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1.TYPES AND FEATURES OF ROLLING BEARINGS

1.1 Design and Classification

Rolling bearings generally consist of rolling elements,
two rings, and a cage. They are classified into radial
bearings or thrust bearings depending on the direction
of the main load. In addition, depending on the type of
rolling elements, they are classified into ball bearings
or roller bearings and further divided by differences in
their design or specific purpose.

The most common bearing types and part names are
shown in Fig.1.1, and a general classification of rolling
bearings is shown in Fig. 1.2.

A 006

1.2 Characteristics of Rolling Bearings

Compared with plain bearings, rolling bearings have

the following major advantages:

(1) Their starting torque or friction is low and the
difference between the starting torque and running
torque is small.

(2) With the advancement of worldwide
standardization, rolling bearings are internationally
available and interchangeable.

(3) Maintenance, replacement, and inspection are easy
because of the simple structure surrounding rolling
bearings.

(4) Many rolling bearings are capable of taking
both radial and axial loads simultaneously or
independently.

(5) Rolling bearings can be used under a wide range of
temperatures.

(6) Rolling bearings can be preloaded to produce a
negative clearance and achieve greater rigidity.

Furthermore, different types of rolling bearings have
their own individual advantages. The features of the
most common rolling bearings are described on Pages
A010 to A0O13 and in Table 1.1 (Pages A014 and A015).
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Single-row deep groove ball bearings are the most common type of rolling bearing and are in
widespread use. The raceway grooves on both the inner and outer rings have circular arcs of
slightly larger radii than those of the balls. They are capable of taking radial loads. In addition, axial
loads can be applied in either direction. Because of their low torque, they are highly suitable for
applications where high speeds and low power loss are required.

While they can be used as open bearings, single-row deep groove bearings often have steel shields
or rubber seals installed on one or both sides and are prelubricated with grease. In addition, snap
rings are sometimes used on the periphery. Pressed-steel cages are most commonly used.

The inner groove of magneto bearings is slightly more shallow than that of deep groove bearings.
Since the outer ring has a shoulder on only one side, the outer ring may be removed, which is
often advantageous for mounting. In general, two such bearings are used in a paired mounting.
Magneto bearings are small bearings with a bore diameter of 4 to 20 mm and are mainly used for
small magnetos, gyroscopes, instruments, etc. Pressed-brass cages are generally used.

Individual bearings of this type are capable of taking axial loads in one direction and radial loads.
Four contact angles of 15°, 25°, 30°, and 40° are available. The larger the contact angle, the higher
the axial load capacity. For high-speed operation however, smaller contact angles are preferred.
Usually, two bearings are used in a paired mounting, and the clearance between them must be
adjusted properly.

Pressed-steel and machined-brass cages are commonly used; however, for high precision
bearings with a contact angle less than 30°, polyamide resin cages are often used.

A combination of two radial bearings is called a paired mounting. Usually, they are formed using
angular contact ball bearings or tapered roller bearings. Possible arrangements include: face-to-
face (type DF), in which the outer ring faces are oriented towards each other; back-to-back (type
DB); or same-direction (type DT), in which both front faces are oriented in the same direction. DF
and DB arrangements are capable of taking radial loads and axial loads in both directions. Type
DT is used when there is a strong axial load in one direction and it is necessary to divide the load
equally across each bearing.

Double-Row Double-row angular contact ball bearings are like two single-row angular contact ball bearings
Angular Contact mounted back-to-back, except that they have only one inner ring and one outer ring. They have a
Ball Bearings  narrower width than two single bearings, and can take thrust loads in both directions.

iid il

Four-Point- The inner and outer rings of four-point-contact ball bearings are separable because the inner
Contact ring is split in a radial plane. They can take axial loads from either direction, and the balls have a
Ball Bearings  contact angle of 35° with each ring. Radial loads are not reccomended. Just one bearing of this
7 type can replace a combination of face-to-face or back-to-back angular contact bearings.

71 Machined-brass cages are generally used.
s

N/ 222

Self-Aligning
Ball Bearings

The inner ring of this type of bearing has two raceways, and the outer ring has a single spherical
raceway with its center of curvature coincident with the bearing axis. Therefore, the axis of the
inner ring, balls, and cage can deflect to some extent around the bearing center. Consequently,
minor angular misalignment of the shaft and housing caused by machining or mounting error is
automatically corrected.

This type of bearing often has a tapered bore for mounting using an adapter sleeve.

Cylindrical In bearings of this type, the cylindrical rollers are in linear contact with the raceways. They have a
Roller Bearings high radial load capacity and are suitable for high speeds.

NU, NJ, NUP, N, and NF are single-row bearing types, while NNU and NN are double-row bearing
types, with designations depending on the design or absence of side ribs.

The outer and inner rings of all types are separable.

Some cylindrical roller bearings have no ribs on either the inner or outer ring, so that the rings
can move axially relative to each other. These can be used as free-end bearings. Cylindrical roller
bearings, in which either the inner or outer ring has two ribs and the other ring has one, are
capable of taking some axial load in one direction. Double-row cylindrical roller bearings have high
radial rigidity and are used primarily for precision machine tools.

Pressed steel or machined brass cages are generally used, but sometimes molded polyamide
cages are employed.

A011
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Needle roller bearings contain many slender rollers with a length 3 to 10 times their diameter. As a
result, the ratio of the bearing outside diameter to the inscribed circle diameter is small, and they
have a rather high radial load capacity.

There are numerous types available, and many have no inner ring. The drawn-cup type has a
pressed-steel outer ring and the solid type has a machined outer ring. There are also cage and
roller assemblies without rings. Most bearings have pressed-steel cages, but some do not use
cages.

Bearings of this type use conical rollers guided by a back-face rib on the inner ring. These bearings
are capable of taking high radial loads and also axial loads in one direction. The HR Series features
a greater quantity of larger rollers, allowing for even higher load capacity.

They are generally mounted in pairs in a manner similar to single-row angular contact ball
bearings. In this case, the proper internal clearance can be obtained by adjusting the axial distance
between the inner or outer rings of the two opposed bearings. Since they are separable, the inner
ring assemblies and outer rings can be mounted independently.

Tapered roller bearings are divided into three types depending on contact angle; these are normal
angle, medium angle, and steep angle. Double-row and four-row tapered roller bearings are also
available. Pressed-steel cages are generally used.

These bearings have barrel-shaped rollers between the inner ring, which has two raceways,
and the outer ring, which has one spherical raceway. Since the center of curvature of the outer
ring raceway surface coincides with the bearing axis, they are self-aligning in a manner similar
to that of self-aligning ball bearings. Therefore, if there is deflection of the shaft or housing or
misalignment of their axes, it is automatically corrected so that excessive force is not applied to
the bearings.

Spherical roller bearings can take not only heavy radial loads, but also some axial loads in either
direction. They have excellent radial load-carrying capacity and are suitable for use where there are
heavy or impact loads.

Some bearings have tapered bores and may be mounted directly on tapered shafts or cylindrical
shafts using adapters or withdrawal sleeves.

Pressed-steel and machined-brass cages are used.

Single-Direction
Thrust Ball
Bearings

Single-direction thrust ball bearings are composed of washer-like bearing rings with raceway
grooves. The ring attached to the shaft is called the shaft washer (or inner ring) while the ring
attached to the housing is called the housing washer (or outer ring).

Double-direction thrust ball bearings have three rings with the middle ring (center ring) fixed to the
Double-Direction shaft.

Thrust Ball As their names imply, single-direction thrust bearings can take axial loads in one direction, while
Bearings double-direction thrust bearings can take axial loads in both directions.

There are also thrust ball bearings with an aligning seat washer beneath the housing washer in
order to compensate for shaft misalignment or mounting error.

Pressed-steel cages are usually used in smaller bearings and machined cages in larger bearings.

Thrust Sphericial These bearings have a spherical raceway in the housing washer and barrel-shaped rollers obliquely
Roller Bearings arranged around it. Since the raceway in the housing washer is spherical, these bearings are self-
aligning. They have a very high axial load capacity and are capable of taking moderate radial loads
« When an axial load is applied.

// Pressed-steel cages or machined-brass cages are usually used.

1.3 Bearing Sizes
Rolling berings are classified into the following sizes based on their dimensions:

Size Classification Nominal Bore Diameter Nominal Outside Diameter
Miniature - <9mm
Extra Small <10 mm >9 mm
Small >10 mm Up to ~80 mm
Medium - ~80to ~180 mm
Large - ~180 to 800 mm
Extra Large — ~800 mm and above
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1.4 Contact Angle and Bearing Types

A bearing's contact angle (o) refers to the angle
between a vertical plane of the rotation axis of the
bearing and a straight line between the points where
the rolling element comes in contact with the inner
ring raceway and outer ring raceway.

Radial bearings and thrust bearings are classified
depending on the size of the contact angle.

Figure 1.3 shows the relation between contact angle
and load direction on the bearing.

Radial bearing o: Less than 45°
(A primarily radial load is supported.)

Thrust bearing o.: Over 45°
(A primarily axial load is supported.)

a=0 Contact Angle o

Fig. 1.3 Contact Angle o

A016

1.5 Types of Load on Bearings

An example deep groove ball bearing is shown below
in Figure 1.4 along with the types of load that may be
applied to a rolling bearing. These are:

(a) Radial load

(b) Axial load

(c) Combined radial and axial load
(d) Moment load

It is important to select the optimum bearing type
according to the type and magnitude of the load.

(a) Radial Loads

(b) Axial Loads

(c) Combined Loads
(Radial Loads +Axial Loads)

Fig. 1.4 Types of Load

(d) Moment Loads

A017
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MISELECTION OF BEARING TYPE
2. SELECTION OF BEARING TYPE

desired life requirement. When doing this, in addition

Examination of fitting
| Page number Page number

A023 e Operating conditions A154
A022, A098, A151 ® Magnitude and character- A154, A156
A023 istics of loads

Evaluation of accuracy

© Running accuracy
® Rotational stability

2.1 Bearing Selection Procedure |
® Torque fluctuation

There are nearly countless applications for rolling
bearings; therefore, operating conditions and
environments vary greatly. In addition, the diversity
of operating conditions and bearing requirements
continues to grow with the rapid advancement of
technology. Bearings must be carefully studied
from many angles to select the best choice from the
thousands of types and sizes available.

Usually, a bearing type is provisionally chosen
considering operating conditions, mounting
arrangement, ease of mounting in the machine,

to fatigue life, be sure to consider grease life, noise
and vibration, wear, and other factors.

There is no fixed procedure for selecting bearings.
It is good to investigate experience with similar
applications and studies relevant to any special
requirements for the specific application. When
selecting bearings for new machines, unusual
operating conditions, or harsh environments, please
consult with NSK.

The following diagram (Fig.2.1) shows an example
bearing selection procedure.

allowable space, cost, availability, and other factors.
Then the size of the bearing is chosen to satisfy the

© Operating conditions and required
performance

© Environmental conditions

o Dimensions of shaft and housing

Evaluation of
bearing types

Determination of
bearing size

A 020

Page number

e Allowable space A022, A104

o \agnitude and direction of loads A022

e V/ibration and shock A044

e Operating speed, maximum speed A022, A098

® Misalignment of inner and outer A022
rings

e Fixing in axial direction and mounting A026 to A029
arrangement

e Ease of bearing mounting and A023
dismounting

e Sound and torque A023

® Required rigidity A023, A192

® Availability and cost

Determination of bearing
type and mounting
arrangement

| Page number

o Expected life of machine A032, A034
e Dynamic and static equivalent loads A050, A052
® Speed A098
® Permissible static load factor A052

® Permissible axial loads (in the case of A064
cylindrical roller bearings)

/

Determination of bearing size /

Fig. 2.1 Flowchart for Selection of Rolling Bearings

o Materials, size, accuracies

/

Selection of bearing
accuracy class

Examination of
internal clearance

Page number

® Temperature range A156

A164, A270

/ of shaft and housing
I

/ Determination of fitting

/

o Fitting -

o Difference in temperature
between inner and outer
rings

® Speed

® Misalignment of inner and
outer rings

© Amount of preload

A175 l

A022
A194

/

Determination of
internal clearance

Study of cage

® Speed

® Noise

e Qperating temperature

e External vibration and shock

® Rapid acceleration and
deceleration

e \Moment load and misalignment

/ Examination of special

specifications

© Operating temperature

e Environment (seawater,
vacuum, gases, chemicals,
etc.)

© Type of lubrication

Page number
A123

Selection of special

/

Selection of cage type
and material

material, heat treatment
/ for dimensional stability

Examination of
lubricating
methods

® Operating temperature range
® Speed

o | ubricating methods

® Type of seals

o Maintenance and inspection

intervals

Page number

A229, A231, A236, A238
A098

A228

A272

B013

/

Selection of lubricating
method, lubricant, and
type of seals

Examination of
ease of mounting/
dismounting

® Procedure for mounting and
dismounting

® Necessary equipment

o Dimensions affecting

mounting
I

/

Page number
B006, BO11

B006, BO11
A270

Determination of dimensions
affecting mounting and
procedure for mounting/

dismounting

Final specifications for
bearing and surrounding

parts
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IMSELECTION OF BEARING TYPE

2.2 Allowable Bearing Space

The allowable space for a rolling bearing and its
adjacent parts is generally limited, so the type and
size of the bearing must be selected within such limits.
In most cases, the shaft diameter is fixed first by
the machine design; therefore, the bearing is often
selected based on bore size. Rolling bearings have
numerous standardized Dimension Series and types
from which to select the optimum bearing. Fig. 2.2
shows the Dimension Series of radial bearings and
corresponding bearing types.

2.3 Load Capacity and Bearing Types

The axial load-carrying capacity of a bearing is closely
related to radial load capacity based on the bearing
design, as shown in Fig. 2.3. This figure shows that
when bearings of the same Dimension Series are
compared, roller bearings have a higher load capacity
than ball bearings and are superior if shock loads exist.

2.4 Permissible Speed and Bearing Types

The maximum speed of rolling bearings varies not
only with the type of bearing, but also with size, cage
type, loads, lubricating method, heat dissipation, etc.
Assuming the common oil bath lubrication method, the
bearing types are roughly ranked from higher speed to
lower speed as shown in Fig. 2.4.

2.5 Misalignment of Inner/Quter Rings and
Bearing Types

Because of shaft deflection caused by applied
loads, dimensional errors of the shaft and housing,
and mounting errors, the inner and outer rings are
slightly misaligned. The permissible misalignment
varies depending on the bearing type and operating
a)lr;ditions, but usually it is less than 0.0012 radian
When a large misalignment is expected, bearings
with self-aligning capability, such as self-aligning ball
bearings, spherical roller bearings, and certain bearing
units should be selected (Figs. 2.5 and 2.6).

Width Series — 0 1 2 3 4 5 6
4
Diameter Seri g
iameter Series
0; o 1 j [ ‘I — - 2}
8° —H %}i\ )i ) e =l ( DA i
Dimension egc‘nih-w ® x oo oé\é) ® cn/ch—ilm oo/m/ov— c‘n‘c> t‘m
S@&,:?F°:,,,if;,fﬁj,jf’l‘i‘?f’;"f‘i,i,“’”’,7,‘° ,

Deep Groove Ball Bearings o S
Angular Contact Ball Bearings

Self-Aligning Ball Bearings

Cylindrical Roller Bearings
Spherical Roller Bearings

Needle Roller Bearings

Tapered Roller Bearings

Fig. 2.2 Dimension Series of Radial Bearings

i Radial Load Capacity | Axial Load Capacit;
Bearing Type 1l Lo 3P 4y -0 30 X

Bearing Types Relative Permissible Speed 15

Single-Row Deep
Groove Ball Bearings

Single-Row Angular
Contact Ball Bearings

Cylindrical Roller(")
Bearings

Tapered Roller
Bearings

Spherical Roller
Bearings

Deep Groove
Ball Bearings

Angular Contact
Ball Bearings

Cylindrical Roller
earings

Needle Roller
Bearings

Tapered Roller
Bearings

Spherical Roller —_—
Bearings

Thrust Ball Bearings |

Note(') Bearings with ribs can take some axial loads.

Fig. 2.3 Relative Load Capacities of Various Bearing Types

A 022

Remarks == Qil bath lubrication
===+ With special measures to increase speed limit

Fig. 2.4 Relative Permissible Speeds of
Various Bearing Types

Permissible bearing misalignment is given at the
beginning of the dimensional tables for each bearing
type.

Fig. 2.5 Permissible Misalignment of Spherical Roller
Bearings

103
D>

()
Jnaini
5

,

Fig. 2.6 Permissible Misalignment of Ball Bearing Units

i Highest Tolerance Comparison of
Bearing Types Accuracy Inner Ring Radial Runout
Specified 1 2 3 4 5
Deep Groove Ball Class 2 —_—
Bearings
Angular Contact Class 2 p—t
Ball Bearings
Cylindrical Roller Class 2 f=—nl
Bearings
Tapered Roller Class 4
Bearings
Spherical Roller Normal
Bearings

Fig. 2.7 Relative Inner Ring Radial Runout of Highest
Accuracy Class for Various Bearing Types

2.6 Rigidity and Bearing Types

When loads are imposed on a rolling bearing, some
elastic deformation occurs in the contact areas
between the rolling elements and raceways. The
rigidity of the bearing is determined by the ratio of
bearing load to the amount of elastic deformation of
the inner and outer rings and rolling elements. The
main spindles of machine tools must have highly
rigid bearings together with the rest of the spindle.
Consequently, since roller bearings are deformed
less by load, they are selected more often than ball
bearings. When extra-high rigidity is required, bearings
are given a preload, which means they have a negative
clearance. Angular contact ball bearings and tapered
roller bearings are often preloaded.

2.7 Noise and Torque of Various Bearing
Types

Since rolling bearings are manufactured with very
high precision, noise and torque are minimal. For deep
groove ball bearings and cylindrical roller bearings
in particular, the noise level is sometimes specified
depending on their purpose. For high-precision
miniature ball bearings, the starting torque can be
specified. Deep groove ball bearings are recommended
for applications in which low noise and torque are
required, such as in motors or instruments.

2.8 Running Accuracy and Bearing Types

For the main spindles of machine tools that require
high running accuracy or high-speed applications like
superchargers, high-precision bearings of Accuracy
Class 5, 4 or 2 are usually used.

The running accuracy of rolling bearings is specified
in various ways, and specified accuracy classes vary
depending on the bearing type. A comparison of
the inner ring radial runout for the highest running
Ie;ccuzracy specified for each bearing type is shown in
ig. 2.7.

Deep groove ball bearings, angular contact ball
bearings, and cylindrical roller bearings are most
suitable for applications requiring high running
accuracy.

2.9 Mounting and Dismounting of Various
Bearing Types

Separable bearings, such as cylindrical roller bearings,
needle roller bearings, and tapered roller bearings
are convenient for mounting and dismounting. These
types of bearings are recommended for machines
in which bearings are mounted and dismounted
rather often for periodic inspection. In addition, self-
aligning ball bearings and spherical roller bearings
(small-sized) with tapered bores can be mounted and
dismounted relatively easily using sleeves.
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3. SELECTION OF BEARING ARRANGEMENT

In general, shafts are supported by only two rolling

bearings. When considering the bearing mounting

arrangement, the following items must be investigated:

(1) Expansion and contraction of the shaft caused by
temperature variations

(2) Ease of bearing mounting and dismounting

(3) Misalignment of the inner and outer rings caused
by deflection of the shaft or mounting error

(4) Rigidity of the entire system, including bearings
and preloading method

(5) Capability to sustain loads at their proper positions
and to transmit them

3.1 Fixed-End and Free-End Bearings

Usually only one "fixed-end" bearing on a shaft is used
to fix the shaft axially. For this fixed-end bearing, a
bearing type that can carry both radial and axial loads
must be selected.

Other bearings must be 'free-end" bearings that
carry only radial loads to relieve the shaft's thermal
elongation and contraction.

A Bz[:—

0T

Free-end (separable bearing)

1]

Fixed-en

. JOJCI )

Free-end (non-separable bearing)

B

No distinction between fixed-end and free-end

1]

Fixed-end

o

No distinction between fixed-end and free-end

B

No distinction between fixed-end and free-end

Fig. 3.1 Bearing Mounting Arrangements and Bearing Types
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If measures to relieve a shaft’s thermal elongation and
contraction are insufficient, abnormal axial loads will
qulapplied to the bearings, which can cause premature
ailure.

For free-end bearings, cylindrical roller bearings or
needle roller bearings with separable inner and outer
rings that are free to move axially (NU, N types, etc.)
are recommended. Mounting and dismounting are also
easier with these types.

When non-separable types are used as free-end
bearings, usually the fit between the outer ring and
housing is loose to allow axial movement of the
running shaft together with the bearing. Sometimes,
such elongation is relieved by a loose fit between the
inner ring and shaft.

When the distance between the bearings is short and
the influence of the shaft elongation and contraction is
negligible, two opposed angular contact ball bearings
or tapered roller bearings are used. The axial clearance
(possible axial movement) after the mounting is
adjusted using nuts or shims.

The distinction between free-end and fixed-end
bearings and some possible bearing mounting
arrangements for various bearing types are shown in
Fig. 3.1.

3.2 Example Bearing Arrangements

Some representative bearing mounting arrangements
considering preload and rigidity of the entire assembly,
shaft elongation and contraction, mounting error, etc.
are shown in Table 3.1.

Table 3. 1 Representative Bearing Mounting Arrangements
and Application Examples

Bearing Arrangements

Fixed-end ‘ Free-end

Remarks

Application Examples

(OThis is a common arrangement in which
abnormal loads are not applied to bearings blowers
even if the shaft expands or contracts.

OIf mounting error is small, this is suitable for

rENT

J@J

high speeds.

Medium-sized electric motors,

BEARING A

-Deep Groove Ball Bearing
-Matched Angular Contact
Ball Bearing
-Double-Row Angular
Contact Ball Bearing
-Self-Aligning Ball Bearing
-Cylindrical Roller Bearing
with Ribs (NH, NUP
types)

-Double-Row Tapered
Roller Bearing

-Spherical Roller Bearing

BEARING B

-Cylindrical Roller Bearing
(NU, N types)

-Needle Roller Bearing (NA
type, etc.)

BEARING D,E(?)

-Angular Contact Ball
Bearing

-Tapered Roller Bearing
-Magneto Bearing
-Cylindrical Roller Bearing
(NJ, NF types)

BEARING C(")

-Deep Groove Ball Bearing
-Matched Angular Contact
Ball Bearing (back-to-
back)

-Double-Row Angular
Contact Ball Bearing
-Self-Aligning Ball Bearing
-Double-Row Tapered
Roller Bearing (KBE type)
-Spherical Roller Bearing

BEARING F

-Deep Groove Ball Bearing
-Self-Aligning Ball Bearing
-Spherical Roller Bearing

Notes: (") In the figure, shaft elongation and contraction are
relieved at the outside surface of the outer ring, but
sometimes this is done at the bore.

(%) For each type, two bearings are used in an opposed

arrangement.

mnl)

JDJ

(OThis arrangement can withstand heavy loads
and shock loads and can take some axial load.

(OAIl cylindrical roller bearings are separable. This
is helpful when interference is necessary for
both the inner and outer rings.

Traction motors for rolling
stock

1

(OThis arrangement is used when loads are
relatively heavy.

(OA back-to-back type is used for maximum
rigidity as a fixed-end bearing.

(OBoth the shaft and housing must have high
accuracy and the mounting error must be small.

Table rollers for steel mills,
main spindles of lathes

ﬁ

(OThis arrangement is suitable when interference
is necessary for both the inner and outer rings.
Heavy axial loads cannot be applied.

Calender rolls of paper making
machines, axles of diesel
locomotives

F

(OThis arrangement is suitable for high speeds
and heavy radial loads. Moderate axial loads can
also be applied.

(OSome clearance is necessary between the outer
ring of the deep groove ball bearing and the
housing bore in order to avoid subjecting it to
radial loads.

Reduction gears in diesel
locomotives

Continued on next page
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Table 3. 1 Representative Bearing Mounting Arrangements
and Application Examples (cont'd)

Bearing Arrangements
Remarks
‘ Free-end

When there is no distinction between
fixed-end and free-end

Application Examples Remarks Application Examples

Fixed-end

—\

=T

(OThis is the most common arrangement.

Ot can sustain not only radial loads, but also
moderate axial loads.

Double-suction volute pumps,
automotive transmissions

il

(OThis is the most suitable arrangement when
there is mounting error or shaft deflection.

Olt is often used for general and industrial
applications in which heavy loads are applied.

Speed reducers, table rollers
of steel mills, wheels for
overhead travelling cranes

1 15

NJ + NJ mounting

(OThis arrangement can withstand heavy loads
and shock loads.

Ot can be used if interference is necessary for
both the inner and outer rings.

(OTake care to ensure sufficient axial clearance
during operation.

(ONF type + NF type mounting is also possible.

Final reduction gears of
construction machines

T

(OThis is suitable when there are rather heavy
axial loads in both directions.

(ODouble-row angular contact bearings may be
used instead of an arrangement of two angular
contact ball bearings.

Worm gear reducers

il

(OSometimes a spring is used on the side of the
outer ring of one bearing.

Small electric motors, small
speed reducers, small pumps

Vertical arrangements

Remarks

Application Examples

When there is no distinction between

fixed-end and free-end

Remarks

Application Examples

5 of1)

Back-to-back mounting

)]

Face-to-face mounting

(OThis arrangement is widely used since it can
withstand heavy loads and shock loads.

(OThe back-to-back arrangement is especially
good when the distance between bearings is
short and moment loads are applied.

(OFace-to-face mounting makes mounting easier
when interference is necessary for the inner
ring. In general, this arrangement is good when
there is mounting error.

(OTo use this arrangement with a preload, take
extra care to ensure the correct amount of
preload and clearance adjustment.

Pinion shafts of automotive
differential gears, automotive
front and rear axles, worm gear
reducers

(OMatched angular contact ball bearings are used
on the fixed end.

OA cylindrical roller bearing is used on the free
end.

Vertical electric motors

=1 )

Back-to-back mounting

(OThis arrangement is used at high speeds when
radial loads are not so heavy and axial loads are
relatively heavy.

Olt provides good rigidity of the shaft by
preloading.

(OFor moment loads, back-to-back mounting is
better than face-to-face mounting.

Grinding wheel shafts

A 028

Continued on next page

(OThe spherical center of the self-aligning seat
must coincide with that of the self-aligning ball
bearing.

(OThe upper bearing is on the free end.

Vertical openers (spinning and
weaving machines)
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4.1 Bearing Life

The functionality required of a rolling bearing varies
per application and must be maintained for a specific
period of time. 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 a broad sense of the term, is the period
during which bearings continue to operate and satisfy
their required functions. This bearing life may be
defined as noise life, abrasion life, grease life, or rolling
fatigue life, depending on which 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, damage to the seals or cage, 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.

