarding bearing accuracy classes, besides ISO normal
accuracy, as the accuracy improves there are Class 6X (for
tapered roller bearings), Class 6, Class 5, and Class 4.
The applicable accuracy classes for each bearing type and
the correspondence of these classes are shown in Table 2.1.

 Tolerances for bore and outside diameters, ring width and
bearing width

of rollers
 Tolerances for chamfer dimensions
 Tolerances for width variation
 Tolerances for tapered bore diameters

© Permissible radial runout of inner and outer rings

 Permissible inner ring face runout with bore

© Permissible outer ring variation of outside surface generatrix
inclination with face

* Permissible raceway to back face thickness variation of thrust
bearings

Table 2.1 Bearing Types and Tolerance Classes

Bearing Types Applicable Tolerance Classes A;)T;;\tij:sle Regzg?sce
Deep Groove Ball Bearings Normal Class 6 Class 5 Class 4
Angular Contact Ball Bearings Normal Class 6 Class 5 Class 4
Table 2.2 A16to A19
Cylindrical Roller Bearings Normal Class 6 Class 5 Class 4
Spherical Roller Bearings Normal eqcul?vsaslgnt ecﬂ?:;jm —
Tapered Metric Design gz;ng)l( — Class 5 Class 4 Table 2.3 A20to A23
Roller
) . ABMA ABMA ABMA ABMA
Bearings Inch Design CLASS 4 CLASS 2 CLASS 3 CLASS 0 Table 2.4 A24 to A25
Thrust Ball Bearings Normal Class 6 Class 5 Class 4 Table 2.5 A26to A27
Tapered Roller Thrust Bearings Normal — — — Table 2.6 A28
Spherical Thrust Roller Bearings Normal — — — Table 2.7 A29
» JIS (Y Class 0 Class 6 Class 5 Class 4 — —
el
§ DIN (2) PO P6 P5 P4 — —
©
B ool ABEC 1 ABEC 3 ABEC 5 ABEC7
52 :afl‘lngs Table 2.2 A1610 A19
T O ANSI/ oller —
%% ABMA (% BETneE RBEC 1 RBEC 3 RBEC 5
wE Taﬁ’aegggfg‘;“er CLASS 4 CLASS 2 CLASS 3 CLASS 0 (Table 2.4) (A2410 A25)

Notes () JIS:Japanese Industrial Standards

(%) DIN : Deutsch Industrie Norm
(°) ANSI/ABMA : The American Bearing Manufactures Association
Remarks  The permissible limit of chamfer dimensions shall conform to Table 2.7 (Page A29), and the tolerances and
permissible tapered bore diameters shall conform to Table 2.9 (Page A32).

A13




BEARING TOLERANCES

(Reference) Rough definitions of the items listed for
Running Accuracy and their measuring methods are shown
in Fig. 2.1, and they are described in detail in ISO 5593
(Rolling Bearings-Vocabulary) and JIS B 1515 (Rolling
Bearings-Tolerances) and elsewhere.

Measuring
Weight

=

NSK

Supplementary Table
Running Inner Outer Dial
Accuracy Ring Ring Gauge
K; Rotating Stationary A
IR Stationary Rotating A
$h Rotating Stationary B,
S Stationary Rotating B,
S Rotating Stationary C
Sp - Rotating D
S;, Se Only the shaft or housing or central E
washer is to be rotated.
7 (Max.)x1.2
D 4 |
0l R
7 (Max.)x1.2 : |

Stops (at two points)

A

Measuring
Weight

j;

o)

<=

/?pporting pins

Stops at two points for
inside or outside surface

at three points around

circumference

Fig. 2.1 Measuring Methods for Running Accuracy (summarized)

Vdmp

Symbols for Boundary Dimensions and Running Accuracy

Nominal bore diameter

Deviation of a single bore diameter

Single plane mean bore diameter deviation
Bore diameter variation in a single radial
plane

Mean bore diameter variation

Nominal inner ring width
Deviation of a single inner ring width
Inner ring width variation

Radial runout of assembled bearing inner
ring

Inner ring reference face (back face, where
applicable) runout with bore

Assembled bearing inner ring face (back
face) runout with raceway

Raceway to back face thickness variation of
thrust bearing

Nominal bearing width
Deviation of the actual bearing width

Y

S
Agmp
VDp
VDmp
C
ACS
Ves
Kea

Sp

Sea

Nominal outside diameter

Deviation of a single outside diameter

Single plane mean outside diameter deviation
Qutside diameter variation in a single radial
plane

Mean outside diameter variation

Nominal outer ring width
Deviation of a single outer ring width
Outer ring width variation

Radial runout of assembled bearing outer
ring

Variation of bearing outside surface generatrix
inclination with outer ring reference face
(back face)

Assembled bearing outer ring face (back face)
runout with raceway
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BEARING TOLERANCES NSK

Table 2. 2 Tolerances for Radial Bearings (Excluding Tapered Roller Bearings)
Table 2. 2. 1 Tolerances for Inner Rings and Widths of Outer Rings
Admp (1) Ads (1) Vdp (1) Vdmp (1)
Nominal Bore Diameter
d Class 4 Normal Class 6 Class 5 Class 4
(mm) Normal Class 6 Class 5 Class 4 D|Saerggtser Diameter Series Diameter Series Disaerr”igtse’ D\Saenr”:gtser Normal Clgss Clgss CIZSS
01,23 4 9 [ o1 [234] 9 o1 [234] 9 Jo1234] 9o [01.234
over incl high low high low high low high low high low max. max. max. max. max. max. max. max.

80 120 0 -20 0 -15 0 -10 0 -8 0 -8 25 25 15 19 19 11 10 8 8 15 11 5 4
120 150 0 -25 0 -18 0 -13 0 -10 0 -10 31 31 19 23 23 14 13 10 10 8 19 14 7 5
150 180 0 -25 0 -18 0 -13 0 -10 0 -10 31 31 19 23 23 14 13 10 10 19 14 7 5
180 250 0 -30 0 -22 0 -15 0 -12 0 -12 38 38 23 28 28 17 15 12 12 9 23 17 8 6
250 315 0 -35 0 -25 0 -18 — — — — 44 44 26 31 31 19 18 14 — — 26 19 9 —
315 400 0 —-40 0 -30 0 23 — — — — 50 50 30 38 38 23 23 18 — — 30 23 12 —
400 500 0 -45 0 -35 — — — — — — 56 56 34 44 44 26 — — — — 34 26 — —
500 63 0 -50 0 -40 — — — — — — 63 63 38 50 50 30 — — — — 38 30 —
630 800 0 -75 — — — — — — — — — — — — — — — — — — — — — —
800 1000 0 -100 — — — — — — — — — — — — — — — — — — — — — —

1000 1250 0 -125 — — — — — — — — — — — — — — — — — — — — — —
1250 1600 0 -160 — — — — — — — — — — — — — — — — — — — — — —
1600 2000 0 -200 — — — — — — — — — — — — — — — — — — — — — —
Units:um
ABS ( or ACS) (2) VBs ( or VCs) I{ia Sd Sia (4)
T Ring o7 Nominal Bore Diameter
. . ) s .
Single Bearing Combined Bearings (%) Outer Ring) (2) Inner Ring d
Normal Class 5 Normal Class 5 Normmal Class | Class | Class Normal Class 6 Class 5 Class 4 Class 5 Class 4 Class 5 Class 4 (mm)
Class 6 Class 4 Class 6 Class 4 6 5 4
high low high low high low high low max. max. max. max. max. max. max. max. max. max. max. max. over incl

0 -200 0 -200 0 -380 0 -380 25 25 7 4 25 13 6 5 9 5 9 5 80 120

0 - 250 0 - 250 0 - 500 0 -380 30 30 8 5 30 18 8 6 10 6 10 7 120 150

0 - 250 0 - 250 0 - 500 0 -380 30 30 8 5 30 18 8 6 10 6 10 7 150 180

0 -300 0 -300 0 -500 0 -500 30 30 10 6 40 20 10 8 I 7 13 8 180 250

0 - 350 0 - 350 0 -500 0 -500 35 35 13 — 50 25 13 — 13 — 15 — 250 315

0 -400 0 -400 0 -630 0 - 630 40 40 15 — 60 30 15 — 15 — 20 — 315 400

- 450 — — — — — — 50 45 — — 65 35 — — — — — — 400 500

0 -500 — — — — — — 60 50 — — 70 40 — — — — — — 500 630

- 750 — — — — — — 70 — — — 80 — — — — — — — 630 800

0 -1 000 — — — — — — 80 — — — 90 — — — — — — — 800 1000

0 - 1250 — — — — — — 100 — — — 100 — — — — — — — 1000 1250

0 -1600 — — — — — — 120 — — — 120 — — — — — — — 1250 1600

0 -2000 — — — — — — 140 — — — 140 — — — — — — — 1600 2000

Notes () Applicable to bearings with cylindrical bores. Remarks 1. The cylindrical bore diameter “no-go side” tolerance limit (high) specified in this table does not necessarily apply
(%) Tolerance for width deviation and tolerance limits for the width variation of the outer ring should be the same bearing. within a distance of 1.2 times the chamfer dimension » (max.) from the ring face.
Tolerances for the width variation of the outer ring of Classes 5 and 4, are shown in Table 2.2.2. 2. ANSI/ABMA Std 20-1996 : ABEC1 ¢ RBEC1, ABEC3 ¢ RBEC3, ABEC5 ¢ RBEC5, and ABEC7 ® RBEC7
(%) Applicable to individual rings manufactured for combined bearings. are equivalent to Classes Normal, 6, 5, and 4 respectively.

(*) Applicable to ball bearings such as deep groove ball bearings, angular contact ball bearings, etc.



BEARING TOLERANCES NSK

Table 2. 2 Tolerances for Radial Bearings
Table 2. 2. 2 Tolerances

(Excluding Tapered Roller Bearings)
for Quter Rings

ADmp ADS VDp (1) VDmp (1)
Nominal Outside Diameter Normal Class 6 Class 5 Class 4
D Class 4 Shielded STelded
Open Type S‘el ?1 Open Type S‘el g Open Type Open Type Class | Class | Class
(mm) Normal Class 6 Class 5 Class 4 Diameter - - £ale - - e Diameter Diameter Normal
Series Diameter Series Diameter Series Series Series 6 5 4
01,23 4 o | o1 [234]234] 9 [ o1 [2340p1234 9 [01234 9 01234
over incl high low high low high low high low high low max. max. max. max. max. | max. | max. | max.
80 120 0 15 0 13 0 10 0 -8 0 -8 19 19 I 26 16 16 10 20 10 8 8 6 11 10 5 4
120 150 0 -18 0 -15 0 -1 0 -9 0 -9 23 23 14 30 19 19 11 25 11 8 9 7 14 i 6 5
150 180 0 25 0 18 0 13 0 -10 0 -10 31 31 19 38 23 23 14 30 13 10 10 8 19 14 7 5
180 250 0 -30 0 -20 0 -15 11 0 -1 38 38 23 — 25 25 1 — 15 11 11 8 23 15 8 6
250 315 0 -35 0 -25 0 -18 0 -13 0 -13 44 44 26 — 31 31 19 — 18 14 13 10 26 19 9 7
315 400 0 —-40 0 -28 0 -20 15 0 -15 50 50 30 — 35 35 21 — 20 15 15 11 30 21 10 8
400 500 0 -45 0 -33 0 -23 — — — — 56 56 34 — 41 41 25 — 23 17 — — 34 25 12 —
500 630 0 -50 0 -38 0 -28 — — — — 63 63 38 —_ 48 48 29 —_ 28 21 —_ —_ 38 29 14 —
630 800 0 -75 0 -45 0 -35 — — — — 94 94 55 — 56 56 34 — 35 26 — — 55 34 18 —
800 1 000 0 -100 0 - 60 — — — — — — 125 125 75 — 75 75 45 — — — — — 75 45 — —
1000 1250 0 -125 — — — — — — — — — — — = =] = = =] =] = - = = = =] =
1250 1600 0 - 160 — — — — — — — — — — - - == = = = =] = = = =] =1 =
1600 2000 0 -200 — — — — — — — — — — B e e T e L I (e (R -
2000 2500 0 - 250 — — — — — — — — — — - - - -] -] = = = =] =] = =] =] =
Notes () Applicable only when a locating snap ring is not used.
(%) Applicable to ball bearings such as deep groove ball bearings and angular contact ball bearings. Units:um
(%) The tolerances for outer ring width variation of bearings of Classes Normal and 6 are shown in Table 2.2.1.
2 3
Remarks 1. The outside diameter “no-go side” tolerances (low) specified in this table do not necessarily apply within a distance Kea Sp Sea () Ve, ()
of 1.2 times the chamfer dimension  (max.) from the ring face. Nominal Outside Diameter
2. ANSI/ABMA Std 20-1996 : ABEC1 e RBEC1, ABEC3 ¢ RBEC3, ABEC5 ¢ RBEC5, and ABEC7 ¢ RBEC7 D
are equivalent to Classes Normal, 6, 5, and 4 respectively.
Normal | Class 6 | Class5 | Class4 | Class5 | Class4 | Class5| Class4 | Class5 | Class4 (mm)
max. max. max. max. max. max. max. max. max. max. over incl
35 18 10 6 9 5 i 6 8 4 80 120
40 20 1 7 10 5 13 7 8 5 120 150
45 23 13 8 10 5 14 8 8 5 150 180
50 25 15 10 11 7 15 10 10 7 180 250
60 30 18 1 13 8 18 10 11 7 250 315
70 35 20 13 13 10 20 13 13 8 315 400
80 40 23 — 15 —_ 23 15 —_ 400 500
100 50 25 — 18 — 25 — 18 — 500 630
120 60 30 — 20 — 30 — 20 — 630 800
140 75 — — — — — — — — 800 1000
160 — — — — — — — — — 1000 1250
190 — — — — — — — — — 1250 1600
220 — — — — — — — — — 1600 2000
250 — — — — — — — — — 2000 2500
A 18 A19



BEARING TOLERANCES

Table 2. 3 Tolerances for Metric Design
Table 2. 3. 1 Tolerances for Inner Ring Bore Diameter

Tapered Roller Bearings
and Running Accuracy

Nominal Bore Diameter Admp Aas Vip Viamp
d
Normal Class 6 Normal| Class |Class | Class |Normal |Class | Class |Class
{mm) Class 6X Class 5 Class 4 Class 4 Class 6X| 6 5 4 |Class6X| 6 5
over incl high low high low |high low [high low | max. | max. | max. | max. | max. | max. | max. | max.
80 120 0 -20 0 -15 | 0 -10 | O -10 20 15 i 8 15 i 8 5
120 180 0 -25 0 -18 | 0 -13 0 -13 25 18 14 10 19 14 9 7
180 250 0 -30 0 -22 |0 -15 1 0 -15 | 30 22 17 11 23 16 1M 8
250 315 0 -35 0 -25| 0 -18 | 0 -18 | 35 — — — 26 — — —
315 400 0 -40 0 -30 |0 -23 | 0 -23 | 40 — | — | — | 30 — | — | —
400 500 0 -45 0 -35| 0 -27 0 -27 — — — — — — —
500 630 0 -5 0 -40|— — |— —|—=|=|=|=|=|=|=1=
630 800 0 -75/ 0 -60|— — |— — | —|—=|—=|—=|=|=1]=/|=
800 1000 0 -100 0 -75 | — — — — — — — — — — — —
1000 1250 0 -125 0 -95 | — — — — — — | =] — — — | = | =
1250 1 600 0 —-160 0 -120 | — — — — — — — — — — — —
1600 2000 0 -200 0 -150 | — — — — — — | — | — — — | — | —

Remarks 1. The bore diameter “no-go side” tolerances (high) specified in this table do not necessarily apply within a distance of

1.2 times the chamfer dimension 7 (max.) from the ring face.
2. Some of these tolerances conform to the NSK Standard.

Table 2. 3. 2 Tolerances for Outer Ring OQutside Diameter

Nominal Outside Diameter Apmp Aps Vpp VDmp
D

Normal Class 6 Normal| Class |Class | Class |Normal |Class | Class |Class
i} Class 6X Class 5 Class 4 Class 4 Class 6X| 6 5 4 |Class6X| 6 5 4

over incl high low high low [high low |high low | max. | max. | max. | max. | max. | max. | max. | max.
80 120 0 -15 0 -13 |1 0 -10 | O -10 | 15 13 10 8 11 10 7 5
120 150 0 -18 0 -15 | 0 -1 0 -1 18 15 1 8 14 1 8 6
150 180 0 -25 0 -18 | 0 -13 0 -13 25 18 14 10 19 14 9 7
180 250 0 -30 0 -20| O -15 | 0 -15 | 30 20 15 11 23 15 10 8
250 B35 0 -35 0 -25 |0 -18 | 0 -18 | 356 25 19 14 26 19 13 9
315 400 0 -40 0 -28 | 0 -20 | 0 -20 | 40 28 22 15 30 21 14 10
400 500 0 -45 0 -33| 0 -23 0 -23 | 45 — — — 34 — — —
500 630 0 -50 0 -38 |0 -28 | 0 -28 | 50 — | — | — | 38 — | — | —
630 800 0 -75| 0 -4|— — |— — || —=|=|=|=|=|=1=
800 1000 0 -100| 0 -60|— — |— — | —|—|—=|—=|—=|—=|-=1]+=
1000 1250 0 -125 0 -75 | — — — — — — — — — — — —
1250 1 600 0 - 160 0 -95 | — — — — — — — — — — — —
1600 2000 0 -200 0 -120 | — — — — — — | =] — — — | = —
2000 2500 0 —-250 0 -150 | — — — — — — — — — — — —

Units:um

Kia Sq Sia

Normal | Class | Class | Class | Class | Class | Class

Class6X| 6 5 4 5 4 4
max. | max. | max. | max. | max. | max. | max.
30 13 6 5 9 5 5
35 18 8 6 10 6 7
50 20 10 8 1 7 8
60 25 13 10 13 8 10
70 30 15 12 15 10 14
70 35 18 14 19 13 17
85 40 20 — 22 — —
100 45 22 —_ 27 — —
120 50 25 — 35 — —
40 | 86 | — | — | — | — | —
170 60 — — — — —
210 70 — — — — —
and Running Accuracy
Units:um
Kea Sp Sea
Normal | Class | Class | Class | Class | Class | Class
Class6X| 6 5 4 5 4

max. | max. | max. | max. | max. | max. | max.
35 18 10 6 9 5 6
40 20 1 7 10 5 7
45 23 13 8 10 5 8
50 25 15 10 11 7 10
60 30 18 11 13 8 10
70 35 20 13 13 10 13
80 40 23 15 15 11 15
100 50 25 18 18 13 18
120 60 30 — 20 — —
120 75 35 — 23 — —
120 85 40 — 27 — —
120 95 — — — — —
120 115 — — — — —
160 130 — — — — —

4

L B ’

Remarks 1. The outside diameter “no-go side” tolerances (low) specified in this table do not necessarily apply within a distance
of 1.2 times the chamfer dimension 7 (max.) from the ring face.
2. Some of these tolerances conform to the NSK Standard.