4.1.1 Rolling Fatigue Life and Basic Rating 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 (Fig. 4.1).
This phenomenon is called "spalling" or "flaking".
Rolling fatigue life is represented by the total number
of revolutions at which the bearing surface will start
flaking due to stress. As shown in Fig. 4.2, even for
seemingly identical bearings of the same type, size,
and material that 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, "basic
rating 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. The total number of
revolutions at this point is defined as the basic rating
life or, if the speed is constant, the basic rating life
is often expressed by the total number of operating
hours completed when 10 % of the bearings become
inoperable due to flaking.

In determining bearing life, basic rating life is often the
only factor considered; however, other factors must
also be taken into account. For example, the grease
life of grease-lubricated bearings (refer to Section 11,
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Lubrication, Page A228) can be estimated. Since noise
life and abrasion life are judged according to individual
standards for different applications, specific values for
noise or abrasion life must be determined empirically.

4.2 E_z}sic Dynamic Load Rating and Fatigue
ife
4.2.1 Basic Dynamic Load Rating

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 load rating of thrust bearings is defined as an
axial load of constant magnitude in the same direction
as the central axis. Load ratings are listed under C;
for radial bearings and C, for thrust bearings in the
dimension tables.

— Failure Probability

Fig. 4.1 Flaking Example

@
=
3
=)
=
s
oc

-— Average Life

Life ——
Fig. 4.2 Failure Probability and Bearing Life
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4.2.2 Machinery in Which Bearings are Used and
Projected Life

Selecting bearings with unnecessarily high load ratings
is not advised, as such bearings may be too large
and uneconomical. In addition, bearing life alone
should not be the deciding factor in the selection of

bearings. The strength, rigidity, and design of the

shaft on which the bearings will be mounted should
also be considered. Bearings are used in a wide range
of applications and design life varies with specific
applications and operating conditions. Table 4.1 gives
empirical fatigue life factors derived from typical
operating experience for various machines. Formulae
for various life parameters can be found in Table 4.2.

Table 4.1 Fatigue Life Factor £, for Various Bearing Applications

) ) Fatigue Life Factor
Operating Period g b
<3 2-4 3-5 4-7 >6
+Small motors for «Agricultural
home appliances, equipment
Infrequently used or only | such as vacuum
for short periods cleaners and
washing machines
- Power tools
X *Motors for home -Conveyors
Used only occasionally heaters and air - Elevator cable
but reliability is impor- conditioners sheaves
tant - Construction
equipment
*Rolling mill roll - Small motors +Factory motors -Crane sheaves
. . necks *Deck cranes *Machine tools +Compressors
Used intermittently for - General cargo - Transmissions - Specialized
relatively long periods cranes +Vibrating screens transmissions
*Pinion stands +Crushers
- Passenger cars
-Escalators - Centrifugal -Mine hoists *Paper making
separators - Press flywheels machines
*Air conditioning - Railway traction
Used intermittently for equipment motors
; -Blowers -Locomotive axle
g“.)lre than eight hours - Woodworking boxes
aily machines
-Large motors
* Axle boxes on
railway rolling stock
. + Waterworks pumps
Used continuously and * Electric power
high reliability is impor- stations
tant * Mine draining
pumps
Table 4.2 Basic Rating Life, Fatigue Life
Factor, and Speed Factor
Life : :
P Ball Bearings Roller Bearings
Basic 10° (C\’ 5 10° (C)% 3
Ratin Ly= (—) =500f," | Ln= (7) *=500f,°
i J ""60n\P A = gonlp !
Fatigue c C
Life fi=fp f=tp
Factor
S L S I S (¢
Speed "\ 500x607 "7\ 500x607
Factor 1 _3
=(0.03n) 3 =(0.03n) 10
n, fu--Fig. 4.3 (See Page A036), Appendix Table 12
(See Page E018)
Ly, fu--Fig. 4.4 (See Page A036), Appendix Table 13
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(See Page E019)

4.2.3 Selection of Bearing Size Based on Basic Load
Rating

The following relation exists between bearing load and
basic rating life:

For ball bearings L = (%)2 ............... @.1)
10
For roller bearings L = (5 * ---rrvvvvvoo 4.2)

where L : Basic rating life (10° rev)
P : Bearing load (equivalent load) (N), {kgf}
.......... (Refer to Page A050)
C: Basic dynamic load rating (N), {kgf}
For radial bearings, C is written C;
For thrust bearings, C is written C,

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

By designating the basic rating life as Ly, (h), bearing
speed as # (min™), fatigue life factor as fi, and speed
factor as fu, the relations shown in Table 4.2 are
obtained.

If the bearing load P and speed # are known, it's
possible to determine a fatigue life factor fu
appropriate for the desired life of the machine and then
calculate the minimum basic load rating C with the
following Equation:

_ S P
7

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

4.2.4 Temperature Adjustment for Basic Load Rating

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

Cr=ft-C rrervrrr (4.4)

where  C¢ : Basic dynamic load rating after
temperature correction
(N), {kef}
ft: Temperature factor
(See Table 4.3.)

C : Basic dynamic load rating before

temperature adjustment

(N), {kef}
If bearings are used above 120 °C, they must be
given a special dimensional stability heat treatment
to prevent excessive dimensional changes. The basic
dynamic load rating of bearings after such treatment
may become lower than that listed in the bearing
tables.

Table 4.3 Temperature Factor /¢

Bearing

125 150 175 200 250
Temperature °C

Temperature

1.00 1.00 0.95 0.90 0.75
Factor f;
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Ball Roller
Bearings Bearings

Fig. 4.3 Bearing Speed and
Speed Factor
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L 4.0
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1.4
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— 1.1
500 1.0 5004~ 1.0
40075 = 0.95 400§ 0.95
F 090 3090
300-F 085 3004 085
F-080 + 080
200075 200k 75
Ball Roller
Bearings Bearings
Fig. 4.4 Fatigue Life Factor

and Fatigue Life

4.2.5 Correction of Basic Rating Life

As described previously, the basic equations for
calculating basic rating life are as follows:

For ball bearings L= (%)3 ------------------ (4.5)

For roller bearings L, = (%) B (4.6)

L4, life is defined as the basic rating 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 fatigue life. In addition, the development 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 basic rating life is
adjusted using the following adjustment factors:

Lya=a1883L1g ~oeveeeemereereeeees (4.7)

where L,,: Adjusted rating life in which reliability,
material improvements, lubricating
conditions, etc. are considered

L, Basic rating life with a reliability of 90%
ay . Life adjustment factor for reliability

a,: Life adjustment factor for special bearing
properties

as: Life adjustment factor for operating
conditions

The life adjustment factor for reliability a,, is listed in
Table 4.4 for reliabilities higher than 90%.

The life adjustment factor for special bearing
properties a4, is used to reflect improvements in
bearing steel.

NSK now uses vacuum-degassed bearing steel,
and test results show that life is greatly improved
compared with earlier materials. The basic load
ratings C, and C, listed in the bearing tables were
calculated considering the extended life achieved
by improvements in materials and manufacturing
techniques. Consequently, when estimating life using
Equation (4.7), you may assume that a. is greater than
one.

Table 4.4 Reliability Factor a,

Reliability (%) 90 95 96 97 98 99

ai 1.00 | 0.64 | 0.556 | 0.47 | 0.37 | 0.256

The life adjustment factor for operating conditions
a; 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 a; to be greater than one;
however, as is less than one in the following cases:

+When the viscosity of the lubricant in the
contact zones between the raceways and rolling
elements is low.

+When the circumferential speed of the rolling
elements is very slow.

+When bearing temperature is high.

+When lubricant is contaminated by water or
foreign matter.

+When misalignment of the inner and outer rings
is excessive.

It is difficult to determine the proper value of a; 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 &, and as into one
quantity(asxas), and not consider them independently.
In this case, under normal lubricating and operating
conditions, the product (a.xas) should be assumed
equal to one. However, if the viscosity of the lubricant
is too low, the value drops to as low as 0.2.

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

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

The basic rating life Equations (4.1), (4.2), (4.5), and
(4.6) 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 P, exceeds C,, (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 fatigue
life equations.
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4.2.6 Life Calculation of Multiple Bearings as a
Group

When multiple rolling bearings are used in one
machine, the fatigue life of individual bearings can be
determined if the load acting on individual bearings is
known. However, a machine generally becomes
inoperative if a bearing in any part fails. It may
therefore be necessary in certain cases to know the
fatigue life of a group of bearings used in one machine.
The fatigue life of the bearings varies greatly and our
fatigue life calculation equation

L=(%)P applies to the 90% life (also called the rating

fatigue life, which is either the gross number of
revolutions or hours that 90% of multiple similar
bearings operated under similar conditions can reach).
In other words, the calculated fatigue life for one
bearing has a probability of 90%. Since the endurance
probability of a group of multiple bearings for a certain
period is a product of the endurance probability of
individual bearings for the same period, the rating
fatigue life of a group of multiple bearings is not
determined solely from the shortest rating fatigue life
among the individual bearings. In fact, the group life is
much shorter than the life of the bearing with the
shortest fatigue life.

Assuming the rating fatigue life of individual bearings
as L, L., L; ... and the rating fatigue life of the entire
group of bearings as L, the equation below is obtained:

1 _1 + 1 + 1 B (4.8)
Le Lle Lze l(ie
where e=1.1 (both for ball and roller bearings)

L of Equation (4.8) can be determined easily by using
Fig. 4.5.
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To use this chart, find the L, value from Equation (4.8)
on the L, scale and the value of L, on the L, scale,
connect them with a straight line, and read where the
line intersects the L scale. In this way, the value of L,
in

1 _1 + 1
Ly L¢ Ly
can be determined. Take this value L, on the L, scale

and the L, value on the L, scale, connect them with a
straight line, and read where the line intersects the L

scale. In this way, the value L in
1 _1 + 1 + 1
L L¢ Lf Ly
can be determined.

Example

Assume that the calculated fatigue life values of
automotive front wheel bearings are as follows:

280 000 km for inner bearing

320 000 km for outer bearing

Then, the fatigue life of the wheel bearings can be
determined as 160 000 km from Fig. 4.5.

If the fatigue life of the bearing of the right-hand wheel
bearing takes this value, the fatigue life of the left-hand
wheel bearing will be the same. As a result, the fatigue
life of the front wheels as a group is 85 000 km.

L, L L,
100 100 100
50 50 F 20 50
20 10 20
15 8 15
10 6 10

8 5 8

7 4 5

6 3 6
5 5
4
) 4
1.8
3 1.6 + 3
- -—1.2 4
1 +1.1 1>
1.9+ 4 419
1.84 4 418
1.7+ 4009 +1.7
1.6-¢ 916
1.5+ 0.8 415
14T 414
13 T 07 -4-1_3
124 412
0.6
114 411
0.55
14 L

Fig. 4.5 Life Calculation Chart
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4.2.7 New Life Theory

Bearing technology has advanced rapidly in recent
years, particularly in the areas of dimensional accuracy
and material cleanliness. As a result, bearings in a
clean environment can now have a longer rolling
fatigue life than the life obtained by the traditional 1SO
life calculation formula. This extended life is partly due
to the important advancements in bearing-related
technology, such as lubrication, cleanliness, and
filtration.

The conventional life calculation formula (Equation
4.9) based on the theories of G. Lundberg and A.
Palmgren (L-P theory, hereafter) addresses only
subsurface-originated flaking. In this phenomenon,
cracks initially occur due to dynamic shear stress
immediately below the rolling surface and
progressively reach the surface in the form of flaking.

n 1§Oc Tu“é\fl:'V ............................... (4.9)

NSK’s new life calculation formula theorizes that rolling
fatigue life is the sum total of the combined effects of
both subsurface-originated flaking and surface-
originated flaking occurring simultaneously.

NSK New Life Calculation Formula

(1) Subsurface-originated flaking

A precondition of subsurface-originated flaking in
rolling bearings is contact of the rolling elements with
the raceway via a sufficient and continuous oil film
under clean lubrication conditions.

Fig. 4.6 plots the L, life for each test condition with
maximum surface contact pressure (Pn.) and the
number of repeated stresses cycles.

In the figure, line L., theoretical refers to the
theoretical line obtained using the conventional life
calculation formula. As maximum surface contact
pressure decreases, the line representing actual life
separates from the conventionally calculated
theoretical line towards longer life. This separation
suggests the presence of a fatigue load limit P, below
which no rolling fatigue occurs. The difference
between NSK's revised theory (Equation 4.10) and the
conventional theory is better illustrated in Fig. 4.7.

L ocNi/‘lT‘_Ttluth ....................... (4.10)
S A
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6000
i L Flat washer
= 5000 6204, 10 um filtrated
= 6206, 10 um filtrated
= L
H S 2o 6206, 3 um fitrated
2 6206, 10 pm filtrated
& 3000
= 7306 (VIM-VAR)
B 20 pm filtrated
£ )
] L, theoretical
S 2000
§ M50,
£ Longer than theoretical 8 vm filtrated
g life (presence of
= fatigue load limit)
1000 | . . .

Il
100 100 107 10°  10°  10© 10"

Repeated stress cycles

Fig. 4.6 Life Test Results Under Clean
Lubrication

NSK’s new life theory

Bearing load (P)

Conventional theory

Lifetime

Fig. 4.7 NSK’s New Life Theory That Considers
Fatigue Limit

(2) Surface-originated flaking

Under actual bearing operation, the lubricant is often
contaminated with foreign objects such as metal chips,
burrs, cast sand, etc.

When foreign particles are mixed in the lubricant, they
become pressed onto the raceways by the rolling
elements and dents occur on the surfaces of the
raceways and rolling elements. Stress concentrations
occur at the edges of the dents, generating fine cracks
that over time propagate into flaking of the raceways
and rolling elements.

As shown in Fig. 4.8, actual life is shorter than
conventional calculated life under contaminated
lubrication conditions at low maximum surface
pressure. This result shows that the actual life under
contaminated lubrication is further shortened
compared to the theoretical life because of the
decrease in maximum surface contact pressure.

Table 4.5 Values of Contamination Coefficient a.

g Heavily
Very Clean Clean Normal Contaminated Belitmigic
a, Factor 1 0.8 0.5 0.4-0.1 0.05
Greater than 100 pm No filtration,

Application S . S
Guide 10 pm filtration  |10-30 pm filtration

30-100 pym filtration or no filtration |presence of
filtration (oil bath, circulating many fine
lubrication, etc.) particles

Sealed grease-
lubricated bearings

Bearings for automotive

... |for electrical Sealed grease-lubricated bearings  |Normal usage, g : ’
éf;rll;%alte'gn appliances, for electric motors, railway axle automotive hub unit E]rea;rsbn;:(sesslogghlsrt]?uucsttigﬁl _
information boxes, machine tools, etc. bearings, etc. machines 'etc
technology P
equipment, etc.
(3) Calculation of Contamination Coefficient a.
o 0% The contamination coefficient in Table 4.5 is
2 Sl 6206. determined in terms of lubrication cleanliness. Test
T 4000f P e Ty results on ball and roller bearings with grease and
2 filtered lubrication show life as a number of times
& 3000 - Jhorter than longer than the conventional calculation would
5 eoretical life .
E suggest. Yet, hardness becomes a factor when foreign
9wl particles harder than Hv350 enter the bearing, causing
g dents on the raceway. Fatigue damage from these
E dents can progress to flaking in a short time. Test
3 results on ball and roller bearings under foreign
= 1 000 ‘ ‘ ‘ ‘ ‘ particle contamination show from 1/3 to 1/10 the
100 1° 100 10°  10°  10° 10" conventionally calculated life.

Repeated stress cycles

Fig. 4.8 Life Test Results Under Contaminated
Lubrication Conditions

Therefore, the new NSK life calculation formula
considers the trend of results in life tests under clean
conditions and low load. Based on these results, the
new life equation is a function of (P-P,)/C affected by
specific lubrication conditions identified by the
lubrication parameter. In addition, the effects of
different types and shapes of foreign particles are
assumed to be strongly influenced by bearing load and
lubrication conditions. Such a relationship can be
expressed as a function of the load parameter. This
relationship of the new life calculation formula is
defined as (P-P,)/C-1/a..

The Equation for calculating surface-originated flaking
based on the above concept is as follows:

1 of (T-T)° 1
I N av A 4.1
"5 / 7 x[f(rz[,aL) ] @1

Based on these test results, the contamination
coefficient a. for NSK’s new life theory is classified into
five levels.
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(4) New life calculation formula L. o
The following formula, which combines subsurface-
originated flaking and surface-originated flaking, is
proposed as the new life calculation formula:

IR A ey N N
In-gc 0N / v [ f(a”(h)} (4.12)

Live = @1 Gxsic - Lig +oveevvmreeeemmnnnaneenins (4.13)

ansk

Life Correction Factor aysx

The life correction factor ask is the function of 0.01 ‘ ‘
lubrication parameter (P-P.)/C - 1/a. as shown below: ~0.01 01 1 10

(P-Pu)/C - 1/ac

"""""""""" (4.14) Fig. 4.9 New Life Calculation Diagram for Ball Bearings

NSK’s new life theory considers the life-extending
effect of improved material and heat treatment by
correcting contamination factor a.. The theory also
utilizes viscosity ratio K (K = v/v, where v is the
operational viscosity and v, the required viscosity)
because the lubrication parameter @, changes with the
degree of oil film formation based on the lubricant and
operating temperature. The theory indicates that the
bhettle][ the lubrication conditions (higher K), the longer
the life.

ansk

Figures 4.9 and 4.10 show the diagrams of correction
factor ansk s a function of the new life calculation
formula. In addition, point contact and line contact are Oy o a -
considered separately for ball and roller bearings : P=Py/C - /ac

respectively in this new formula.

Fig. 4.10 New Life Calculation Diagram for Roller

. Bearings
List of symbols used:
S : Probability that flaking does not occur after stress
has been repeated N times Table 4.5 Reliability Factor a; Used in New Life
N : Number of repeated stresses Calculauton Formula Labe
T : Internal stress
Tu : Internal stress at fatigue limit Reliability (%) | 90 | 95 | 96 | 97 | 98 | 99
V : Stress volume
Z0 : Depth at which maximum shear stress occurs & 100 | 062 | 0.53 | 0.44 | 033 | 0.21

ac : Contamination coefficient
al : Lubrication parameter

(a function of viscosity ratio K) To Access NSK Calculation Tools

Eu !_cF)gggau[;pllgeaddtlci)n?iet:anng Visit our website at http://www.nsk.com

C : Basic dynamic load rating
e, ¢, h : Constants
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4.3 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 rotating elements themselves, the
transmission power of gears and belting, the load
produced by operation of the machine in which the
bearings are used, and so on. These loads can be
theoretically calculated, but some of them are difficult
to estimate. Therefore, be sure to correct estimates
using empirically derived data.

4.3.1 Load Factor

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

F; :fw Fee Vo 4.15
Fa :fw . Fac } ( ' )
where F;, F, :Loads applied on bearing (N), {kgf}

F,, F,.: Theoretically calculated load (N),
{kgf}
£, Load factor

The values given in Table 4.6 are usually used for the
load factor f,.

Table 4.6 Values of Load Factor f

4.3.2 Bearing Loads in Belt or Chain Transmission
Applications

The force acting on the pulley or sprocket wheel when
power is transmitted with a belt or chain is calculated
using the following equations:
M=9550000H/n..(N- mm)}
= 974 000H/ n ....{kgf-mm}

PomM /7 woeveeeneeesnie 4.17)

where M : Torque acting on pulley or sprocket
wheel (N-mm), {kgf- mm}

P, : Effective force transmitted by belt or
chain (N), {kgf}

H : Power transmitted (kW)
7 : Speed (min™)
7 : Effective radius of pulley or sprocket
wheel (mm)

When calculating the load on a pulley shaft, belt
tension must be included. Thus, to calculate
actual load K, for belt transmissions, the effective
transmitting power is multiplied by the belt factor f,
which represents belt tension. The values of the belt
factor £, for different types of belts are shown in Table
47.

Ky =fy Pyveervrererrmeeesneeennee, (4.18)

For chain transmissions, values corresponding to f;
should be 1.25t0 1.5.

Table 4.7 Belt Factor f3

Operating Conditions |  Typical Applications fv Type of Belt fo
Smooth operation Electric motors, 1 to1.2
free from shocks | Machine tools, Toothed belts 13102
Air conditioners V belts 2 1025
Normal operation Air blowers, 1.2to0 1.5 Flat belts with tension pulley 25103
Compressors,
Elevators, Cranes, Flat belts 4 tob
Paper making
machines
Operation Construction 1.5t03

accompanied by equipment, Crushers,
shock and vibration | Vibrating screens,
Rolling mills
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4.3.3 Bearing Loads in Gear Transmission
Applications

The loads imposed on gears in gear transmissions vary

according to the type of gears used. In the simplest
case of spur gears, the load is calculated as follows:

M =9 550 OOOH/n....(N~mm)} ________ (4.19)
= 974 000H / n ....{kgf - mm}

Po=M /7 coeveeeeeeemnnnnineann (4.20)

Sk:Pk AN @ +rrrrreeri (4_21)

K = VPZFSZ=P SeCO wooooonvneeeean (4.22)

where M : Torque applied to gear
(N - mm),{kgf - mm}

P, : Tangential force on gear (N), {kgf}
S, : Radial force on gear (N), {kgf}
K_ : Gombined force imposed on gear
(N), {kef}
H : Power transmitted (kW)
7 : Speed (min™)
7 Pitch circle radius of drive gear (mm)
0 : Pressure angle

In addition to the theoretical load calculated above,
vibration and shock, which depend on how accurately
the gear is finished, should be included by multiplying
the theoretically calculated load by gear factor f.

The values of 7, should generally fall within the ranges
in Table 4.8. When vibration from other sources
occurs, the actual load is obtained by multiplying the
load factor by this gear factor.

Table 4.8 Values of Gear Factor f;

Gear Finish Accuracy e

Precision ground gears 1T ~1.1

Ordinary machined gears =~ 1.1~1.3

4.3.4 Load Distribution on Bearings

In the simple examples shown in Figs. 4.11 and 4.12,
the radial loads on bearings I and II can be calculated
using the following equations:

where  F¢; : Radial load applied on bearing I
(N), {kef}

Fcy : Radial load applied on bearing 1T
, {kef}

K : Shaft load (N), {kgf)

When these loads are applied simultaneously, first the
radial load for each should be obtained, then the sum
of the vectors may be calculated according to the load
direction.

:i-*b» ca b
@] [ [
Fletwl H=—1}
@] @ @ D g
Bearing I K Bearing I

Bearing I Fcn® Bearing

Fig. 4.11 Radial Load
Distribution (1)

Fig. 4.12 Radial Load
Distribution (2)
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4.3.5 Average Fluctuating Load

When the load applied on bearings fluctuates, an
average load that 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. 4.13),

Load F; : Speed 7, ; Operating time ¢,
Load F, : Speed 7, ; Operating time %,
Load F“ : Speed hn ; Operating time i‘n

the average load F,, may be calculated using the
following equation:

F,= p\j Fi’niti+ F*noto+ -+ Fy’Nntn
Nati+ Notot - +ntn

where F,, : Average fluctuating load (N), {kgf}
p = 3 for ball bearings

p = 10/3 for roller bearings
The average speed zm, may be calculated as follows:
_ Nit1+ Nato+ -+ Nty
(2) When the load fluctuates almost linearly (Fig.
4.14), the average load may be calculated as

follows:
F‘mt' % (F‘min + 2Fmax) """""""""""" (427)
where  F,, : Minimum fluctuating load value
(N), {kef}
F ..« - Maximum fluctuating load value
(N), {kef}

(3) When the load fluctuation is similar to a sine wave
(Fig. 4.15), an approximate value for the average
load F,, may be calculated from the following
equation:

In the case of Fig. 4.15 (a)

Fi=0.85 Fppy wevveeeeererereseseeee, (4.28)
In the case of Fig. 4.15 (b)
FouZ0.75 Fppp vververserrneeennnnnenneen (4.29)

(4) When both a rotating load and a stationary load are
applied (Fig. 4.16),

Fy : Rotating load (N), {kgf}
Fs : Stationary load (N), {kgf}

an approximate value for the average load F,, may
be calculated as follows:

a) Where Fr=Fs P2
Fo=Fr+ 08Fs 4 0.2 oo (4.30)
b) Where Fx<Fs P2
Fm':-Fs+0-3FR+0-2F7RS .................... (4.31)

Oty mot,

Fig. 4.13 Incremental Load Variation
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f 2 nit,- |
Fig. 4.14 Simple Load Fluctuation

Finax Fmax

\ >Nt J 0 wL Init; J
(a) (b)
Fig. 4.15 Sinusoidal Load Variation

Fig. 4.16 Rotating Load and
Stationary Load
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4.3.6 Combination of Rotating and Stationary Loads

Generally, rotating, static, and indeterminate loads act
on a rolling bearing. In certain cases, both the rotating
load, which is caused by weight from unbalance or
vibration, and the stationary load, which is caused by
gravity or power transmission, may act
simultaneously. The combined mean effective load can
be calculated when indeterminate load is caused by
rotating and static loads. There are two kinds of
combined loads: rotating and stationary, which are
classified depending on the magnitude of the load, as
shown in Fig. 4.17.

Namely, the combined load becomes a running load
with magnitude changing as shown in Fig. 4.17 (a) if
the rotating load is larger than the static load. The
combined load becomes an oscillating load with a
magnitude changing as shown in Fig. 4.17 (b) if the
rotating load is smaller than the stationary load.

In either case, the combined load F is expressed by
the following equation:

FoF Tt FEDFRFsC0S § -vvvorenerenaennnees (4.32)

where Fx: Rotating load (N), {kgf}
Fs : Stationary load (N), {kgf}
0 : Angle defined by rotating and
stationary loads

Combined load F can be approximated by Equations
(4.33) and (4.34) which vary sinusoidally depending
on the magnitude of Fy and Fs. Fxt+Fs becomes the
maximum load F,.. and Fx—Fs becomes the minimum
load F.i, for Fi>> Fs or Fr< F.

FxD Fs, FEFrFsCos 0 cvvvvereeeeeeeeinnnn (4.33)
FR& Fs, FEFs—FRC0S 0 +vvvvvevveneneianininnn. (4.34)

Combined load F can also be approximated by
Equations (4.35) and (4.36) when Fr=Fs.
FR>F5,

F=FR—FS+2Fssin% --------------------------- (4.35)
F R<F S,
F=F5—FR+2FRsin% --------------------------- (4.36)
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Curves of Equations (4.32), (4.33), (4.35), and (4.36)
are shown in Fig. 4.18.

The mean load variation F,, as expressed by Equations
(4.33) and (4.34) or (4.35) and (4.36) can be
expressed respectively by Equations (4.37) and (4.38)
or (4.39) and (4.40).

F.=F ., +0.65 (Fmax_F min)

FRZFs, Fo=Frt03Fs covereeeennneenn, (4_37)

Fr=Fs, FumFst03Fg ooovevereeree (4.38)
Fo=Fuin +0.75 (Foo—Fuin)

FrZFy, FymFit0.5F, «ovoveeeenee, (4.39)

Fy=Fs, Fu=Fct0.5Fg --cvoeevoeemmmeaeennnns (4.40)

Generally, as the value F exists somewhere along
Equations (4.37), (4.38), (4.39), and (4.40), the
coefficient 0.3 or 0.5 of the second terms in these
equations is assumed to change linearly along with Fs/
Fx or F/Fs. Thus, these factors may be expressed as
follows:
Fs _ Fs _
0.3+0.2 £ ,[)_—FR =1

Fy ,OéiFR =1

Fs Fs

or 0.3+0.2

Accordingly, F.. can be expressed by the following
equation:

FR%FS,
Fo=Fit(0.340.2 i; ) Fy
F‘s2
=F+0.3F+0.2 o (4.41)
F=Fs,
FuFur(03+02- 1) R,
F,
FRZ
=Ft0.3F0.2 S (4.42)

S

Fmax

Fy

Fain

(a

Rotating
load

Combined

) Rotating load > stationary load

(b) Rotating load < stationary load

Fig. 4.17 Combined Rotating and Stationary Loads

For Equation (4.33) Fy>Fy

For Equation (4.32) Fs=0.6 Fy

For Equations (4.35) and (4.36)
Fy=Fs

Fig. 4.18 Chart of Combined Loads

120°

1650° 180°

f ————
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4.4 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 should be estimated. This load
should have a constant magnitude that passes through
the center of the bearing and gives the same bearing
life that the bearing would attain under actual load and
rotation conditions. Such a hypothetical load is called
the equivalent load.

A 050

4.4.1 Calculation of Equivalent Loads

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

where  P: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
o=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 equivalent load may
be calculated using the following equation:

F. -
where 73:0.55

4.4.2 Axial Load Components in Angular Contact
Ball Bearings and Tapered Roller Bearings

The effective load center of both angular contact ball
bearings and tapered roller bearings is at the point of
intersection between the shaft center line and a line
representing the load applied on the rolling element
by the outer ring, as shown in Fig. 4.19. This effective
load center for each bearing is listed in the bearing
tables. When radial loads are applied to these types of
bearings, a component load is produced in the axial
direction. In order to balance this component load,
bearings of the same type are used in pairs, placed
face-to-face or back-to-back. These axial loads can be
calculated using the following equation:

Fw:% T P PP PRIRY (4.45)
where  F,;: Component load in the axial direction
(N), {kgf}

F, : Radial load (N), {kgf}
Y': Axial load factor

~—a

Center

Assume that radial loads F;; and F,; are applied
on bearings I and I (Fig. 4.20) respectively and an
external axial load F,. is applied as shown. If the axial
load factors are Y; and Y; and the radial load factor
is X, then the equivalent loads P; and P; may be
calculated as follows:

Fig. 4.19 Effective Load Centers

Bearing I Bearing I

. 0.6
where  Fe + % F”T;?I -
B 0.6
PI_XFrI+YI (Fae+?HFrH)} ......... (446)
Py=Fy
0.6 0.6
where F“e+?nFr”<?1 F,
PI :Frl
........... 4.47
P=XFy+ (98 £, - ) @40
I
Eff. Load | b’\k Eff. Load
T Center
*61
Bearing I Bearing I

Fig. 4.20 Loads in Opposed Paired Mounting Arrangement
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4.5 Static Load Ratings and Static Equivalent
Loads

4.5.1 Static Load Ratings

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

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

For self-aligning ball bearings 4 600 MPa

{469 kgf/mm?
For other ball bearings 4200 MPa

{428 kgf/mm?
For roller bearings 4 000 MPa

{408 kgf/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 diameter. The basic static load rating C, is
defined as C,, for radial bearings and C,, for thrust
bearings in the bearing tables.

4.5.2 Static Equivalent Loads

The static equivalent load is a hypothetical load
that produces a contact stress equal to the above
maximum stress in the area of contact between the
most heavily stressed rolling element and bearing
raceway under actual conditions while the bearing is
stationary (including very slow rotation or oscillation).
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:

Po=XoFet YoFy ooveveeeovoeisis, (4.47)
] T (4.48)
where : Static equivalent load (N), {kgf}

P,

F, : Radial load (N), {kgf}
F, : Axial load (N), {kgf}
X, : Static radial load factor
Y, : Static axial load factor
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(b) Static equivalent load on thrust bearings
P,=X,F.+F, OL£QQC «ovvrvreenanens (4.49)

where P, : Static equivalent load (N), {kgf}
o : Contact angle

When F,<X, F;, this equation becomes less accurate.
The values of X, and Y, for Equations (4.47) and
(4.49) are listed in the bearing tables.

The static equivalent load for thrust roller bearings
when

a=90°%is P,=F,

4.5.3 Permissible Static Load Factor

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

The permissible static load factor f; is a safety factor
that is applied to the basic static load rating, and it is
defined by the ratio in Equation (4.50). The generally
recommended values of £ are listed in Table 4.9.

where G, : Basic static load rating (N), {kgf}
P, : Static equivalent load (N), {kgf}

For spherical thrust roller bearings, the value of f5
should be greater than 4.

Table 4.9 Values of Permissible Static Load Factor f;

i - Lower Limit of fs
Operating Conditions
Ball Bearings Roller Bearings

Low-noise applications 2 3
Bearings subjected to vibration and 15 3
shock loads :

Standard operating conditions 1 1.5
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4.6 Example Bearing Calculations

(Example 1)
Obtain the fatigue life factor f, of single-row deep
groove ball bearing 6208 when it is used under a

radial load =2 500 N and speed 7 =900 min™.

The basic load rating C. of 6208 is 29 100 N (Bearing
Table, Page C024). Since only a radial load is applied,
the equivalent load P may be obtained as follows:

P=F.=2500N
Since the speed is 7 = 900 min™, the speed factor f;

can be obtained from the equation in Table 4.2 (Page
A034) or Fig. 4.3 (Page A036).

f2=0.333

The fatigue life factor £, under these conditions, can be
calculated as follows:

£ Cr _ 29100 _
fi=h P =0.333 x 5500 =3.88

This value is suitable for industrial applications, air
conditioners in regular use, etc., and according to the
equation in Table 4.2 or Fig. 4.4 (Page A036), this
|q?rresponds to approximately 29 000 hours of service
ife.

(Example 2)
Select a single-row deep groove ball bearing with a
bore diameter of 50 mm and outside diameter under
100 mm that satisfies the following conditions:

Radial load F,= 3 000 N

Speed 7 =1 900 min™
Basic rating life L;,=10 000 h

The fatigue life factor £, of ball bearings with a rating
fatigue life longer than 10 000 hours is f,=2.72.
Because f,= 0.26, P= F,=3 000 N,

fi=fi f; ~0.26 XSSW;ZJZ

Therefore, C,=2.72 x 3002060 ~31380N

From the data listed in the bearing table on Page C026,
6210 should be selected, as it satisfies the above
conditions.
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(Example 3)
Obtain C,/P or fatigue life factor £, when an axial
load F,=1 000 N is added to the conditions of

(Example 1)

When the radial load F, and axial load F, are applied on
single-row deep groove ball bearing 6208, the dynamic
equivalent load P should be calculated in accordance
with the following procedure:

Obtain the radial load factor X, axial load factor Y, and
constant e, depending on the magnitude of £, F,/C,y,
from the Dynamic Equivalent Load Table above the
Bearing Table on Page C025.

The basic static load rating C,, of ball bearing 6208 is
17 900 N (Page C024)

JoFa/Cor=14.0x 1 000/17 900 = 0.782

¢=0.26
and F, /F.,=1000/2500=04>¢
X=0.56
Y'=1.67 (the value of Y is obtained by linear
interpolation)
Therefore, the dynamic equivalent load P is
P=XF, +YF,
=0.56 x 2500+ 1.67 x 1 000
=3070 N
F =300 048
fi=fi % ~0.333 x 239017000 -3.16

This value of f, corresponds approximately to 15 800
hours of service life for ball bearings.

(Example 4)
Select a Series 231 spherical roller bearing that
satisfies the following conditions:

Radial load F; = 45 000 N

Axial load F, =8 000 N
Speed 7 = 500 min™!
Basic rating life L;,=30 000 h

The value of the fatigue life factor £, which makes
L,=30 000 h is greater than 3.45, according to Fig.
4.4 (Page A036).

The dynamic equivalent load P of spherical roller
bearings is as follows:

when F, / F.=e
P=XF.+YX,=F.+Y;F,

when F, / F,>e
P=XF.+YF,=0.67 F.+Y,F,
F, / F,=8000/45000=0.18

We can see in the bearing table that the value of e is
about 0.3 and that of Y5 is about 2.2 for Series 231
bearings.

Therefore, P=XF,+ YF,=F,+ Y3 F,
=45000+ 2.2 x 8 000
=62 600 N

From the fatigue life factor f;, the basic load rating can
be obtained as follows:

£ Cr _ _GC

fo=h P = 0.444 x 62 600 =3.45
Consequently, C,=490000 N
The smallest Series 231 spherical roller bearing
satisfying this value of C; is 23126CE4
(C,=505 000 N).
Once the bearing is determined, substitute the value of
Y, in the equation and obtain the value of P.

P=F.+Y;F, =45000+ 2.4 x 8 000

=64200 N

Lu=500(£,5) "

505 000 |
=500(o.444>1<0 00 )

=500 % 3.49 > 32000 h

(Example 5)

Assume that tapered roller bearings HR30305DJ and
HR30206J are used in a back-to-back arrangement
as shown in Fig. 4.21, and the distance between the
outer ring back faces is 50 mm.

Calculate the basic rating life of each bearing when
radial load F,=5 500 N and axial load F,.=2 000 N
are applied to HR30305DJ as shown in Fig. 4.21. The

speed is 600 min™.

Bearing I Bearing IT
HR30305DJ | 40—1101~ HR30206J

9 /% . L
: 59.9 23.ﬁ
2000N |- 938 :

__Lg R Z L

Fig. 4.21 Loads on Tapered Roller Bearings

To distribute the radial load F, on bearings I and 1II,
the effective load centers for tapered roller bearings
must be located. Obtain the effective load center a for
bearings Iand I from the bearing table, then obtain
the relative position of the radial load F; and effective
load centers. The result will be as shown in Fig. 4.21.
Consequently, the radial load applied on bearings I
(HR30305DJ) and I (HR30206J) can be obtained
from the following equations:

- 23.9 _
F”_5500X83.8_1 569 N

- 59.9 _
F.;=5500 % 838 =3931N

The following values are obtained from data in the
Bearing Table:

Basic dyn_amic Axial load Constant
Bearings load (Ee:tlng fa;/l{Jr .
(N)
Bearing I (HR30305DJ) 38 000 Y =073 0.83
Bearing I (HR30206J) 43 000 Yi=16 0.38

When radial loads are applied on tapered roller
bearings, an axial load component is produced and
must be considered to obtain the dynamic equivalent
radial load (refer to Section 4.4.2, Page A051).

A 055



TECHNICAL INFORMATION

NSK

ISELECTION OF BEARING SIZE

This is obtained by the following:
Fae+%FrH -2000+96 » 3 931

Y 1.6
=3474N

06 . __06 _

TIF” =073 x1569=1290 N
Therefore, with this bearing arrangement, the axial
load F,. + % F, is applied on bearing I but not on
bearing II .
For bearing I,

F.,=1569N

F,=3474N

since F,;/ F,;=22>¢=0.83
the dynamic equivalent load P, = XF;; + Y| Fy;

=0.4x1569+0.73x 3474

=3164 N
The fatigue life factor f, =fa %

0.42 x 38 000
“ e Y

and the rating fatigue life L, = 500 X 5.04°

=109750h
For bearing II
since Frp=3931N, F,;=0
the dynamic equivalent load

Py =F,;=3931N,

fatigue life factor

_r Cr_0.42x43000 _
h=hpr=""Fer =459

and rating fatigue life L, = 500 x 459% =80400h
are obtained.

For face-to-face arrangements (DF type), please
contact NSK.

(Example 6)

Select a bearing for a speed reducer under the
following conditions:

Operating conditions

Radial load F,=245000 N

Axial load  F,=49000 N

Speed 7 =500 min™
Size limitation

Shaft diameter: 300 mm
Housing bore: Less than 500 mm
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In this application, heavy loads, shocks, and shaft
deflection are expected; therefore, spherical roller
bearings are appropriate.

The following spherical roller bearings satisfy the
above size limits (refer to Page C284):

Basic Dynamic |Constant|Factor
. Load Rating
d|D|B Bearing No. C. e |y,
(N)

300|420 | 90| 23960 CAME4 1540000 ]0.19] 3.6
460 | 118 | 23060 CAME4 2400000 |0.24| 28
460 | 160 | 24060 CAME4 2890000 |0.32|2.1

500 | 160 | 23160 CAME4 3350000 |0.31|22
500 | 200 | 24160 CAME4 3900000 |0.38| 1.8

Since F, / F, = 0.20<e , the dynamic equivalent load
Pis

P=F,+Y,F,

Judging from the fatigue life factor £, in Table 4.1 and
example applications (refer to Page A034), a value of
f», between 3 and 5 is appropriate.

_ £ C _ 0444 C _
fo=hp=Fyy,r, 000

Assuming that Y5=2.1, then the necessary basic load
rating C; can be obtained:

C= (F,+Y3F,) X (310 5)
T 0.444

_ (245000 + 2.1 x 49 000) x (3 0 5)
0.444

=2 350000 to 3 900 000 N

Bearings that satisfy this range are 23060CAME4,
24060CAME4, 23160CAME4, and 24160CAMEA4.
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4.7 Bearing Type and Allowable Axial Load

4.7.1 Change in Contact Angle of Radial Ball
Bearings and Allowable Axial Load

(1) Change in Contact Angle Due to Axial Load
When an axial load acts on a radial ball bearing, the
rolling element and raceway develop elastic
deformation, resulting in an increase in contact angle
and width. When heat generation or seizure occurs, the
bearing should be disassembled and checked for a
running trace to discover whether there has been a
change in contact angle during operation. In this way,
it is possible to see whether an abnormal axial load has
been sustained.

The relation below reflects axial load on a bearing F,,
the load on rolling element @, and the contact angle «
when a load is applied. (see Equations (9.8), (9.9), and
(9.10) in Section 9.6.2)

F.=7 @ sina
= K Z D,? {/ (sinag+h)*+cos’a,—1}"*- sina
.............................................. (4.51)
@=sint— Sinllofrh e (4.52)
v (sinaot+h)*+cos’a
o b .

my  reri—Dy

Namely, 6. refers to the change in Equation (4.52) to
determine a contact angle « corresponding to the
contact angle known from observation of the raceway.
Thus, &, and « are introduced into Equation (4.51) to
estimate the axial load F, acting on the bearing. As
specifications of the bearing are necessary for
calculation, the contact angle « in this case was
approximated from the axial load. The basic static load
rating Ci. is expressed by Equation (4.53) for single-
row radial ball bearings.
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Cﬂr=ﬁ)ZDw2 COS@ = v v rrrrrrmrrrrneanee s (4_53)

where f;: Factor determined from the shape of
bearing components and applicable stress
level

Equation (4.54) is determined from Equations (4.51)
and (4.53):

h p-aAF,
Cor

- K {v({Sinaoth)scosiag—1}¥2. —Sina_

COSay

where K: Constant determined from material and
design of bearing

In other words, % is assumed and contact angle « is
determined from Equation (4.52). Then & and « are
introduced into Equation (4.54) to determine A F..
This relation is used to show the value of A for each
bore number of angular contact ball bearings in Table
4.14. The relationship between A F, and « is shown in
Fig. 4.22.

Example 1

Calculate the change in the contact angle when pure
axial load F, = 35.0 kN (50% of basic static load
rating) is applied to angular contact ball bearing

A =0.212 as determined from Table 4.10 and AF, =
0.212 x 35.0 = 7.42 and a=26° according to Fig. 4.22.
The initial contact angle of 15° has changed to 26°
under axial load.

45

au:40u
40 =
35 %=30"
T
= 30
(S}
[0 o
2 ® =
©
5 20 —
el
S 15
@)
10
5
0
0 1 2 4 5 6 7 8 9 10
AF,

Fig. 4.22 Change in Contact Angle of Angular Contact Ball Bearings Under Axial Load

Table 4.10 Constant A Value of Angular Contact Ball Bearings

Units: kN

Bearing Series 70 Bearings Series 72 Bearings Series 73 Bearings

Bore No. 15° 30° 40° 15° 30° 40° 15° 30° 40°
05 1.97 2.05 2.31 1.26 1.41 1.59 0.838 0.850 0.961
06 1.45 1.51 1.83 0.878 0.979 1.1 0.642 0.651 0.736
07 1.10 1.15 1.38 0.699 0.719 0.813 0.517 0.528 0.597
08 0.966 1.02 1.22 0.562 0.582 0.658 0.414 0.423 0.478
09 0.799 0.842 1.01 0.494 0.511 0.578 0.309 0.316 0.357
10 0.715 0.757 0.901 0.458 0.477 0.540 0.259 0.265 0.300
11 0.540 0.571 0.681 0.362 0.377 0.426 0.221 0.226 0.255
12 0.512 0.542 0.645 0.293 0.305 0.345 0.191 0.195 0.220
13 0.463 0.493 0.584 0.248 0.260 0.294 0.166 0.170 0.192
14 0.365 0.388 0.460 0.226 0.237 0.268 0.146 0.149 0.169
15 0.348 0.370 — 0.212 0.237 0.268 0.129 0.132 0.149
16 0.284 0.302 0.358 0.190 0.199 0.225 0.115 0.118 0.133
17 0.271 0.288 0.341 0.162 0.169 0.192 0.103 0.106 0.120
18 0.228 0.242 0.287 0.140 0.146 0.165 0.0934 0.0955 0.108
19 0.217 0.242 0.273 0.130 0.136 0.153 0.0847 0.0866 0.0979
20 0.207 0.231 0.261 0.115 0.119 0.134 0.0647 0.0722 0.0816
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Values for deep groove ball bearings are similarly Table 4.11 Constant A Value of Deep Groove Ball Bearing
shown in Table 4.11 and Fig. 4.23. Units: kN
Example 2 ] Bearing Series 62 Bearings
Calculate the change in the contact angle when a pure Bore No. 0° 5° 10° 15° 20°
axial load F,= 24.75 kN (50% of the basic static load
rating) is applied to the deep groove ball bearing 6215. 05 1.76 177 1.79 1.83 1.88
Note here that the radial internal clearance is calculated 06 1.22 1.23 1.24 1.27 1.30
as the median (0.020 mm) of the normal clearance. 07 0.900 0.903 0.914 0.932 0.958
The initial contact angle of 10° is obtained from Fig. 3
on Page C015. A = 0.303 as determined from Table gg 8;32 g;g; g;?g g?;; ggg‘:
411 and A F,= 0.303 x 24.75=7.5, thus a=24° : : : : :
based on Fig. 4.23. 10 0.620 0.622 0.630 0.642 0.660
11 0.490 0.492 0.497 0.507 0.521
12 0.397 0.398 0.403 0.411 0.422
13 0.360 0.361 0.365 0.373 0.383
35 14 0.328 0.329 0.333 0.340 0.349
15 0.298 0.299 0.303 0.309 0.317
30 16 0.276 0.277 0.280 0.285 0.293
|
] ///‘————‘/__’_-——_"
25 wzle S . — 17 0.235 0.236 0.238 0.243 0.250
= /aﬂ]:"f //// 18 0.202 0.203 0.206 0.210 0215
= 20 . _\0_—""] =7 19 0.176 0.177 0.179 0.183 0.188
L //’Z w=5 |a=0 20 0.155 0.156 0.157 0.160 0.165
=
S 15 yat e
3 <
< /|
© 10
5
0
0 1 2 8 4 5 6 7 8 € 10

AF,

Fig. 4.23 Change in Contact Angle of Deep Groove Ball Bearings Under Axial Load
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(2) Allowable Axial Load for a Deep Groove Ball Bearing e
The allowable axial load here refers to the limit load at g

which a contact ellipse is generated between the ball 10°
and raceway due to a change in the contact angle when X 100
a radial bearing, which is under an axial load, rides 10—
over the shoulder of the raceway groove. This is
different from the limit value of a static equivalent load
P, which is determined from the basic static load
rating Ci. using the static axial load factor Y;. Also note
that the contact ellipse may ride over the shoulder
even when the axial load on the bearing is below the
limit value of P.

kN

/

The allowable axial load F. ... of a radial ball bearing
can be determined through equations. The contact
angle « for F, is determined from the right terms of

80

Equations (4.51) and Equation (4.52), while @ is 6279
calculated as follows:
:7P‘a
Z sina

0 of Fig. 4.24 is determined as follows:

1/3
28.=Az M (%) 60
Fig. 4.24 Contact Ellipse

/

6
o= 217
7

/

6216
6215 03,

Accordingly, the allowable axial load may be
determined as the maximum axial load at which the
following relation is established.

y=a+0 6214

. . 4t 408213 N
As the allowable axial load cannot be determined ‘
unless the internal specifications of a bearing are ‘ 6212 \\
known, Fig. 4.25 shows the calculated results of e T
allowable axial load for various deep groove radial ball @
L \ \\
2 — 6209.\\ \ \
6208 \
6308 \
6207 ‘\
e 6206 6305

i
Z%

Allowable axial load F, ..

0] 10 20 30

N

0

Initial contact angle a (°)
Fig. 4.25 Allowable Axial Load for Deep Groove Ball Bearings
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4.7.2 Allowable Axial Load (Rib Breakdown
Strength) for Cylindrical Roller Bearings

The inner and outer rings of cylindrical bearings with
loose or fixed ribs can receive an axial load when
operating under radial load. This allowable axial load is
limited by the heat generated from sliding of the roller
and rib faces, seizing, rib strength, and so on.

Fig 4.26 shows the allowable axial load (a load that
considers heat generation between the end faces of the
rollers and rib faces) when applied continuously to a
Diameter Series 3 cylindrical roller bearing with grease
or oil lubrication.

Grease lubrication (Empirical equation)

o] 900 (hodf .
Ca= 9.8f{ e ~0.023 X (k-d) }(N)
_ 900 (k'd)z _ L 4\25
. f{in” Tl ~0023 % (k-d) }{kgf}

Oil lubrication (Empirical equation)

_ggr[ 490 (k) P
Ca= 9.8f{ 21 000 0.000135 x (k-d) }(N)

- 490 (k'd)z _ L 7)\34

= f{ i Tooo 0000135 x (k-d) }{kgf}

where C, : Allowable axial load (N), {kgf}
d : Bearing bore diameter (mm)
n : Bearing speed (min™)
f: Load factor
k : Dimensional factor
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As Equations (4.55) and (4.56) do not consider rib
strength, please consult with NSK regarding rib
strength.

To enable a cylindrical roller bearing to maintain stable
axial load capacity, note the following concerning the
bearing and its surroundings:

O Ensure that radial load is applied and that the
magnitude of the radial load is at least 2.5 times that
of the axial load.

O Maintain sufficient lubricant between the roller end
face and rib face.

O Use a lubricant with an additive for extreme
pressures.

O Provide sufficient run-in time.

O Confirm that bearing mounting accuracy is good.

O Don’ t use a bearing with an unnecessarily large
internal clearance.

Moreover, take extra care and consideration for each
bearing's lubrication, cooling method, and so on when:

O Bearing speed is less than 200 min™,

O Bearing speed exceeds 50 % of the allowable speed
in the bearing tables, or

O Bearing bore diameter exceeds 200 mm.

Please contact NSK for guidance in such cases.

f: Load Factor

fvalue
Continuous Load 1
Intermittent Load 2
Short-Term Load 3

k: Dimensional Factor

k value
Series 2 Bearing Diameter 0.75
Series 3 Bearing Diameter 1
Series 4 Bearing Diameter 1.2

kgf
5 0001~
4 000

3 000~

2 000

1 000
800~
600
500
400

300

Allowable axial load Ca

200

100
80

60
50

rrrT

kgf
5 000
4 000

3 000

T

2 000

T

1 000
800

600
500

400
300

TTT7TT]

Allowable axial load Ca

200

T

100
80

60
50

T

N Grease lubrication

50 000 T l l
40 000 B
30 000 %Q\
20 000 SoT

L TN

L6} O
10 000 50

8 000—
TN
6 00070
5 000 P~
4000

3 000

l/ 1/
/1/

4 4 L
N

2 000

1 000

800
600 k
500~ ' i L L Ll

200 300 400 600 1 000 2000 4 0006 000 10 000

Bearing speed # (min?)

N Qil lubrication
50 000 Q', I l
40 000 X7
30 000 WG
- ) \\\
20 000F=%2 S
RS
- 60 \\\
= ima
= I NN \\ \
6 00030
6 000F—F— \\\\\
4 000 <] AN
NG )
3 000 \\ N
2 000 AN
N
1 000
800
600 I

500 = .
200 300 400600 | 000 2000 4 000 6 00010 000

Bearing speed # (min”)

For a Diameter Series 3 bearing (k = 1.0) under continuous load (f= 1)

Fig.

4.26 Allowable Axial Load for a Cylindrical Roller Bearing
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4.8 Technical Data
4.8.1 Fatigue Life and Reliability

Where any part failure may result in damage to the
entire machine and repair of damage is impossible, as
in aircraft, satellite, or rocket applications, greatly
increased reliability is demanded of each component.
Recently, such high reliability requirements have been
applied more generally to durable consumer goods
and may also be utilized to achieve effective preventive
maintenance of machines and equipment.

The rating fatigue life of a rolling bearing is the gross
number of revolutions or the gross rotating period
(when the rotating speed is constant) that 90 % of a
group of similar bearings running individually under
similar conditions can rotate without suffering material
damage due to rolling fatigue. In other words, fatigue
life is normally defined at 90 % reliability. There are
other ways to describe the expected life. For example,
an average value is frequently employed to describe
the lifespan of human beings. However, if an average
were used for bearings, then too many bearings would
fail before the average life value was reached. On the
other hand, if a low or minimum value was used as a
criterion, then too many bearings would have a life
much longer than the set value. With these
considerations in mind, a 90 % value was chosen for
common practice. A value of 95 % could have been
taken as the statistical reliability, but the slightly looser
reliability of 90 % was taken from a practical and
economical viewpoint. A 90 % reliability however is
not acceptable for aircraft parts, computers, or
communication systems, and a 99 % or even 99.9 %
reliability may be required in some of these cases.