A 20
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Tapered Roller Bearings
and Combined Bearing Width

NSK

BEARING TOLERANCES
Table 2. 3 Tolerances for Metric Design
Table 2. 3. 3 Tolerances for Width, Overall Bearing Width,
Nominal Bore Ape Ace Ar
Diameter
d
Normal Class 5 Normal Class 5 Normal Class 5
(mm) Class 6 Class 6X Class 4 Class 6 Class 6X Class 4 Class 6 Class 6X Class 4

over incl high low |high low |high low |high low |high low |high low | high  low | high low| high  low
80 120 0 -200{ 0 -50|0 —-400/0 -200/0 -100{ 0O —-400f +200 -200+100 O | +200 -200
120 180 0 -250/0 -50|0 -500[0 -250/0 -100| 0 -500[ +350 -250+150 O | +350 —250
180 250 0 -300/0 -50|0 -600[0 —-300[{0 —-100{ 0 -600] +350 -250+150 O | +350 -250
250 315 0 -350/0 -50|0 -700[0 -350[{0 -100{ 0 -700] +350 -250+200 O | +350 -250
315 400 0 -400/0 -50|0 -800[0 -400{0 -100/ 0 -800] +400 -400+200 O | +400 -400
400 500 0 -450— — |0 -800/0 -450— — | O -800] +400 -400f — —| +400 -400
500 630 0 -5000— — |O -800j0 -500— — |O -800] +500 -500f — —| +500 -500
630 800 0 -7%0{— — |0 -800/0 -750/— — | 0O -800] +600 -600 — —| +600 -600
800 1000 O -10000— — |O -10000 -1000— — | O -1000f +750 -750, — —| +750 -750
1000 1250 0 -1250— — |0 -126000 -1260/— — | O -1250/+1000-10000 — —|+ 1000 -1 000
1250 1600 0 -16000— — |0 -1600[/0 -1600— — | O —-1600[+1250-1250f — — |+ 1250 -1250
1600 2000 0O -2000— — |0 -2000[0 -2000|— — | O —-2000|+ 1500-1500f — — |+ 1500 -1 500

Remarks The effective width of an inner ring with rollers 7; is defined as the overall bearing width of an inner ring with rollers
combined with a master outer ring.
The effective width of an outer ring 7;, is defined as the overall bearing width of an outer ring combined with a master
inner ring with rollers.

— T

A 22
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¢D ¢‘d I | ¢d ¢D
Y

Units:um
Ring Width with Rollers Deviation Outer Ring Effective Width Deviation Overall Combined Bearing Width Deviation Nominal Bore
AT15 ATzs Ast ABAsv ACAS Diameter
d
All classes of double- All classes of four-
Normal Class 6X Normal Class 6X row bearings row bearings (mm)

high low high low high low high low high low high low over incl
+100 -100 + 50 0 +100 -100 + 50 0 +300 -300 + 400 -400 80 120
+150 -150 + 50 0 +200 -100 | +100 0 +400  -400 + 500 - 500 120 180
+150 -150 + 50 0 +200 -100 | + 100 0 +450  -450 + 600 - 600 180 250
+150 -150 | + 100 0 +200 -100 | +100 0 +5560  -550 + 700 -700 250 315
+200 -200 | +100 0 +200 -200 | +100 0 +600 -600 + 800 -800 315 400

— — — — — — — — +700 -700 + 900 -900 400 500

— — — — — — — — +800 -800 | +1000 —1000 500 630

— — — — — — — — +1200 -1200 | +1500 -1500 630 800

— — — — — — — — +1500 -1500 | +1500 ~-1500 800 1000

— — — — — — — — — — +1500 -1500 1000 1250

— — — — — — — — — — +1500 -1500 1250 1600

— — — — — — — — — — — — 1600 2000

T, — Ty
Master Master Inner Ring with Rollers
i Outer Ring i:
1 ¢d 1 ¢d

A 23



BEARING TOLERANCES NSK

Table 2. 4 Tolerances for Inch Design Tapered Roller Bearings
Table 2. 4. 1 Tolerances for Inner Ring Bore Diameter

Units:um —T— Bé c c
- —Cy— 4
Nominal Bore Diameter j
i Aas j i S Sa
over incl CLASS 4,2 CLASS 3,0 = If
: - - - L B L B B
(mm) (inch) (mm) (inch) high low high low
41 gd ¢D H-—t ¢d ¢D gD L Lgd ||l 1gd¢D
76.200 3.0000 266.700 10.5000 +25 0 +13 0
266.700 10.5000 304.800 12.0000 +25 0 +13 0
304.800 12.0000 609.600 24.0000 + 51 0 +25 0 o
609.600 24.0000 914.400 36.0000 +76 0 + 38 0 i ‘g& ;
914.400 36.0000 1219.200 48.0000 +102 0 +51 0
1219.200 48.0000 — — +127 0 +76 0
Remarks Some of these tolerances conform to the NSK Standard.
Tahle 2. 4. 2 Tolerances for Outer Ring Outside Diameter and Radial Runout of Inner and Outer Rings y
nits:um
Nominal Outside Diameter
A Ds Kia, Kea
over incl CLASS 4,2 CLASS 3,0 CLASS 4 CLASS 2 CLASS 3 CLASS 0
(mm) (inch) (mm) (inch) high low high low max. max. max. max.
— — 266.700 10.5000 +25 0 +13 0 51 38 8 4
266.700 10.5000 304.800 12.0000 +25 0 +13 0 51 38 8 4
304.800 12.0000 609.600 24.0000 +51 0 +25 0 51 38 18 —
609.600 24.0000 914.400 36.0000 +76 0 + 38 0 76 51 51 —
914.400 36.0000 1219.200 48.0000 +102 0 +51 0 76 — 76 —
1219.200 48.0000 — — +127 0 + 76 0 76 — 76 —
Remarks Some of these tolerances conform to the NSK Standard.
Table 2. 4. 3 Tolerances for Overall Width and Combined Width
Units:um
Nominal Bore Diameter Nominal Outside Diameter (1) Ars Apes. dcss Apis. Acus
) Double-Row Four-Row
d D Single Row KBE, KDE , KH , KDH KF Kv
over incl over incl CLASS 4 CLASS 3 (1) CLASS 0 CLASS 4 CLASS 3 (1) CLASS 0 CLASS 4,3 CLASS 4,3
(mm) (inch) (mm) (inch) (mm) (inch) (mm) (inch) high low high low high low high low high low high low high low high low
— — 101.600 4.0000 — — — — +203 0|+203 -203|+203 -203 + 406 0|+406 -406|+406 -406|+254 0 | +1524 -1524
101.600 4.0000 | 127.000 5.0000 — — — — +356 -254|+203 -203|+203 -203 +711 -508 |+406 -406|+406 -406|+254 O |+1524 —1524
127.000 5.0000 | 304.800 12.0000 — — — — +3566 -254 | +203 -203|+203 -203 +711 -508 |+406 -406|+406 -406|+762 O | +1524 -1524
304.800 12.0000 | 609.600 24.0000 — — 508.000 20.0000 +381 =-381|+203 -203| — — +762 -762 |+406 -406| — — | +762 0 | +1524 -1524
304.800 12.0000 | 609.600 24.0000 | 508.000 20.0000 — — — — | +381 -381 — — — — |+762 -762| — — — — — —
609.600 24.0000 — — — — — — +381 -381|+381 -381| — — +762 -762 |+762 -762| — — | +762 0 | +1524 -1524

Notes (') The division of the nominal outside diameter D is applied for Class 3 of single and double row bearings
(except KF type).
Remarks  Some of these tolerances conform to the NSK Standard.
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BEARING TOLERANCES NSK

Table 2. 5 Tolerances for Thrust Ball Bearings Table 2. 5. 3 Tolerances for Thrust Ball
Table 2. 5. 1 Tolerances for Shaft Washer Bore Diameter and Running Accuracy Bearing Height
Units:um Units:um
Nominal Bore Diameter Ars
Nominal Bore Diameter Agmp Vap SiorSe p d ) Normal, CLASS 6
d o0 CLASS 5, CLASS 4
(mm) Normal Normal | CLASS over incl high low
CLASS 6 CLASS 4 CLASS6| 4 | Normal | CLASS | CLASS | CLASS

CLASS 5 CLASS 5 6 5 4 80 120 0 - 150

: - - 120 180 0 - 175

over incl high low high low max. max. max. max. max. max. 180 250 0 - 200
80 120 0 -20 0 -15 15 1 15 8 4 3

120 180 0 -25 0 -18 19 14 15 9 5 4 250 315 0 - 225

180 250 0 -30 0 -22 23 17 20 10 5 4 315 400 0 -300

400 500 0 - 350
250 315 0 -35 0 -25 26 19 25 13 7 5

315 400 0 -40 0 -30 30 23 30 15 7 5 500 630 0 - 450

400 500 0 - 45 0 -35 34 26 30 18 9 6 630 800 0 - 550

800 1000 0 —700

500 630 0 - 50 0 -40 38 30 35 21 1 7 aw e 0 - 900
630 800 0 -75 0 -50 — — 40 25 13 8
800 1000 0 - 100 — — — — 45 30 15 —
1000 1250 0 - 125 — — — — 50 35 18 —

Table 2. 5. 2 Tolerances for Outside Diameter of Housing Washers

Units:um
A D mp v
Nominal Outside Diameter Dp
D Flat Seat Type $d
(mm) Normal Normal |
CLASS 6 CLASS 4 CLASS 6 CLASS 4 ‘ T
CLASS 5 CLASS 5 !
over incl high low high low max. max. )] } [( {
80 120 0 -22 0 -13 17 10 T
120 180 0 -25 0 -15 19 1
180 250 0 -30 0 -20 23 15 ¢D
250 315 0 -35 0 -25 26 19
315 400 0 -40 0 -28 30 21
400 500 0 -45 0 -33 34 25
500 630 0 -50 0 -38 38 29
630 800 0 -75 0 -45 b5 34
800 1000 0 -100 — — 75 —
1000 1250 0 -125 — — — —
1250 1600 0 —-160 — — — —
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BEARING TOLERANCES NSK

Table 2. 6 Tolerances for Tapered Roller Thrust Bearings

Table 2. 6. 2 . Table 2. 7 Tolerances for Spherical Thrust Roller Bearings
Table 2. 6. 1 Tol for Bore Di  Shaft Wash Tolerances for Housing washer . )
able 2. 6. 1 Tolerances for Bore Diameters of Shaft Washers Outside Diameters (Metric, Class Table 2. 7. 1 Tolerances for Bore Diameters of Shaft Washer and Height (Class Normal)
and Height (Metric, Class Normal) ;q.,., Normal) Units:um Units:um
Nominal Bore Diameter Nominal Qutside Diameter Nominal Bore Diameter Reference
d A4 dmp 4 Ts D 4 Dmp d A4 dmp le) S A
(mm) (mm) (mm) d Ts
over incl high low high low over incl high low over incl high low max. max. high low
80 120 0 -20 0 - 150 180 250 0 -30 80 120 0 -20 15 25 + 200 -200
120 180 0 -25 0 - 175 250 315 0 -35 120 180 0 -25 19 30 + 250 - 250
180 250 0 -30 0 - 200 315 400 0 - 40 180 250 0 -30 23 30 +300 -300
250 315 0 -35 0 - 225 400 500 0 -45 250 315 0 -35 26 35 +350 -350
315 400 0 -40 0 —-300 500 630 0 -50 315 400 0 -40 30 40 + 400 - 400
400 500 0 - 45 0 - 350 630 800 0 -75 400 500 0 -45 34 45 +450 -450
500 630 0 -50 0 -450 800 1000 0 - 100 Remarks 1. The bore diameter “no-go side” tolerances (high) specified in this table do not
630 800 0 -75 0 - 550 1000 1250 0 -125 f e . . . ;
800 1000 0 ~100 0 —700 1250 1600 0 _160 necessarily apply within a distance of 1.2 times the chamfer dimension » (max.)
1600 2000 0 ~200 from the washer face.
1000 1250 0 -125 0 -900 2. Some of these tolerances conform to the NSK Standard.
1250 1600 0 - 160 0 - 1200 3. Please consult with NSK for tolerances of bore diameter over 500mm.

Table 2. 7. 2 Tolerances for Housing Washer
Outside Diameter (Class Normal)

Units:;um
Table 2. 6. 3 Tolerances for Bore Diameters of Shaft Washers and Nominal Outside Diameter
Height (Inch) Units:um (mm) Ao

Nominal Bore Diameter ¢d over incl high low
d A imp A1 ‘ j 120 180 0 -25
i 180 250 0 -30
ot el I : T T 250 315 0 -35
(mm) (inch) (mm) (inch) high low | high low ] ‘ [ l - o 0 20
= = 304.800 12.0000 +25 0 |+381 -381 400 500 0 - 45
304.800 12.0000 609.600 24.0000 + 51 0 | +381 -381 ¢D 500 630 0 -50
609.600 24.0000 914.400 36.0000 +76 0 |+381 —-381 630 800 0 -75
914.400 36.0000 | 1219.200 48.0000 +102 O |+381 -381 800 1000 0 - 100

Remarks 1. The outside diameter “no-go side”
tolerances (low) specified in this table do
not necessarily apply within a distance

Table 2. 6. 4 Tolerances for Housing Washer QOutside of 1.2 times the chamfer dimension 7
Diameters (Inch) (max.) from the washer face.

. Some of these tolerances conform to the

Nominal Outside Diameter #d NSK Standard.

Units:um

N

D Ap 3. Please consult with NSK for tolerances
- m ‘ of outside diameter over 1000mm.
over incl [j\ ‘ /‘E] I
(mm) (inch) (mm) (inch) high low ) ; T 1 { — ¢d*‘

— = 304.800 12.0000 +25 O ‘ \ |
304.800 12.0000 | 609.600 24.0000 +51 0 D : T
609.600 24.0000 914.400 36.0000 +76 0 ¢ |
914.400 36.0000 |1219.200 48.0000 +102 O ‘

1219.200 48.0000 — — +127 0 )
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BEARING TOLERANCES

Table 2. 8 Chamfer Dimension Limits (for Metric Design Bearings)
Table 2. 8. 1 Chamfer Dimension Limits for Radial

Bearings (Excluding Tapered Roller

Table 2. 8. 2 Chamfer Dimension Limits for Tapered

NSK

Table 2. 8. 3 Chamfer Dimension Limits for Thrust

: Roller Bearings Bearings
Bearings)
5 7 (max.) or ri (max.) Units : mm Units : mm Units : mm
—~ | (Axial Direction)
- o . Reference - ) - Reference Permissible Chamfer Reference
c & ) Permissible , Permissible Nominal Bore or ermissi
3 r (min.) or Bore_Surface or Chamfer Nominal Bore Perg‘v‘%selgls?oﬂ}zf]m Comer Chamfer Ngm'\ln:\ Oﬁtseige ﬁmsz}gﬁgp?ﬁ;ﬁr Comer Permissible Chamfer Dimension for Shaft )
— NS 7 (min.) Outside Surface Dimension for Diameter : Radius of Dimension . 1 " Radius of Dimension for Shaft (or Central)/Housing Comer Radius of
X = Inner/Outer Inner/Quter Rings Shat for Inner/ Diameter (') /Outer Rings a0 Housi (or Central)/Housing Washers Shaft or Housing
gz Rings 7 (max.) or 7;(max.) att or Outer Rings dorD 7 (max.) aftor Housing Washers 7 (max.) of 7,(max.) 7,
S5 7 (min) Housing 7, 7 7 (min.) or 7,(min.) ) or et :
N or 7, (min. . Radial Axial 7 (min. : Radial Axial Radial
s |O mn) over incl D\r:cl‘?on D\r;‘:‘ﬁon max. i over inc D\rzc;\aon D\rexc‘?\un max. Axia\a[)lﬁeglrion max.
318 06 — 40 1 2 06 — 40 1.1 1.7
© . .
E|E 40 - 13 2 0.6 20 B . 5 0.6 0.6 15 0.6
N — 3
[0 .
£ 5 Ring ] — 50 15 3 ! ; _ 50 16 25 1 1 22 1
- 5 <
559 50 - 19 3 50 — 1.9 3 11 2.7 1
=
T3 a5 - 120 2 35 ] — 120 23 3
s2¢ ' 120 — 25 4
% CDD 8 1.5 120 250 2.8 3.5 1.5 15 35 15
— 120 23 4 250 - 35 4
1.5 15
120 — 3 5 — 120 2.8 4 2 4 2
_ 30 3 45 2 120 250 3.5 4.5 2 21 4.5 2
2 80 220 35 5 2 250 — 4 5
7 : Chamfer Dimension of Inner/Outer Ring 220 _ 38
7 : Chamfer Dimension of Inner/Outer Ring (Front Side) or of - 120 35 5 3 5.5 2.5
Central Washer of Thrust Ball Bearings — 280 4 6.5 25 120 250 4 55 2
21 2
280 — 4.5 7 250 —_ 4.5 6 < 65 8
Remarks The precise shape of chamfer surfaces has not 5 s 4
been specified but its profile in the axial plane shall — 100 3.8 6 — 120 4 55
not intersect an arc of radius # (min.) or 7 (min.) 25 100 280 45 6 2 3 120 250 4.5 6.5 .
touching the side face of an inner ring or central 280 _ 5 7 250 200 5 7
washer and bore surface, on the side face of an outer 400 _ 5.5 75 6 10 5
ring and outside surface. 3 — 280 5 8 s
o . — 120 5 7 7.5 125 6
280 55 8 120 250 5.5 7.5
- - 4 3 95 15 8
& 65 o 8 250 400 6 8
5 — — 8 10 4 400 — 6.5 85
6 — — 10 13 5 5 — 180 6.5 8 . 12 18 10
75 — — 12.5 17 6 180 _ 75 s . "
9.5 — — 15 19 8
6 N 180 7o 10 5 19 25 15
12 — — 18 24 10 180 o 9 11
15 — — 21 30 12
19 _ _ 25 38 15 Notes () Ibnn;,)r rings are classified by d and outer rings
y D.
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BEARING TOLERANCES

Table 2. 9 Tolerances for Tapered Bores (Class Normal)

There are two different taper angles: one is K indicating 1:12 and the
other is K30 indicating 1:30.