The fatigue life distribution when a group of similar
bearings are operated individually under similar
conditions is shown in Fig. 4.27. The Weibull equation
can be used to describe the fatigue life distribution
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within a damage ratio of 10 to 60 % (residual
probability of 90 to 40 %). At a damage ratio of 10 %
or less (residual probability of 90 % or more) however,
the rolling fatigue life becomes longer than the
theoretical curve of the Weibull distribution, as shown
in Fig. 4.28. This is a conclusion drawn from the life
test of numerous, widely-varying bearings and an
analysis of collected data.

When bearing life with a failure ratio of 10 % or less
(for example, the 95 % life or 98 % life) is to be
considered on the basis of the above concept, the
reliability factor @, shown in Table 4.12 is used to
check the life. Assume here that the 98 % life L, is to
be calculated for a bearing whose rating fatigue life Li,
was calculated at 10 000 hours. The life can be
calculated as L,= 0.37 x L,,= 3 700 hours. In this
manner, the reliability of the bearing life can be
matched to the equipment and difficulty of inspection
and disassembly.

Table 4.12 Reliability Factor

Reliability, % 90 95 | 96 | 97 | 98 | 99
- LIO

Life, L rating life L | La | Ly | L, | Ly
Reliability

Factor, a, 1 0.64 | 0.55 [ 0.47 | 0.37 | 0.25

Apart from rolling fatigue, factors such as lubrication,
wear, sound, and accuracy govern the durability of a
bearing. These factors must be taken into account, but
the endurance limit of these factors varies depending
on application and conditions.

Failure probability F (%)

10

0.5

0.05

0.03

Bearing life ratio (L/L)

20
i
15 I
/
10
4
5
[450
/
L/
0 L
100 50

Residual probability S (%)
Fig. 4.27 Bearing Life and Residual Probability
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Actual life
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L1 L il

T

0.0001

0.001

Bearing life ratio [y=(L/Lso)* in 2]
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1

Fig. 4.28 Life Distribution in the Low-Failure Ratio Range
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4.8.2 Radial Clearance and Fatigue Life

As shown in the catalog and elsewhere, the fatigue life
calculation equation of rolling bearings is as follows:

L= ( C )' ...................................... (4.57)
P
where L : Rating fatigue life (10°rev)
C : Basic dynamic load rating (N), {kgf}
P Dynamic equivalent load (N), {kgf}
p: Index Ball bearing p=3,

Roller bearing p = %

The rating fatigue life L for a radial bearing in this case
requires the load distribution in the bearing
corresponds to the state with the load factor ¢ = 0.5
(Fig. 4.29).

The load distribution with £=0.5 is obtained when the
bearing radial internal clearance is zero. In this sense,
the normal fatigue life calculation is intended to obtain
a value when the clearance is zero. When the effect of
the radial clearance is taken into account, the bearing
fatigue life can be calculated. Equations (4.58) and
(4.59) can be established between the bearing radial
clearance 4. and a function £ (¢) of load factor ¢:

For deep groove ball bearings:
4,-D,"?

flg=—=0— N
0.00044(%) ' ™)
- (4.58)
4.-D,}"?
fl)=———— . Kk
nooz( L) fhel
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For cylindrical roller bearings:

fle) = %
0.000077 ( Tfl) ........... (N)
4,-L,* .-+ (4.59)
Fle)=—— =~ )
OOOOB(ﬁ) ............ { gf}

where 4, : Radial clearance (mm)
F. : Radial load (N), {kgf}
Z : Number of rolling elements
1 : No. of rows of rolling elements
D, : Ball diameter (mm)
L,. : Effective roller length (mm)
L. : Life with clearance of 4,
L : Life with zero clearance, obtained from
Equation (4.57)

The relationship between load factor € and f(e) and the
life ratio L./L, when radial internal clearance 4, exists
is shown in Table 4.13.

Fig. 4.30 shows the relationship between the radial
clearance and bearing fatigue life in example 6208 and
NU208 bearings.

S
—>

Fig. 4.29 Load Distribution With ¢= 0.5

Table 4.13 eand f(¢), L./L

Deep Groove Ball Bearing Cylindrical Roller Bearing
¢ £ L £ ke
€ L € L
0.1 33.713 0.294 51.315 0.220
0.2 10.221 0.546 14.500 0.469
0.3 4.045 0.737 5.539 0.691
0.4 1.408 0.889 1.887 0.870
0.5 0 1.0 0 1.0
0.6 - 0.859 1.069 - 1.133 1.075
0.7 - 1.438 1.098 - 1.897 1.096
0.8 - 1.862 1.094 - 2.455 1.065
0.9 - 2195 1.041 - 2.929 0.968
1.0 - 2.489 0.948 - 3.453 0.805
1.25 - 3.207 0.605 - 4.934 0.378
15 - 3.877 0.371 - 6.387 0.196
1.67 - 4.283 0.276 - 7.335 0.133
1.8 - 4.596 0.221 - 8.082 0.100
2.0 - 5.052 0.159 - 9187 0.067
25 - 6.114 0.078 -11.904 0.029
3 - 7.092 0.043 -14.570 0.015
4 - 8.874 0.017 -19.721 0.005
5 -10.489 0.008 -24.903 0.002
10 -17.148 0.001 -48.395 0.0002
1.2
1.0 / + n
! P=C./5 ) 6208
2 L P=cr/1o]c:29 100N
HL P=C./15
0.8 i ,; i\ ‘,‘ 2
<) L 1 ! W\ \
% 1} \
= 06 l';l N \\§\\
o [ \ S O N
= B " W \‘\\.
© 1 NN RS \"
- N NN T~
= 0.4 +H ~t—~ -
1" N
B Il ,,l s I~ S
0.2 ,/ ANU208— (P=C/5 Y=
/ C.=43 500N {ch,no /
- ; P=C./151
LA |7
07760 —40 —20 0 20 40 60 80 100 120

Radial clearance 4, (um)

Fig. 4.30 Radial Clearance and Bearing Life Ratio
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4.8.3 Misalignment of Inner/Outer Rings and
Fatigue Life of Deep Groove Ball Bearings

A rolling bearing is manufactured with high accuracy,
and careful attention to machining and assembly
accuracies of the surrounding shafts and housing is
critical for this accuracy is to be maintained. In
practice however, the machining accuracy of parts
around the bearing is limited, and bearings are subject
to misalignment of inner/outer rings caused by the
shaft deflection under external load.

The allowable misalignment is generally 0.0006 -
0.003 rad (2" to 10°) but this varies depending on the
size of the deep groove ball bearing, internal clearance
during operation, and load.

This section introduces the relationship between the
misalignment of inner/outer rings and fatigue life. Four
Series 62 and 63 deep groove ball bearings of different
sizes were selected as examples.

Assume the fatigue life without misalignment as Ly,
and the fatigue life with misalignment as L,. The effect
of the misalignment on the fatigue life may be found by
calculating Ly /Ly-. Results are shown in Figs. 4.31 to
4.34.

To represent ordinary running conditions in
calculations, radial load F, (N) {kgf} and axial load F,
(N) {kgf} were assumed to be approximately 10 %

6200 F.=510N{62kef],

(normal load) and 1 % (light preload) of the dynamic
load rating C. (N) {kgf} respectively. Normal radial
clearance was used and the shaft fit was set to around
j5. Decrease of the internal clearance due to expansion
of the inner ring was also taken into account.
Moreover, assuming that the temperature difference
between the inner and outer rings was 5 °C during
operation, inner/outer ring misalignment, Ly/Ly-, Was
calculated for the maximum, minimum, and mean
effective clearances.

As shown in Figs. 4.31 to 4.34, degradation of the
fatigue life is limited to 5 to 10 % or less when the
misalignment ranges from 0.0006 to 0.003 rad (2’ to
10"), thus not presenting much of a problem.

When misalignment exceeds a certain limit however,
the fatigue life degrades rapidly as shown in the
figures; therefore, pay careful attention to this matter.
When the clearance is small, not much effect is
observed as long as misalignment is also small, as
shown in the figures; however, life decreases
substantially when misalignment increases. As
previously mentioned, aim to minimize mounting error
as much as possible.

F,=51N6.2kgf}

10 .
0.9 11.1um (max.)
= 08 ) /
§ 0.7 \\ \.\
S 06 \ ~\5.6um(mean)
o .,
= 0.5 \
5 3 S
o 0.4} \\ \.\
g 0.3¢F O.‘Ipm(mjn.) \\ &
0.2} N
0.1 n n . R 1
(] 1 2 8 4 5} 6 7

Inner/outer ring misalign

ment (X102 rad)

Fig. 4.31 Life Vs. Misalignment
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0.6 Y
AN
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0.1 o " . o . A
0 1 2 3 4 5 6 7

Inner/outer ring misalignment (X102 rad)

Fig. 4.32 Life Vs. Misalignment
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Fig. 4.33 Life Vs. Misalignment
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Fig. 4.34 Life Vs. Misalignment
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4.8.4 Misalignment of Inner/Outer Rings and
Fatigue Life of Cylindrical Roller Bearings

When a shaft supported by rolling bearings is deflected
or there is some inaccuracy in a shoulder,
misalignment arises between the inner and outer rings
of the bearings, thereby lowering their fatigue life. The
degree of degradation depends on bearing type,
interior design, radial internal clearance, and
magnitude of load during operation.

The relationship between the misalignment of inner/
outer rings and fatigue life was determined with
standard NU215 and NU315 cylindrical roller bearings,
as shown in Figs. 4.35 to 4.38.

In these figures, the horizontal axis shows the
misalignment of inner/outer rings (rad) while the
vertical axis shows the fatigue life ratio Ly /Lg-o. The
fatigue life without misalignment is Ly-, and the fatigue
life with misalignment is L.

Figs. 4.35 and 4.36 show the life ratio for bearings
under constant load (10 % of basic dynamic load
rating C; of a bearing) when the internal clearance is
normal, C3, or C4. Figs. 4.37 and 4.38 show the life
ratio for bearings with constant clearance (normal
clearance) when the load is 5 %, 10 %, and 20 % of
the basic dynamic load rating C..

Note that the median effective clearance in these
examples was determined using m5/H?7 fits and a
temperature difference of 5°C between the inner and
outer rings.

The fatigue life ratio for the clearance and load shows
the same trend as in the case of other cylindrical roller
bearings; however, the life ratio itself differs among
bearing series and dimensions, with life degradation
rapid in Series 22 and 23 bearings (wide type). Use of
a specially designed bearing is advised when
considerable misalignment is expected during
application.

NU215  F,=9 660 N {985 kgf} (0.1 C,)

o)

Life ratio (Lg/Lg

0.6

22um (Normal clearance)

o 2 4 6 8

10

12 14 16 18 20

Inner/outer ring misalignment (X10~* rad)

Fig. 4.35 Life Vs. Misalignment
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N,

~
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N
~
0.6 22um (Normal clearance) >~
0.5

0O 2 4 6 8 10 12 14 16 18 20
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Fig. 4.36 Life Vs. Misalignment
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Fig. 4.37 Life Vs. Misalignment

NU315 22um (Normal clearance)

1.0
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Fig. 4.38 Life Vs. Misalignment
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4.8.5 0il Film Parameters and Rolling Fatigue Life

As evidenced by numerous experiments and
experiences, the rolling fatigue life of rolling bearings
is closely related to lubrication.

The rolling fatigue life is expressed by the maximum
number of rotations that a bearing can endure until the
raceway or rolling surface of a bearing develops
fatigue in the material resulting in flaking of the surface
due to cyclic stress. Such flaking begins with either
microscopic non-uniform portions (such as
nonmetallic inclusions or cavities) in the material or
with microscopic defects in the material surface (such
as extremely small cracks, surface damage, or dents
caused by contact between extremely small projections
in the raceway or rolling surface). The former flaking is
called subsurface-originating flaking while the latter is
surface-originating flaking.

The oil film parameter 1, which is the ratio between
the resultant oil film thickness and surface roughness,
expresses whether or not the lubrication at the rolling
contact surface is satisfactory. The effect of the oil film
grows with increasing 4. Namely, when A is large
(around 3 in general), surface-originating flaking due
to contact between extremely small projections in the
surface is less likely to occur. If the surface is free
from defects (flaws, dents, etc.), the life is determined
mainly by subsurface-originating flaking. On the other
hand, a decrease in 4 tends to cause surface-
originating flaking, resulting in degradation of the
bearing’s life. This state is shown in Fig. 4.39.
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NSK has performed life experiments with about 370
bearings within the range of 4 = 0.3-3 and with
different lubricants and bearing materials (@ and 4 in
Fig. 4.40). Fig. 4.40 shows a summary of the principal
experiments reported until now. As is evident in the
figures, life decreases rapidly at around 4 = 1 when
compared with life values at around 1= 3-4 where life
changes at a slower rate. Life becomes about 1/10 or
less at 4 = 0.5 due to severe surface-originating
flaking.

Accordingly, to extend the fatigue life of rolling
bearings, increase the oil film parameter (ideally to a
value above 3) by improving lubrication conditions.

[ )
Life with a crack starting Life with a crack starting from

L from an inclusion or nick I minute protrusions in the surface
[)
1
e N
3 B 7
= 0.5 7/ Combined cracking life
w - 7
L
| 1
0 1 2 3 4 5
Oil film parameter A
Fig. 4.39 Life According to Qil Film Parameter .1 (Tallian, et al.)
NSK
5 @ A : Takata, et al.(NSK) Takata + Aihara
OSkurka , 7w
@ Danner -
©.B6|p
o
€ 02F
2
3
0.1F
(J
o Takata, et al. b
0.05 NSK
o0
o
0.02 1 1 1 1 1 1 i I |
0.05 0.1 0.2 0.5 1 2 ) 10

Oil film parameter A

Fig. 4.40 Typical Experiment With 0il Film Parameter .1 and Rolling Fatigue Life

(Expressed with reference to the life at 1 =3)
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4.8.6 EHL 0il Film Parameter Calculation Diagram

Lubrication of rolling bearings can be expressed by the
theory of elastohydrodynamic lubrication (EHL).
Introduced below is a method to determine the oil film
parameter (oil film to surface roughness ratio), the
most critical component in EHL.

(1) Oil Film Parameter

The raceway surfaces and rolling surfaces of a bearing
are extremely smooth, but have fine irregularities when
viewed through a microscope. As the EHL oil film
thickness is in the same order as the surface
roughness, lubrication conditions cannot be discussed
without considering this surface roughness. For
example, given a particular mean oil film thickness,
there are two conditions that may occur depending on
the surface roughness. One consists of complete
separation of the two surfaces by means of the oil film
(Fig. 4.41 (a)). The other consists of metal contact
between surface projections (Fig. 4.41 (b)). The
degradation of lubrication and surface damage is
attributed to case (b). The symbol lambda ()
represents the ratio between the oil film thickness and
roughness. It is widely employed as the oil film
parameter in the study and application of EHL.

where % : EHL oil film thickness
o : Gombined roughness (o *+o0°)

o1, 0 . Root mean square (rms) roughness of
each contact surface

The oil film parameter may be correlated to the
formation of the oil film, and the degree of lubrication
can be divided into three zones as shown in Fig. 4.42.

A 076

(2) 0il Film Parameter Calculation Diagram
The Dowson-Higginson minimum oil film thickness
equation shown below is used for figures:

0.54 1 70.7

Hu= 265 % --------------------------- (4.61)
Use the oil film thickness that reflects the inner ring
under maximum rolling element load (where thickness
is minimum).
Equation (4.61) can be expressed by grouping
variables as follows: (R) for speed, (A) for viscosity,
(F) for load, and (/) for bearing technical
specifications, with £ as a constant:

Azt RAFoJeeeeeeeeeeeeai, (4.62)

R and A may be quantities not dependent on the
bearing. When the load P is assumed to be between 98
N {10 kef} and 98 kN {10 tf}, F changes by 2.54 times
as Foc P Since the actual load is usually
determined from bearing size however, such change
may be limited to 20 to 30 %. As a result, F'is handled
together with term J [F = F (J)]. Traditional Equation
(4.62) can therefore be grouped as shown below:

where T': Factor determined by the bearing Type
R : Factor related to Rotation speed
A : Factor related to viscosity (viscosity grade
«a: Alpha)
D : Factor related to bearing Dimensions

Oil Film Formation Rate (%)

100

80

60

40

20

h,

(a) Good roughness

(b) High roughness

Fig. 4.41 0il Film and Surface Roughness

o Normal bearing
operating conditions ~
\
Surface damage | Surface damage
[ range range when
sliding is large
Long-life range
I (Short life)
| | | | | | | |
04 06 1 2 4 6 10

Oil Film Parameter A

Fig. 4.42 Effect of Oil Film on Bearing Performance
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The vitally important oil film parameter 1 is expressed
by a simplified equation shown below. The fatigue life
of rolling bearings becomes shorter when A is smaller.
In the equation 1= T-R-A-D variables include A for
oil viscosity 1, (mPa-s, {cp}), R for speed » (min™),
and D for bearing bore diameter d (mm). The
calculation procedure is described below.

(i) Determine the value of 7 from the bearing type
éTabIe 4.14).

ii) Determine the R value for » (min™) from Fig. 4.43.
(i) Determine A from the absolute viscosity (mPa-s,
{cp}) and kind of oil in Fig. 4.44.

When the mineral oil could be naphthene or paraffin,
use the paraffin curve shown in Fig. 4.44.

(iv) Determine the value of D from the Diameter Series
and bore diameter d (mm) in Fig. 4.45.

(V) The product of the above values is used as the oil
film parameter.

Table 4.14 T Value

. LS . , . Bearing T TVal
Generally, the kinematic viscosity v, (mm?s, {cSt}) is _ea”ng i e
used and conversion is made as follows: Ball bearing 15
Cylindrical roller bearing 1.0
MOS0+ Vo wererererrrers s (4_64) Tapered roller bearing 11
. . Spherical roller bearing 0.8
p refers to oil density (g/cm’) and uses the
approximate values shown below:
Mineral oil  p=0.85
Siliconoil  p=1.0
Diesteroil  p=0.9
100
70
50
30
20
10 af
5
R 3
2
’
U
.
0.7
0.5
0.3 H
0.2 11
20 50 100 500 1 000 5000 10 000 100 000

Speed # (min™)

Fig. 4.43 Speed R
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Example EHL oil film parameter calculations are
described below:

Example 1

Determine the oil film parameter when deep groove
ball bearing 6312 is operated with paraffin mineral oil
(70=30mPa-s, {cp}) at a speed of » =1 000 min™.

Solution

d =60 mm and D = 130 mm from the bearing catalog.
T=1.5from Table 4.18

R=3.01from Fig. 4.43

A =0.31from Fig. 4.44

D =1.76 from Fig. 4.45

Accordingly, 1=2.5

Example 2

Determine the oil film parameter when cylindrical roller
bearing NU240 is operated with paraffin mineral oil
(70=10mPa-s, {cp}) at a speed of » = 2 500 min™".

Solution

d =200 mm and D = 360 mm from the bearing catalog.
T=1.0from Table 4.18

R =5.7 from Fig. 4.43

A =0.13 from Fig. 4.44

D =4.8 from Fig. 4.45

Accordingly, A= 3.6

(3) Effects of 0il Shortage and Shearing Heat Generation
The oil film parameter obtained above is applicable
when the contact inlet is fully flooded with oil and the
temperature at the inlet is constant (isothermal).
However, these conditions may not be satisfied
depending on lubrication and operating conditions.
One such condition is called starvation, and in this
case, the actual oil film parameter may become smaller
than that determined by Equation (4.64). Starvation
may occur if lubrication becomes limited. In this
condition, the guideline for adjusting the oil film
parameter is 50 to 70 % of the value obtained from
Equation (4.64).
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Another effect is the localized rise of oil temperature in
the contact inlet due to heavy shearing during high-
speed operation, resulting in a decrease of oil
viscosity. In this case, the oil film parameter becomes
smaller than the theoretical isothermal value. The
effect of shearing heat generation was analyzed by
Murch and Wilson, who established a decrease factor
for the oil film parameter. An approximation using the
viscosity and speed (pitch diameter of rolling element
set D,,, x rotating speed per minute #) is shown in Fig.
4.46. By multiplying the oil film parameter determined
in the previous section by this decrease factor Hi, an
oil film parameter considering the shearing heat
generation is obtained:

A=Hi-T-R-A-D woeoveeeieenii, (4.65)

Note that the average of the bore and outside
diameters of the bearings may be used as the pitch
diameter D, (d.,) of the set of rolling elements.

Conditions for the calculation of Example 1 include d.z
= 9.5 x 10" and 7, = 30 mPa-s, {cp} and Hi nearly
equivalent to 1, as evident from Fig. 4.46. Shearing
heat generation therefore has almost no effect.
Conditions for Example 2 are d,.n = 7x10° and 1, = 10
mPa-s, {cp} and Hi = 0.76, meaning that the oil film
parameter is smaller by about 25%. Accordingly, A is
actually 2.7, not 3.6.

Hi
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0.2

|
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100 \\
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N
N
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Fig. 4.46 Decrease of il Film Thickness Hi Due to Shearing Heat Generation
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4.8.7 Load Calculation for Gears

(1) Calculation of Loads on Spur, Helical, and Double-
Helical Gears

Since they are both mechanical elements, there is an
extremely close relationship between gears and rolling
bearings. Gear units, which are widely used in
machines, are almost always used with bearings.
Rating life calculation and selection of bearings to be
used in gear units are based on the load at the gear
meshing point.

The load at the gear meshing point is calculated as
follows:

Spur Gear:
P =P,= 9 550 000H _ 9 550 000H

(5 %)
2 2

974 000H  _ _ 974 000H k)

(%

S1 = Sz = Pltana

The magnitudes of forces P. and S, applied to the
driven gear are the same as P, and S, respectively, but
the direction is opposite.

Helical Gear:
P=P,= 9 550 000H _ 9550 000H

(5] (%)

__974000H __974000H ... .
o) )
ny ny
2 2
S,=S,= Pitana,
cosp

T] = Tg = P1tan,8
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The magnitudes of the forces P,, S,, and 75 applied to
the driven gear are the same as P, S;, and T3
respectively, but the direction is opposite.

Double-Helical Gear:
P,=P,= 9 550 000H _ 9 550 000H

(4

974 000H _ 974 000H ... ..
; ( n ) ( 4y ) {kgf}
1 2
2 2
S, =S, = Pitana,
cosp

where P : Tangential force (N), {kgf}
S : Separating force (N), {kgf}
T Thrust (N), {kgf}
H : Transmitted power (kW)
n : Speed (min™)
d, : Pitch diameter (mm)
« : Gear pressure angle
a, : Gear normal pressure angle
B Twist angle
Subscript 1: Driving gear
Subscript 2: Driven gear

In the case of double-helical gears, thrust of the helical
gears offsets each other and thus only tangential and
separating forces act. For the directions of tangential,
sega;a:{igg, and thrust forces, please refer to Figs. 4.47
and 4.48.

Driving gear

Driven gear

® Vertically upward from the page
® Vertically downward from the page

Fig. 4.47 Spur Gear

Driving gear Right twist—

T,<|--

Left twist

Driven gear //
Kj r /,

~1— N
Ny

® Vertically upward from the page
® Vertically downward from the page

Fig. 4.48 Helical Gear
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The thrust direction of the helical gear varies Table 4.15
depending on the gear running direction, gear twist
direction, and whether the gear is driving or driven. Load - .
The directions are as follogvs: ’ Classfication pearing A pearing B
From __b __a
The force on the bearing is determined as follows: = p DT @ | Bk ©
o
; . = | From _ b _a
Tangential force: E S SA——aer N SB——aer S 1
P =P-= 9 550d000H =9 550d000H < rom /2 R Ufzd”‘/z e
nl( 2”1 ) nz( v Ty “Tat+b ! "“a+b !
e
__O74000H _ O7T4000H ... kg LN
n ( ﬂ) nz( dy Load directions shown reference the left side of Fig. 4.49.
2 2

Separating force: S, = S, = P, A0

cosp
ThruSt T1 = Tz = Pl'tanﬁ

The same method can be applied to bearings C and D.

@ Vertically upward from the page

® Vertically downward from the page

+! )
| Bearing B

\ a
) +
Bearing A =
=]
T,
oG I
Bearing +f
C
|
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T,
F‘ Bearing D —
+
d
1
Fig. 4.49
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-—
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T,
/—»
\
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\
T,
/--—v
g,
PN
v
%--E
\
t

T
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Fig. 4.50 Thrust Direction
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(2) Calculation of Load on Straight Bevel Gears
The load at the meshing point of straight bevel gears is

calculated as follows:

where D, : Average pitch diameter (mm)

, - Pitch diameter (mm)

: Gear width (pitch line length) (mm)
a, : Gear normal pressure angle

ISH

S

P=P-= 9550 000H _ 9 550 000H ¢ : Pitch cone angle
nl(%) nz(&) Generally, 6,+6, = 90°. In this case, S, and T, (or S
2 2 and 7)) are the same in magnitude but opposite in
direction. S/P and 7/P for § are shown in Fig. 4.53.
------------------------------------- (N) The load on the bearing can be calculated as shown
974 000H _ 974 000H .. ey O
= g
()
1 ny
2 2
Dy, = dy—w siné,
D,y = dy—w sing.
S, = Pitana, cosd;
S, = Pitana, cosd:
T, = Pitana, cosd;
T, = Ptana, cosd,
@ Vertically upward from the page
Table 4.16 ® Vertically downward from the page
Clasléi(;iac[iltion Bearing A Bearing B Bearing C Bearing D
_ _atb _d _C
- From P P\= P, @ Py= a P, ® PC_—C“’d P @ Pr>——c+d P, O]
S +b d
5 | Foms  si= S ¥ | S= aa St | S=igs = snzﬁsz -
[a
_ _ Dm _ Dw _ Dw
From T Un= T f Us= 2.a T ‘ Uc= 2(C+d) T, &= Up= 2(C+d) T, =
ROMOEL Fa= VBRSO | Fa= VBT O | Fe= VBT U | Fo= VB (S F Oo)
Axial Load F.=T - F.=T, 4

Load directions shown reference Fig. 4.52.
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(3) Calculation of Load on Spiral Bevel Gears

In the case of spiral bevel gears, the magnitude and
direction of loads at the meshing point vary depending
on the running direction and gear twist direction. The
running direction is either clockwise or
counterclockwise as viewed from the side opposite of
the gears (Fig. 4.54). The gear twist direction is
classified as shown in Fig. 4.55. The force at the
meshing point is calculated as follows:

P, = P, = 95500004 _ 9 550 000H

() )
..................................... (N)
_ 974 000H _ 974 000H .. ...
- (%) - (] (kef)
1 N2
2 2

where «, : Gear normal pressure angle
B Twisting angle
¢ : Pitch cone angle
w : Gear width (mm)
D., : Average pitch diameter (mm)
d, : Pitch diameter (mm)

Note that the following applies:
D, = dy—wsing;
D,y = dy—wsing,

The separating force S and thrust T depend on running
direction and gear twist direction as follows:

(i) Clockwise with right twisting or counterclockwise
with left twisting

Driving Gear
Separating Force

5. P

(tana, cosd,+sing sind;)
cosp

T = (tana, sind,—sin cosd,)
cosp
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Driven Gear
Separating Force

Sz = i
cosp

(tana, cosd.—sing sind.)

T, = (tana, sind.+sinB cosd,)
cosf
(if) Counterclockwise with right twist or clockwise with
left twist

Driving Gear
Separating Force

S1=

(tana, cosd—sing sind,)
cosf

Thrust P
T = (tana, sind,+sinB cosd;)
cosp

Driven Gear
Separating Force

S, = (tana, cosd.+sing sind.)
cosp
Thrust P
T, = (tane, sind.—sinB cosd,)
S

A positive (plus) calculation result indicates that the
load is acting in a direction that separates the gears
while a negative (minus) result indicates that the load
is acting in a direction that brings the gears together.
Generally, 6,+. = 90°. In this case, 7} and S. (S, and
T.) are the same in magnitude but opposite in
direction. The load on the bearing can be calculated by
the same method as described in Section 4.8.7 “(2)
Calculation of Load on Straight Bevel Gears.”

1A (1T
NN

Clockwise Counterclockwise

[

Fig. 4.54 Gear Running Direction

Left twist Right twist

Fig. 4.55 Gear Twist Direction

J
) Dy - l -
’ P A4S ) L
| G
o, S
7,
Dm2

@ Vertically upward from the page
& Vertically downward from the page

Fig. 4.56
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(4) Calculation of Load on Hypoid Gears
The force acting at the meshing point of hypoid gears
is calculated as follows:

p, = 9550000H _ CosBip ... (N)
nl(@) cosp,
2
974 000H _ €osBi p ............... {kef}
nl(%) cospB,
2
p,=-9550000H .. ... (N)
1t
2
- % ................................ {kgf}
)
2
Do = Dy 2. 060
2 COSf

D,y = dyp — w2sing,

where «, : Gear normal pressure angle
B Twisting angle
¢ : Pitch cone angle
w: Gear width (mm)
D., : Average pitch diameter (mm)
d, : Pitch diameter (mm)
z : Number of teeth

The separating force S and thrust 7" depend on running
direction and gear twist direction as follows:

(i) Clockwise with right twisting or counterclockwise
with left twisting

Driving Gear
Separating Force

S = A (tana, cosd; + sing; sind)
[N

A 090

Thrust

1=

P
CospB;

(tana, sind, — sinB; cosd)
Driven Gear
Separating Force
S, = L(tana.. €0sd, — sing; sind,)

cosf,

T, = —2—(tana, Sind, + sinB, cosd,)
Cospf:

(if) Counterclockwise with right twist or clockwise with
left twist

Driving Gear
Separating Force

S = Plﬁ (tana, cosd, — sinB, sind;)

P
CcospB;

(tana, sind, + sinB; cosd)

Driven Gear
Separating Force

S, = L(tana" €086, + Sing, sind.)
cosf,

T, = i (tana, sind. — sinB, cosd,)

COSPB:

The positive (plus) calculation result indicates that the
load is acting in a direction that separates the gears
while a negative (minus) result indicates that the load
is acting in a direction that brings the gears together.
For more information on running direction and gear
twist direction, refer to Section 4.8.7 “(3) Calculation
of Load on Spiral Bevel Gears.” The load on the
bearing can be calculated by the same method as
described in Section 4.8.7 “(2) Calculation of Load
Acting on Straight Bevel Gears.”
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The following calculation diagrams are used to
determine the approximate value and direction of
separating force S and thrust 7.

How To Use

1. Mark the gear normal pressure angle a, on the
vertical scale on the side of the appropriate diagram
forSorT.

2. Determine the intersection between the pitch cone
angle 6 and twist angle B. Match your gear
configuration to the text on either side of the 3= 0
line, and use that side when determining the point of
intersection.

. Draw a line through the two points and the opposite
vertical scale. The point where the line intersects the
opposite vertical axis gives the ratio S/P or T/P (%)

w

of the separating force S or thrust 7 to the
tangential force P.

(%) (%)
Left twist, counterclockwise, driving gear 150 150 Left twisF, clockwise, dnvmg gear
Right twist, clockwise, driving gear = Right twist, counterclockwise, driving gear
Left twist, clockwise, driven gear Sr Left twist, counterclockwise, driven gear

L\

w

o
w
o

Right twist, counterclockwise, driven gear Right twist, clockwise, driven gear

(+) +)

lllln|'l|[llllllll

=S 2 20
25 0 5=10
: ERR
o= S T B=0"
5= R 0 P P 0
an 62 — 10 10 p=10" an
10" —f 5= L 50 20 W —10
—] 5% - —— o
15 == 5 F a0 | 30 @’ = 15
200=—H L 40 g0 w — 20
25° —x " 50 50 | ——F4)
30— :. 60 60 — 30
= 70 70

Left twist, clockwise, driving gear 110 110 Left twist, counterc_lockwise, driving gear
Right twist, counterclockwise, driving gear g B 120 Right twist, clockywse, qnvmg gear

Left twist, counterclockwise, driven gear kS —120 QA Left twist, clockwise, driven gear

Right twist, clockwise, driven gear g = Right twist, counterclockwise, driven gear

Calculation Diagram for Separating Force S

Calculation Diagram for Thrust T




TECHNICAL INFORMATION | NSK

ISELECTION OF BEARING SIZE

(5) Calculation of Load on Worm Gears

A worm gear is a kind of spigot gear, which can
produce a high reduction ratio with small volume. The
load at the meshing point of worm gears is calculated
as shown in Table 4.17. Variables used in Table 4.17
are as follows:

1. Gear ratio(i: Z )
Z,

W

: ioi tany
n: Worm gear efficiency [ n=——"t ]
tan(y+y)

v: Advance angle ( y= tan",—"z)

10,

. Frictional angle obtained from the following (as
shown in Fig. 4.57):

Vi= ﬂdpﬂ’ll x 107
cosy 60

When Vxis 0.2 m/s or less, ¢ = 8°.
When Vi exceeds 6 m/s, y = 1°4".

a, : Gear normal pressure angle

@, : Shaft plane pressure angle

Z, : No. of threads (No. of worm gear teeth)
Z, : No. of worm wheel teeth

Subscript 1: For driving worm gear
Subscript 2: For driven worm gear

In a worm gear, there are four combinations of
interaction at the meshing point as shown below
depending on the twist directions and rotating
directions of the worm gear, as shown below.

The load on the bearing is obtained from the
magnitude and direction of each component at the
meshing point according to the method shown in Table
417.

Table 4.17 Gear Loads

¥ ()
8 7 6 5° 4 37 2" 14
1.81.6"1.4°1.2°
0.2 0.4 0.6 0.81.0 2.0 3.0 4.05.06.0
Vi (m/sec)
Fig. 4.57
Worm
-7,
Worm wheel

Fig. 4.58 Right Twist Worm Gear

® Vertically upward from the page
® Vertically downward from the page

Force Worm Worm Wheel

9550 000H N 9550000Hin P P

P (N) . = n y = an o)
n A2 ny _2
Tangential e (N)
P .

974 000H 974 000Hin _ Pin _ P,

T ............ {kgf} " ( dy > tan y tan ('y+{p)
n (%) 2
......... {kgf}
9550000Hn ~ Pnp P 9550 000H N
e tany  tan(y+y) dy ™)
7y AZ n 72
ThrUSt ............ (N)
T
974 000Hn _ Py _ P 974 000H
(@ > ta_n y tan(y—)—(p) T ............ {kg—f}
m 2 7y (T)
AAAAAAAAA {kg—ﬂ
; Pitana, __ Ptana, Pitana, __ Pitana,
Sepa;atlng sin(y+y)  tan(y+y) sin(y+y) tan(y+y)

............ (N)Y {kgﬂ (N) {kgf}
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Fig. 4.61 Left Twist Worm Gear (Worm Rotation is Opposite Fig. 4.60)
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9. SPEEDS

NSK uses four definitions of speed, as shown in Table 5.1.

Table 5.1 Overview of Speeds

Speed

Overview

Applicable
Lubrication Methods

Limiting Speed (Grease)

Empirically obtained and comprehensive bearing limiting speed when using grease lubrication. | Grease lubrication

Limiting Speed (0il)

Empirically obtained and comprehensive bearing limiting speed when using oil-bath lubrication. | Oil-bath lubrication

Thermal Speed Rating(*)

suitability for high-speed operation.

Rotational speed at which equilibrium is reached between the heat generated by the | Oil-bath lubrication
bearing and the heat flow emitted through the shaft and housing under reference | subject to conditions
conditions defined by 1SO 15312. This is one among various criteria that shows | outlined in SO 15312

Limiting Speed (Mechanical)(*) | Mechanical and kinematic limiting speed achievable under ideal conditions for | Properly designed and

lubrication, heat dissipation, and temperature.

controlled forced-
circulation oil lubrication

Note (') Thermal speed ratings and limiting speeds (mechanical) are only listed in the tables for single-row cylindrical roller bearings and spherical

roller bearings.

5.1 Limiting Speed (Grease/0il)

When bearings are in operation, the higher the speed,
the higher the bearing temperature due to friction. The
limiting speed is the empirically obtained value for the
maximum speed at which bearings can be
continuously operated without generating excessive
heat or failing due to seizure. Consequently, the
limiting speed of bearings varies depending on such
factors as bearing type and size, cage shape and
material, load, lubricating method, and heat dissipation
of the bearing's surroundings.

The limiting speed (grease) and limiting speed (oil) in
the bearing tables are applicable to bearings of
standard design subjected to normal loads, i.e.
C/Pz=12 and F,/F. = approximately 0.2. The limiting
speed (oil) listed in the bearing tables is for
conventional oil-bath lubrication.

Some types of lubricants are not suitable for high
speed, even though they may be markedly superior in
other respects. When speeds are more than 70 percent
of the listed limiting speeds, be sure to select a grease
or oil with good high speed characteristics.

Reference

Table 11.2 Grease Properties (Pages A236 and 237)

Table 11.5 Example Lubricating Oils for Bearing
Operating Conditions (Page A239)

Table 11.6 Brands of Lubricating Grease (Pages A240
and A241)

5.1.1 Correction of Limiting Speed (Grease/Qil)

When bearing load P exceeds 8 % of the basic load
rating C, or when the axial load F; exceeds 20 % of the
radial load K, the limiting speed (grease) and limiting
speed (oil) must be corrected by multiplying the value
found in the bearing tables by the correction factor
shown in Figs. 5.1 and 5.2.

When the required speed exceeds the limiting speed
(oil) of the desired bearing, then the accuracy grade,
internal clearance, cage type and material, lubrication,
etc. must be carefully studied in order to select a

A 098

bearing capable of the required speed. In such a case,
forced-circulation oil lubrication, jet lubrication, oil-
mist lubrication, or oil-air lubrication must be used.

If all these conditions are considered, a corrected
maximum permissible speed may be obtained by
multiplying the limiting speed (oil) found in the
bearing tables by the correction factor shown in table
5.2. Please consult with NSK regarding high-speed
applications.

=}

=
©

S
©

=)
~

Correction Factor

S
)

4 5 6 7 8 9 10 11 12
c/pP

Fig. 5.1 Limiting Speed Correction Factor Variation
With Load Ratio

Angular Contact Ball Brgs.

1.0
\ ¥

09 \ | Deep Groove Ball Brgs
S08
=
= 07 Spherical Roller Brgs.
5 0.
E w Roller Brgs.
® 06

0.5

0 0.5 1.0 1.5 2.0
E/F:

Fig. 5.2 Limiting Speed Correction Factor for Combined
Radial and Axial Loads

Table 5.2 Limiting Speed Correction Factor for
High-Speed Applications

Bearing Types CoFrgte:tcgiron
Needle Roller Brgs.(except broad width) 2
Tapered Roller Brgs. 2
Deep Grooove Ball Brgs. 2.5
Angular Contact Ball Brgs.(except matched bearings) 15

5.1.2 Limiting Speed (Grease/Qil) for Rubber
Contact Seals in Ball Bearings

The maximum permissible speed for rubber contact
sealed bearings (DDU type) is determined mainly by
the sliding surface speed of the inner circumference of
the seal. Values for the limiting speed are listed in the
bearing tables.

5.2 Thermal Speed Rating

The thermal speed rating is the rotational speed at
which equilibrium is reached between the heat
generated by the bearing and the heat flow emitted
through the shaft and housing under reference
conditions defined by ISO 15312. This is just one of
various criteria used to determine suitability for
operation at high speed.

Iggéeference conditions below are defined by 1SO
-Rotation: Inner ring rotation with fixed outer ring
-Ambient temperature: 20 °C
-Quter ring temperature: 70 °C
-Load (for radial bearings): 5% of static load rating

(0.05Co,)

-Lubrication: Qil bath

-Lubricant: ISO VG32 (for radial bearings)
-Clearance: Normal

The amount of heat dissipated through the housing
and shaft can be obtained from Fig. 5.3. In the figure,
A, (mm?®) refers to the heat-emitting reference surface
area. ISO defines A, as the total area of the bearing's
inner ring bore surface and outer ring outside surface
(for radial bearings) and g, (W/mm®) as the heat flow
density. Heat dissipation is calculated by multiplying
this surface area (A;) by the heat flow density (q;).

0.080

-~ -Thrust Bearings
—— Radial Bearings

o
o
=
o

.020 =
.016 ~-.

.010

qr (W/mm?)
o OO

Reference Heat Flow Density,

0.005
10 10? 108 104 10° 100
5X10*
Heat-Emitting Reference Surface A, (mm?)

Fig. 5.3 Reference Heat Flow Density

5.3 Limiting Speed (Mechanical)

Limiting speed (mechanical) refers to the mechanical
and kinematic limiting speed of bearings achievable
under ideal lubrication, heat dissipation and
temperature conditions, such as with properly
designed and controlled forced-circulation oil
lubrication for high-speed conditions.

The limiting speed (mechanical) considers the sliding
speed and contact forces between the various bearing
elements, centrifugal and gyratory forces, etc. The
values in the tables are applicable to standard bearings
subjected to normal loads (C/P = approximately 12).

In the bearing tables for single-row cylindrical roller
bearings and spherical roller bearings, thermal speed
ratings, limiting speeds (mechanical) and limiting
speeds (grease) are listed. In the bearing tables for
other bearing types, limiting speeds (grease) and
limiting speeds (oil) are listed.
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5.4 Technical Data Revolutional circumferential speed Table 5.4 Rolling Element Rotation Speed », and Revolution Speed 7.
5.4.1 Rotation and Revolution Speed of Rolling (cage speed at rolling element pitch diameter) for Ball Bearings 6210 and 6310

When f;:mrzllllt;g element rotates without slippage ves GZD%S [ ( - Dvgosa )% gl Bearing L a a
X ow —
between the bearing rings, the distance the rolling 20 0181 267n 041m
element rolls on the inner ring raceway is equal to that + (1+ Dycosa ) Me ] (M/S) - veeeeeeee (5.4) 6310 0.232 —2.04n; 0.38;
on the outer ring raceway. This allows for a ow 2
relationship between inner and outer ring speeds »; where D,, : Pitch diameter of rolling elements (mm) Remarks y:M
and #. and rolling element rotations , . D, : Diameter of rolling element (mm) Dy
The revolution speed of the rolling element can be a : Contact angle (°)
determined as the arithmetic mean of the n. : Outer ring speed (min™)
circumferential speed on the inner ring raceway and n; * Inner ring speed (min™)
that on the outer ring raceway (generally with either a
stationary inner or outer ring). The rotations and Rotations and revolutions of the rolling elements are
revolutions of the rolling elements can be related as shown in Table 5.3 for inner ring rotating (#. = 0) and
expressed by Equations (5.1) through (5.4). outer ring rotating (», = 0) respectively at
. 0°= @ <90° and at & = 90°.

No. of rotations Table 5.4 shows the rotation speed %, and revolution

2 . speed n. of the rolling elements during inner ring

na=( %’W - D“g’sa ) rE rotation of ball bearings 6210 and 6310.
v ow
(MInT) evereeen (5.1)

Rotational circumferential speed

v = 7D ( D,, _ D.,cos’a ) NN
a= 3
60x10 D. Dy 2 Table 5.3 Rolling Element Rotation Speed 7., Rotational Circumferential
(M) wrrrrrrmrmreeree (5.2) Speed v,, Revolution Speed ., and Revolutional Circumferential
) ) Speed v,
No. of revolutions (No. of cage rotations) p
"= (1_ D.,cosa )ﬂJr (1+ D,cosa )& Contact Angle Rotation/Revolution Speed Inner Ring Rotation (.= 0) Outer Ring Rotation (z;= 0)
Dpw 2 ow 2 Na 1 ni 1 Ne
(O oo (5.3) (min™) T\y TV ) s y )2 s
Va Dy ”
3 a
0 = a<9n’ (m/s) 60%10
e Wi e
(min™) (1=v) o (+y) 5
ve _ 7Dw
(m/s) 6ox10" "
a 1w 1 7
(min™) Yy 2 y 2
Va 7Dy n
X (m/s) 60x10°
a=90
e N Ne
(min™) 2 2
Ve JTDpw e
(m/s) 60x10° °
Reference 1. £: "+ indicates clockwise rotation while “—"
indicates counterclockwise rotation.
2.y = DCOS® (4o <y 9p°), 5= gw (@=90)

W W
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6. BOUNDARY DIMENSIONS AND BEARING DESIGNATIONS

6.1 Boundary Dimensions and Dimensions of  6.1.2 Dimensions of Snap Ring Grooves and _c gmz‘er
Snap Ring Grooves Locating Snap Rings r " 0123 g Heiont
6.1.1 Boundary Dimensions The dimensions of snap ring grooves in the outer T T Dimension series | | Series
The boundary dimensions of rolling bearings. which surfaces of bearings and the dimensions and accuracy ’;—‘ %rl & 70— ]
ar: sl?gwna iyn Figes.g.o1 Sth(;ou%h %.Searefg?’to tﬁe of the locating snap rings themselves are specified by L —172 ;
dimensions that define their external geometry. They ISO 464. The dimensions of snap ring grooves and ri— r B
include bore diameter d, outside diameter D, width ~|0¢ating snap ring for bearings of Diameter Series 8, 7 ’ ) 74
B, assembled bearing width(or height) 7, chamfer ? 211293 and 4 are shown in Table 6.4 (Pages A116 A ¢d ¢D - 0 }
dimension 7, etc. All of these dimensions are important 0 ) ——B— ‘ ‘ [ 909;1
when mounting a bearing on a shaft and in a housing. g0 9
These boundary dimensions have been internationally L 93
standardized (ISO15) and adopted by JIS B 1512 \
(Boundary Dimensions of Rolling Bearings). - L o
The boundary dimensions and Dimension Series of B— Fig. 6.2 Tapered Roller Bearings p ;
radial bearings, tapered roller bearings, and thrust r T ‘ ( 10
bearings are listed in Tables 6.1 to 6.3 (Pages A106 to ] 7 11
A115). | | 12 1
These tables list boundary dimensions for each ﬁ—f 7 o L N
Diameter and Dimension Series by bore number. A — I ¢‘d¢ F’ T
very large number of series are possible; however, not — — 7
all are currently commercially available. Representative rj;\ — 7 ‘ T TT . 1%
bearing types and series designations are shown f L iy | r i
across the top of the bearing tables (refer to Table 6.5, ] - : T r ‘
Bearing Series Designations on Page A121 for more ATl 4d #D Jé ‘
information). 7 ‘ 9
The relative cross-sectional dimensions of radial éD ‘
bear!ngs (eXdUd.mg tapqred roller bearl_ngs) and thrust e N Fig. 6.3 Single-Direction Thrust Ball Bearings 22
bearings for various series are shown in Figs. 6.6 and | | \
6.7 respectively. 2;9
. Vi \
f |
T
Fig. 6.1 Boundary Dimensions of Radial Ball i ‘*“, ‘
and Roller Bearings ’ "N - 24 g
t o= - =]
L ¢d2‘7’1 B T,
B T; Fig. 6.7 Comparison of Cross Sections of Thrust Bearings
: n Ry (Excluding Diameter Series 5) for Various
' J 1 Dimension Series
Width Series —* 8 0 1 2 3 4 5 6 e
(4 N ¢D
ég g Fig. 6.4 Double-Direction Thrust Ball Bearings
gg 230;
8
= rﬁ N
Z 8 18 o Q r d
I Bk B R L T M B R AR R 1 1 S Rl T
o (RN IENE 7
2 2
| | | T
8] ) - - —J
S T 2NEN T E <y
- O | & X
¢D
Fig. 6.6 Comparison of Cross Sections of Radial Bearings (Excluding Tapered Roller Bearings) for Various Dimensional Series Fig. 6.5 Spherical Thrust Roller Bearings
A 105
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TECHNICAL INFORMATION | NSK

IBOUNDARY DIMENSIONS AND BEARING DESIGNATIONS
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TECHNICAL INFORMATION | NSK
BBOUNDARY DIMENSIONS AND BEARING DESIGNATIONS

Table 6. 2 Boundary Dimensions of Tapered Roller Bearings
Units: mm
Tapered Tapered
Roller 329 320 X 330 331 302 322 332 303 or 303D 313 323 Roller
Bearings Bearings
Diameter Series 9 Diameter Series 0 Diameter Series 1 Diameter Series 2 Diameter Series 3
) i : ; Chamfer i i i i i i Chamfer i i i Chamfer i i i i i i Chamfer i i i i i i Chamfer )
é Dimension Series 29 Dimension Dimension Series | Dimension Series | jramier Dimension Series | jeiamie Dimension Dimension Dimension Dimansion Dimension Series Dimension Dimension Dimansion é
El 1 il IR. | OR. 20 30 IR. |OR. 31 I.R. | O.R. Series 02 Series 22 Series 32 IR [O.R. 03 Series 13 Series 23 IR.|OR.| d 2
© ©
2 D D D D D 2
B|C|T|B|C|T]|7min) B|C| T|B|C|T]|7min) B | C| T]|7 mn) B|C|T|B|C|T|B|C|T]|7mn) B|C|CH T|B|C|T|B|C|T]|7rmn)