Nominal Tapered Bore

a

¢ d
|

!

K Taper 1:12

K30 Taper 1: 30 |

$d;

P

d : Nominal Bore Diameter
d, : Theoretical Diameter of Larger End of Tapered Bore
(K30)d;=d +1/30 B

(K)

=d+112B

Amp - Single Plane Mean Bore Diameter Deviation in Theoretical Diameter of Smaller End of Bore
A 1mp : Single Plane Mean Bore Diameter Deviation in Theoretical Diameter of Larger End of Bore

B Nominal Inner Ring Width
o : Half of Taper Angle of Tapered Bore
(K) x=2°239.4"

$(d + Admp)

Tapered Bore with Deviation in Single Plane

Mean Bore Diameter o

Adimp — Adm

P

(K30) = 0°5717.4"

$(dy + Adymp)

3. FITS AND INTERNAL CLEARANCES

3.1 Fits

3.1.1 Importance of Proper Fits

In the case of a rolling bearing with the inner ring fitted
to the shaft with only slight interference, a harmful
circumferential slipping may occur between the inner ring
and shaft. This slipping of the inner ring, which is called
“creep”, results in a circumferential displacement of the ring
relative to the shaft if the interference fit is not sufficiently
tight.

When creep occurs, the fitted surfaces become adraded,
causing wear and considerable damage to the shaft.
Abnormal heating and vibration may also occur due to
abrasive metallic particles entering the interior of the
bearing.

It is important to prevent creep by having sufficient
interference to firmly secure that ring which rotates to either
the shaft or housing. Creep cannot always be eliminated
using only axial tightening through the bearing ring
faces. Generally, it is not necessary, however, to provide
interference for rings subjected only to stationary loads.
Fits are sometimes made without any interference for either
the inner or outer ring, to accommodate certain operating
conditions, or to tacilitate mounting and dismounting. In
this case, to prevent damage to the fitting surfaces due to
creep, lubrication or other applicable methods should be
considered.

3.1.2 Selection of Fit

(1) Load Conditions and Fit

The proper fit may be selected from Table 3.1 based on the
load and operating conditions.

(2) Magnitude of Load and Interference

The interference of the inner ring is slightly reduced by the
bearing load; therefore, the loss of interference should be
estimated using the oIIowmg equations:

Ad#=0. 081/ Fd07...... (N)
3.1)

4dr=025-LFo10°... gl |

where  Adr : Interference decrease of inner ring (mm)
d : Bearing bore diameter (mm)
B : Nominal inner ring width (mm)
F, : Radial load applied on bearing (N), {kgf}

=2.38594° =0.954841°
=0.041643 rad =0.016665 rad
Units:um
Nominal Bore Diamet Single Plane Mean Bore Diameter
omina (Zire lameter Deviation of Smaller End Adimp=Aamp | Vap()
Admp
(mm)

(K) 1:12 (K30) 1:30 (K)1:12 and (K) 1:30
over incl high low high low high low max.
80 120 +54 0 +20 0 +35 0 22

120 180 + 63 0 +25 0 + 40 0 40
180 250 +72 0 +30 0 +46 0 46
250 315 +81 0 +35 0 +52 0 52
315 400 +89 0 +40 0 +57 0 57
400 500 +97 0 +45 0 +63 0 63
500 630 + 110 0 + 50 0 + 70 0 70
630 800 +125 0 — + 80( ) 0 —
800 1000 + 140 0 — +900) 0 —
1000 1250 +165 0 — +105 0 —
1250 1600 +195 0 — +125 0 —

Notes () Vj,; Bore diameter variation in a single radial plane.

() Notapply to (K30) 1:30.
Remarls
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Please consult with NSK for tolerances of bore diameters over 500mm.

Table 3. 1 Loading Conditions and Fits

. Bearing Operation Load
Loz Ao Inner Ring Outer Ring Conditions Inner Ring Outer Ring
Rotating Stationary )
Rotating
Inner Ring
Stationary Load
Rotating Tight Fit Loose Fit
Stationary
@ QOuter Ring
Stationary Rotating Load
Stationary Rotating Rotating
QOuter Ring
Load
Stationary Loose Fit Tight Fit
Stationary
Inner Ring
Load
Rotating Stationary
Rotating
Direction of load indeterminate due to Rotating or Rotating or Direction of Load Tight Fit Tight Fit
variation of direction or unbalanced load Stationary Stationary Indeterminate g g
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FITS AND INTERNAL CLEARANCES

Under operating conditions with light or nomal loads, the
interference decrease should be obtained using Equation
(3.1).

However, in the case of heavy loads where the radial load
exceeds 20% of the basic static load rating C,,, the loss of
interference should be calculated using Equation (3.2):

Adb;o.oz% 07 (N)
Ad@o.z% A0 g}

where  Adg : Effective interference (mm)
F, : Radial load applied on bearing (N), {kgf}
B : Nominal inner ring width (mm)

(3) Interference Variation Caused by Temperature
Difference between Bearing and Shaft of
Housing

The effective interference decreases due to the increasing

bearing temperature during operation. If the temperature

difference between the bearing and housing is AT (°C),
then the temperrature difference between the fitted surfaces
of the shaft and inner ring is estimated to be about (0.1 to
0.15) AT. The decrease in the interference of the inner ring
due to this temperature difference A4 may be calculated
using Equation (3.3):

Ad+=(01010015)4T- oz d
20001547 @10 oo (3.3)

where Ad - : Decrease in interference of inner ring due to
temperature difference (mm)
AT : Temperature difference between bearing
interior and surrounding parts (°C)

a: Coefficient of linear expansion of bearing
steel=12.5x10 % (1/°C)
d : Bearing nominal bore diameter (mm)

In addition, depending on the temperature difference
between the outer ring and housing, or difference in their
coefficients of linear expansion, the interference may
increase.

(4) Effective Interference and Finish of Shaft and
Housing

Since the roughness of fitted surfaces is reduced during

fitting, the effective interference becomes less than the

apparent interference. The amount of this interference

decrease varies depending on the roughness of the surfaces

A 34

and may be estimated using the following equations:

d
For ground shafts Ad:7d+2 17 (3.4)

d

For machined shafts Ad= e

where  Ad : Effective interference (mm)

Ad : Apparent interference (mm)
d : Bearing nominal bore diameter (mm)

According to Equations (3.4) and (3.5), the effective
interference of bearings with a bore diameter of less than
150mm is about 95% of the apparent interference.

(5) Fitting Stress and Ring Expansion and
Contraction

When bearings are mounted with interference on a shaft
or in a housing, the rings either expand or contract and
stress is produced. Excessive interference may damage
the bearings; therefore, as a general guide, the maximum
interference should be kept under approximately 7/10 000
of the shaft diameter.

3.1.3 Recommended Fits

As descrided previously, many factors, such as the
characteristics and magnitude of bearing load, temperature
differences, means of bearing mounting and dismounting,
must be considered when selecting the proper fit.

If the housing is thin or the bearing is mounted on a hollow
shaft, a tighter than usual fit is necessary. A split housing
often deforms the bearing info an oval shape; therefore, a
split housing should be avoided when a tight fit with the
outer ring is required.

The fits of both the inner and outer rings should be tight
in application where the shaft is subjected to considerable
vidration.

The recommended fits for some common applications are
shown in Tables 3.2 to 3.7. In the case of unusual operating
conditions, it is advisable to consult NSK.

Teble 3. 2 Fits of Radial Bearings with Shafts

NSK

Shaft Diameter (mm)

Load Conditi E | Cylindrical Roller ) Tolerance Remark
0aa Londitions xamples Ball Brgs Brgs, Tapered | Spherical Roller of Shaft emarks
Roller Brgs Brgs
Radial Bearings with Cylindrical Bores
Easy axial Wheels on Use g5 and h5 where
Roaing | et | Soray B R
I X
'Outer E: Zx; All Shaft Diameters bearings, f6 can be
Ring Load d\spylagemem of Tension Pulley 6 gig‘i to allow easy
L"n”nee'é‘e”sgsg.”y shait Rope Sheaves moverent
Pumps, Blowers, 80 to 100 — — js6 (6 it
gtlond | v s R L e
(<0.06C; (4) | Precision 100 to 200 4010140 — k6 required o high y
or variable Load mggmg%ob — 140 10 200 _ m6 precision brgs. are used.
80 to 100 — — k5106
General Bearin:
App\iéations,ﬂ 0 100 to 140 8010 100 - mtob ke an? m6 can be
Medium and used for single-row
Rotating Inner Normal Loads \farg-e Motg& 140 to 200 100 to 140 80to 100 mb Lapered ro\ledr .
Ring Load of (0.06100.13 urbines, Pumps, ) 28 14010 2 1 14 earings and single-
Direction of Ce () gngme Main 00 to 260 010200 000 140 6 [}ovm Engular contact
Lord ' Gears. - 010400 | 14010280 P tezcof K and
Indeterminate Woodworking _ — 280 to 500 16 mS.
Machines
— — over 500 7
Industrial Vehicles, — 8010140 5010100 16
Heavy Loads Traction Motors, — 140 10 200 100 to 140 p6 ’Bﬂgarﬁrsha-n norm‘a\
L Construction g internal
(>0.13C; (1) ‘ clearance is
or Shock Loads (E:trqﬂgrenrim, — over 200 140 to 200 16 necessary.
— — 200 to 500 7
Axial Loads Only All Shaft Diameters js6 (i6) —
Radial Bearings with Tapered Bores and Sleeves
General bearing IT5 and IT7 mean that
Applications BO/ITS - he deviation of e shat
All Types of Loading — All Shaft Diameters form, e, g. roundness and
Transmission Shafts, taper should be within the
Woodworking h10/IT7  tolerances of IT5 and
Spindles IT7 respectively.
Notes (') C: represents the basic radial load rating of the bearing.
Remarks  This table is applicable only to solid steel shafts.
Table 3. 3 Fits of Thrust Bearings with Shafts
Load Conditions Examples Shaft Diameter (mm) Tg\fesrir;%e Remarks
Central Axial Load Only Main Shafts Al Shaft Diameters 6 or
of Lathes is6 (j6)
ggggigﬁg S‘a;{‘%%a&;%”e’ Cone Crushers All Shaft Diameters 56 (i6)
Axial Loads | Rotating Inner Ring Paper Pulp <200 k6
(Spherical Load of Direction Refiners,
Thrust Roller of Load Plastic 200 t0 400 mf
Bearings) Indeterminate Extruders over 400 n6
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FITS AND INTERNAL CLEARANCES

NSK

Table 3. 4 Fits of Radial Bearings with Housings

Tolerances for

Axial Displacement

Teble 3. 6 Fits of Inch Design Tapered Roller Bearings with Shafts

(1) Bearings of Precision Classes 4 and 2 Units:um
Bore Diameter .
Nominal Bore Diameters d To\i‘ances Sk%;?;i?:ster
Operating Conditions - d Remarks
over incl
(mm) (inch) (mm) (inch) | high low high low
76.200 3.0000 | 304.800 12.0000 | +25 0O +64  +38  Forbearings with d= 152 4mm,
5 ,| Nomal Loads | 304.800 12.0000 | 609.600 240000 | +51 0 +127  +76 those having a bigger than normal
£% 609.600  24.0000 | 914.400 36.0000 | +76 0 +190 +114 clearance are usually used.
23 -
52 Heavy Loads | 76.200 3.0000 | 304.800 12,0000 | +25 0O P In general, bearings having a bigger
€| Shock Loads | 304.800  12.0000 |609.600 240000 | +51 O X oo ot e yer e s tance
High Speeds | 609.600  24.0000 | 914.400 360000 | +76 O  +381 +305 isabout 0.0005d.
5 |Normal Loads| 16200 30000/ 304.800 120000 | +25 0 ~ +25 s e s htaang
Sl ithout Shooke| 304-800 120000 | 609.600 240000 | +51 0 +51 Ol e s bty o chok
og 609.600  24.0000 | 914.400 36.0000 | +76 0 +76 0 loads) apply.
=gl Normal Loads| . 76-200 3.0000 | 304.800 120000 | +25 O 0 -25 L . fing can be
x| 304.800  12.0000 | 609.600 240000 | +51 0 0 -51 U :
without Shocks| 609 600 240000 | 914.400 360000 | + 76 0 0 _7p displacedaxialy.

Remarks

If four-row tapered roller bearings are mounted on roll necks with a clearance, refer to Table 4 on page B 339.

Load Conditions Examples Housing Bores of Outer Ring Remarks
Heawy Loads on Bearing | - Crane Travelling
™ | ook r
Rotating | Normal or Heavy -
Outer Ring| Loads Vibrating Screens N7 ‘
Loads Impssible —
Light or Variable Conveyor Rollers
Solid Loads Rope Sheaves M
Housings Tension Pulleys 7
Heavy Shock Loads | Traction Motors
) If axial displacement
Direction | Normal or Heavy Pumps K7 Generally of the outer ring is not
of Load | Loads Crankshaft Main Impossible | o ired.
Indeter- Bearings
minate Medium and Large Axial dis
. placement of
Normal or Light Motors 387 (J7) Possible outer ring is
oads necessary.
. General Bearing
Solid of Loads of All kinds Applications, H7
Split Railway Axleboxes
Housings Normal or Light Easy
Loads Plummer Blocks H8 Displacement -
Rotating | High Temperature Rise
Inner Ring| of Inner Ring Through Paper Dryers G7
Loads Shaft
High Speed
Centrifugal )
) Compessor Free JS6 (J6) Possible -
Accurate Running Bearings
Desirable under 9
. . Normal and Light .
Solid Direction Loads High Speed For heavy loads,
Housings | ©f Load Centrifugal _ K6 Generally interference fit tighter
Indeter- Compessor Fixed Impossible than K is used.
minate Bearings When high accuracy
Rotating | Accurle Rumingand | Y3008, Roler tolerances shoud be
Inner Ring| High Rigidity Desirable f ; M6 or N6 Impossible e
Loads | under Variable Loads gﬂgﬁr&'@e Tool Main used for fitting.
Remarks  This table is applicable to cast iron and steel housings. For housings made of light alloy, the interference should be

tighter than those in this table.

Table 3. 5 Fits of Thrust Bearings with Housings

Load Conditions

Bearing Types

Tolerances for
Housing Bores

Remarks

Axial Loads Only

Thrust Ball
Bearings
Cylindrical Roller
Thrust Bearings

Clearance over 0.25mm

For General Applications

H8

When precision is required

Spherical Thrust
Roller Bearings

Outer ring has

When radial loads are sustained by

Steep Angle radial :
Tapered Roller cleaeance. other bearings.
Bearings
Combined | gtationary Outer Ring Loads H7 or JS7 (J7 —
Radial Y ¢ Spherical Thrust IsTan
and Axial | Rotating Outer Ring Loads of | Roller Bearings K7 Nomal Loads
Loads | Direction of Load Indeterminate M7 Relatively Heavy Radial Loads

A 36

(2) Bearings of Precision Classes 3 and 0 (*) Units:um
Bore Diameter f
Nominal Bore Diameters d Tolerances Sr]r%ﬁte?;ign:éer
Operating Conditions - = Remarks
over incl
(mm) (inch) (mm) (inch) high  low high  low

_ | Precision 76.200 3.0000 | 304.800 120000 | +13 O +30 +18
& 5| Machine-Tool | 304.800 12.0000 | 609.600 240000 | +25 0O +64 +38 —
iS Main Spindles | 609.600 24.0000 | 914.400 36.0000 | +38 0 +102 +64
58 Heavy Loads | 76.200 3.0000 | 304.800 12.0000 | +13 O — -
£%| Shock Loads | 304.800 120000 | 609.600 240000 | +25 O — i oiearance of about

High Speeds | 609.600 24.0000 | 914.400 36.0000 | +38 0O = ) )
§§ Precision 76.200 3.0000 | 304.800 120000 | +13 O +30 +18
24| Machine-Tool | 304.800 12.0000 | 609.600 240000 | +25 0O +64 +38 —
£&| Main Spindles| 609.600 24.0000 | 914.400 36.0000 | +38 0  +102 +64

Notes (*) For bearings with d greater than 304.8mm, Class 0 does not exist.
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FITS AND INTERNAL CLEARANCES

Table 3. 7 Fits of Inch Design Tapered Roller Bearings with Housings

(1) Bearings of Precision Classes 4 and 2

Units:um
Outside Diameter  Housing Bore
Nominal Outside Diameters D Tolerances Diameter
Operating Conditions -~ 4p Tolerances Remarks
over INnC
(mm) (inch) (mm) (inch) high  low high low
Used eith 76.200 3.0000 | 127.000 50000 | +25 O +76  +51
2 Orf?reg_'enj o | 127.000 50000 | 304.800  12.0000 | +25 O +76  +51 The outer ring can be easily
8 | frocond 304.800 120000 | 609.600 240000 | +51 0 +152 +102 displaced axially.
g 609.600 24,0000 | 914.400 36.0000 | +76 O +229 +152
DE: The outer f 76.200 3.0000 | 127.000 50000 | +25 O +25 0
= o end | 127.000 5.0000 | 304.800  12.0000 | +256 O  +51 0 The outer ring can be displaced
2 | Boustod axialy, | 304800 120000 | 609.600 240000 | +51 O 476 +25 axily
> 609.600 24,0000 | 914.400 36.0000 | +76 O + 127 +51
,(% The outer ring 76.200 3.0000 | 127.000 50000 | +25 O -25 -51
3 | position cannot| 127.000 5.0000 | 304.800 12.0000 | +25 O -25 -51 Generally, the outer ring is fixed
« be adjusted 304.800 12.0000 | 609.600 24.0000 | + 51 0 -25 - 76 axially.
axially. 609.600 24.0000 | 914.400 36.0000 | +76 0 -256 -102
;%g ?ﬁ;ﬂg&'ﬁﬂz 76.200 3.0000 | 127.000 50000 | +256 O  -25 —51
g P 127.000 5.0000 | 304.800 12.0000 | +25 O -25 -51 I )
S pomeneei® | 304,800 120000 | 609.600 240000 | +51 O  -25 -7g |'Ouerringisfxedaxaly
el axially. 609.600 24,0000 | 914.400 36.0000 | +76 O -256 -102
Remarks If four-row tapered roller bearings are mounted on roll necks with a clearance, refer to Table 5 on page B 339.

(2) Bearings of Precision Classes 3 and 0 () Units:um
Outside Diameter Housing Bore
Nominal Outside Diameters D Tolerances Diameter
Operating Conditions L llolerances Remarks
over incl
(mm) (inch) (mm) (inch) high  low high low
— 152.400 6.0000 | +13 O +38 +25
Used on free- | 152.400 6.0000| 304.800 12,0000 | +13 O +38  +25 The outer ring can be easily
end 304.800 12.0000| 609.600 240000 | +25 O +64 +38 displaced axially.
” 609.600 24.0000 | 914.400 36.0000 | +38 0 +89  +51
g — 152.400 6.0000 | +13 O +25  +13
— | Used on fixed-| 152.400 6.0000| 304.800 12.0000 | +13 O +25 +13 The outer ring can be displaced
2] end 304.800 12.0000| 609.600 240000 | +25 O +51 +25 axially.
T 609.600 24.0000 | 914.400 36.0000 | +38 0 +76  +38
?_‘E) The outer fing — 152.400 6.0000 | +13 O +13 0
2| position can be 152.400 6.0000| 304.800 12.0000 | +13 O +25 0 Generally, the outer ring is fixed
% adjusted axially 304.800 12.0000| 609.600 240000 | +25 O +25 0 axially.
é 609.600 24.0000 | 914.400 36.0000 | +38 O +38 0
The outer ring - 152.400 6.0000 | +13 0 0 -13
position cannot | 152.400 6.0000| 304.800 12,0000 | +13 O 0 -25 The outer ring is fixed axially
be adjusted 304.800 12.0000| 609.600 240000 | +25 O 0 -25 ’
axially. 609.600 24.0000 | 914.400 36.0000 | +38 0 0 -38
§ g NormalLoads | 76 2090 3.0000| 152.400 60000 | +13 0 -13 -25
%§ Trc]):\ﬁ;:e::ar\l:r?ot 152.400 6.0000 | 304.800 120000 | +13 0O =l 38 The outer ring is fixed axiall
S8l boadusid | 304.800  120000| 609.600 240000 | +25 O -13 -38 ¢ v
E%| axially. 609.600 24.0000 | 914.400 36.0000 | +38 0 -13  -51

Notes (%) For bearing with D greater than 304.8 mm, Class 0 does not exist.
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3.2 Bearing Internal Clearances

3.2.1 Internal Clearances and Their Standards

The internal clearance in rolling bearings in operation
greatly influences bearing performance including fatique
life, vibration, noise, heat-generation, etc.

Consequently, the selection of the proper internal clearance
is one of the most important tasks when choosing a bearing
after the type and size have been determined.

This bearing internal clearance is the combined clearances
between the inner/outer rings and rolling elements. The
radial and axial clearances are defined as the total amount
that one ring can be displaced relative to the other in the
radial and axial directions respectively (Fig. 3.1).

I

[S]RH[e]
s

Radial Clearance Axial Clearance

Fig. 3.1 Bearing Internal Clearance

NSK

To obtain accurate measurements, the clearance is generally
measured by applying a specified measuring load on the
bearing; therefore, the measured clearance (sometimes
called “measured clearance” to make a distinction) is always
slightly larger than the theoretical internal clearance (called
“geometrical clearance” for radial bearings) by the amount
of elastic deformation caused by the measuring load.
Therefore, the theoretical internal clearance may be obtained
by correcting the measured clearance by the amount of
elastic deformation. However, in the case of roller bearings
this elastic deformation is negligibly small.

Usually the clearance before mounting is the one specified
as the theoretical internal clearance.

In Table 3.8, reference table and page numbers are listed by
bearing types.

Table 3. 8 Index for Radial Internal Clearances by

Bearing Types
i Table Page
Bearing Types N | 90
Deep Groove Ball Bearings 819 A40
Deep Groove
Ball Bearings 3.10.1 A40
W For Motors
ylindri
Roller Bearings 3.10.2 A40
With Cylindrical
Bores
(Interchangeable)
Cylindrical With Cylindrical
Roller Bearings | Bores 3.1 A41
(Matched)
With Tapered Bores
(Matched)
Spherical With Cylindrical
i Bores
Roller Bearings | 3.12 A42
With Tapered Bores
Double-Row and Combined Tapered
Roller Bearings 3.13 A43
Combined Angular Contact Ball
Bearings (') 3.14 Ad4
Notes (') Values given are axial clearances.
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FITS AND INTERNAL CLEARANCES NSK

Table 3. 9 Radial Intemal Clearances in Deep Groove Ball Bearings Table 3. 11 Radial Internal Clearances in Cylindrical Roller Bearings
Units:um Units:um
Nominal Interchangeable Clearances in Matched Clearances in Bearings
Nermifinel Bere B Clearances Bloe Bl Bearings with Cylindrical Bores with Cylindrical Bores
d d c2 CN C3 C4 C5 cc1 | ce2 cc( CC3 Ccc4 CC5
(mm) c2 CN c3 c4 s {mn) 0
over incl  min. max.| min. max. | min. max.| min. max.| min. max.|min. max.| min. max.|min. max.| min. max.|min. max.| min. max.
over incl min. - max. min. max. min. max. min. max. min. max. 80 100 15 50| 50 85| 75 110|105 140|165 190|10 30| 256 45| 45 70| 80 105[105 125| 155 180
100 120 15 55| 50 90| 85 125|125 165|180 220/10 30| 25 50| 50 80| 95 120|120 145| 180 205
80 100 1 18 12 36 30 58 53 84 75 120 120 140 15 60| 60 105|100 145|145 190|200 245/10 35| 30 60| 60 90|105 135|135 160| 200 230
100 120 2 20 15 41 36 66 61 97 90 140
120 140 2 23 18 48 41 81 71 114 105 160 140 160 20 70| 70 120|115 165|165 215|225 275/10 35| 35 65| 65 100|115 150|150 180| 225 260
160 180 25 75| 75 125|120 170|170 220|250 300|10 40| 35 75| 75 110|125 165|165 200| 250 285
140 160 2 23 18 53 46 91 81 130 120 180 180 200 35 90| 90 145|140 195|195 250|275 330|15 45| 40 80| 80 120|140 180|180 220| 275 315
160 180 2 25 20 61 53 102 91 147 135 200
180 200 2 30 25 71 63 117 107 163 150 230 200 225 45 105|105 165|160 220|220 280|305 36515 50| 45 90| 90 135|155 200|200 240| 305 350
225 250 45 110{110 175|170 235|235 300|330 395|15 50| 50 100[100 150|170 215|215 265| 330 380
200 295 2 35 25 85 75 140 195 195 175 265 250 280 55 125|125 195|190 260|260 330|370 440{20 55| 55 110[110 165|185 240|240 295| 370 420
ggg ggg % ﬁg gg 182 gg ]gg ]gg %ig ggg ggg 280 315 55 130|130 205|200 275|275 350|410 485|20 60| 60 120(120 180|205 265|265 325| 410 470
315 355 65 145|145 225|225 305|305 385|455 535|20 65| 65 135[135 200|225 295|295 360| 455 520
D O ) 55 0 15 100 190 175 270 45 370 355 400 100 190|190 280|280 370|370 460|510 600{25 75| 75 150|150 225|255 330|330 405| 510 585
315 355 3 60 45 125 110 210 195 300 275 410 400 450 110 210|210 310(310 410|410 510|565 665|25 85| 85 170|170 255|285 370|370 455| 565 650
355 400 3 70 55 145 130 240 225 340 315 460 450 500 110 220|220 330|330 440|440 550|625 735|25 95| 95 190|190 285|315 410|410 505| 625 720
500 560 — — | — — | — — | — —|— —|30105/105 210|210 315|350 455|455 560| 695 800
400 450 3 80 60 170 150 270 250 380 350 510
450 500 3 90 70 190 170 300 280 420 390 570 560 630 — — | — — | — —|— —|— —|30115/1156 230|230 345|390 505|505 620| 780 895
500 560 10 100 80 210 190 330 310 470 440 630 630 710 — — | — — | — —| — —|— — |30 130|130 260|260 390|435 565|565 695| 870 1000
710 800 — — | — — | — —| — —|— —|35145/145 290|290 435|485 630|630 775| 980 1125
560 630 10 110 90 230 210 360 340 520 490 690
630 710 20 130 110 260 240 400 380 570 540 760 800 90 — —|— —|— —|— —|— —|35160/160 320|320 480|540 700|700 860| 1100 1260
710 800 20 140 120 290 270 450 430 630 600 840 900 1000 — —| — —|— —|— — | — — |35 180|180 360|360 540|600 780|780 960| 1200 1380
800 900 20 160 140 320 300 500 480 700 670 940 Notes (*) CCis the symbol for matched normal clearance for cylindrical roller bearings.
900 1000 20 170 150 350 330 550 530 770 740 1040
1000 1120 20 180 160 380 360 600 580 850 820 1150
1120 1250 20 190 170 410 390 650 630 920 890 1260
Units:um
é\lomiS?| Matched Clearances in Bearings with Tapered Bores
ore Dia.
d (mm) CCo (Y cCl1 CC2 cc CC3 CC4 CC5
over incl min.  max. min. max. min. max. min.  max. min.  max. min. max. min. max.
Table 3. 10 Radial Internal Clearances in Bearings for Electric Motors 80 100 10 25 25 45 45 70 80 105 | 105 125 | 125 150 | 180 205
100 120 10 25 25 50 50 80 95 120 | 120 145 | 145 170| 205 230
120 140 15 30 30 60 60 90 | 106 135 | 135 160 | 160 190| 230 260
Table 3. 10. 1 Deep Groove Ball Bearings Tahle 3. 10. 2 Cylindrical Roller Bearing :gg lgg E gg gg gg gg 1(1)8 Eg ]gg 12(5) ;gg ;gg %21(5) ggg égg
for Electric Motors for Electric Motors _ 180 200 20 40 40 80 | 8 120 | 140 180 | 180 220 | 220  260| 315 385
Units:um Units:um
- - 200 225 20 45 45 90 90 135 | 156 200 | 200 240 | 240 285| 350 395
Nominal Bore Clearance Remarks Nominal Bore Clearance Remarks 225 250 25 50 50 100 | 100 150 | 170 215 | 216 265 | 265 315| 380 430
Dia. d (mm) M Recommended Fit Dia. d (mm)  irigrchengeabe CT [Matched CM|Recommended Fit 220 gegl 25 55 5 110 | 110 165 | 185 240 | 240 295 | 295 350| 420 475
over incl min. max. Shaft | Housing Bore over incl  min. max. | min. max. [Shaft| HousingBore ggg g;g gg gg gg ]%g %g ;88 %gg %gg %gg g%g g%g igg ‘5138 ggg
- - 18 2 5 | He107 - o - | s 355 400 35 75 75 150 | 150 225 | 256 330 | 330 405 | 405 480| 585 660
400 450 40 85 8 170 | 170 2556 | 2865 370 | 370 455 | 455 540| 650 735
or 100 120 35 65| 35 60 450 500 45 95 95 190 | 190 285 | 315 410 | 410 505 | 505 600| 720 815
100 120 18 30 ms | I56107 m5 | JS6t07 500 560 —  — | 105 210 | 210 315 | 350 455 | 455 560 | 560  665| 800 905
120 160 24 38 (6t07) (20NN 40 70| 40 65 (J6t07) 560 630 —  — | 115 230 | 230 345 | 390 505 | 505 620 | 620  735| 895 1010
or 630 710 — — 130 260 | 260 390 | 435 565 | 565 695 | 695 825| 1000 1130
140 160 50 8 | 50 80 K107 710 800 — — 145 290 | 290 435 | 485 630 | 630 775 | 775 920| 1125 1270
— (0]
1 1 800 900 — — 160 320 | 320 480 | 540 700 | 700 860 | 860 1020|1260 1420
60 80 60 9% 60 90 6 900 1000 — — 180 360 | 360 540 | 600 780 | 780 960 | 960 1120| 1380 1540
180 200 65 105 | 65 100 Notes (%) Clearance CC9 is applicable to cylindrical roller bearings with tapered bores in ISO Tolerance Classes 5 and 4.

(3) CCis the symbol for matched normal clearance for cylindrical roller bearings.
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FITS AND INTERNAL CLEARANCES NSK

Table 3. 12 Radial Internal Clearances in Spherical Roller Bearings Table 3. 13 Radial Internal Clearances in Double-Row and
Units:um Combined Tapered Roller Bearings
Nominal Clearances in Bearings with Cylindrical Bores Clearances in Bearings with Tapered Bores Units:um
Bore Dia. Cylindrical
dmm) ~ C2 | CN cs c4 cs c2 N c3 c4 cs S Clearances
. . . . . . . . ’ ‘ ‘ Taperred Bore C1 C2 CN C3 C4 C5
over incl  min. max. | min. max. | min max. min. max. min. max. | min. max. | min. max. min. max. min. max. min. max -
Nominal Bore
Dia. d (mm) — C1 C2 CN C3 C4
80 100 35 60| 60 100|100 135| 135 180| 180 225| 55 80| 80 110| 110 140| 140 180 | 180 230
100 120 40 75| 75 120|120 160 | 160 210| 210 260 | 65 100 (100 135| 135 170| 170 220 220 280 over incl min. max. | min max | min. max. | min  max | min  max. min. max.
120 140 50 95| 95 145|145 190| 190 240| 240 300 | 80 120120 160 | 160 200| 200 260 | 260 330
80 100 0 25 25 50 50 75 80 105 105 130 155 180
140 160 60 110|110 170|170 220| 220 280 | 280 350 | 90 130 (130 180 | 180 230| 230 300 | 300 380 100 120 5 30 30 55 55 80 9 115 120 145 180 210
160 180 65 120120 180|180 240 | 240 310| 310 390|100 140 [140 200| 200 260| 260 340 | 340 430 120 140 5 35 35 65 65 95 100 130 135 165 200 230
180 200 70 130|130 200|200 260 | 260 340 | 340 430|110 160 [160 220 | 220 290| 290 370 | 370 470
140 160 10 40 40 70 70 100 110 140 150 180 220 260
200 225 80 140140 220220 290 | 290 380 | 380 470|120 180|180 250 | 260 320 | 320 410| 410 520 160 180 10 45 45 80 80 115 125 160 165 200 250 290
225 250 90 150|150 240 (240 320 | 320 420| 420 520 {140 200|200 270| 270 350| 350 450 | 450 570 180 200 10 50 50 90 90 130 140 180 180 220 280 320
250 280 100 170 |170 260 (260 350 | 350 460 | 460 570 [150 220{220 300 | 300 390 | 390 490 | 490 620
200 225 20 60 60 100 100 140 150 190 | 200 240 300 340
280 315 110 190|190 280 (280 370 | 370 500 | 500 630 [170 240(240 330 | 330 430 | 430 540 | 540 680 225 250 20 65 65 110 110 185 165 210 | 220 270 330 380
315 355 120 200|200 310310 410 | 410 550 | 550 690 [190 270270 360 | 360 470 | 470 590 | 590 740 250 280 20 70 70 120 120 170 180 230 | 240 290 370 420
355 400 130 220 |220 340 (340 450 | 450 600 | 600 750 |210 300{300 400 | 400 520 | 520 650 | 650 820
280 315 30 80 80 130 130 180 190 240 | 260 310 410 460
400 450 140 240|240 370 (370 500 | 500 660 | 660 820 |230 330(330 440 | 440 570 | 570 720| 720 910 315 355 30 80 80 130 140 190 | 210 260 290 350 450 510
450 500 140 260 |260 410 (410 550 | 550 720 | 720 900 |260 370|370 490 | 490 630 | 630 790 | 790 1000 355 400 40 90 90 140 150 200 | 220 280 330 390 510 570
500 560 150 280 |280 440 (440 600 | 600 780 | 780 1000 |290 410|410 540 | 540 680 | 680 870 | 870 1100
400 450 45 95 95 145 170 220 | 250 310 | 370 430 560 620
560 630 170 310|310 480480 650 | 650 850 | 850 1100 |320 460|460 600 | 600 760 | 760 980 | 980 1230 450 500 50 100 100 150 190 240 | 280 340 | 410 470 620 680
630 710 190 350|350 530 (530 700 | 700 920 | 920 1190|350 510|510 670 | 670 850 | 850 1090|1090 1360 500 560 60 110 110 160 210 260 310 380 450 520 700 770
710 800 210 390 |390 580 (580 770 | 770 1010|1010 1300|390 570|570 750 | 750 960 | 960 1220 1220 1500
560 630 70 120 120 170 | 230 290 | 350 420 | 500 570 780 850
800 900 230 430|430 650 [650 860 | 860 1120|1120 1440 |440 640|640 840 | 840 1070|1070 1370|1370 1690 630 710 80 130 130 180 260 310 390 470 560 640 870 950
900 1000 260 480 |480 710 (710 930 | 930 1220|1220 1570 [490 710|710 930 | 930 1190 1190 1520 [1520 1860 710 800 90 140 150 200 | 290 340 | 430 510 | 630 710 980 1060
1000 1120 290 530 [530 780|780 1020|1020 1330| — — |530 770|770 1030|1030 1300|1300 1670 — —
800 900 100 150 160 210 | 320 370 | 480 570 | 700 790 1100 1200
1120 1250 320 580 [580 860 (860 1120|1120 1460 | — — |570 830830 1120|1120 1420|1420 1830 — — 900 1000 120 170 180 230 360 410 540 630 780 870 1200 1300
1250 1400 350 640 [640 950|950 1240|1240 1620| — — [620 910|910 1230|1230 1560|1560 2000 | — — 1000 1120 130 190 | 200 260 | 400 460 | 600 700 — — — —
1120 1250 150 210 | 220 280 | 450 510 | 670 770 — — — —
1250 1400 170 240 | 250 320 | 500 570 | 750 870 — — — —

Remarks  Axial internal clearance A,=A, cot o =15 A

e
where A, : Radial internal clearance

a : Contact angle

e : Constant (Listed in bearing tables)
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FITS AND INTERNAL CLEARANCES

Table 3. 14 Axial Internal Clearances in Combined Angular Contact
Ball Bearings (Measured Clearance)

Units:um
Nominal Bore Axial Internal Clearances
Diameter Contact Angle 30° Contact Angle 40°
d (mm) CN c3 c4 N 3 c4
over incl min. max. min. max. min. max. min. max. min. max. min. max.
80 100 49 74 74 99 99 125 35 60 60 85 85 110
100 120 72 97 97 120 120 145 52 77 77 100 100 125
120 140 85 115 115 145 145 175 63 93 93 125 125 155
140 160 90 120 120 150 150 180 66 96 96 125 125 155
160 180 95 125 125 155 155 185 68 98 98 130 130 160
180 200 110 140 140 170 170 200 80 110 110 140 140 170
Remarks  This table is applicable to bearings in Tolerance Classes N and 6. For internal axial clearances in bearings in

tolerance classes better than 5 and contact angles of 15° and 25°, it is advisable to consult NSK.