w 10| - —|—-|—-—|=|=-|=-]=-1=-]1= =-|-|-|/=-|=-1=-1=-1-=-1=- =-|=-1-=-1-1= 30 9| —|97| 4| —|147| —|—| —|o06|06|3 M| —|— |19 —|—|—|17|—|179]06|06]| 10 00
n 2| - —|—-—|—-|-|=-|=-|-|—-12 n|—]|nn|1B3]|—=|13]03|]03[—- —|—-|—-1]—-]|- 32 10 | 9 [1075] 14| — (1475 — | — | — |06 |06 | 8 12| — | —|129| — | — | —=|17|—|179]1 1 2 0
2 1B| - —|—-—|—-—|—-|—-|=]|=|—-]13 n2|—|12|1w|—-]1®]|03]|]03]— —|—=|—-]—-1]= 35 11 |10 |11.76] 14| — [1475| — | — | — |06 |06 | 42 13| 11 | — |1428) — | — | — | 17 | 14 |1825 1 1 15 02
3 17| — —|—|—|—|—|—|—1|—|38 1B|—]1B|15]—|15][03|]03[— —|—|—1]—]|-— 40 12 | 11 [1325) 16| 141728 — | — | — |1 1 47 14|12 | — 1528 — | — | — | 19|16 |2025| 1 1 17 03
04 20|37 1| — [n6]|12 |9 12 |03|03] 42 5|12 | 1517 | —|17|oe]|06]— —|—|—|—]~— 47 14 | 12 [1525| 18| 151925 — | — | — |1 1 52 15| 13 | — [1625) — | — | — | 21 |18 [2225/ 15 [ 15 | 20 04
22 2|4 — | —|— |12 |9 12 |03[03] 4 15|15 15| —|— | —|os|O06]— —|—|—|~—]|~— 50 14 | 12 |1525) 18| 15[1925 — | — | — |1 1 56 16| 14 | — [1725) — [ — | — | 21 |18 [2225( 15 |15 | 22 /22
05 25| 42 11| — [16]12 |9 12 |03[03] 47 5|15 15|17 |14 [ 1706|066 — —|—|—|—]|~— 52 15 | 13 |16.25| 18| 15[1925 22 |18 | 22 |1 1 62 17| 15 | 13 [1825 — | — | — | 24 | 20 [2525/ 15 [ 15| 25 05
/28 28|45 — | — | — |12 |9 12 (03|03 82 16|12 | 16| —|[—|—[1 1 e B e e 58 16 | 14 |17.25| 19| 16 (2025 24 | 19 | 24 |1 1 68 18| 15 | 14 {1975 — | — | — | 24 | 20 |2575] 15 | 1.5 | 28 /28
6 30| 4 11| — [n6]12 |9 12 | 03[03] 85 17|13 | 17| 20|16 | 20 |1 1 — - === - 62 16 | 14 |17.25| 20| 17 2125 25 | 195| 25 |1 1 72 19| 16 | 14 |2075] — | — | — | 27 | 23 |2875] 15 [ 1.5 | 30 06
32 32|52 — | —|— |15 [10 [14 |06|06]| 88 17|13 | 17| —|—|—[1 1 — - === - 65 17 | 15 1825 21| 18[2225 26 | 205| 26 | 1 1 75 20| 17 | 156 |2175) — | — | — | 28 | 24 [2975] 15 | 1.5 | 32 /32
07 35| 5 13| — [14 |14 [15[14 | 06|06 62 18|14 |18 | 21 [17 |21 |1 1 el e e e 72 17 | 15 1825 23| 19|2425 28 |22 | 28 [ 15 |15 | 80 21| 18 | 15 |2275 — | — | — | 31 | 25 |3275 2 15| 35 07
08 40| 62 14| — |15 |15 [12 |15 | 06|06 | 68 19 [145| 19 | 22 [18 | 22 |1 1 75 26 | 205| 26 | 15 | 15 80 18 | 16 |19.75| 23| 19|2475 32 |25 | 32 [ 15 [ 15| 9 23| 20 | 17 2525 — | — | — | 33|27 |3525/2 |15 | 40 08
09 45| 68 14 | — [15 [15 [12 |15 | 06| 06| 75 20| 155| 20 | 24 |19 | 24 | 1 1 80 26 | 205| 26 | 15| 15 85 19 | 16 |20.75| 23| 19|2475 32 | 25 | 32 [ 15 | 15 [100 25| 22 | 18 {2725 — | — | — | 36 |30 |3825/2 |15 | 45 09
0 50| 72 14| — (15 [15 [12 [15 | 06|06 | 80 20 |155| 20 | 24 [ 19 | 24 |1 1 85 26 |20 | 26 | 15| 15 90 20 | 17 |21.75| 23| 19 [2475 32 | 245| 32 |15 | 15 [110 27| 23 | 19 |2925 — | — | — | 40 | 33 |42.28) 25 | 2 50 10
1M 8|8 16| — [17 [17 [14 [17 |1 1 9 23 [175| 23 | 27 |21 | 27 |15 | 15| 9 30 [23 | 30 [ 15| 15 100 21 | 18 |22.75| 25| 21[2675] 35 |27 | 35 |2 15 1120 29| 25 | 21 |315| — | — | — | 43|35 [455 |25 |2 55 11
12 60| 8 16| — [17 [17 [14 [17 |1 1 95 23 [175| 23 | 27 |21 | 27 | 15| 1.5[100 30 [ 23 | 30 | 15| 15 10 22 | 19 |2375| 28| 24(2975] 38 |29 | 38 |2 151130 31| 26 | 22 |385| — | — | — | 46 |37 [485|3 |25 60 12
13 65|90 16| — [17 [17 |14 [17 |1 1 100 23 [175] 23 | 27 |21 | 27 | 15 | 15[ 110 34 | 265| 34 | 15| 15 120 23 | 20 |24.75| 31| 27(3275( 41 |32 | 41 |2 |15 |140 33|28 | 23 |36 | — | — | — [ 48|39 |51 |3 |25 65 13
14 70 |100 19 | — |20 |20 |16 [20 |1 1 10 25 (19 | 25 | 31 | 255| 31 | 15 | 15[120 37 |29 | 37 | 2 15 125 24 | 21 |26.25| 31| 27(3328) 41 [32 | 41 |2 15150 35|30 | 25 |38 | — | — | — | 51 |42 |84 [3 |25 70 14
5 75 0105 19 | — |20 |20 |16 [20 |1 1 15 2519 | 25 | 31 | 255| 31 | 15 | 15125 37 |29 | 37 | 2 15 130 25 | 22 |27.25| 31| 273328 41 |31 | 41 |2 15160 37|31 | 26 (40 | — | — | — | 55|45 |88 |3 |25 75 15
6 80 |10 19 | — |20 |20 |16 [20 |1 1 125 29 (22 | 29 | 36 | 295| 36 | 15 | 15[ 130 37 |29 | 37 | 2 15 140 26 | 22 [2825| 33| 2835250 46 |35 | 46 |25 |2 [170 39| 33 | 27 |425| — | — | — | 58 |48 |615[3 |25 | 80 16
17 8 |120 22 | — |23 |23 |18 [23 | 15| 15| 130 29|22 | 29 | 36 [295| 36 | 15| 15| 140 41 |32 | 41 | 25| 2 150 28 | 24 (305 | 36| 30(385| 49 |37 | 49 |25 |2 [180 41| 34 | 28 |445| — | — | — | 60 |49 |635|4 |3 85 17
18 90 |125 22 | — |23 |23 |18 [23 | 15| 15| 140 32|24 | 32| 39 |325| 39 |2 15150 45 [ 35 | 45 | 25 | 2 160 30 | 26 (325 | 40| 34|425| 55 |42 | 55 |25 |2 [190 43| 36 | 30 |465| — | — | — | 64 |53 |675|4 |3 90 18
19 950130 22 | — |23 [23 |18 [23 | 15| 15| 145 32|24 | 32| 39 |325| 39 |2 15[ 160 49 [ 38 | 49 | 25 | 2 170 32 | 27 (345 | 43| 37|455| 58 |44 | 58 |3 |25 200 45|38 | 32 |495| — | — | — [ 67 |85 |715(4 |3 95 19
20 100 |140 24 | — [25 |25 |20 |25 | 15| 15| 150 32 |24 | 32 | 39 |325| 39 | 2 15 165 52 | 40 | 52 | 25 | 2 180 34 | 29 |37 46| 39049 | 63 |48 | 63 [3 |25 |2156 47|39 | — |515| 51| 35 | 565 73 |60 [77.5|4 |3 [100 20
21 105|145 24 | — |25 [25 [20 |25 | 15| 15| 160 35|26 | 35 | 43 |34 | 43 |25 | 2 |[175 86 | 44 | 56 | 25 | 2 19 36 | 30 (39 50| 43|53 |68 |52 | 68 |3 |25 |25 49| 41 | — |535| 63|36 |68 | 77 |63 [8165[4 |3 |105 21
22 110 | 150 24 | — |25 |25 |20 |25 | 15|15 [170 38|29 | 38 | 47 [37 | 47 |25 | 2 [180 56 |43 | 56 | 25 | 2 200 38 | 32 |41 53| 465 | — | — | — |3 |25 |240 50| 42 | — |545| 57| 38 |63 | 8 |65 [845|4 |3 |10 22
24 120 | 165 27 | — |29 |29 |23 |29 | 15|15 |18 38|29 | 38 | 48 |38 | 48 |25 | 2 [200 62 |48 | 62 | 25| 2 215 40 | 34 [435| 58| 50|65 — | — | — |3 |25 |260 55|46 | — [595| 62| 42 | 68 | 86 [ 69 [905|4 |3 |120 24
26 130 |180 30 | — [32 |32 [25 |32 |2 |15 |200 45 |34 | 45 | 55 |43 | 55 | 25 | 2 e e e e 230 40 | 34 (4375 64| 54(67.75 — | — | — |4 |3 |280 58| 49 | — [6375| 66| 44 | 72 | 93 |78 [9875/5 |4 |130 26
28 140 190 30 | — [32 |32 [25 |32 |2 |15 |210 45 (34 | 45 | 56 |44 | 56 | 25 | 2 e e e R 250 42 | 36 [4575| 68| 58|71.78 — | — | — |4 |3 |300 62|53 | — [67.75| 70 | 47 | 77 |102 | 85 [107.75| 5 |4 | 140 28
30 150 |210 36 | — [38 |38 [30 |38 | 25| 2 |25 48|36 | 48 | 59 |46 | 59 | 3 25| — — | — | —|= |- 270 45 | 38 |49 73| 60|77 | — | — | — |4 |3 |30 65|55 [ — |72 75| 50 | 82 |108 |90 [114 |5 |4 |150 30
32 160 220 36 | — [38 |38 [30 [38 |25|2 |20 5 (38 [ 51| — | — | — |3 26 — — | —| === 290 48 | 40 |52 80| 67(8 | — | — | — |4 |3 |30 68|58 | — |75 79 — |87 |14 |9 (21 |5 |4 |160 32
34 170 |230 36 | — [38 |38 [30 |38 | 25|2 |20 57 (43 |57 | — | — | — |3 25| — — | — | == |- 310 52 | 43 |57 8| 71091 | — | — | — |5 |4 |30 72|62 | — |8 84| — |92 [120 | 100127 |5 |4 [170 34
36 180 |250 42 | — |45 |45 [34 |45 | 25| 2 |280 64|48 | 64| — | — | — |3 256 — — | —| === 320 52 | 43 |57 86| 71|91 | — | — | — |5 |4 [38 75|64 | — |8 88| — | 97 [126 | 106134 |5 |4 [180 36
38 190 | 260 42 | — |45 |45 [34 |45 | 25| 2 | 290 64|48 | 64| — | — | — |3 26 — — | —| === 340 55 | 46 |60 92 75097 | — | — | — |5 |4 |40 78|65 | — |86 92| — [101 [132 | 109140 |6 |5 |[190 38
40 200 |280 48 | — |51 |51 [39 |51 |3 | 25|30 708 [ 70| —|—|—]3 25 — — | — | —|—= |- 360 58 | 48 |64 9| 84 | — | —| — |5 |4 |[420 80|67 | — |89 97 | — [107 [138 | 115 (146 |6 |5 |[200 40
44 220 |300 48 | — |51 |51 [39 |51 |3 | 25|30 76|57 | 6| — | — | — |4 3 |l=- -/ —=|=-|-|- 400 65 | 54 |72 | 108| 914 | — | — | — |5 |4 |40 8|73 | — |97 [106 | — [117 |145 [ 122154 |6 |5 [220 44
48 240 |320 48 | — |51 |51 [39 |51 |3 | 25|30 76|57 | 76| —|— | —|4 3 |l=- === |- 440 72 | 60 |79 | 120100127 | — | — | — |5 |4 |s500 95|80 | — fo5 |114| — [125 |155 [ 132165 |6 |5 [240 48
52 260 |360 — | — | — |635[48 |635| 3 |25 |400 87 65 |8 | — | — | — |5 4l = — | =] =|=1=-= 480 80 | 67 (89 | 130 106[137 | — | — | — |6 |5 |540 10285 | — 13 |123| — |135 |165 | 136176 |6 |6 |260 52
56 280 |380 — | — | — |635[48 |635| 3 |25 |42 8 |65 |8 | — | — | — |5 I e e e 500 80 | 67 [89 | 1301060137 | — | — | — |6 |5 |58 108|900 | — 19 |132 | — |145 |175 | 145187 |6 |6 |280 56
60 300|420 — | — | — |76 [57 |76 |4 |3 |460 100 [74 [100 | — | — | — |5 I e e e e 540 85 | 71 (96 | 140| 115[149 | — | — | — |6 |5 — — | = =]l=|=|=|=1=]=1=1—=1—1830 @60
64 320|440 — | — | — |76 |57 |76 | 4 |3 |480 10074 [100 | — | — | — |5 4l — — | =] === 580 92 | 75 [104 | 150 | 1260159 | — | — | — |6 |5 — — === =|=|=1=]=|—=1—=]—1]30 e
68 340 460 — | — | — |76 |57 |76 |4 |3 - — |- - === 1=-1=-1=- =-|=-|=-1-1- B T e e e I e I e B e e L I 1 [ L e B e e 7
72 360 480 — | — | — |76 |57 |76 |4 |3 - — |- - == =-1-1-1- =-|-=-/-1-1- — - == === =1=1=1=/=/=- =|=]|=|=|=/=/—=|=|=1—=1—=1-18360 7

Remarks 1. Other Series not conforming to this table are also specified by I1SO. Note (1) Steep-slope bearing 303D in DIN corresponds to 313 in JIS. Series 13 bearings with bore diameters larger than 100

2. In Diameter Series 9, Classification I refers to specifications of the old standard, while Classification 1I refers to mm are designated as 313.

those specified by ISO. Dimension Series without classifications conform to dimensions (D, B, C, T) specified by
IS

3. The .chamfer dimensions listed are the minimum permissible dimensions specified by ISO. They do not apply to
chamfers on the front face.
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IBOUNDARY DIMENSIONS AND BEARING DESIGNATIONS

TECHNICAL INFORMATION | NSK

Table 6. 3 Boundary Dimensions of

Thrust Ball Brgs. 511 512 522
Spherical Thrust
Roller Brgs. 292
Diameter Series 0 Diameter Series 1 Diameter Series 2

8 Dimension Series Dimension Series Dimension Series

£

2 d 70 m 10 71 11 72 ‘ 92 ‘ 12 ‘ 22 22

= D 7(min)| D 7(min)| D 7 (min.) {1 (min.

2 (min.) (min.) Central Washer (min " (min.)

T T T
d; B
4 4 12 4 — 6 | 03 — - = - | = 16 6 — 8 — - = 03 | —
6 6 16 5 — 7 | 03 — - = — | = 20 6 — 9 — - = 03 | —
8 8 18 5 — 7 | 03 — - = - | = 22 6 — 9 — - - 03 | —
00 10 20 5 — 7 | 03 2 6 | — 9 03 26 7 — 1 — - - 06 | —
01 12 22 5 — 7 | 03 26 6 | — 9 03 28 7 — n — — | = 06 | —
02 15 26 5 — 7 | 03 28 6 | — 9 03 32 8 — 12 22 10 5 06 | 03
03 17 28 5 — 7 | 03 30 6 | — 9 03 35 8 — 12 — - = 06 | —
04 20 32 6 — 8 | 03 35 7] = 10 03 40 9 — 14 26 15 6 06 | 03
05 25 37 6 — 8 | 03 42 8 | — " 06 47 10 — 15 28 20 7 06 | 03
06 30 42 6 — 8 | 03 47 8 | — " 06 52 10 — 16 29 25 7 06 | 03
07 35 47 6 — 8 | 03 52 8 | — 12 06 62 12 — 18 34 30 8 1 03
08 40 52 6 — 9 | 03 60 9 | — 13 06 68 13 — 19 36 30 9 1 0.6
09 45 60 7 — 10 | 03 65 9 | — 14 06 73 13 — 20 37 35 9 1 0.6
10 50 65 7 — 10 | 03 70 9 | — 14 06 78 13 — 22 39 40 9 1 0.6
" 55 70 7 — 10 | 03 78 0| — 16 06 90 16 21 25 45 45 | 10 1 0.6
12 60 75 7 — 10 | 03 85 " — 17 1 95 16 21 26 46 50 | 10 1 0.6
13 65 80 7 — 10 | 03 90 " — 18 1 100 16 21 27 47 55 | 10 1 0.6
14 70 85 7 — 10 | 03 95 11 — 18 1 105 16 21 27 47 55 | 10 1 1
15 75 90 7 — 10 | 03 100 11 — 19 1 110 16 21 27 47 60 | 10 1 1
16 80 95 7 — 10 | 03 105 " — 19 1 115 16 21 28 48 65 | 10 1 1
17 85 | 100 7 — 10 | 03 110 11 — 19 1 125 18 24 31 55 70 | 12 1 1
18 90 | 105 7 — 10 | 03 120 % — 22 1 135 20 27 35 62 75 | 14 11 1
20 100 | 120 9 — 14 | 06 | 135 16 | 21 25 1 150 23 30 38 67 8 | 15 11 1
22 10 | 130 9 — 14 | 06 | 145 16 | 21 25 1 160 23 30 38 67 9% | 15 1.1 1
24 120 | 140 9 — 14 | 06 | 155 16 | 21 25 1 170 23 30 39 68 | 100 | 15 1.1 1.1
26 130 | 150 9 — 14 | 06 [ 170 18 | 24 30 1 190 27 36 45 80 | 110 | 18 15 | 11
28 140 | 160 9 — 14 | 06 | 180 18 | 24 31 1 200 27 36 46 81 120 | 18 15 | 11
30 150 | 170 9 — 14 | 06 | 190 18 | 24 31 1 215 29 39 50 89 | 130 | 20 15 | 11
32 160 | 180 9 — 14 | 06 | 200 18 | 24 31 1 225 29 39 51 9 | 140 | 20 15 | 11
34 170 | 190 9 — 14 | 06 | 218 20 | 27 34 1.1 240 32 42 55 97 | 150 | 21 15 | 11
36 180 | 200 9 — 14 | 06 | 225 20 | 27 34 1.1 250 32 42 56 98 | 150 | 21 15 | 2
38 190 | 215 " — 17 |1 240 23 | 30 37 1.1 270 36 48 62 | 109 | 160 | 24 2 2
40 200 | 225 11 — 17 |1 250 23 | 30 37 1.1 280 36 48 62 | 109 | 170 | 24 2 2
a4 220 | 250 14 — 2 |1 270 23 | 30 37 1.1 300 36 48 63 | 110 | 190 | 24 2 2
48 240 | 270 14 — 2 |1 300 27 | 36 45 15 | 340 45 60 78 — - - 21 | —
52 260 | 290 14 — 22 |1 320 27 | 36 45 15 | 360 45 60 79 — — | = 21 | —
56 280 | 310 14 — 2 |1 350 2 | 4 53 15 | 380 45 60 80 — — | = 21 | —
60 300 | 340 18 24 30 |1 380 36 | 48 62 2 420 54 73 95 — - = 3 —
64 320 | 360 18 24 30 |1 400 3% | 48 63 2 440 54 73 95 — —| -3 —
Remarks 1. Dimension Series 22, 23, and 24 are double-direction bearings.
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2. The maximum permissible outside diameter of shaft and central washers and minimum permissible bore diameter of

housing washers are omitted here (refer to the bearing tables for thrust bearings).

Thrust Bearings (Flat Seats) — (1)

Units: mm
Thrust Ball
513 523 514 524 Brgs.
Spherical Thrust
293 294 Roller Brgs.
Diameter Series 3 Diameter Series 4 Diameter Series 5
Dimension Series Dimension Series D\gensmn 5
eries 2
73 ‘ 93 ‘ 13 ‘ 23 23 74 ‘ 94 ‘ 14 ‘ 24 24 95 =
D 7 (min.){71 (minf D 7 (min.)[71 (min)| D 7 (min. e
Central Washer (min i Central Washer| ( ( min)f - d 8
T T T
d, | B d; | B
20 7 — | n —| = =] 06| — - - = - - - = |- — - - | = 4 4
2 8 — | 12 —| = =] 06| — - - = - = - = | = — - - | = 6 6
26 8 —| 12 —| = | =] 06| — R - = e - - - | - 8 8
30 9 —| | =] =] =] 06| — R - = e - - - | - 10 | 00
32 9 —| | =] =] = ]o06]|— - - = - - - = | = — - - | = 2| o0
37 10 —| 15| —| —| — ] 06| — - - = - = - = | = — - - | = 15 | 02
40 10 —| 16| —| —| — | 06| — - - = - = - = | = — 52 21 | 1 17 | 03
47 12 —| 18| =] =] =] — - - = - = - - | = — 60 24 | 1 20 | 04
52 12 — | 18] 3 | 20 8 1 03 60 16 | 21 24 | 45 51| 06 [ 73 29 | 1 25 | 05
60 14 —| 2 38 | 25 9 1 03 70 18 | 24 28 | 52 20| 12 |1 06 8 34 | 11 30 | 06
68 15 — | 24| 44| 30| 10 1 03 80 20 | 27 32 | 59 25 | 14 | 14 06100 39 | 1.1 35 [ 07
8 17 22 26 | 49 | 30 | 12 1 0.6 90 23 | 30 36 | 65 30 | 15 | 14 06 |10 42 | 15 40 | 08
85 18 24 | 28| 52 | 36 | 12 1 06 | 100 25 | 34 39 | 72 35 | 17 | 11 06120 45 | 2 45 | 09
95 20 27 31 58 | 40 | 14 11| 06 | 1m0 27 | 36 43 | 78 40| 18 |15 | 06|18 51| 2 50 | 10
105 23 30 | 35| 64 | 45 | 15 11|06 | 120 29 | 39 48 | 87 45 | 20 | 1.5 | 06 ) 150 58 | 2.1 55 [ 11
10 23 30 | 35| 64| 50 | 15 11|06 | 180 32 | 4 51 93 50 | 21 | 1.5 | 06| 160 60 | 2.1 60 [ 12
15 23 30 | 36 | 65| 5 | 15 11 | 06 | 140 34 | 45 56 | 101 50 | 23 | 2 1 170 63 | 2.1 65 | 13
125 25 3 | 40 | 72| 55 | 16 11 |1 150 36 | 48 60 | 107 55 | 24 | 2 1 180 67 | 3 70 [ 14
135 27 36 | 4| 79| 60 | 18 15 | 1 160 38 | 51 65 | 115 60 | 26 | 2 1 19 69 | 3 75| 15
140 27 36 | 44| 79| 65 | 18 15 | 1 170 41 54 68 | 120 65 | 27 | 21 1 200 73| 3 80 | 16
150 29 39| 49 | 87 | 70 | 19 15 | 1 180 42 | 58 72 | 128 65 | 29 | 21 11215 78 | 4 85 | 17
155 29 39| 50| 8 | 75| 19 15 | 1 19 45 | 60 77 | 135 70 | 30 | 21 11|25 8 | 4 9 | 18
170 32 42 55 | 97 | 8 | 21 15 | 1 210 50 | 67 85 | 150 80 | 33 | 3 11250 90 | 4 100 | 20
190 36 48 | 63 | 110 | 95 | 24 | 2 1 230 54 | 73 95 | 166 9 | 37 | 3 11270 95 | 5 10 | 22
210 41 54 | 70 | 123 [ 100 | 27 | 21 | 1.1 | 250 58 | 78 | 102 | 177 95 | 40 | 4 15|30 109 | 5 120 | 24
225 42 58 | 75 [ 130 [ 110 | 30 | 21 | 1.1 | 270 63 | 8 | 110 | 192 | 100 | 42 | 4 2 320 115 | 5 130 | 26
240 45 60 | 80 | 140 | 120 | 31 21 | 11 [ 280 63 | 85 | 112 | 196 | 110 | 44 | 4 2 340 122 | 5 140 | 28
250 45 60 | 80 | 140 | 130 | 31 21 | 11 [ 300 67 | 90 | 120 | 209 | 120 | 46 | 4 2 360 125 | 6 150 | 30
270 50 67 87 | 153 | 140 | 33 | 3 11 [ 320 73 | 95 | 130 | 226 | 130 | 50 | 5 2 380 132 | 6 160 | 32
280 50 67 87 | 153 | 150 | 33 | 3 11 | 340 78 | 103 | 135 | 236 | 135 | 50 | 5 21 [ 400 140 | 6 170 | 34
300 54 73 | 95 | 165 | 150 | 37 | 3 2 360 82 | 109 | 140 | 245 | 140 | 52 | 5 3 420 145 | 6 180 | 36
320 58 78 | 105 | 183 | 160 | 40 | 4 2 380 85 | 115 | 150 — —| =15 — |40 150 | 6 190 | 38
340 63 85 | 110 | 192 | 170 | 42 | 4 2 400 90 | 122 | 155 — —| — |5 — |40 155 | 75 [ 200 | 40
360 63 85 | 112 — | = = | 4 — | 420 90 | 122 | 160 — —| — |6 — | 500 170 | 75 | 220 | 44
380 63 85 | 112 - = = | 4 — |40 90 | 122 | 160 — —| =168 — | 540 180 | 75 | 240 | 48
420 73 9% [ 130 | —| —| — |5 — | 480 100 | 132 | 175 — —| — 1|8 — | 580 190 | 95 | 260 | 52
40 73 9% [ 130 | —| —| — |5 — | 520 109 | 145 | 190 — —| — 18 — | 620 206 | 95 | 280 | 56
480 82 | 109 | 140 | — | — | — |5 — | 540 109 | 145 | 190 — —| — |6 — | 670 224 | 95 [ 300 | 60
500 82 | 109 | 140 | — | — | — | 5 — |58 118 | 155 | 208 — —| — |76 | — |70 23 | 95| 320 | 64
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IBOUNDARY DIMENSIONS AND BEARING DESIGNATIONS

TECHNICAL INFORMATION | NSK

Table 6. 3 Boundary Dimensions of

Thrust Ball Brgs. 511 512 522
Spherical Thrust
Roller Brgs. 292
Diameter Series 0 Diameter Series 1 Diameter Series 2
8 Dimension Series Dimension Series Dimension Series
£
= d 70 m 10 71 11 72 ‘ 92 ‘ 12 ‘ 22 22
= D 7(min)| D 7(min)| D 7 (min.) {1 (min.
2 (min.) (min.) Central Washer (min " (min.)
T T T
d; B
68 340 | 380 18 24 30 |1 420 36 | 48 64 2 460 54 73 | % — - = 3 —
72 360 | 400 18 24 30 |1 440 36 | 48 65 2 500 63 85 | 110 — — | = | 4 —
76 380 | 420 18 24 30 |1 460 36 | 48 65 2 520 63 85 | 112 — — | — |4 —
80 400 | 440 18 24 30 |1 480 36 | 48 65 2 540 63 85 | 112 — — | = | 4 —
84 420 | 460 18 24 30 | 1 500 3% | 48 65 2 580 73 95 | 130 — — | - 5 —
88 440 | 480 18 24 30 |1 540 45 | 60 80 21 600 73 95 | 130 — - = 5 —
92 460 | 500 18 24 30 |1 560 45 | 60 80 21 620 73 95 | 130 — - = 5 —
9% 480 | 520 18 24 30 |1 580 45 | 60 80 21 650 78 | 103 | 135 — — | = 5 —
/500 500 | 540 18 24 30 |1 600 45 | 60 80 2.1 670 78 | 103 | 135 — - - 5 —
/530 530 | 580 23 30 38 | 11 640 50 | 67 85 3 710 82 | 109 | 140 — - - 5 —
/560 560 | 610 23 30 38 | 11 670 50 | 67 85 3 750 85 15 | 150 — — | = 5 —
/600 600 | 650 23 30 38 | 11 710 50 | 67 85 3 800 9 | 122 | 160 — - = 5 —
/630 630 | 680 23 30 38 | 11 750 54 | 73 9% 3 850 100 | 132 | 175 — - = 6 —
1670 670 | 730 27 36 45 | 15 | 800 58 | 78 | 105 4 900 103 | 140 | 180 — - = 6 —
1710 710 | 780 32 42 53 | 15 | 850 63 | 8 | 112 4 950 109 145 | 190 — — | = 6 —
1750 750 | 820 32 42 53 | 15 | 900 67 | 90 |120 4 1000 112 150 | 195 — — | = 6 —
/800 800 | 870 32 42 53 | 15 | 950 67 | 90 |120 4 1060 118 | 155 | 205 — — | - 75 | —
1850 850 | 920 32 42 53 | 15 | 1000 67 | 90 |120 4 120 122 | 160 | 212 — - = 75 | —
1900 900 | 980 36 48 63 | 2 1060 73 | 9% |130 5 1180 125 | 170 | 220 — - = 75 | —
/950 950 | 1030 36 48 63 | 2 1120 78 | 103 | 135 5 1250 136 | 180 | 236 — — | = 75 | —
/1000 1000 | 1090 41 54 70 | 21 | 1180 82 | 109 | 140 5 1320 145 | 190 | 250 — - - 95 | —
/1060 1060 | 1150 41 54 70 | 21 | 1250 8 | 115 | 150 5 1400 155 | 206 | 265 — — | - 95 | —
/1120 1120 | 1220 45 60 80 | 21 |1320 9 | 122 | 160 5 1460 — | 206 — — — | = 95 | —
/1180 1180 | 1280 45 60 80 | 21 1400 100 | 132 | 175 6 1520 — | 206 — — - = 95 | —
/1250 1250 | 1360 50 67 8 | 3 1460 — | = |5 6 1610 — | 216 — — - = 95 | —
/1320 1320 | 1440 — — 95 | 3 1540 — | = |5 6 1700 — | 228 | — — - - 95 | —
/1400 1400 | 1520 - | = 9% | 3 1630 — | — |18 6 1790 — | 234 | — — — | = | —
/1500 1500 | 1630 — | — |05 | 4 1750 — | = |19 6 1920 — | 252 — — — | = | —
/1600 1600 | 1730 — | = |05 | 4 1850 — | — |19 6 2040 — | 24 | — — — | — | —
/1700 1700 | 1840 — — |12 | 4 1970 — | = |22 75 |2160 — | 278 — — — | = | —
/1800 1800 | 1950 — — | 120 | 4 2080 — | — |20 75 |2280 — | 288 — — — | = | —
/1900 1900 | 2060 — | — |10 |5 2180 — | — |20 75 — — — — — - = | = —
/2000 2000 | 2160 — | — |13 |5 2300 — | — |23 75 — — — — — - - | = —
/2120 2120 | 2300 — | — |40 |5 2430 — | = |3 75 — — — — — - - | = —
/2240 2240 | 2430 — | — |10 |5 2570 — | — |2s8 95 — — — — — - - | = —
/2360 2360 | 2550 — | — |10 |5 2700 — | — |25 95 — — — — — - - | = —
/2500 2500 | 2700 — — |60 | 5 2850 — | = |22 95 — — — — — R —
Remarks 1. Dimension Series 22, 23, and 24 are double-direction bearings.