3.2.2 Selection of Bearing Internal Clearances
Among the bearing internal clearances listed in the tables,
the CN Clearance is adequate for standard operating
conditions. The clearance becomes progressively smaller
from C2to C1 and larger from C3 to C5 in that order.
Standard operating conditions are defined as those where
the inner ring speed is less than normal the load is less
than normal (P=0.1C;), and the bearing is tight-fitted on
the shaft.

Since the internal clearance varies with the fit and
temperature differences in operation, the change in radial
clearance in a roller bearing is shown in Fig. 3.2 as an
example.

(1) Decrease in Radial Clearance Caused by Fitting
and Residual Clearance

When the inner ring or the outer ring is tight-fitted on
a shaft or in a housing, a decrease in the radial internal
clearance is caused by the expansion or contraction of
the bearing rings. The decrease varies according to the
bearing type and size and design of the shaft and housing.
The amount of this decrease is approximately 70 to 90% of
the interference. The internal clearance after substracting
this decrease from the theoretical internal clearance Ay is
called the residual clearance, 4.
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(2) Decrease in Radial Internal Clearance Caused
by Temperature Difference between Inner and
Outer Rings and Effective Clearance

The frictional heat generated during operation is conducted
away through the shaft and housing. Since housings
generally conduct heat better than shafts, the temperature
of the inner ring and the rolling elements is usually higher
than that of the outer ring by 5 to 10°C. If the shaft is heated
or the housing is cooled, the difference in temperature
between the inner and outer rings is greater. The radial
clearance decreases due to the thermal expansion caused
by the temperature difference between the inner and outer
rings. The amount of this decrease can be calculated using
the following equations:

where  &;:Decrease in radial clearance due to
temperature difference between inner and
outer rings (mm)
o Coefficient of linear expansion of bearing
steel =12.5x10° (1/°C)
Ay Temperrature difference between inner and
outer rings (°C)
D, : Outer ring raceway diameter (mm)

For ball bearings
1

De=

& (DM (3.7)

The clearance after substracting this &, from the
residual clearance, A is called the effective clearance,
A . Theoretically, the longest life of a bearing can
be expected when the effective clearance is slightly
negative. However, it is difficult to achieve such an

ideal condition, and an excessive negative clearance

will greatly shorten the bearing life.

Therefore, a clearance of zero or a slightly positive
amount, instead of a negative one, should be selected.
When single-row angular contact ball bearings or X
tapered roller bearings are used facing each other,
there should be a small effective clearance, unless a

preload is required.

When two cylindrical roller bearings with a rib on
one side are used facing each other, it is necessary
to provide adequate axial clearance to allow for shaft

elongation during operation.

The radial clearances used in some specific

applications are given in Table 3.15.

Under special operating conditions, it is advisable to

consult NSK.

Outer ring

NSK

A : Effective Clearance
A=Af* dt

"6{32 Decrease in clearance due

and housing bore
(=ADe)

ﬁ

Theoretical internal

to fit between outer ring
=]
clearance

\ TR
' 1 yap Ao
0 . (Geometrical

Roller
DN /
\
A\,
\
\
\

Ae=Ao - d5i- dfe
dfi : Decrease in clearance
due to fit between
inner ring and shaft (=4D;)
— 0t : Decrease in clearance due

to temperature difference
between inner and outer rings

clearance)
Ay Residual clearance

N

Fig. 3.2 Change in Radial Internal Clearance of Bearings

Table 3. 15 Examples of Clearances for Specific Applications

. - Internal
Operating Conditions Examples Clearance
Dryers in paper makin
When steam passes mgchingsp P "9 C3, C4
through hollow shafts or .
roller shafts are heated. :ﬁﬁée rollers for rolling C3
Traction motors for C4
When impact loads and rg\\ways C3. C4
vibration are severe or when Vibrating screens '
both the inner and outer rings  Fluid couplings c4
are tight-fitted. ) )
Final reduction gears for
tractors C4
When clearance is adjusted
after mounting to prevent Main shafts of lathes CC9, CC1

shaft deflection, etc.
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4. LUBRICATION

4.1 Purposes of Lubrication

The main purposes of lubrication are to reduce friction
and wear inside the bearings that may cause premature
failure. The effects of lubrication may be briefly explained
as follows:

(1) Reduction of Friction and Wear

Direct metallic contact between the bearing rings, rolling
elements and cage, which are the basic components of
a bearing, is prevented by an oil film which reduces the
friction and wear in the contact areas.

(2) Extension of Fatigue Life

The rolling fatigue life of bearings depends greatly upon
the viscosity and film thickness between the rolling contact
surfaces. A heavy film thickness prolongs the fatigue life,
but it is shortened if the viscosity of the oil is too low so the
film thickness is insufficient.

(3) Dissipation of Frictional Heat and Cooling

Circulation lubrication may be used to carry away frictional
heat or heat transferred from the outside to prevent the
bearing from overheating and the oil from deteriorating.

(4) Others

Adequate lubricaton also helps to prevent foreign material
from entering the bearings and guards against corrosion
or rusting.
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4.2 Lubricating Methods

The various lubricating methods are first divided into either
grease or oil lubrication. Satisfactory bearing performance
can be achieved by adopting the lubricating method which
is most suitable for the particular application and operating
condition.

In general, oil offers superior lubrication; however grease
lubrication allows a simpler structure around the bearings.
A comparison of grease and oil lubrication is given in Table
41.

Table 4. 1 Comparison of Grease and Qil Lubrication

Item Grease Lubrication Oil Lubrication
Housing Simple May be complex
Structure and Careful maintenance
Sealing Method required
Speed Limiting speed is 65% High limiting speed.

to 80% of that with oil
lubrication.

Cooling Effect Poor Heat transfer is possible

using forced oil circulation.
Fluidity Poor Good

Full Lubricant Sometimes difficult Easy

Replacement

Removal of Removal of particles from | Easy

Foreign Matter grease is impossible.

External Surroundings seldom Often leaks without proper

Contamination contaminated by leakage. | countermeasures.

due to Leakage Not suitable if external
contamination must be
avoided

4.2.1 Grease Lubrication
(1) Grease Quantity

The quantity of grease to be packed in a housing
depends on the housing design and free space, grease
characteristics, and ambient temperature.

Sufficient grease must be packed inside the bearing
including the cage guide face. The available space inside
the housing to be packed with grease depends on the speed
as follows:

Table 4. 2 Packced Grease Amount

Grease volume
Speed _ Remarks
Internal space

To prevent particles and

Low 2/3to 1 :

water from entering
Normal 1/21t02/3
High 1310 1/2 The higher the speed, the

less the grease.

(2) Replacement of Grease

Grease, once packed, usually need not be replenished for a
long time; however, for severe operating conditions, grease
should be frequently replenished or replaced. In such cases,
the bearing housing should be designed to facilitate grease
replenishment and replacement.

When replenishment intervals are short, provide
replenishment and discharge ports at appropriate positions
so deteriorated grease is replaced by fresh grease. For
example, the housing space on the grease supply side
can be divided into several sections with partitions. The
grease on the partitioned side gradually passes through
the bearings and old grease forced from the bearing is
discharged through a grease valve (Fig. 4.1). If a grease
valve is not used, the space on the discharge side is made
larger than the partitioned side so it can retain the old
grease, which is removed periodically by removing the
cover.

2

2

AA A—
Fig. 4.1 Combination of Partitioned Grease Reservoir
and Grease Valve
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(3) Replenishing Interval

Even if high-quality grease is used, there is deterioration of
its properties with time; therefore, periodic replenishment
is required. Figs 4.2 (1) and (2) show the replenishment
time intervals for various bearing types running at different
speeds. These figures apply only if the temperature of the
bearings is less than 70°C; the replenishment time interval
must be reduced by half for every 15°C temperature rise of
the bearings.
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(2) Tapered Roller Bearings, Spherical Roller Bearings

Fig. 4.2 Grease Replenishment Intervals
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4.2.2 0il Lubrication
(1) Oil Bath Lubrication

Qil bath lubrication is a widely used method in the case of
low or medium speeds. The oil level should be at the center
of the lowest rolling element. It is desirable to provide a
sight gauge so the proper oil level may be maintained (Fig.
43).

(2) Drip Feed Lubrication

Drip feed lubrication is widely used for small ball bearings
operated at relatively high speeds. As shown in Fig. 4.4, oil
is stored in a visible oiler. The oil drip rate is controlled with
the screw in the top.

(3) Splash Lubrication

With this lubricating method, oil is splashed onto the
bearings by gears or a simple rotating disc installed near
bearings without submerging the bearings in oil. It is
commonly used in various gear boxes. Fig. 4.5 shows this
lubricating method used on a reduction gear.

————————— i
H

Ul

Fig. 4.3 0il Bath

Fig. 4.4 Drip Feed

o]}

(4) Circulating Lubrication

Circulating lubrication is commonly used for high speed
operation requiring bearing cooling and for bearings used at
high temperatures. As shown in Fig. 4.6 (a), oil is supplied
by the pipe on the right side, it travels through the bearing,
and drains out through the pipe on the left. After being
cooled in a reservoir, it returns to the bearing through a
pump and filter. The oil discharge pipe should be larger
than the supply pipe so an excessive amount of oil will not
back up in the housing.

(5) Jet Lubrication

Jet lubrication is often used for ultra high speed bearings,
such as the bearings in jet engines with a dpz value (dy,:
pitch diameter of rolling element set in mm; #: rotational
speed in min™) exceeding one million. Lubricating oil is
sprayed under pressure from one or more nozzles directly
into the bearing.

Fig. 4.5 Splash Lubrication

Lubrication Lubrication
O
le}
I
- ~—oi
(a) (b)

joi
— — —
o e
. R U
(c)

Fig. 4.6 Circulating Lubrication
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Fig. 4.7 shows an example of ordinary jet lubrication. In
the case of high speed operation, the air surrounding the
bearing rotates with it causing the oil jet to be deflected.
The jetting speed of the oil from the nozzle should be
more than 20% of the circumferential speed of the inner
ring outer surface. More uniform cooling and a better
temperature distribution is achieved using more nozzles for
a given amount of oil. Therefore, it is desirable for the oil
to be forcibly discharged so the agitating resistance of the
lubricant can be reduced and the oil can effectively carry
away the heat.

(6) Oil Mist Lubrication

QOil mist lubrication, also called oil fog lubrication, utilizes
an oil mist sprayed into a bearing. This method has the
following advantages:

(a) Because of the small quantity of oil required, the
oil agitation resistance is small, and higher speeds are
possible.

(b) Contamination of the vicinity around the bearing is
slight because the oil leakage is small.

(c) It is relatively easy to continuously supply fresh oil;
therefore, the bearing life is extended.

NSK

This lubricating method is used in bearings for high speed
pumps, roll necks of rolling mills, etc (Fig. 4.8).

For oil mist lubrication of large bearings, it is advisable to
consult NSK.

(7) Oil-Air Lubricating Method

Using the oil-air lubricating method, a very small amount
of oil is discharged intermittently by a constant-quantity
piston into a pipe carrying a constant flow of compressed
air. The oil flows along the wall of the pipe and approaches
a constant flow rate.

The major advantages of oil-air lubrication are:

(a) Since the minimum necessary amount of oil is supplied,
this method is suitable for high speeds because less heat is
generated.

(b) Since the minimum amount of oil is fed continuously,
bearing temperature remains stable. Also, because of
the small amount of oil, there is almost no atmospheric
pollution.

(c) Since only fresh oil is fed to the bearings, oil
deterioration need not be considered.

(d) Since compressed air is always fed to the bearings, the
internal pressure is high, so dust, cutting fluid, etc. cannot
enter.

Oil mist inlets

drain

Fig. 4.8 0il Mist Lubrication

drain

Oil-air inlets x 5 places

RARNNNNRY

\- Oil-air discharge ports x 2 places

Fig. 4.9 Qil-Air Lubrication
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4.3 Lubricants
4.3.1. Lubricating Grease

Grease is a semi-solid lubricant consisting of a base oil and
a thickener. The main types and general properties of grease
are shown in Table 4.3. It should be remembered that
different brands of same type of grease may have different
properties.

(1) Base 0il

Mineral oils or synthetic oils such as silicone or diester oil
are mainly used as the base oil for grease. The lubricating
properties of grease depend mainly on the characteristics
of its base oil. Therefore, the viscosity of the base oil is
just as important when selecting grease as when selecting
an oil. Usually, grease made with low viscosity base oils
are more suitable for high speeds and low temperatures,
while greases made with high viscosity base oil are more
suited for high temperatures and heavy loads. However,
the thickener also influences the lubricating properties of
grease; therefore, the selection criteria for grease is not the
same as for lubricating oil.

(2) Thickener

As thickeners for lubricating grease, there are several
types of metallic soaps, inorganic thickeners such as silica
gel and bentonite, and heat resisting organic thickeners
such as polyurea and fluoric compounds. The type of
thickener is closely related to the grease dropping point (1);
generally, grease with high dropping point also has a high
temperature capability during operation. However, this type
of grease does not have a high working temperature unless
the base oil is heat resistant. The highest possible working
temperature for grease should be determined considering
the heat resistance of the base oil, etc. The water resistance
of grease depends upon the type of thickener. Sodium
soap grease or compound grease containing sodium soap
emulsifies when exposed to water or high humidity, and
therefore, cannot be used where moisture is prevalent.

(3) Additives

Grease often contains various additives such as
antioxidants, corrosion inhibitors, and extreme pressure
additives to give it special properties. It is recommended
that extreme pressure additives be used in heavy load
applications. For long use without replenishment, an
antioxidant should be added.

Note (") The grease dropping point is that temperature
at which a grease heated in a specified small
container becomes sufficiently fluid to drip.
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Grease Properties

NSK

Table 4. 3
Lithium Grease
Thickener
Li Soap
Diester Oil,
Mineral Oil Polyatomic Silicone Oil
Properties Ester Oil
Dropping
Point. °C 170 to 195 170 to 195 200 to 210
Working
Temperatures, -20to +110 -50 to +130 -50 to +160
“C
Speed Good Excellent Good
capability
Mechanical
Stability Good Good Good
Pres_sure Fair Fair Poor
Resistance
Water Good Good Good
Resistance
EUSt ) Good Good Poor
revention
General Good low Mainly for high
purpose temperature temperature
grease used and torque applications.
for numerous characteristics | Unsuitable for
applications bearings for
high speeds or
Remarks heavy loads or
those having
numerous
sliding-contact
areas (roller
bearings, etc.)

(4) Consistency

Consistency indicates the “softness” of grease. Table
4.4 shows the relation between consistency and working
conditions.

(5) Mixing Different Types of Grease

In general, different brands of grease must not be mixed.
Mixing grease with different types of thickneners may
destroy its composition and physical properties. Even if the
thickeners are of the same type, possible differences in the
additive may cause detrimental effects.

Sodium Grease | Calcium Grease Mixed Base gfggzleex E Non-Soap Base Grease
(Fiber Grease) (Cup Grease) Grease (Complex Grease) (Non-Soap Grease)
Ca Complex Soap, .
Na+Ca Soap, Al Comblex Soa Urea, Bentonite, Carbon Black, Flouric
Na Soap Ca Soap Li+Ca Soap, Li Comp\ex Soapy Compounds, Heat Resistant Organic
etc. p P, Compound, etc
etc.
Synthetic Ester Oil (Diester
Oil, Polyatomic Ester O,
Mineral Oil Mineral Oil Mineral Oil Mineral Oil Mineral Oil | Synthetic Hydrocarbon Oil,
Silicone Oil, Fluoric Based
Qil)
170 to0 210 70 to 90 160 to 190 180 to 300 > 230 > 230
-20to +130 —-20 to +60 -20 to +80 -20to +130 -10to +130 < +220
Good Fair Good Good Good Fair to Excellent
Good Poor Good Good Good Good
Fair Poor Fair to Good Fair to Good Fair Fair
Poor for Na
Poor Good Soap Grease Good Good Good
Poor to Good Good Fair to Good Fair to Good Fair to Good Fair to Good
Long and short | Extreme pressure | Often used for Suitable for Mineral oil base grease is general
fiber types are grease roller bearings extreme purpose lubricant. Synthetic oil base
available. Long containing high | and large ball pressures grease is recommended for special
fiber grease is viscosity mineral | bearings. mechanically environments with very high
unsuitable for oil and extreme stable temperatures, acids, alkalis,
high speeds. pressure additive radioactivity, and exposure to
Attention to water | (Pb soap, etc.) flames.
and high has high
temperature is pressure
required. resistance.
Remarks The grease properties shown here can vary between brands.
Table 4. 4 Consistency and Working Conditions
Consistency
Number 0 1 2 3 4
: 1
Consistency (') 356 t0 385 310 to 340 266 t0 295 220 t0 250 175 10 205
1/10 mm
¢ For centralized o For centralized o For general use e For general use e For high
Working oiling oiling temperatures
- * When fretting is * When fretting is * For sealed ball * For sealed ball o For grease seals
Cond!t\on‘s likely to occur likely to occur bearings bearings g
(Application) « For low * For high
temperatures temperatures

Notes () Consistency: Depth into grease attained by a cone when pressed with a specified weight, indicated in units of
1/10mm. The larger the value, the softer the grease.
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LUBRICATION

4.3.2 Lubricating 0il

The lubricating oils used for rolling bearings are usually
highly refined mineral oil or synthetic oil that have a high
oil film strength and superior oxidation and corrosion
resistance. When selecting a lubricating oil, the viscosity at
the operating conditions is important. If the viscosity is too
low, a proper oil film is not formed and abnormal wear and
seizure may occur. On the other hand, if the viscosity is too
high, excessive viscous resistance may cause heating or
large power loss. In general, low viscosity oils should be
used at high speed; however, the viscosity should increase
with increasing bearing load and size. Table 4.5 gives
generally recommended viscosities for bearings under
normal operating conditions.