A114

2. The maximum permissible outside diameter of shaft and central washers and minimum permissible bore diameter of

housing washers are omitted here (refer to the bearings tables for thrust bearings).

Thrust Bearings (Flat Seats) — (2)

Units: mm
Thrust Ball
513 523 514 524 Brgs.

Spherical Thrust

293 294 Rollr Brgs.

Diameter Series 3 Diameter Series 4 Diameter Series 5

Dimension Series Dimension Series D\gensmn 5

eries g

73 ‘ 93 ‘ 13 ‘ 23 23 74 ‘ 94 ‘ 14 ‘ 24 24 95 d =

D 7 (min)f1 (min) D 7 (min) [y (min)| D 7 (min.) g

Central Washer| Central Washer| @

T T T
dy | B d; | B
540 90 | 122 | 160 —| = |5 — | 620 125 | 170 | 220 —| — | 758 | — |70 243 | 12 340 68
560 90 | 122 | 160 —| = |5 — | 640 125 | 170 | 220 —| — |75 | — | 780 250 | 12 360 72
600 100 | 132 | 175 —| — |8 — | 670 132 | 175 | 224 —| — |75 | — |80 265 | 12 380 76
620 100 | 132 | 175 —| — |8 — | 710 140 | 185 | 243 —| — | 756 | — |80 272 | 12 400 80
650 103 | 140 | 180 — | — |8 — | 730 140 | 185 | 243 —| — |75 | — |90 2% | 15 420 84
680 109 | 145 | 190 —| — |8 — | 780 155 | 206 | 265 —| — |95 | — |90 308 | 15 440 88
710 112 | 150 | 195 —| — | e — | 800 155 | 206 | 265 —| — |95 | — |90 315 | 15 460 92
730 112 | 150 | 195 —| — |8 — | 80 165 | 224 | 290 — | — |95 | — [1000 315 | 15 480 96
750 112 | 150 | 195 —| — |6 — | 870 165 | 224 | 290 —| — |95 | — |w60 335 | 15 500 | /500
800 122 | 160 | 212 — | — | 75 | — |[920 175 | 236 | 308 —| — |95 | — |09 335 | 15 530 | /530
850 132 | 175 | 224 — | — | 75| — |90 190 | 250 | 335 — | = |12 — |1s0 385 | 15 560 | /560
900 136 | 180 | 236 — | — | 75 | — [w030 195 | 258 | 335 —| = |12 — 1220 375 | 15 600 | /600
950 145 | 190 | 250 — | — | 95 | — [1090 206 | 280 | 365 —| = |12 — 1280 388 | 15 630 | /630
1000 150 | 200 | 258 — | — | 95 | — |10 218 | 200 | 375 —| = |15 — 1320 388 | 15 670 | /670
1060 160 | 212 | 272 — | — | 95 | — [1220 230 | 308 | 400 — | — |15 — |1400 412 | 15 710 | /710
1120 165 | 224 | 290 — | — | 95 | — [1280 236 | 315 | 412 —| = |15 — - —| = 750 | /750
1180 170 | 230 | 300 — | — | 95 | — |1360 250 | 335 | 438 —| = |18 — e 800 | /800
1250 180 | 243 | 315 — | = |12 — 1440 — | 354 — —| = |15 — - — | = 850 | /850
1320 190 | 250 | 335 — | = |12 — 1520 — | 372 — —| = |15 — - — | = 900 | /900
1400 200 | 272 | 355 — | = |12 — |1600  — | 390 — —| — |15 — - — | - 950 | /950
1460 — | 276 — — | = |12 — |1670 — | 402 — —| = |18 — — — | — | 1000 | /1000
1540  — | 288 — — | — |15 — |0 — | 42 — —| = |18 — — — | — | 1060 | /1060
1630 — | 306 — — | = |15 — |1860  — | 444 — —| = |15 — — — | — | 120 |20
1710 — | 318 — — | = |15 — 1950  — | 462 — —| = |19 — —  — | — | 180 | /1180
1800 — | 330 — — | = |19 — 2050  — | 480 — — | = |19 — —  — | — | 1250 | /1250
1900 — | 348 — — | = |19 — 2160  — | 505 — — | = |19 — —  — | — | 1320 | 320
2000 — | 360 — — | = |19 — 2280 — | 530 — — | = |19 — —  — | — | 1400 | /1400
2140 — | 384 — — | = |19 — - | = — - =] = — —  — | — | 1500 | /1500
2270  — | 402 — — | = |19 — - - = — - = | = — — — | — | 1600 | /1600
- - - - - == |- - - - — - = | = - — — | — | 1700 | /1700
— - - e - - - — - = | = - — — | — | 1800 | /1800
- - —| = - = = | = - - = — — -] = — —  — | — | 1900 | /1900
- - - = R - - = — - = | = — — — | — | 2000 | /2000
- - - = R e — - = | = — — — | — | 2120 | /2120
- - —| = - = = | = - - = — - = |- — —  — | — | 2240 | /2240
- - — | = - == |- - = = — e — —  — | — | 2360 |/2360
- - - = - == |- - - - — e - —  — | — | 2500 | /2500
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TECHNICAL INFORMATION | NSK
BBOUNDARY DIMENSIONS AND BEARING DESIGNATIONS

Table 6. 4 Dimensions of Snap Ring Grooves and Locating Snap Rings — (1)
Bearings of Dimension Series 18 and 19

, f )
ab Side Cover — - Housing
7 ﬂg[‘ (Geometry of locating snap ring fitted in groove)
™
N
$D,
Units: mm
Applicable Bearings Snap Ring Groove Locating Snap Ring Side Cover
i iti G i f S Rii
Snap Ring Groove Snap Ring Gg)ove Position Snap Ring Groove | Radius of i Cross Sectional Thickness *°Fitted in Groove St%pped tBore
d Diameter — 4 Width Bottom Locating Snap Height Jeeenes) e erenee)
Bearing Dimension Series Ring Number Slit Snap Ring
- D D b Corners GESTIRe Width  Outside
Dimension Series 1 18 19 "o ¢ f g Diameter D, Dy
18 19 max. min. max. min. max. min. max. min. max. max. min max. min. approx. max. min.
— 10 22 20.8 20.5 — — 1.05 0.9 1.05 0.8 0.2 NR 1022 2.0 1.85 0.7 0.6 2 24.8 255
— 12 24 22.8 22.5 — — 1.05 0.9 1.05 0.8 0.2 NR 1024 2.0 1.85 0.7 0.6 2 26.8 27.5
— 15 28 26.7 26.4 — — 1.3 1.15 1.2 0.95 0.25 NR 1028 2.05 1.9 0.85 0.75 3 30.8 3156
— 17 30 28.7 28.4 — — 1.3 1.15 1.2 0.95 0.25 NR 1030 2.05 1.9 0.85 0.75 3 32.8 33.5
20 — 32 30.7 30.4 1.3 1.15 — — 1.2 0.95 0.25 NR 1032 2.05 1.9 0.85 0.75 3 34.8 355
22 — 34 32.7 324 1.3 1.15 — — 1.2 0.95 0.25 NR 1034 2.05 1.9 0.85 0.75 3 36.8 37.5
25 20 37 35.7 35.4 1.3 1.15 1.7 1.65 1.2 0.95 0.25 NR 1037 2.05 1.9 0.85 0.75 3 39.8 40.5
— 22 39 37.7 37.4 — — 1.7 1.65 1.2 0.95 0.25 NR 1039 2.05 1.9 0.85 0.75 3 41.8 42.5
28 — 40 38.7 38.4 1.3 1.15 — — 1.2 0.95 0.25 NR 1040 2.05 1.9 0.85 0.75 3 42.8 43.5
30 25 42 40.7 40.4 1.3 1.15 1.7 1.65 1.2 0.95 0.25 NR 1042 2.05 1.9 0.85 0.75 3 44.8 455
32 — 44 42.7 42.4 1.3 1.15 — — 1.2 0.95 0.25 NR 1044 2.05 1.9 0.85 0.75 4 46.8 47.5
— 28 45 43.7 43.4 — — 1.7 1.65 1.2 0.95 0.25 NR 1045 2.05 1.9 0.85 0.75 4 47.8 48.5
35 30 47 45.7 45.4 1.3 1.15 1.7 1.55 1.2 0.95 0.25 NR 1047 2.05 1.9 0.85 0.75 4 49.8 50.5
40 32 52 50.7 50.4 1.3 1.15 1.7 1.65 1.2 0.95 0.25 NR 1052 2.05 1.9 0.85 0.75 4 54.8 55.5
— 35 55 53.7 53.4 — — 1.7 1.65 1.2 0.95 0.25 NR 1055 2.05 1.9 0.85 0.75 4 57.8 58.5
45 — 58 56.7 56.4 1.3 1.15 — — 1.2 0.95 0.25 NR 1058 2.05 1.9 0.85 0.75 4 60.8 61.5
— 40 62 60.7 60.3 — — 1.7 1.65 1.2 0.95 0.25 NR 1062 2.05 1.9 0.85 0.75 4 64.8 65.5
50 — 65 63.7 63.3 1.3 1.15 — — 1.2 0.95 0.25 NR 1065 2.05 1.9 0.85 0.75 4 67.8 68.5
— 45 68 66.7 66.3 — — 1.7 1.65 1.2 0.95 0.25 NR 1068 2.05 1.9 0.85 0.75 5 70.8 72
55 50 72 70.7 70.3 1.7 1.65 1.7 1.65 1.2 0.95 0.25 NR 1072 2.05 1.9 0.85 0.75 5 74.8 76
60 — 78 76.2 75.8 1.7 1.65 — — 1.6 1.3 0.4 NR 1078 3.26 3.1 1.12 1.02 5 82.7 84
— 55 380 77.9 77.5 — — 2.1 1.9 1.6 1.3 0.4 NR 1080 3.25 3.1 1.12 1.02 5 84.4 86
65 60 85 82.9 82.5 1.7 1.65 2.1 1.9 1.6 1.3 0.4 NR 1085 3.25 3.1 1.12 1.02 5 89.4 91
70 65 90 87.9 87.5 1.7 1.65 2.1 1.9 1.6 1.3 0.4 NR 1090 3.25 3.1 1.12 1.02 5 94.4 96
75 — 95 92.9 92.5 1.7 1.65 — — 1.6 1.3 0.4 NR 1095 3.25 3.1 1.12 1.02 5 99.4 101
80 70 100 97.9 97.5 1.7 1.65 2.5 2.3 1.6 1.3 0.4 NR 1100 3.25 3.1 1.12 1.02 5 104.4 106
— 75 105 102.6 102.1 — — 2.5 2.3 1.6 1.3 0.4 NR 1105 4.04 3.89 1.12 1.02 5 110.7 112
85 80 110 107.6 107.1 2.1 1.9 2.5 2.3 1.6 1.3 0.4 NR 1110 4.04 3.89 1.12 1.02 5 116.7 17
90 — 115 112.6 1121 2.1 1.9 — — 1.6 1.3 0.4 NR 1115 4.04 3.89 1.12 1.02 5 120.7 122
95 85 120 117.6 1171 2.1 1.9 3.3 3.1 1.6 1.3 0.4 NR 1120 4.04 3.89 1.12 1.02 7 125.7 127
100 90 125 122.6 1221 2.1 1.9 3.3 3.1 1.6 1.3 0.4 NR 1125 4.04 3.89 1.12 1.02 7 130.7 132
105 95 130 127.6 1271 2.1 1.9 3.3 3.1 1.6 1.3 0.4 NR 1130 4.04 3.89 1.12 1.02 7 135.7 137
110 100 140 137.6 1371 2.5 2.3 3.3 3.1 2.2 1.9 0.6 NR 1140 4.04 3.89 1.7 1.6 7 145.7 147
— 105 145 142.6 1421 — — 3.3 3.1 2.2 1.9 0.6 NR 1145 4.04 3.89 1.7 1.6 7 150.7 152
120 110 150 147.6 1471 2.5 2.3 3.3 3.1 2.2 1.9 0.6 NR 1150 4.04 3.89 1.7 1.6 7 155.7 157
130 120 165 161.8 161.3 3.3 3.1 3.7 3.5 2.2 1.9 0.6 NR 1165 4.85 4.7 1.7 1.6 7 171.5 173
140 — 175 171.8 171.3 3.3 3.1 — — 2.2 1.9 0.6 NR 1175 4.85 4.7 1.7 1.6 10 181.5 183
— 130 180 176.8 176.3 — — 3.7 3.5 2.2 1.9 0.6 NR 1180 4.85 4.7 1.7 1.6 10 186.5 188
150 140 190 186.8 186.3 3.3 3.1 3.7 3.6 2.2 1.9 0.6 NR 1190 4.85 4.7 1.7 1.6 10 196.5 198
160 — 200 196.8 196.3 3.3 3.1 — — 2.2 1.9 0.6 NR 1200 4.85 4.7 1.7 1.6 10 206.5 208

Remarks The minimum permissible chamfer dimensions 7, on the snap-ring-groove side of the outer rings are as follows:
Dimension series 18 : For outside diameters of 78 mm or less, use a 0.3 mm chamfer.
For all others exceeding 78 mm, use 0.5 mm chamfer.
Dimension series 19 : For outside diameters of 24 mm or less, use a 0.2 mm chamfer.
For 47mm or less, use a 0.3 mm chamfer.
For those exceeding 47 mm, use a 0.5 mm chamfer (However, for an outside diameter of
68 mm, use a 0.3 mm chamfer, though note this is not compliant with ISO 15).
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TECHNICAL INFORMATION | NSK
BBOUNDARY DIMENSIONS AND BEARING DESIGNATIONS

Table 6. 4 Dimensions of Snap Ring Grooves and Locating Snap Rings — (2)
Bearings of Diameter Series 0, 2, 3, and 4

. f .
Side Cover —| re Housing

ab \ / *\g[‘ (Geometry of locating snap ring fitted in groove)
7, L
™~
N
¢ Dy
Units: mm
Applicable Bearings Snap Ring Groove Locating Snap Ring Side Cover
i iti . G t f S Ri
Snap Ring Groove Snap Ring Groove Position Snap Ring Groove | Radius Cross Sectional Thickness *Fitted in Groove | stepped Bore
d Diameter a Width of Locating Snap Height (Reference) Diameter
Bearing Diameter Series Bottom i il g St SnapRing | (Reference)
_ - D D b Corners g e f Width  Outside
Diameter Series 1 0 2,3, 4 7 g Diameter D, Dy
0 2 3 4 max. min. max. min. max. min. max. min. max. max. min. max. min. | approx. max. min.
10 — — — 26 245 24.25 1.35 1.19 — — 1.17 0.87 0.2 NR 26(}) 2.06 1.91 0.84 0.74 3 28.7 29.4
12 — — — 28 26.5 26.25 1.35 1.19 — — 1.17 0.87 0.2 NR 28(1) 2.06 1.91 0.84 0.74 3 30.7 31.4
— 10 9 8 30 28.17 27.91 — — 2.06 1.9 1.65 1.35 0.4 NR 30 3.25 3.1 1.12 1.02 3 34.7 35.5
15 12 — 9 32 30.15 29.9 2.06 1.9 2.06 1.9 1.65 1.35 0.4 NR 32 3.25 3.1 1.12 1.02 3 36.7 37.5
17 15 10 — 35 33.17 32.92 2.06 1.9 2.06 1.9 1.65 1.35 0.4 NR 35 3.25 3.1 1.12 1.02 3 39.7 40.5
— — 12 10 37 34.77 34.52 — — 2.06 1.9 1.65 1.35 0.4 NR 37 3.25 3.1 1.12 1.02 3 41.3 42
— 17 — — 40 38.1 37.85 — — 2.06 1.9 1.65 1.35 0.4 NR 40 3.25 3.1 1.12 1.02 3 44.6 45.5
20 — 15 12 42 39.75 39.6 2.06 1.9 2.06 1.9 1.65 1.35 0.4 NR 42 3.25 3.1 1.12 1.02 3 46.3 47
22 — — — 44 41.75 41.5 2.06 1.9 — — 1.65 1.35 0.4 NR 44 3.25 3.1 1.12 1.02 3 48.3 49
25 20 17 — 47 44.6 44,35 2.06 1.9 2.46 2.31 1.65 1.35 0.4 NR 47 4.04 3.89 1.12 1.02 4 52.7 53.5
— 22 — — 50 47.6 47.35 — — 2.46 2.31 1.65 1.35 0.4 NR 50 4.04 3.89 1.12 1.02 4 55.7 56.5
28 25 20 15 52 49.73 49.48 2.06 1.9 2.46 2.31 1.65 1.35 0.4 NR 52 4.04 3.89 1.12 1.02 4 57.9 58.5
30 — — — 55 52.6 52.35 2.08 1.88 — — 1.65 1.35 0.4 NR 55 4.04 3.89 1.12 1.02 4 60.7 61.5
— — 22 — 56 53.6 53.35 — — 2.46 2.31 1.65 1.35 0.4 NR 56 4.04 3.89 1.12 1.02 4 61.7 62.5
32 28 — — 58 55.6 55.35 2.08 1.88 2.46 2.31 1.65 1.35 0.4 NR 58 4.04 3.89 1.12 1.02 4 63.7 64.5
35 30 25 17 62 59.61 59.11 2.08 1.88 3.28 3.07 2.2 1.9 0.6 NR 62 4.04 3.89 1.7 1.6 4 67.7 68.5
— 32 — — 65 62.6 62.1 — — 3.28 3.07 2.2 1.9 0.6 NR 65 4.04 3.89 1.7 1.6 4 70.7 71.5
40 — 28 — 68 64.82 64.31 2.49 2.29 3.28 3.07 2.2 1.9 0.6 NR 68 4.85 4.7 1.7 1.6 5 74.6 76
— 35 30 20 72 68.81 68.3 — — 3.28 3.07 2.2 1.9 0.6 NR 72 4.85 4.7 1.7 1.6 5 78.6 80
45 — 32 — 75 71.83 71.32 2.49 2.29 3.28 3.07 2.2 1.9 0.6 NR 75 4.85 4.7 1.7 1.6 5 81.6 83
50 40 35 25 80 76.81 76.3 2.49 2.29 3.28 3.07 2.2 1.9 0.6 NR 80 4.85 4.7 1.7 1.6 5 86.6 88
— 45 — — 85 81.81 81.31 — — 3.28 3.07 2.2 1.9 0.6 NR 85 4.85 4.7 1.7 1.6 5 91.6 93
55 50 40 30 90 86.79 86.28 2.87 2.67 3.28 3.07 3 2.7 0.6 NR 90 4.85 4.7 2.46 2.36 5 96.5 98
60 — — — 95 91.82 91.31 2.87 2.67 — — 3 2.7 0.6 NR 95 4.85 4.7 2.46 2.36 5 101.6 103
65 55 45 35 100 96.8 96.29 2.87 2.67 3.28 3.07 3 2.7 0.6 NR 100 4.85 4.7 2.46 2.36 5 106.5 108
70 60 50 40 110 106.81 106.3 2.87 2.67 3.28 3.07 3 2.7 0.6 NR 110 4.85 4.7 2.46 2.36 5 116.6 118
75 — — — 115 111.81 111.3 2.87 2.67 — — 3 2.7 0.6 NR 115 4.85 4.7 2.46 2.36 5 121.6 123
— 65 55 45 120 116.21 114.71 — — 4.06 3.86 3.4 3.1 0.6 NR 120 7.21 7.06 2.82 2.72 7 129.7 131.5
80 70 — — 125 120.22 119.71 2.87 2.67 4.06 3.86 3.4 3.1 0.6 NR 125 7.21 7.06 2.82 2.72 7 134.7 136.5
85 75 60 50 130 125.22 124.71 2.87 2.67 4.06 3.86 3.4 3.1 0.6 NR 130 7.21 7.06 2.82 2.72 7 139.7 141.5
90 80 65 55 140 135.23 134.72 3.71 3.45 4.9 4.65 3.4 3.1 0.6 NR 140 7.21 7.06 2.82 2.72 7 149.7 1652
95 — — — 145 140.23 139.73 3.71 3.45 — — 3.4 3.1 0.6 NR 145 7.21 7.06 2.82 2.72 7 154.7 157
100 85 70 60 150 145.24 144.73 3.71 3.45 4.9 4.65 3.4 3.1 0.6 NR 150 7.21 7.06 2.82 2.72 7 159.7 162
105 90 75 65 160 155.22 154.71 3.71 3.45 4.9 4.65 3.4 3.1 0.6 NR 160 7.21 7.06 2.82 2.72 7 169.7 172
110 95 80 — 170 163.65 163.14 3.71 3.45 5.69 5.44 3.8 3.5 0.6 NR 170 9.6 9.45 3.1 3 10 182.9 185
120 100 85 70 180 173.66 173.15 3.71 3.45 5.69 5.44 3.8 3.5 0.6 NR 180 9.6 9.45 3.1 3 10 192.9 195
— 105 90 75 190 183.64 183.13 — — 5.69 5.44 3.8 3.5 0.6 NR 190 9.6 9.45 3.1 3 10 202.9 205
130 110 95 80 200 193.65 193.14 5.69 5.44 5.69 5.44 3.8 3.5 0.6 NR 200 9.6 9.45 3.1 3 10 212.9 215

Note (') The locating snap rings and snap ring grooves of these bearings are not specified by ISO.
Remarks 1. The dimensions of these snap ring grooves are not applicable to bearings of Dimension Series 00, 82, and 83.
2. The minimum permissible chamfer dimension 7y on the snap-ring side of outer rings is 0.5 mm. However, for
Diameter Series 0 bearings with outside diameters of 35 mm or below, it is 0.3 mm.

A118 A119



TECHNICAL INFORMATION | NSIKK
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6.2 Formulation of Bearing Designations (Example 4 NU 3 18 M CM Table 6. 5 Bearing Series Designations
Bearing designations (or "bearing numbers") are Radial Clearance for - T
codes containing alphanumeric and non-alphanumeric Electric-Motor Bearings CM Dimensions Dimensions
characters that indicate bearing type, boundary Machined Brass Cage . Bearing . Bearing .
dimensions, dimensional and running accuracies, . i Bearing Type Type Bearing Type Type | Width
internal clearance, and other related specifications. Nominal Bore Diameter 90 mm Series Width | Diameter Series o |Diameter
The boundary dimensions of commonly used bearings Diameter Series 3 Height
mostly conform to the organizational concept of ISO, NU Tvoe Cylindrical
and the bearing numbers of these standard bearings Rolle¥pBeea¥|r;g rica T
are specified by JIS B 1513 (Rolling bearings- 68 6 M 8 Y NNU49 NNU 4 9
Designation). Due to a need for more detailed (gxamples)NN 30 17 ch1 p4 Single-Row 69 6 Q) 9 Cylindrical D NN 3 0
classification, NSK uses auxiliary designations other Deep Groove 60 6 ) 0 Roller Bearings
than those specified by JIS. Accuracy of ISO Class 4 Ball Bearings 62 6 ) 9
Bearing designations consist of a basic designation Radial Clearance in Non- - 6 ) 5 NA48 NA 4 8
anéj supplerﬂenéary designation.(The l))asicddeﬁignat(ijop] Eéﬁg:rhgggﬁgglseé) 1||ndr|ca| Needle Roller NA49 NA 4 9
indicates the bearing series (type) and the widt Bearings NA59 NA 5 9
and diameter series as shown in Table 6.5. Basic Tapered Bore (Taper 1:12) Single-Row ;: ; El; § ¢ NAG9 NA 6 9
designations, supplementary designations, and the Nominal Bore Diameter 85 mm Angular Contact 2 . o )
meanings of common numbers and designations are Diameter Series 0 Ball Bearings ©)
listed in Table 6.6 (Pages A122 and A123). Contact 73 7 (0) 3 329 3 2 9
angle and other supplementary designations are —— Width Series 3 " 1 0 ) 320 3 9 0
shown in successive columns from left to right in Table
6.6. For reference, some example designations are Eglungeeg)r/llr:Bdncal Self-Aligning 13 1 ) 3 330 3 3 0
shown here: Ball Bearings 22 Q) 2 2 &R 3 3 !
(Example6)HR 3 02 07 23 (1) 2 3 Tapered Roller 302 3 0 2
Small Diameter of Quter Ring Bearings 322 3 2 2
Raceway and Contact Angle NU10 NU 1 0
Conform to ISO NI NU ) ) 332 3 3 2
(Example 1) 6 3 08 22 cTi _ Nominal Bore Diameter 35 mm NU22 U 5 5 203 . . ;
ﬁ%?e!%gll%algr]gﬁc?Desi nation) Diameter Series 2
9 Width Series 0 NU3 NU ) 3 323 3 2 3
Shields on Both Sides
(Shield Designation) Tapered Roller Bearing oz " 2 °
Nominal Bore Diameter 40 mm No o © ! 250 2 ° °
(Bore Number) High Capacity Bearing NJ2 NJ ) 2 - 23 2 3 L
Diameter Series 3 | gearing NJ22 N 2 2 Spherica 222 2 2 2
Single-Row Deep  (Series  (Example7)2 4 0/1000 CA M K30 E4 C3 NJ3 N 0 3 Roller
Groove Ball Bearing/ Designation Radial Clearance C3 (0) Bearings 232 2 3 2
(Example2)7 2 20 A DB C3 s - ’ : 213() 2 0 °
xample 2) 7 Quter Ring with Oil Single-Row NJ4 NJ 0 4
T.. Groove and Oil Holes ger © 223 2 2 8
Axial Clearance C3 Tapered Bore Cylindrical NUP2  NUP | (0) 2
Back-to-Back Arrangement (Taper 1:30) Roller NUP22 NUP 9 9 511 5 1 1
Contact Angle 300 Machined Brass Cage Bearings NUP3 NUP | (0) 3 512 5 1 2
Nominal Bore Diameter 100 mm Sphe'ncal RollerlBearmg NUP23 NUP 9 3 Thrust Ball 513 5 1 3
Diameter Series 2 Nominal Bore Diameter 1 000 mm NUP4 NUP 0) 4 Bearings with 208 5 1 4
Diameter Series 0 Flat Seats
Single-Row Angular Contact Ball , ) N10 N 1 0 522 5 2 2
Bearing ————— Width Series 4 N2 N 0) 2 523 5 2 3
(Example 3)1 2 06 K +H206X ———Spherical Roller Bearing N3 N () 3 524 5 2 4
[Adapter with 25 mm Bore (Example8)51 2 15 N4 N (0) 4
Tapered Bore (Taper 1:12) Nominal Bore Diameter 75 mm NF2 NF ) 2 ?Eher;csl | z:; z 2 i
Nominal Bore Diameter 30 mm L Diameter Series 2 NF3 NF (0) 3 rust roter
I NF4 NE ©) Bearings 294 2 9 4
lameter Series Heai i
Height Series 1

Self-Aligning Ball Bearing Note (1) Bearing Series 213 should logically be 203, but customarily it is numbered 213.