Redwood  Saybolt
(Seconds) (Seconds) mm2/s

For use when selecting the proper lubricating oil, Fig.
4.10 shows the relationship between oil temperature and
viscosity, and examples of selection are shown in Table 4.6.

Table 4. 5 Bearing Types and Proper
Viscosity of Lubricating Oils
. Proper Viscosity
Bearing Type at Operating
Temperature

Ball Bearings and

Cylindrical Roller Bearings Higher than 13 mm?/s

Tapered Roller Bearings and Higher than 20 mm?*/s
Spherical Roller Bearings
Spherical Thrust Roller Bearings Higher than 32 mm*/s

Remarks 1mm?2/s=1cSt (centistoke)

200 NIRRT o
N NN )
5000F 50001 1000 NCONIN AN 4:vG T H:IVG 100
200 200) 50 Koo ONRRRRNRS Sveie kivase
2000
300 [N N N AN D:VG22 L :VG 320
1000 1000} N\ RN AONRNNNNY : .
200 NN TSOISON NOROOORRRY E:VG32 M:VG 460
500 s00f AR AN NN F:VG46 N:VG 680
100 NS OSSOSO U ONNNS G VG 68
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201 200F 29 NONOSOSSORNN
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. . .
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. .
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Fig. 4.10 Temperature-Viscosity Chart
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0il Replacement Intervals If moisture may enter or if foreign matter may be mixed in
0il replacement intervals depend on the operating the oil, then the oil replacement interval must be shortened.
conditions and oil quantity. Mixing different brands of oil must be prevented for the

In those cases where the operating temperature is less than same reason given previously for grease.
50°C, and the environmental conditions are good with
little dust, the oil should be replaced approximately once a
year. However, in cases where the oil temperature is about
100°C, the oil must be changed at least once every three

months.
Table 4. 6 Examples of Selection of Lubricating Oils
Operating )
Tomperature Speed Light or Average Load Heavy or Shock Load
3010 0°C Low, Normal IS0 VG 15, 22, 32 (gfaf;'g?n'g‘g,? —
i il i il
Low IS0 VG 32,46, 68 'pypimcal) IS0 VG 46, 68, 100 i)y
. ’ (bearing oil, (bearing oil,
0 to 50°C Normal to High ISO VG 15, 22, 32 Y 1pine oil) ISO VG 22, 32,46 'y 1pine oil)
High ISO VG 10, 15, 22 (bearing oil) —
Low ISO VG 100, 150, 220 (bearing oil) ISO VG 150, 220, 320 (bearing oil)
. . (bearing oil, (bearing oil,
50 to 80°C Normal to High IS0 VG 46, 68, 100 "y rpine oil) IS0 VG 68, 100, 150 " rping oil
) (bearing oil,
High IS0 VG 32, 46, 68 yrpine oil) —
beari il
Low IS0 VG 320, 460 (bearing ol 150 VG 460, 680 oy o
80 to 110°C Normal to High 1SO VG 150, 220 (bearing oil) ISO VG 220, 320 (bearing oil)
i il
High 150 VG 68, 100 (rpio -

Remarks 1. Refer to Refrigerating Machine Qils (JIS K 2211), Bearing Qils (JIS K 2239), Turbine Oils (JIS K 2213),
Gear Qils (JIS K 2219).
2. If the operating temperature is near the high end of the temperature range listed in the left column,
select a high viscosity oil.
3. If the operating temperature is lower than —30°C or higher than 110°C, it is advisable to consult NSK.
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5. BEARING MATERIALS

The bearing rings and rolling elements of rolling bearings
are subjected to repetitive high pressure with a small
amount of sliding. The cages are subjected to tension and
compression and sliding contact with the rolling elements
and either or both of the bearing rings.

Therefore, the materials used for the rings, rolling elements,
and cages require the following characteristics:

High rolling contact

Material fatigue strength

characteristics High hardness

required for High wear

bearing rings resistance Characteristics

alnd rollting Htigbhl_dtimensional required for

elements stability .
High mechanical cage materal
strength

Other necessary characteristics, such as easy production,
shock and heat resistance, and corrosion resistance, are
required depending on individual applications.

5.1 Materials for Bearing Rings and Rolling
Elements

Primarily, high carbon chromium bearing steel (Table
5.1) is used for the bearing rings and rolling elements.
Most NSK bearings are made of SUJ2 among the JIS
steel types listed in Table 5.1, while the larger bearings
generally use SUJ3. The chemical composition of SUJ2
is approximately the same as AISI 52100 specified in the
USA, DIN 100 Cr6 in West Germany, and BS 535A99
in England.

For bearings that are subjected to very severe shock loads,
carburized low-carbon alloy steels such as chrome steel,
chrome molybdenum steel, nickel chrome molybdenum
steel, etc. are often used. Such steels, when they are
carburized to the proper depth and have sufficient surface
hardness, are more shock resistant than normal, through-
hardened bearing steels because of the softer energy-
absorbing core. The chemical composition of common
carburized bearing steels is listed in Table 5.2.

Table 5. 1 Chemical Composition of High-Carbon Chromium Bearing Steel (Major Elements)

Chemical Composition (%)

Standard Symbols
C Si Mn P S Cr Mo
JIS G 4805 SUJ2 095t 1.10 | 0.15t00.35 begs than b5 than Legs.than 1.30 to 1.60 —
SUJ3 095t 1.10 | 04010070 | 090t01.15 b3 than bessithan 0.90 t0 1.20 —
SUJ4  095t01.10 | 0.15t00.35 begs than bess5than besssthan 1.30t01.60 | 0.10t00.25
ASTM A 295 52100 09310 1.05 | 0.15100.35 | 0.25t00.45 besssthan besthan 1.35t0 1.60 begs than
Table 5. 2 Chemical Composition of Carburizing Bearing Steels (Major Elements)
Chemical Composition (%)
Standard Symbols
C Si Mn P S Ni Cr Mo
JISG4052  SCr 420H 01710023 | 0.15t00.35 | 0.55t00.95 | 55" | b%shen bgsthan | 08510 1.25 —
SCM 420H 0.171t00.23 | 0.15t00.35 | 0.55100.95 | b%5, M | §85nen | §%sthan | 0.85101.25 | 0.15100.35
SNCM220H 0.17100.23 [ 0.15100.35 | 0.60t0 0.95 | hSss,han | Lessthan | 0.35100.75 | 0.35100.65 | 0.15 10 0.30
SNCM420H 0.171t00.23 [ 0.15100.35 | 04010 0.70 | Legsthan | Lessthan | 1.55102.00 | 0.3510 0.65 | 0.15 t0 0.30
JISG4053  SNCM815 01210018 | 0.15t0 0.35 | 0.30t0 0.60 | kLessihan | Lesethan | 4.00t04.50 | 0.70t0 1.00 | 0.15 0 0.30
ASTM A 534 8620H  0.18t00.23 | 0.15t00.35 | 0.60t00.95 | §%5Mn | L%he | 0.35100.75 | 0.3510 0.65 | 0.15 to 0.25
4320H 01710023 | 0.15100.35 | 04010 0.70 | b%shan | fessthan | 1.66102.00 | 0.35 10 0.65 | 0.20 to 0.30
9310H 0.07t00.13 | 01510 0.35 | 0.4010 0.70 | 6ss than bespthan | 2.95103.65 | 1.00 to 1.40 | 0.08 t0 0.15

Table 5. 3 Chemical Composition of High Speed Steel for Bearings Used at High Temperatures

Chemical Composition (%)

Standard Symbols

C Si Mn

la]
%2}

Cr

Mo v Ni Cu Co w

AISI M50 0.77t0 0.85 5?25551%” (L)%sSsthan [L)(%ssthan [L)ssthan

o0
=
o

3.75t04.25

4.00t04.50 | 0.90t0 1.10 bfessthan Bgsslhan bessthan (LJess than
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NSIK uses highly pure vacuum-degassed bearing steel
containing a minimum of oxygen, nitrogen, and hydrogen
compound impurities. The rolling fatigue life of bearings
has been remarkably improved using these materials
combined with the appropriate heat treatment.

For special purpose bearings, high temperature bearing
steel, which has superior heat resistance, and stainless
steel having good corrosion resistance may be used. The
chemical composition of these special materials are given
in Tables 5.3 and 5.4.

NSK

5.2 Cage Materials

The low carbon steel shown in Table 5.5 are the main
ones for the pressed cages for bearings. Depending on
the purpose, brass or stainless steel may be used. For
machined cages, high strength brass (Table 5.6) or carbon
steel (Table 5.5) is used. Sometimes synthetic resin is also

used.

Table 5. 4 Chemical Composition of Stainless Steel for Rolling Bearings (Major Elements)

Chemical Composition (%)

Standard Symbols
C Si Mn P S Cr Mo
JISG4303  SUS440C  095t01.20 | f5han b than g%ohan 5%50en | 16.0010 18.00 | S then
SAEJ405 51440 C 09510120 | %N fess than 550N 5950 | 16.0010 18.00 | b3 then
Table 5. 5 Chemical Composition of Steel Sheet and Carbon Steel for Cages (Major Elements)
o Chemical Composition (%)
Classification Standard Symbols
C Si Mn P S
Steel sheetand | JISG3l41  SPCC by then - pgten | b | bRt
strip for pressed BAS 361 SPB 2 0.1310 0.20 by then 0.25 10 0.60 b%s than b%sthan
cages JISG 3311 S50CM 04710053 | 01510035 | 0.601t00.90 Less than Less than
Carbon steel for Less than Less than
machined cages JIS G 4051 S25C 0.22t0 0.28 0.15t0 0.35 0.30 to 0.60 0.03 0.035
Remarks BAS is Japanese Bearing Association Standard
Table 5. 6 Chemical Composition of High Strength Brass for Machined Cages
Chemical Composition (%)
Standard  Symbols Impurities
Cu Zn Mn Fe Al Sn Ni -
Pb Si
JISH5120 (%%2%011) 5501060.0 |33.0t0420 | 0.1t015 | 05115 | 05t015 |fgsthan |Lessthan | Lessthan | Lessthan
JISH3250  C6782 56.0t060.5 Residual 05t25 | 01t01.0 | 021020 - - Less than —
Remarks Improved HBsC 1 is also used.
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SINGLE-ROW DEEP GROOVE BALL BEARINGS

Single-Row Deep Groove
Ball Bearings

B4

NSK

Bore Diameter 90 — 1100mim ««-oeeeeeeesreseeeeees B6

Design, Types, and Features

Single-row deep groove ball bearings are the most common type of rolling bearings.
Their range of application is very wide. The raceway grooves in both the inner and outer
rings have circular arcs of slightly larger radius than that of the balls. In addition to
radial loads, axial loads can be imposed in either direction. Because of their low torque,
they are highly suitable for applications where high speeds and low power loss are
required.

For deep groove ball bearings, pressed cages are usually used. For large bearings
and high speed applications, machined brass cages are used.

Standard types of deep groove ball bearings are as follows:

Figure 1 Figure 2 Figure 3
Pressed cage Machined cage Beveled inner ring

Regarding the deep groove ball bearings used with four-row cylindrical roller bearings
for roll necks, refer to Page B412.

Tolerances and
RUNNing AGCUFAGY -+ ooooveveeeeeseneeiens Table 2.2 (Pages A16 to A19)

Recommended Fits -----ooooeeveieeeces Table 3.2 (Page A35)
Table 3.4 (Page A36)

Internal Clearanges - oooeeeeeecens Table 3.9 (Page A40)

Permissible Misalignment

The permissible misalignment of single-row deep groove ball bearings varies
depending on their size, internal clearance during operation, bearing loads, etc. In
general, it is approximately 0.0006 to 0.003 radian (2'to 10').

Precautions for Use of Deep Groove Ball Bearings

For deep groove ball bearings, if the bearing load is too small during operation,
slippage occurs between the balls and raceways, which may result in smearing. The
higher the weight of balls and cage, the higher this tendency becomes, especially
for large bearings. If very small bearing loads are expected, please contact NSK for
selection of an appropriate bearing.
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SINGLE-ROW DEEP GROOVE BALL BEARINGS NSK

Bore Diameter 90 — 115 mm Dynamic Equivalent Load

P=XF,+YF,
—B— F, F,
= foF: f<e L>e

7 a COr e Fr r
X Y X Y
0 —Q 7 0.172| 0.19 1 0 0.56 | 2.30
r a 0.345| 0.22 1 0 0.56 | 1.99
0.689| 0.26 1 0 0.56 | 1.71
1] . 103 | 028 | 1 0o | 056 | 155
¢D ¢d ¢Da ¢da 1.38 | 0.30 1 0 0.56 | 1.45
‘ 2.07 | 0.34 1 0 0.56 | 1.31
3.45 | 0.38 1 0 0.56 | 1.15
_Q 517 | 0.42 1 0 0.56 | 1.04
0 I 6.89 | 0.44 1 0 0.56 | 1.00

Static Equivalent Load

F,
Ta>0.8, F,=0.6F,+0.5F,
r
F,
T: =0.8, B =F;
Boundary Dimensions Basic Load Ratings Factor Abutment and Fillet Mass
(mm) (kN) {kgf} i Fig- Dimensions (mm) (kg)
Bearing Numbers ure(?)
d D B r C: Cor C; Cor fo d, D, 7a
min. max. | approx.
90 115 13 1 19.0 21.0 1940 2140 17.2 6818 1 96 109 1 0.27
125 18 1.1 33.0 315 3350 3200 16.5 6918 1 101 116 1 0.58
140 16 1 415 395 4250 4000 16.3 16018 1 99 132 1 0.87
140 24 1.5 58.0 50.0 5950 5 050 15.6 6018 1 102 129 1.5 1.19
160 30 2 96.0 715 9800 7300 14.5 6218 1 103 147 2 2.18
190 43 3 143 107 14 500 11000 13.3 6318 1 108 173 2.5 4.98
95 120 13 1 19.3 22.0 1970 2240 17.2 6819 1 101 114 1 0.29
130 18 1.1 335 335 3450 3400 16.6 6919 1 106 121 1 0.60
145 16 1 43.0 42.0 4350 4250 16.4 16019 1 104 137 1 0.90
145 24 1.5 60.5 54.0 6 150 5500 15.8 6019 1 108 134 1.5 1.23
170 32 2.1 109 82.0 11100 8 350 14.4 6219 1 11 155 2 2.64
200 45 3 163 119 15600 12100 13.3 6319 1 113 183 2.5 5.76
100 125 13 1 19.6 23.0 2000 2340 17.3 6820 1 106 119 1 0.31
140 18 1.1 38.5 39.0 3950 3950 16.6 B100-3 2 11 130 1 0.89
140 20 1.1 43.0 42.0 4350 4250 16.4 6920 1 11 130 1 0.82
150 16 1 425 42.0 4300 4300 16.5 16020 1 110 142 1 0.94
150 24 1.5 60.0 54.0 6 150 5 550 15.9 6020 1 113 139 1.5 1.29
180 34 2.1 122 93.0 12 500 9500 14.4 6220 1 116 165 2 3.17
215 47 3 173 141 17 700 14 400 13.2 6320 1 118 197 25 7.04
105 130 13 1 19.8 23.9 2020 2440 17.4 6821 1 11 124 1 0.32
145 20 1.1 42.5 42.0 4300 4300 16.5 6921 1 116 135 1 0.85
160 18 1 52.0 50.5 5300 5150 16.3 16021 1 115 151 1 1.24
160 26 2 725 66.0 7400 6700 15.8 6021 1 119 147 2 1.568
180 30 2 935 78.0 9 550 7950 15.3 B105-9 2 119 167 2 3.32
190 36 2.1 133 105 13600 10 700 14.4 6221 1 121 175 2 3.79
225 49 3 184 154 18 700 15700 13.2 6321 1 123 207 2.5 8.09
110 140 16 1 28.1 325 2860 3350 17.1 6822 1 117 132 1 0.49
150 20 1.1 43.5 44.5 4450 4550 16.6 6922 1 122 140 1 0.89
170 19 1 57.5 56.5 5850 5800 16.3 16022 1 120 161 1 1.51
170 28 2 85.0 73.0 8 650 7450 15.5 6022 1 124 157 2 1.94
200 38 2.1 144 17 14700 11900 14.3 6222 1 126 185 2 4.45
240 50 3 205 179 20900 18 300 13.2 6322 1 128 222 2.5 9.51
115 195 32 2 130 105 13200 10 700 14.8 B115-1 2 129 182 2 3.93

Notes (') Referto page B5
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SINGLE-ROW DEEP GROOVE BALL BEARINGS NSK

Bore Diameter 120 — 160 mm Dynamic Equivalent Load

P=XF,+YF,
—B— F, F,
= foF: f<e L>e

7 a COr e Fr r
X Y X Y
0 —Q 7 0.172| 0.19 1 0 0.56 | 2.30
r a 0.345| 0.22 1 0 0.56 | 1.99
0.689| 0.26 1 0 0.56 | 1.71
1] . 103 | 028 | 1 0o | 056 | 155
¢D ¢d ¢Da ¢da 1.38 | 0.30 1 0 0.56 | 1.45
‘ 2.07 | 0.34 1 0 0.56 | 1.31
3.45 | 0.38 1 0 0.56 | 1.15
_Q 517 | 0.42 1 0 0.56 | 1.04
0 I 6.89 | 0.44 1 0 0.56 | 1.00

Static Equivalent Load

F,
Ta>0.8, F,=0.6F,+0.5F,
r
F,
T: =0.8, B =F;
Boundary Dimensions Basic Load Ratings Factor Abutment and Fillet Mass
(mm) (kN) {kgf} i Fig- Dimensions (mm) (kg)
Bearing Numbers ure(?)
d D B r C: Cor C; Cor fo d, D, 7a
min. max. | approx.
120 150 16 1 28.9 35.5 2950 3650 17.3 6824 1 127 142 1 0.53
165 22 1.1 53.0 54.0 5400 5500 16.5 6924 1 132 155 1 1.21
180 19 1 56.5 57.5 5800 5850 16.5 16024 1 130 171 1 1.6
180 28 2 88.0 80.0 9000 8150 15.7 6024 1 135 167 2 2.08
215 40 2.1 155 131 15800 13400 14.4 6224 1 137 199 2 5.29
260 55 3 207 185 21100 18 800 13.5 6324 1 139 242 25 | 125
125 205 32 2 129 107 13200 10 900 15.1 B125-2 2 140 192 2 4.16
130 165 18 1.1 37.0 44.0 3750 4450 17.1 6826 1 138 155 1 0.75
180 24 1.5 65.0 67.5 6650 6850 16.5 6926 1 144 168 1.5 1.57
200 22 1.1 75.5 77.5 7700 7900 16.4 16026 1 142 189 1 2.4
200 33 2 106 101 10800 10 300 15.8 6026 1 145 187 2 3.26
230 40 3 167 146 17000 14 900 14.5 6226 1 149 212 2.5 5.96
280 58 4 229 214 23400 21800 13.6 6326 1 152 258 3 15.2
140 175 18 1.1 38.5 48.0 3900 4850 17.3 6828 1 148 165 1 0.83
190 24 1.5 66.5 72.0 6800 7300 16.6 6928 1 154 178 1.5 1.67
210 22 1.1 775 82.5 7900 8400 16.5 16028 2 153 199 1 2.84
210 33 2 110 109 11200 11100 16.0 6028 1 155 196 2 3.48
220 32 3 135 119 13 800 12100 15.4 B140-2 2 160 202 2.5 4.51
250 42 3 166 150 17000 15 300 14.9 6228 1 160 232 2.5 7.68
300 62 4 253 246 25800 25100 13.6 6328 1 163 278 3 18.5
150 190 20 1.1 47.5 58.5 4850 5950 17.1 6830 1 159 179 1 1.156
200 24 1.5 73.0 79.5 7450 8100 16.6 B150-3 2 165 188 1.5 2.08
210 28 2 85.0 90.5 8650 9200 16.5 6930 1 166 196 2 2.59
225 24 1.1 84.0 91.0 8550 9250 16.6 16030 2 163 214 1 3.62
225 35 2.1 126 126 12 800 12 800 15.9 6030 1 168 209 2 4.24
270 45 3 176 168 18000 17100 15.1 6230 1 170 251 25 | 10
320 65 4 274 284 28000 28900 13.9 6330 1 173 297 3 22.7
160 200 20 1.1 48.5 61.0 4950 6250 17.2 6832 1 169 189 1 1.23
220 28 2 87.0 96.0 8850 9800 16.6 6932 1 176 206 2 2.71
240 25 1.5 99.0 108 10100 11000 16.5 16032 2 175 227 1.5 4.2
240 38 2.1 137 135 13900 13800 15.9 6032 1 178 224 2 5.15
290 48 3 185 186 18900 19 000 15.4 6232 1 180 271 25 | 128
340 68 4 278 287 28300 29200 13.9 6332 1 184 317 3 26.2

Notes (') Referto page B5
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SINGLE-ROW DEEP GROOVE BALL BEARINGS NSK

Bore Diameter 170 — 205 mm Dynamic Equivalent Load

P=XF,+YF,
—B— F, F,
= foF: f<e L>e

7 a COr e Fr r
X Y X Y
0 —Q 7 0.172| 0.19 1 0 0.56 | 2.30
r a 0.345| 0.22 1 0 0.56 | 1.99
0.689| 0.26 1 0 0.56 | 1.71
1] . 103 | 028 | 1 0 | o056 | 155
¢D ¢d ¢Da ¢da 1.38 | 0.30 1 0 0.56 | 1.45
‘ 2.07 | 0.34 1 0 0.56 | 1.31
3.45 | 0.38 1 0 0.56 | 1.15
_Q 517 | 0.42 1 0 0.56 | 1.04
0 I 6.89 | 0.44 1 0 0.56 | 1.00

Static Equivalent Load

F,
T”>O.8, F,=0.6F,+0.5F,
r
F,
7‘: =0.8, B =F;
Boundary Dimensions Basic Load Ratings Factor Abutment and Fillet Mass
(mm) (kN) tkgfl , Fig- Dimensions (mm) (kg)
Bearing Numbers ure(?)
d D B r C, Cor C; Cor fo d, D, 7a
min max. | approx.
170 230 28 2 86.0 97.0 8750 9850 16.7 6934 1 187 216 2 2.85
240 28 2 86.0 97.0 8750 9850 16.7 B170-12 2 187 226 2 4.11
260 28 1.5 114 126 11700 12900 16.5 16034 2 186 246 1.5 5.71
260 42 2.1 161 161 16400 16400 15.8 6034 1 189 244 2 6.89
310 52 4 212 224 21700 22800 15.3 6234 1 194 288 3 15.8
360 72 4 325 355 33500 36000 13.6 6334 2 194 337 3 36.6
175 245 32 2 101 115 10300 11700 16.6 B175-3 2 192 231 2 4.72
290 42 4 195 203 19800 20700 15.5 B175-1 2 199 268 3 1.3
180 225 22 1.1 60.5 78.5 6200 8000 17.2 6836 1 194 214 1 1.72
250 33 2 119 128 12100 13100 16.4 6936 1 197 236 2 416
260 34 2 140 147 14300 15000 16.2 B180-2 2 197 245 2 6.1
280 31 2 145 157 14700 16000 16.3 16036 2 197 265 2 7.5
280 46 2.1 180 185 18400 18800 15.6 6036 1 199 263 2 8.88
290 42 4 198 205 20200 20900 15.4 B180-1 2 204 268 3 10.7
320 52 4 227 241 23200 24600 15.1 6236 1 204 297 3 15.9
380 75 4 355 405 36000 41500 13.9 6336 2 204 356 3 43.1
190 240 24 1.5 73.0 935 7 450 9550 17.1 6838 1 202 227 1.5 2.53
260 33 2 113 127 11500 13000 16.6 6938 2 207 245 2 5.18
290 31 2 149 168 15200 17100 16.4 16038 2 207 275 2 7.78
290 46 2.1 188 201 19200 20500 15.8 6038 1 210 273 2 9.39
300 42 4 208 224 21200 22800 15.5 B190-2 2 215 278 3 11.2
340 55 4 255 282 26000 28700 15.0 6238 2 215 317 3 22.3
400 78 5 355 415 36000 42500 141 6338 2 219 372 4 49.7
195 265 33 2 113 128 11500 13000 16.7 B195-1 2 213 250 2 5.33
270 35 2 130 147 13300 15000 16.5 B195-2 2 213 255 2 6.11
200 250 20 1 52.5 77.0 5350 7900 17.6 B200-3 2 214 240 1 2.34
250 24 1.5 74.0 98.0 7550 10000 17.2 6840 2 212 237 1.5 2.67
280 38 2.1 143 158 14600 16100 16.4 6940 2 220 263 2 7.28
290 38 2.1 143 158 14600 16100 16.4 B200-5 2 220 273 2 8.54
310 34 2 161 180 16400 18300 16.4 16040 2 218 294 2 10
310 51 2.1 207 226 21100 23000 15.6 6040 1 220 293 2 12
360 58 4 269 310 27400 31500 15.2 6240 2 225 337 3 26.7
420 80 5 380 445 38500 45500 13.8 6340 2 229 392 4 55.3
205 285 38 1.1 143 159 14600 16200 16.5 B205-1 2 220 272 1 7.49

Notes (') Referto page B5



SINGLE-ROW DEEP GROOVE BALL BEARINGS NSK

Bore Diameter 210 — 277 mm Dynamic Equivalent Load

P=XF.+YF,
B F F
B , foF: ~<e >

r T ) : COr e Fr -
*—@ X | v | x| v
@ — 0172|019 | 1 0 | 056 | 230
r 1" 0345/ 022 | 1 0 | 056|199
0689) 026 | 1 0 | 056 | 1.71
1 VAR N Y 103 | 028 | 1 0 | 056|155
¢D ¢d #D, $da 138 | 030 | 1 0 | 056 | 145
‘ 207 | 034 1 0 | o056 | 131
] 345 | 038 | 1 0 | 056|115
N 517 | 042 | 1 0 | 056|104
i@ IR - 689 | 044 | 1 0 | 086 1.00

Static Equivalent Load

F,
Ta>0.8, F,=0.6F,+0.5F,
r
F,
T: =0.8, B =F;
Boundary Dimensions Basic Load Ratings Factor Abutment and Fillet Mass
(mm) (kN) {kgf} i Fig- Dimensions (mm) (kg)
Bearing Numbers ure(?)
d D B r C: Cor C; Cor fo d, D, 7a
min. max. | approx.
210 290 38 2.1 148 169 15100 17 200 16.5 B210-6 2 230 273 2 7.53
350 58 3 269 310 27400 31500 15.2 B210-3 2 232 330 25 | 225
220 270 24 1.5 76.5 107 7800 10 900 17.4 6844 2 232 256 1.5 2.9
300 38 2.1 146 169 14 900 17 300 16.6 6944 2 241 283 2 7.88
340 37 2.1 180 217 18400 22100 16.5 16044 2 241 322 2 13.1
340 56 3 235 271 24000 27600 15.6 6044 2 243 320 25 | 186
400 65 4 310 375 31500 38500 15.1 6244 2 246 376 3 37.4
460 88 5 410 520 42000 53000 14.3 6344 2 250 431 4 73.9
230 310 38 2.1 150 180 15300 18300 16.7 B230-8 2 251 293 2 8.08
240 300 28 2 98.5 137 10 000 14 000 17.3 6848 2 259 285 2 4.48
320 38 2.1 154 190 15 700 19400 16.8 6948 2 262 302 2 8.49
360 37 2.1 196 243 19900 24700 16.5 16048 2 262 342 2 13.9
360 56 3 244 296 24900 30000 15.9 6048 2 264 340 25 | 199
390 55 4 279 345 28500 35500 15.6 B240-6 2 267 366 3 27.2
440 72 4 340 430 34500 44000 15.2 6248 2 267 415 3 50.5
500 95 5 470 625 48000 63500 14.2 6348 2 271 470 4 94.4
245 365 45 4 238 293 24300 29900 16.0 B245-1 2 272 342 3 16.6
250 305 20 1 62.5 103 6400 10 500 17.8 B250-8 2 266 294 1 3.18
330 30 1.5 142 185 14 500 18 800 17.0 B250-4 2 269 315 1.5 7.33
340 35 2.1 158 201 16100 20500 16.9 B250-1 2 272 322 2 9.58
340 42 2.1 179 218 18200 22200 16.6 B250-7 2 272 322 2 1.1
260 320 28 2 101 148 10 300 15100 17.4 6852 2 274 304 2 4.84
360 46 2.1 204 255 20800 26000 16.5 6952 2 282 342 2 14
400 44 3 237 310 24100 31500 16.4 16052 2 284 379 25 | 211
400 65 4 291 375 29700 38500 15.8 6052 2 288 376 3 29.4
480 80 5 400 540 41000 55000 15.1 6252 2 292 450 4 67
540 102 6 505 710 51500 72500 14.6 6352 2 298 503 5 118
277 420 65 4 300 410 31000 41500 16.0 B277-1 2 305 395 3 31.8

Notes (') Referto page B5
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SINGLE-ROW DEEP GROOVE BALL BEARINGS NSK

Bore Diameter 280 — 365 mm Dynamic Equivalent Load
P=XF.+YF,
B 7 hE |, ia <e ? >e
r T ) COr - -
@ 7_@ X Y X Y
— 0172] 019 | 1 0 | 056 | 2.30
r " 0345 022 | 1 0 | 056|199
[ 0689 026 | 1 0 | o056 | 171
L 103 | 028 | 1 0 | 056|155
¢D ¢d #D $da 138 | 030 | 1 0 | 056 | 145
‘ 207 | 034 | 1 0 | o056 | 131
] 345 | 038 | 1 0 | 056|115
e 517 | 042 | 1 0 | 056 | 1.04
i@ [ Ny 689 | 044 | 1 0 | 086 1.00

Static Equivalent Load

F,
TZ‘ >0.8, F,=0.6F,+0.5F,
Fa
F =0.8, B =F;
Boundary Dimensions Basic Load Ratings Factor Abutment and Fillet Mass
(mm) (kN) {kgf} i Fig- Dimensions (mm) (kg)
Bearing Numbers ure(?)
d D B r C: Cor C; Cor fo d, D, 7a
min. max. | approx.
280 350 33 2 133 191 13600 19500 17.3 6856 2 301 334 2 7.2
380 46 2.1 209 272 21300 27700 16.6 6956 2 303 361 2 15.1
420 44 3 243 330 24700 33500 16.5 16056 2 305 398 25 | 227
420 65 4 300 410 31000 41500 16.0 6056 2 308 395 3 31.2
460 63 4 340 460 34500 47000 15.7 B280-6 2 308 435 3 44.5
500 80 5 400 550 41000 56000 15.2 6256 2 312 470 4 70.4
580 108 6 570 840 58000 86000 14.5 6356 2 319 542 5 144
300 360 25 2 105 166 10700 16 900 17.6 B300-7 2 314 343 2 5.05
380 38 2.1 166 233 17000 23800 17.1 6860 2 324 361 2 10.3
395 35 2.1 183 253 18700 25800 17.1 B300-6 2 324 376 2 12.1
420 56 3 269 370 27 400 38000 16.4 6960 2 326 398 2.5 | 239
460 50 4 285 405 29000 41000 16.4 16060 2 329 435 3 31.5
460 74 4 355 500 36500 571000 15.8 6060 2 329 435 3 44.2
540 85 5 465 670 47500 68500 15.1 6260 2 333 509 4 87.8
310 430 56 3 258 365 26400 37000 16.5 B310-4 2 336 408 25 | 25
450 50 4 266 385 27200 39000 16.6 B310-5 2 340 425 3 27.5
320 400 38 2.1 168 244 17200 24900 17.2 6864 2 345 381 2 10.8
440 56 3 266 375 27100 38000 16.5 6964 2 347 418 2.5 | 253
480 50 4 293 430 29800 44000 16.5 16064 2 350 454 3 33.2
480 74 4 390 570 40000 58000 15.7 6064 2 350 454 3 46.5
580 92 5 530 805 54500 82500 15.0 6264 2 354 548 4 1M
340 420 38 2.1 175 265 17800 27100 17.3 6868 2 358 400 2 1.5
460 56 3 273 400 27800 40500 16.6 6968 2 368 438 25 | 26.6
520 82 5 440 660 45000 67 500 15.6 6068 2 375 490 4 62.3
620 92 6 530 820 54 000 83500 15.3 6268 2 381 582 5 129
360 440 38 2.1 192 290 19600 29600 17.3 6872 2 377 420 2 11.8
480 56 3 280 425 28500 43000 16.7 6972 2 388 457 25 | 279
540 82 5 460 720 47000 73500 15.7 6072 2 396 509 4 65.3
550 85 5 460 720 47000 73500 15.8 B360-2 2 396 519 4 72.6
650 95 6 555 905 57000 92000 15.4 6272 2 402 611 5 145
365 430 20 1.1 70.5 146 7150 14900 18.1 B365-1 2 387 415 1 5.562

Notes (') Referto page B5
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SINGLE-ROW DEEP GROOVE BALL BEARINGS NSK

Bore Diameter 380 — 610 mm Dynamic Equivalent Load
P=XF.+YF,
D Fa Fa
B 7 foF: P T=e >e

r 77:_ Cor r T
@ @ X Y X Y
— 0172] 019 | 1 0 | 056 | 2.30
r % 0345 022 | 1 0 | 056|199
0689 026 | 1 0 | 086|171
L/ 103 | 028 | 1 0 | 056|155
¢D o= ¢d $D $da 138 | 030 | 1 0 | 056|145
‘ 207 | 034 | 1 0 | o056 | 131
] 345 | 038 | 1 0 | 056|115
Ne 517 | 042 | 1 0 | 056 | 1.04
i@ R N 689 | 044 | 1 0 | o056 1.00

Static Equivalent Load

F,
TZ‘ >0.8, F,=0.6F,+0.5F,
r
F,
T: =0.8, B =F;
Boundary Dimensions Basic Load Ratings Factor Abutment and Fillet Mass
(mm) (kN) {kgf} ) Fig- Dimensions (mm) (kg)
Bearing Numbers ure(?)
d D B r C, Cor C; Cor fo d, D, 7a
min max. | approx.
380 480 46 2.1 238 375 24200 38000 17.1 6876 2 407 459 2 19.5
520 65 4 325 510 33000 52000 16.6 6976 2 412 493 3 40
560 82 5 455 725 46500 74000 15.9 6076 2 416 529 4 68
390 490 46 2.1 236 375 24100 38500 17.2 B390-2 3 418 469 2 20
400 500 46 2.1 241 390 24600 40000 17.2 6880 2 428 479 2 20.5
540 65 4 335 540 34000 55000 16.7 6980 2 433 513 3 42
600 90 5 510 825 52000 84000 15.7 6080 2 437 568 4 88.4
420 520 46 2.1 245 410 25000 41500 17.3 6884 2 449 498 2 21.4
560 65 4 340 570 35000 58500 16.8 6984 2 454 533 3 43.6
620 90 5 530 895 54000 91000 15.8 6084 2 458 588 4 92.2
440 540 46 2.1 248 425 25300 43500 17.4 6888 2 470 518 2 22.3
600 74 4 395 680 40500 69000 16.6 6988 2 475 572 3 60.2
650 94 6 550 965 56000 98500 16.0 6088 2 485 611 5 106
460 580 56 3 310 550 31500 56000 17.1 6892 2 492 555 2.5 34.3
620 74 4 405 720 41500 73500 16.7 6992 2 496 591 3 62.6
680 100 6 605 1080 62000 110000 15.8 6092 2 506 640 5 123
480 600 56 3 315 575 32000 58500 17.2 6896 2 513 575 2.5 35.4
650 78 5 450 815 45500 83000 16.6 6996 2 520 617 4 73.5
700 100 6 605 1090 61500 111000 15.9 6096 2 527 660 5 127
484 660 80 5 480 855 49000 87500 16.4 B484-1 2 525 627 4 78.1
500 620 56 3 320 600 33000 61000 17.3 68/500 2 534 594 2.5 37.2
670 78 5 460 865 47000 88000 16.7 69/500 2 541 637 4 82
720 100 6 630 1170 64000 120000 16.0 60/500 2 548 680 5 131
530 650 56 3 325 625 33000 63500 17.4 68/530 3 565 624 2.5 39.8
710 82 5 455 870 46500 88500 16.8 69/530 3 572 676 4 89.8
780 112 6 680 1300 69500 133000 16.0 60/530 2 579 738 5 184
560 680 56 3 330 650 33500 66500 17.4 68/560 2 596 653 2.5 415
750 85 5 525 1040 53500 106 000 16.7 69/560 2 604 715 4 105
600 730 60 3 355 735 36000 75000 17.5 68/600 2 638 702 2.5 50.9
800 90 5 550 1160 56500 118000 16.9 69/600 2 645 764 4 120
870 118 6 790 1640 80500 168000 16.1 60/600 2 652 827 5 236
610 730 54 3 335 700 34500 71500 17.5 B610-2 3 635 702 2.5 43

Notes (') Referto page B5



SINGLE-ROW DEEP GROOVE BALL BEARINGS NSK

Bore Diameter 630 — 1100 mm Dynamic Equivalent Load
P=XF.+YF,
<D Fa Fa
B 7 foF: p T=e >e

r 77:_ Cor T T
@ @ X Y X Y
— 0172|019 | 1 0 | 056 | 230
r 1" 0345/ 022 | 1 0 | 056|199
0689) 026 | 1 0 | 056 | 1.71
1/ 103 | 028 | 1 0 | 056|155
¢D 1= ¢d #D $da 138 | 030 | 1 0 | 056 | 145
‘ 207 | 034 1 0 | o056 | 131
] 345 | 038 | 1 0 | 056|115
N 517 | 042 | 1 0 | 056|104
i@ R L 689 | 044 | 1 0 | 086 1.00

Static Equivalent Load

F,
T" >0.8, F,=0.6F,+0.5F,
Fa
F =0.8, B =F;
Boundary Dimensions Basic Load Ratings Factor Abutment and Fillet Mass
(mm) (kN) tkgfl Fig- Dimensions (mm) (kg)
Bearing Numbers ure(?)
d D B 7 C: Cor C; Cor fo d, D, 7a
min. max. | approx.
630 780 69 4 420 890 43000 90500 17.3 68/630 2 672 748 3 71.3
850 100 6 625 1350 64000 138000 16.7 69/630 2 683 807 5 163
920 128 7.5 750 1620 76500 165000 16.4 60/630 2 689 870 6 285
640 740 38 2.1 248 535 25200 54500 17.9 B640-2 2 662 714 2 26.8
670 820 69 4 435 965 44500 98000 17.4 68/670 2 714 787 3 75.4
900 103 6 675 1460 68500 149 000 16.7 69/670 2 724 856 5 181
980 136 7.5 765 1730 78000 177000 16.6 60/670 2 731 929 6 351
680 790 50 3 288 650 29400 66500 17.9 B680-3 2 704 761 2.5 40.8
710 870 74 4 480 1100 49000 113000 17.4 68/710 2 756 836 3 92.6
950 106 6 715 1640 72500 167 000 16.8 69/710 2 766 905 5 208
1030 140 7.5 | 1020 2310 104 000 235000 16.0 60/710 2 772 978 6 386
730 900 78 5 505 1160 51500 119000 17.3 B730-1 3 780 862 4 107
750 920 78 5 525 1260 53500 128 000 17.4 68/750 2 801 882 4 110
1000 112 6 785 1840 80000 188000 16.7 69/750MA 2 808 954 5 245
770 940 78 5 525 1260 53500 128 000 17.4 B770-2 3 822 901 4 112
800 980 82 5 530 1310 54000 133000 17.5 68/800 3 853 940 4 132
1060 115 6 825 2050 84500 209 000 16.8 69/800 2 860 1013 5 275
880 1130 115 5 810 2070 82500 211000 17.0 B880-3 3 936 1087 4 290
930 1010 40 2.1 174 540 17800 55000 18.4 B930-1 2 949 991 2 30.6
1250 95 6 795 2190 81000 224000 17.3 B930-51 2 995 1199 5 350
940 1140 100 5 685 1820 70000 186 000 17.4 B940-1 2 999 1097 4 209
945 1150 90 5 615 1660 63000 169 000 17.5 B945-3 3 1004 1107 4 194
1100 1200 50 2.1 253 795 25800 81000 18.4 B1100-3 2 1123 1165 2 57.4

Notes (') RefertopageB5
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NSK
ANGULAR CONTACT BALL BEARINGS

Single-Row and Matched
Angular Contact Ball Bearings Bore Diameter 90 — 775mm::---eweeeeee B24
Double-Row
Angular Contact Ball Bearings Bore Diameter 100 — 280mm: -« wx+xsxeeeeses B42

Conact Design, Types, and Features

e Single-Row Angular Contact Ball Bearings

o Since these bearings have a contact angle, they can sustain significant axial loads in

) one direction together with radial loads. Because of their design, when a radial load is

’ applied, an axial force component is produced; therefore, two opposed bearings or a

lm combination of more than two must be used.

-‘ Usually, the cages for large-size angular contact ball bearings are machined brass and
guided by the inner ring (Figures 1 and 2) or the balls (Figures 3 and 4).

2 (O [ [

Figure 1 Figure 2 Figure 3 Figure 4

Table 1 Types and Features of Matched Angular Contact Ball Bearings

Figure Arrangement Features
Zb:ﬁ B i Radial loads and axial loads in both directions can
(DB) be sustained.
(Example) Since the distance between the effective load centers

1: S E 7290 ADB ao is big, this type is suitable if moments are applied.
ay
ﬁz& Face-to-face Radial loads and axial loads in both directions can

(DF) be sustained.

Compared with the DB Type, the distance between
(Example) the effective load centers is small, so the capacity to
— 7220 B DF sustain moments is inferior to the DB Type.

EX

Remarks Regarding the tandem arrangement (DT), please contact NSK.

Regarding the angular contact ball bearings used with four-row cylindrical roller
bearings for roll necks, refer to page B418.
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Double-Row Angular Contact Ball Bearings
This is basically a back-to-back or face-to-face arrangement of two single-row angular
contact ball bearings, but their inner or outer rings are integrated into one. Axial loads
in both directions can be sustained, so these bearings are used as fixed-end bearings.
Cross-sections of double-row angular contact ball bearings are shown below. The
bearings in Figures 5 and 7 have good capacity to sustain moments.

Figure 5 Figure 6 Figure 7

Tolerances and Running Accuracy - Table 2.2 (Pages A16 to A19)
Single-Row
Angular Contact Ball Bearings

Matched
Angular Contact Ball Bearings

Double-Row
Angular Contact Ball Bearings

Recommended Fits - oo Table 3.2 (Page A35)
Table 3.4 (Page A36)
Single-Row
Angular Contact Ball Bearings

Matched
Angular Contact Ball Bearings

Double-Row
Angular Contact Ball Bearings

Internal Clearances

Matched

Angular Contact Ball Bearings -~ Table 3.14 (Page A44)
Double-Row

Angular Contact Ball Bearings -+ Please contact NSK.

NSK

Precautions for Use of Angular Contact Ball Bearings

If the load on angular contact ball bearings becomes too small, or if the ratio of the
axial and radial loads for matched bearings exceeds ‘e’ (e is listed in the bearings
tables) during operation, slippage between the balls and raceways occurs, which may
result in smearing. Especially with large bearings since the weight of the balls and cage
is high. If such load conditions are expected, please consult with NSK for selection of
the bearings.
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ANGULAR CONTACT BALL BEARINGS NSK

SINGLE/MATCHED
Bore Diameter 90 — 105 mm Dynamic Equivalent Load P=XF,+YF,
~—B— —2B— —2B— Single DB or DF
r ” A N | % 7, C:ﬂ”;f ¢ | FuFze | FuF>e | FuFize | FuF>e
C OO IO i I 0 AR R
7 - 7 j— 7, — 7 30° | 0.80 | 1 0 |039]076| 1 |0.78|0.63]|1.24
: ' il 40° [ 114 | 1 0 |035|057| 1 |0.55|057|0.93
$D 1t ¢d ﬁ — T Z #D, F—|—|—A #d. DY — | A #d DY — —|A ¢4
‘ ‘ " as : 4 Static Equivalent Load P,-X,F.+Y,F,
@ ] _m@ Contact] Single DB or DF
@ @@ \ / \ | ) g Angle Xo Yo Xo Yo .
G — 7 — Single
30° 0.5 0.33 1 0.66 ~ mounting
~—a PSSO,
Back-to-Back Front-to-Front 40° | 05 0.26 1 062 ey
Single DB DF '
Boundary Dimensions Basic Load Ratings (Single) Eff. Load| Abutment and Fillet Bearing Numbers (%) Basic Load Ratings (Matched) Load Center |Abutment and Fillet| Mass
(mm) (kN) {kgf} Centers | Dimensions (mm) Fig- (kN) {kgf} Spacings (mm) | Dimensions (mm) | (kg)
(mm) X 2 do
d D B rrn| G C GG G| a | d D, r  Swle  Nathed WOl ¢, € G G | DB DF |d() Dy 7()
min. min. max. max. | approx.
90 140 24 15 1 65.0 63.5 6650 6450 45.2 | 103 128 156 7018A DB DF 1 106 127 10800 12900 904 424 | — 131 1 1.35
140 24 15 1 58,56 57.0 5950 5800 60.2 | 103 128 15 7018B DB DF 1 95.0 114 9700 116001205 725| — 131 1 1.37
160 30 2 1 13 96.5 11500 9850 51.1 104 147 2 7218A DB DF 1 183 193 18700 19700 102.2 422 | — 150 1 2.54
160 30 2 1 113 96.5 11500 9850 51.1 104 147 2 7218AA DB DF 3 183 193 18700 19700 102.2 422100 150 1 2.42
160 30 2 1 102 88.0 10400 8950 67.4 | 104 147 2 7218B DB DF 1 166 176 16900 17900 | 1349 749 | — 150 1 2.56
160 30 2 1 102 88.0 10400 8950 67.4 | 104 147 2 7218BA DB DF 3 166 176 16900 17900 | 134.9 7491100 150 1 2.56
190 43 3 1.1 161 135 16400 13700 61.9 | 109 172 25 7318A DB DF 1 261 270 26700 27500|123.8 378 | — 179 1 5.79
190 43 3 1.1 148 124 15000 12600 80.2 | 109 172 25 7318B DB DF 1 240 248 24400 25300| 160.5 745 | — 179 1 5.86
95 145 24 15 1 67.0 67.0 6800 6800 46.6 | 109 133 15 7019A DB DF 1 109 134 117100 13600| 93.3 453 | — 136 1 1.43
145 24 15 1 60.0 60.5 6100 6150 62.3 | 109 133 156 70198 DB DF 1 97.0 121 9900 12300 124.7 76.7| — 136 1 1.42
170 32 21 11 122 103 12500 10500 542 | 112 154 2 7219A DB DF 1 198 207 20200 21100|108.5 445 | — 159 1 3.08
170 32 21 11 1 94.0 11300 9600 716 | 112 154 2 7219B DB DF 1 180 188 18300 19200 143.2 79.2 | — 159 1 3.09
200 45 3 1.1 | 172 149 17600 15200 65.1 | 114 182 25 7319A DB DF 1 280 298 28500 30500 130.2 402 — 189 1 6.6
200 45 3 1.1 158 137 16100 13900 843 | 114 182 25 7319B DB DF 1 257 273 26200 27900|168.7 78.7| — 189 1 6.68
200 45 3 1.1 158 137 16100 13900 843 | 114 182 25 7319BA DB DF 3 257 273 26200 27900|168.7 78.7|107 189 1 6.56
100 150 24 15 1 685 70.5 6950 7200 481 114 138 15 7020A DB DF 1 111 141 11300 14400| 96.2 482 | — 141 1 1.48
150 24 15 1 61.0 63.5 6250 6500 64.4 | 114 138 156 7020B DB DF 1 99.5 127 10100 13000 128.9 809 | — 141 1 1.49
180 34 21 11 137 117 14000 12000 57.4 | 117 164 2 7220A DB DF 1 223 234 22700 23900| 114.8 46.8| — 169 1 3.68
180 34 21 11 137 117 14000 12000 57.4 | 117 164 2 7220AA DB DF 3 223 234 22700 23900| 1148 46.8|112 169 1 3.5
180 34 21 11 124 107 12700 10900 75.7 | 117 164 2 7220B DB DF 1 202 214 20600 21800| 151.5 835 | — 169 1 3.7
215 47 3 1.1 207 193 21100 19700 69.0 | 119 196 2.5 7320A DB DF 1 335 3856 34500 39500|137.9 439 | — 203 1 8.27
215 47 3 1.1 207 193 21100 19700 69.0 | 119 196 2.5 7320AA DB DF 3 335 385 34500 39500| 1379 439|112 203 1 7.87
215 47 '3 11| 190 178 19400 18100 89.6 | 119 196 25 7320B DB DF 1 310 365 31500 36000(179.2 852 | — 203 1 8.32
105 160 26 2 1 80.0 815 8150 8350 51.2 | 120 147 2 7021A DB DF 1 130 163 13300 16700 | 1025 505 | — 150 1 1.84
160 26 2 1 715 735 7300 7500 68.6 | 120 147 2 7021B DB DF 1 116 147 11900 15000 137.2 852 | — 150 1 1.87
190 36 2.1 1.1 150 132 15200 13500 60.6 | 122 174 2 7221A DB DF 1 243 264 24800 26900|121.2 49.2| — 179 1 4.38
190 36 2.1 1.1 136 120 13800 12300 79.9 | 122 174 2 7221B DB DF 1 220 241 22500 24500|159.8 87.8| — 179 1 4.4
225 49 3 1.1 208 193 21200 19700 72.1 124 206 25 7321A DB DF 1 335 385 34500 39500| 1443 463 | — 213 1 9.34
225 49 3 1.1 191 177 19400 18100 93.7 | 124 206 25 7321B DB DF 1 310 355 31500 36000|187.4 89.4| — 213 1 9.44
Note (') The suffixes A, AA and B, BA represent contact angles of 30° and 40° respectively. Notes (*) Referto page B 21

(°) For bearings marked — in the column for ds, dy and , for shafts are d. and r,(max.) respectively.
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ANGULAR CONTACT BALL BEARINGS NSK

SINGLE/MATCHED
Bore Diameter 110 - 130 mm Dynamic Equivalent Load P=XF,+YF,
—B— 2B 2B Single DB or DF
7 ” A — A ho 7, C:ﬂ”;f ¢ | FuFze | FuE>e | FuFze | FuR>e
O OO IO i i (T AR R
7 - 7 j— 7, — 7 30° | 0.80 | 1 0 |039]076| 1 |0.78|0.63]|1.24
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Boundary Dimensions Basic Load Ratings (Single) Eff. Load| Abutment and Fillet Bearing Numbers (%) Basic Load Ratings (Matched) Load Center |Abutment and Fillet| Mass
(mm) (kN) {kgf} Centers | Dimensions (mm) Fig- (kN) {kgf} Spacings (mm) | Dimensions (mm) | (kg)
(mm) X 2 do
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min. min. max. max. | approx.
110 170 28 2 1 9656 955 9850 9700 54.4 | 125 156 2 7022A DB DF 1 157 191 16000 19400 108.8 528 | — 160 1 2.28
170 28 2 1 86.5 86.0 8850 8750 72.7 | 125 156 2 7022B DB DF 1 141 172 14300 17500 | 14565 895 | — 160 1 2.3
200 38 2.1 11 162 148 16500 15100 63.7 | 127 184 2 7222A DB DF 1 263 296 26800 30000| 1275 515 | — 189 1 5.15
200 38 2.1 1.1 162 148 16500 15100 63.7 | 127 184 2 7222AA DB DF 3 263 296 26800 30000|127.5 515|122 189 1 4.89
200 38 2.1 1.1 147 135 15000 13700 84.0 | 127 184 2 7222B DB DF 1 239 269 24300 27500(168.1 92.1| — 189 1 5.18
240 50 3 1.1 | 220 215 22500 21900 755 | 129 221 25 7322A DB DF 1 360 430 36500 44000(151.0 51.0| — 228 1 11.1
240 50 3 1.1 220 215 22500 21900 755 | 129 221 25 7322AA DB DF 3 360 430 36500 44000|151.0 51.0|122 228 1 11.2
240 50 3 1.1 201 197 20500 20100 984 | 129 221 25 7322B DB DF 1 325 395 33500 40000|196.8 96.8| — 228 1 1.2
240 50 3 1.1 201 197 20500 20100 984 | 129 221 25 7322BA DB DF 3 325 395 33500 40000|196.8 96.8 | 122 228 1 "
120 180 28 2 1 102 107 10400 10900 57.3 | 136 166 2 7024A DB DF 1 166 213 16900 21700 1146 586 | — 170 1 2.45
180 28 2 1 102 107 10400 10900 57.3 | 136 166 2 7024AA DB DF 3 166 213 16900 21700| 1146 58.6 (132 170 1 2.33
180 28 2 1 9156 96.0 9300 9800 76.9 | 136 166 2 7024B DB DF 1 148 192 15100 19600 | 163.9 979 | — 170 1 2.47
215 38 2.1 1.1 169 161 17200 16 500 67.4 | 138 198 2 BA120-3 DB — 1 274 325 27900 33000|134.7 — - 203 1 12
215 40 2.1 11 183 177 18600 18100 68.3 | 138 198 2 7224A DB DF 1 297 355 30500 36000|136.7 56.7| — 203 1 6.22
215 40 2.1 11 165 162 16900 16500 90.3 | 138 198 2 7224B DB DF 1 269 325 27400 33000| 180.5 100.5| — 203 1 6.26
220 40 2 1.1 | 152 147 15500 15000 913 | 136 205 2 BT120-1 DB — 1 247 294 25200 300001826 — — 208 1 6.77
260 55 3 1.1 246 252 25100 25700 82.3 140 241 25 7324A DB DF 1 400 505 41000 51500 164.7 547 | — 247 1 14.5
260 55 3 1.1 