Thrust Ball Bearing Remark  Numbers in parentheses ( ) in the width column are usually omitted from the bearing designation.
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Table 6. 6 Formulation of

Basic Designation

External Features

Bearin ) )
Series 8) Bore Number | Contact Angle Internal Design Material Cage
Seals, Shields
Code Meaning |Code Meaning |Code Meaning |Code Meaning Code Meaning |Code Meaning [Code Meaning
68  Single- 1 B 1mm Angular A Internal Design g Case-Hardened | M  Machined- | Z Shield
g9 Row Deep Diam. gont_act Ball Differs From Steel Used in Brass Cage | zg } on One
Groove Ball | 2 2 earings Standard Rings, Rolling Side
60 Bearings A Standard Elements Only
: 3 3 Contact Angle | J  Smaller Diameter
_ . of 30 of Outer Ring
70  Single-Row : Raceway, Contact )
2 oo | A5 Standard Angle. and Quter Z ) onbon
Ring Width of -

73 Bearings 9 9 Contact Angle T;Bgredl Roll%r ) u g{sgfggge s Sides

. of 25° Bearings (Conforms | Stainless Steel

g 00 10 05 ( Used in Rings

0 ISO 355) : .

12 Self- 01 12 Rolling Elements

13 Aligning Ball B  Standard
Bearings 02 15 Contact Angle DU Rubber

22 of 40° Corgactss_gal

. on One Side

. ® 17 T  Synthetic Only
NU10 Cylindrical For High Capacity Resin Cage

Roller |
NJR2 Bearings /22 22 e gtoanlggtrdﬁ\ngle (Beanngs )
N 3 of 15° DDU Rubber
NN 30 128 28 gonltact

- /32 32 c v \é\gtheout Both Sides

NAGB.feee ¢

oller CA
NA49 B rings 04(:) 20 'Fr{a;ilered V  Rubber
NA69 i ”s Bgarei;gs Spherical Roller Non-

: Omitted Contact Angle @ Bearings Contact Seal
320 Tapered 06 30 Cess Than 17° oor;h(;ne Side
322 Roller EA
s l(}()earings

B ’ ' C  Approx. 20° VA Rubber

: ) 88 440 Cgﬁtact Angle | E  Cylindrical Roller gé’ﬂ{aot
230 ggnglcm 92 460 Bearings Seals on
222 Bearings 96 480 Both Sides
223 D  Approx. 28° E  Spherical Thrust

. /500 500 Contact Angle Roller Bearings
511 ghrust Ball | /630 530

earing
512 \ithFlat | /560 560 gl niar Sontact
513 Seats X
292 Thrust
Spherical /2360 2360
233 Roller
294 Bearings /2500 2500
HR(#) High Capacity
Tapered Roller
Bearings and Others
Designations and Numbers Conform to JIS(5) NSK Designations NSK Designations
) Not Marked
Marked on Bearings on Bearings
Notes (1) Bearing Series designations conform to Table 6.5.
(2) For basic designations of tapered roller bearings in ISO's new series, refer to Page C182.
(3) The bore size (mm) is five times the bore number for Bore Numbers 04 through 96 (except double-direction thrust
ball bearings).
(4) HRis an NSK Bearing Series designation.
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Bearing Designations

Supplementary Designation

External Features

Design of Rings

Arrangement

Internal Clearance /

Preload

Tolerance Class

Special
Specification

Spacer / Sleeve

Grease

Code Meaning

Code Meaning

Code Meaning (radial clearance)

Code Meaning

Code Meaning

Code Meaning

Code Meaning

K Tapered DB Backio-Back| C1 Clearance Less  \qpitted SO Normal |  Bearings +K Bearings | A2 SHELL
A R D e | ok |5 A
(Topet 1712 €2 &lthancn Dimensional Spacers

br ey OB S 0N Cearnce P6 ISOClass6 | Stabilization - ENS ENS GREASE
ace-to- earings
Face ¢3 < |Clearance Greater ) it With Ir?ner
Arrangement = |ThanCN X26 Working Ring

K30 Tapered = |Clearance Greater P6X 150 Class 6X Temperature Spacers NS7 NS HI-LUBE
Bore of C4 S IThanc3 I{g\évngThan
Inner Ring

. Tandem Clearance Greater 3
(Taper 1:30) i Arrangement 5 Than C4 . +KL %?ﬁlg%?h
P5 SO Class5 | X28 Working | d PS2 MULTEMP PS
ol L Temperature nner an No. 2
cor o (S tes (overTtan | Qi
59 °
Notch or S 2| Clearance Less
- . €e2 £\ o P4 IS0 Class 4 _
Groove in cc =1 N Ll X29 Working H Adapter
Ring 55 ormal Clearance [‘é’"@??ﬁg?
cc3 £ [Clearance Greater P2 IS0 Class 2 e
£ 5| Than CC AH  Withdrawal
cc4 S [Clearance Greater Sleeve
E4 Lubricating 53 Than CC3 ABMA(7)
Groove in ccs ~ Clearance Greater Tapered )
Outside Than CC4 : Spherical HJ Thrust
Roller Bearing
Surface and Roller Collar
Holes in mc1 Clearance Less Than Bearings
Outer Ring «|MC2 . c
2 Omitted Class 4 T e————
MC2 = |Clearance Less Than S11 Dimensional
N s = e
nap Ring reatn
8[,?3}'%;,’1‘9 MC3 ‘gg Normal Clearance PN2 Class 2 %%Egﬁm
£3
MC4 é‘g (TJIh?nram%Greater Lower Than
5< 200°C
S

NR  Snap Ring MC5 “% Glearance Greater | pNg  Class 3
Groove With & |Clearance Greater
Snap Ring MC6 | Than MC5
Ring - PNO Class 0

Clearance in Deep Groove
CM Ball Bearings for Electric
Motors
PNO0 Class 00
CT Clearance in Cylindrical
Roller Bearings for Electric
cm Motors
Preload of Angular Contact
Ball Bearing
EL  Extra Light Preload
L  Light Preload
M Medium Preload
H  Heavy Preload

Partially Match Match NSK Partially Match a5 — N 5
JIS() JIS(5) Designations  JIS(5)/ BAS(®) Match JIS(5) NSK Designations, Partially Match JIS(5)

In General, Marked on Bearings Not Marked on Bearings
Notes (5) JIS: Japanese Industrial Standards.

(7

() BAS: The Japan Bearing Industrial Association Standard.
) ABMA: The American Bearing Manufacturers Association.
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7.1 Bearing Tolerance Standards ... A 126

7.2 Selection of Tolerance ClasSes ....evvvvvvvvveeiiiiiisisssssrns. A 151
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7. BEARING TOLERANCES

7.1 Bearing Tolerance Standards

The tolerances for the boundary dimensions and
running accuracy of rolling bearings are specified by
ISO 492, 199, and 582. Tolerances are specified for

the following items:

Class 2 is the highest bearing tolerance class in ISO
but additional classes exist, including Class 6X (for
tapered roller bearings), Class 6, Class 5, and Class
4. The applicable tolerance classes for each bearing
type and the correspondence of these classes are
shown in Table 7.1.

Dimensional Accuracy

bearings on shafts or in

(Items necessary to mount)

housings

Tolerances of Rolling Bearings

specify the runout of

Running Accuracy
(Items necessary to )

- Tolerances for bore and outside diameters, ring width,
- Tolerances for inscribed and circumscribed circle
- Tolerances for chamfer dimensions

- Tolerances for width variation
- Tolerances for tapered bore diameters

and bearing width

diameters of rollers

rotating machine parts

- Permissible radial runout of inner and outer rings
- Permissible face runout with raceway inner and outer

- Permissible perpendicularity of inner ring face with
- Permissible perpendicularity of outer ring outside

- Permissible raceway to back face thickness variation of

rings
respect to the bore

surface with respect to the face

thrust bearings

Table 7. 1 Bearing Types and Tolerance Classes

Deep Groove Ball Bearing Normal — Class 6 Class 5 | Class 4 | Class 2
Angular Contact Ball Bearings Normal — Class 6 Class 5 | Class 4 | Class 2
- . Class 6 Class 5
Self-Aligning Ball Bearings 1SO 492 Normal — Equivalent | Equivalent| — —
Cylindrical Roller Bearings Normal — Class 6 Class5 | Class4 | Class 2
Needle Roller Bearings Normal — Class 6 Class5 | Class 4 —
Spherical Roller Bearings Normal Class 6 Class 5 — —
Metric Design 1SO 492 Normal | Class 6X | Class 6 Class5 |Class4| —
ANSI/
Tapered Inch Design AFBMA | Class 4 — Class 2 Class 3 | Class 0 |Class 00
Roller Std.19.2
Bearings ANSI/
J Series AFBMA |Class K| Class N — ClassC [ClassB| —
Std.19.1
; Normal Class 6 Class 5
Magneto Ball Bearings BAS1061 Equivalent| Equivalent | Equivalent| T
Thrust Ball Bearings Normal — Class 6 Class5 |[Class4| —
Thrust Roller Bearings 1SO 199 Normal — — — — —
Thrust Spherical Roller Bearings Normal — — — — —
{1553(];’ 1514, Class 0 — Class 6 Class 5 | Class4 | Class 2
= B Tapered Roll
8 ’ B%geri’r?gs U e" Metric Design JISB 1514 | Class 0 | Class 6X | (Class6) | Class5 |Class4 | —
g[ DN DING620 PO — P6 P5 P4 | P2
< Ball Bearings ANSI/ ABEC1 ABEC3 | ABEC5 |ABEC7|ABEC9
2 , AFBMA
S Roller Bearings Std.20 RBEC1 — RBEC3 RBEC5 — —
=
o
S| ANSI/ q ANSl/ Class Class | Class
] Instrument Ball Bearings AFBMA — —
§ AFBMA Std.12.9 5P 7P 9P
s ANSI/
= aapered ROIIT | wetric Design ~~ AFBMA | Class K | ClassN | — Class C | Class B| Class A
fivd Y Std.19.1
Tapered Roller | Metric | Multi/
BAS | Bearings Design | Four-Row BAS1002 | Class 0 — — — —
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(Reference) Rough definitions of items related to

running ac

curacy and their measuring methods are

shown in Fig. 7.1. These are further described in detail
in ISO 5593 (Rolling Bearings-Vocabulary), JIS B

1515, (Rolling Bearings-Tolerances) and elsewhere.

Measuring B,
Weight ﬁa :
| :
B =5

oo

LI X

Measuring
Weight

7 (max.)x1.2
Stops (at two points)

Supplementary Table
Running Inner Outer Dial
Accuracy Ring Ring Gauge
Ko Rotating Stationary A
K Stationary Rotating A
S Rotating Stationary B,
Sa Stationary Rotating B
Sa Rotating Stationary C
Sp — Rotating D
Only the shaft, housing,
Si, Se or central washer is to be E
rotated.

Supporting pins
at three points around
circumference

Stops at two points for
inside or outside surface

Fig. 7.1 Measuring Methods for Running Accuracy (Summarized)

Bs

Si, Se

ATS
ATIS

A T2s

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

Variation of bore diameter in a single
plane

Inner ring width, nominal
Deviation of a single inner ring width
Inner ring width variation

Radial runout of assembled brg. inner ring
Perpendicularity of inner ring face with
respect to the bore

Axial runout of inner ring of assembled
bearing

Parallelism of inner ring raceway with
respect to the face

Nominal (assembled) bearing width
Deviation of the actual brg. width
Deviation of the actual effective width of
inner subunit

Deviation of the actual effective width of
outer ring

D
ADS

'Dmp

Vop

VDmp
Vl)sp

o
ACS

I/C s

Kea
Sp

Sea

Nominal outside diameter

Deviation of a single outside diameter
Single plane mean outside diameter
deviation

Outside diameter variation in a single
radial plane

Mean outside diameter variation

Variation of outside diameter in a single
plane

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

Radial runout of assembled brg. outer ring
Perpendicularity of outer ring outside
surface with respect to the face

Axial runout of outer ring of assembled

bearini . ﬁTT
—O ﬁé}
Wl L
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Table 7. 2 Tolerances for Radial Bearings
Table 7. 2. 1 Tolerances for Inner Rings and

(Excluding Tapered Roller Bearings)

Widths of Outer Rings

4., 0 4,0
Nominal Bore Diameter
d Class 4 Class 2
(mm) Normal Class Class 6 Class 5 Class 4 Class2 | Diameter Series | Diameter Series
0,1,2,3,4 | 0,1,2,3,4
over incl. high low high  low | high low | high low | high low high  low | high low
0.6(%) 25 0 - 8 0 -7 0 -5 0 -4 0 -25 0 41 0 -25
25 10 0 - 8 0 -7 0 -5 0 -4 0 -2.5 0 -4 0 -2.5
10 18 0 - 8 0 -7 0 -5 0 -4 0 =25 0 -4 0 -2.5
18 30 0 10 0 -8 0 -6 0 -5 0 -2.5 0 5 0 =25
30 50 0 - 12 0 -10 0 -8 0 -6 0 -2.5 0 -6 0 -2.5
50 80 0 15 0 -12 0 -9 0 -7 0 -4 0 7 0 -4
80 120 0 - 20 0 -15 0 =10 0 -8 0 -5 0 -8 0 -5
120 150 0 - 25 0 -18 0 -13 0 -10 0 -7 0 -10| 0 -7
150 180 0 - 25 0 -18 0 -13 0 =10 0 =7 0 -10 0 -7
180 250 0 30 0 =22 0 -15 0 -12 0 -8 0 -12 0 -8
250 315 0 - 35 0 -25 0 -18 — — — — — — — —
315 400 0 - 40 0 -30 0 -23 — — — — — — — —
400 500 0 - 45 0 -35 — — — — — — — — — —
500 630 0 -850 -40|— — |- —|= —-|= —]= =
630 800 0 -75 | — — — — — — — — — — — —
800 1000 o -100| - —| = —| = —|= - | = —]-= =
1000 1250 0o -125| - —| = —| = —| = - | = —]= =
1250 1600 o -0 | — —| - —]|=- —|= — |- —]- -
1600 2000 o -20| — — |- —| = —| = — | = —| - —
A, (0r4)0) Vi (or V)
Single Bearing Combined Bearings ['ﬂﬂg{ Eiiﬂg)(?{) Inner Ring
Normal Class 6 Class 5 Class 4 Ncolliaxilsal Class 6 Class 5 |Class 4 (*) [Normal| Class |Class| Class|Class
Class Class 2 0) *0C) ®0C) Class 2 () | Class 6 5 4 2
high  low |high low [high low |high low |high low [high low |high low f|high low | Max. | Max. | Max. | Max. | Max.
0 - 40| 0 -40|/0 -40{0 -40— — |— — 0 =250 0 =250 12 12 5125 |15
0 - 1201 0 -120/ 0 - 40| 0 - 40| 0 -250| 0 =-250| O =-250| O =-250 15 15 5|25 |15
0 - 1201 0 =120/ 0 -80| 0 -80| 0 =-250| 0 =-250| 0 =-250| 0 =250 20 20 5125 |15
0 - 120| 0 -120{ 0 =120/ 0 -120| 0 -250| O -250| O =-250| O =-250| 20 20 5125 |15
0 - 120 0 =120/ 0 =-120|{ 0O -120] O =-250| O =-250| O =-250| O =250 20 20 5|3 1.5
0 - 150| 0 -150| O =150/ O -150| O -380| O -380| 0O =-250| 0 =-250| 25 25 6 | 4 15
0 - 200[ 0 -200{ 0 -200| O -200| O -380| O =-380| O =-380| 0 =-380| 25 | 25 714 |25
0 - 250| 0 -250| 0 -250| 0 -250| O -500| 0 =-500| 0 =-380| 0 -380| 30 | 30 8|5 |25
0 - 250| 0 -250| 0 -250| O -250| O -500| O -500| O -380| O -380| 30 | 30 8|5 |4
0 - 300(0 -300| 0 -300{ 0 -300| 0O -500| 0 =-500|0 =-500|0 -500| 30 | 30 | 10 |6 |5
0 - 350| 0 -350[{ 0 -350|— — | 0O -500|0 -500|0 =-500|— — 35 35 13| — | —
0O - 400| 0 -400/ 0 -400{— — | O -630| 0 -630| 0 -630|— — 40 40 15 — —
0 - 4500 -450|— — |— —|— — |— — |— — |— — 50 45 — — —
0 - 500[0 -500| — — [— — |— — |[— — |— — |— — 60 | 50 | — | — | —
0 - 750|— — |— —|— —|— —|=— —|= —|= — 0| — | ===
0 -1000|— — |— —|[— —|— —|— —|— —|— — 80 | — | — | — | —
0 -1250|— — |— —|— —|— —|— —|—= —|=— —1J10]| — | —=|—=1=
0 -1600|— — |— —|— —|— —|— —|— — |— = 120 — — | — | —
0 -2000— — |— —|— —|— —|— —|— —|— — ]| —|—|—1]~=
Notes (') 0.6mm is included in this group.
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() Applicable to bearings with cylindrical bores.

(%) Outer ring width tolerances or deviation depend on the values for the inner ring of the same bearing. Tolerances for

the width variation of outer rings in Class 5, 4, and 2 are shown in Table 7.2.2.
() Applicable to individual rings manufactured for combined bearings.
(°) Also applicable to inner ring tapered bores with d = 50 mm.
(°) Applicable to ball bearings such as deep groove ball bearings and angular contact ball bearings.

within a distance from the ring face to 1.2 times the chamfer dimension » (max.).
2. AIS/ABMA Std 20-199s: ABEC1-RBEC1, ABEC3-RBEC3, ABEC5-RBEC5, ABEC7-RBEC7, and
ABEC9-RBEC9 are equivalent to Classes Normal, 6, 5, 4, and 2 respectively.

de (2) V(imp (2)
Normal Class Class 6 Class 5 Class 4 Class 2
Diameter Series Diameter Series | Diameter Series| Diameter Series | DiAMeter Normal| Class | Class | Class | Class
eries | Class 6 4 2
o Jo1]234] 9 Jo1[234] 9 1234 o [1234[01234
Max Max Max. Max. Max. Max. | Max. | Max. Max. Max.

10 8 6 9 7 5 5 4 4 3 25 6 5 3 2 1.5

10 8 6 9 7 5 5 4 4 3 2.5 6 5 3 2 1.5

10 8 6 9 7 5 5 4 4 3 25 6 5 3 2 1.5

13 10 8 10 8 6 6 5 5 4 25 8 6 3 25 1.5

15 12 9 13 10 8 8 6 6 5 25 9 8 4 3 1.5

19 19 11 15 15 9 9 7 7 5 4 11 9 5 3.5 2

25 25 15 19 19 1 10 8 8 6 5 15 1 5 4 2.5

31 31 19 23 23 14 13 10 10 8 7 19 14 7 5 3.5

31 31 19 23 23 14 13 10 10 8 7 19 14 7 5 3.5

38 38 23 28 28 17 15 12 12 9 8 23 17 8 6 4

44 44 26 31 31 19 18 14 — — — 26 19 9 — —

50 50 30 38 38 23 23 18 — — — 30 23 12 — —

56 56 34 44 44 26 — — — — — 34 26 — — —

63 63 38 50 50 30 — — — — — 38 30 — — —

Units : um
K, S S ()
Nominal Bore Diameter
d
N((:)lra?:l Class 6 | Class 5 | Class 4 | Class 2 | Class 5 | Class 4 | Class 2 | Class 5 | Class 4 | Class 2 (mm)

Max. Max Max. Max. Max. Max. Max. Max. Max. Max. Max. over incl.
10 5 4 2.5 1.5 7 3 1.5 7 3 1.5 0.6 2.5
10 6 4 2.5 1.5 7 3 1.5 7 3 1.5 2.5 10
10 7 4 2.5 1.5 7 3 1.5 7 3 1.5 10 18
13 8 4 3 2.5 8 4 1.5 8 4 2.5 18 30
15 10 5 4 25 8 4 1.5 8 4 2.5 30 50
20 10 5 4 25 8 5 1.5 8 5 2.5 50 80
25 13 6 5 25 9 5 2.5 9 5 25 80 120
30 18 8 6 25 10 6 2.5 10 7 2.5 120 150
30 18 8 6 5 10 6 4 10 7 5 150 180
40 20 10 8 5 I 7 5 13 8 5 180 250
50 25 13 — — 13 — — 15 — — 250 315
60 30 15 — — 15 — — 20 — — 315 400
65 35 — — — — — — — — — 400 500
70 | 40 — — — — — — — — — 500 630
80 — — — — — — — — — — 630 800
90 — — — — — — — — — — 800 1000

100 — — — — — — — — — — 1000 1250

120 — — — — — — — — — — 1250 1600

140 — — — — — — — — — — 1600 2000

Remarks 1. The cylindrical bore diameter "no-go side" tolerance limit (high) specified in this table does not necessarily apply
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Table 7. 2 Tolerances for Radial Bearings

Table 7. 2. 2 Tolerances

(Excluding Tapered Roller Bearings)

for Outer Rings

Ay 4,
Nominal Outside
Dlargeter Class 4 Class 2
(mm) Normal Class Class 6 Class 5 Class 4 Class 2 - -
Diameter Series
0,1,2,3,4
over incl. high low high ~ low | high low |high low |high low |high low | high low
2.5(Y) 6 0 - 8 0 -7 0 5 0 4 0 25 0 4 0 25
6 18 0 - 8 0 -7 0 -5 0 -4 0 -25 0 -4 0 - 25
18 30 0 -9 0 -8 0 6 0 5 0 4 0 5 0 4
30 50 0 -1 0 -9 0 -7 0 -6 0o -4 0 -6 0 -4
50 80 0 - 13 0 -1 0 -9 0 -7 0 -4 0 -7 0 -4
80 120 0 - 15 0 -13 0 -10 0 8 0 5 0 8 0 5
120 %0 0 -18 |0 -15|0 -1 |0 -9 |0 -5 0 -9|0 -5
150 10 0 -25 |0 =-18 |0 -13 |0 =10 |0 -7 0o -10 |0 -7
180 25 0 -3 |0 =-20|0 =-13|0 =110 8 o -1 |0 -8
250 315 0 - 35 0 -25 0 -18 0 -13 0 -8 0 -13 0 -8
315 400 0 - 40 0 -28 0 -20 0 -15 0 =10 0 -15 0 -10
400 500 0 - 45 0 -33 0 -23 — — — — — — — —
500 630 0 - 50 0 -38 0 -28 — — — — — — — —
630 800 0 - 75 0 =45 0 -35 — — — — — — — —
800 1000 0 -100 0 -60 | — — — — — — — — — —
1000 1250 0 -126 | — — |— — |— — |- — |- — |- -
1250 1600 0 -160 | — — |— — |— — |— — |—= — | = —
1600 2000 0 -200 | — — — — — — — — — — — —
2000 2500 0 -260 | — — | — — | — — |- — | =  — |—= —
Notes (') 2.5 mm is included in this group.

2

%) Not applicable to bearings with flanges.

()
() 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.
(")

(

%) The tolerances for outer ring width variation in Normal Class and Class 6 bearings are shown in Table 7.2.1.

Remarks

from the ring face to 1.2 times the chamfer dimension » (max.).
2. AISI/ABMA Std 20-1996: ABEC1-RBEC1, ABEC3-RBEC3, ABEC5-RBEC5, ABEC7-RBEC7, and
ABEC9-RBEC9 are equivalent to Classes Normal, 6, 5, 4, and 2 respectively.

A 130

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

Vi ) Vom ()
Normal Class Class 6 Class 5 Class 4 Class 2
’ Sealed/ : Sealed/ : : 0
Open Bearings i Open Bearings  [PEASC OPG'? Bearings Open Bearings Bgaeienngs Normal| Class | Class | Class | Class
Diameter Series Diameter Series Diameter Diamoter | Diameter | Class | 6 5 4 2
o [o1 [234[234] 9 [o1]234uasd o [i234 o Jn23dor2ss
Max. Max. Max. Max. Max. | Max. | Max. | Max. | Max. | Max
10 8 6 10 9 7 5 9 5 4 4 3 25 6 5 3 2 1.5
10 8 6 10 9 7 5 9 5 4 4 3 25 6 5 3 2 1.5
12 9 7 12 10 8 6 10 6 5 5 4 4 7 6 3 25 2
14 11 8 16 1 9 7 13 7 5 6 5 4 8 7 4 3 2
16 13 10 20 14 " 8 16 9 7 7 5 4 10 8 5 3.5 2
19 19 11 26 16 16 10 20 10 8 8 6 5 11 10 5 4 25
23 23 14 30 19 19 11 25 i 8 9 7 5 14 1 6 5 25
31 31 19 38 23 23 14 30 13 10 10 8 7 19 14 7 5 3.5
38 38 23 — 25 25 15 — 15 1 1 8 8 23 15 8 6 4
44 44 26 — 31 31 19 — 18 14 13 10 8 26 19 9 7 4
50 50 30 — 35 35 21 — 20 15 15 11 10 30 21 10 8 5
56 56 34 — 41 41 25 — 23 17 — — — 34 25 12 — —
63 63 38 — 48 | 48 29 — 28 | 21 — — — 38 29 14 — —
94 94 55 — 56 56 34 — 35 26 — — — 55 34 18 — —
125 125 75 — 75 75 45 — — — — — — 75 45 — — —
Units : um
K. 5,09 5.0 AL
Nominal Outside
Diameter
Normal| Class | Class | Class | Class | Class | Class | Class |Class | Class | Class | Class | Class | Class D
Class | 6 5 2 5 (mm)
Max. | Max. | Max. | Max. | Max. | Max. | Max. | Max. | Max. | Max. | Max. | Max. | Max. | Max. over incl.
15 8 5 3 1.5 8 4 1.5 8 5 1.5 5 25 1.5 2.5 6
15 8 5 3 1.5 8 4 1.5 8 5 1.5 5 25 1.5 6 18
15 9 6 4 25 8 4 1.5 8 5 25 5 25 1.5 18 30
20 10 7 5 25 8 4 1.5 8 5 25 5 25 1.5 30 50
25 13 8 5 4 8 4 1.5 10 5 4 6 3 1.5 50 80
35 18 10 6 5 9 5 25 11 6 5 8 4 2.5 80 120
40 20 1 7 5 10 5 25 13 7 5 8 5 2.5 120 150
45 23 13 8 5 10 5 25 14 8 5 8 5 2.5 150 180
50 25 15 10 7 I 7 4 15 10 7 10 7 4 180 250
60 30 18 11 7 13 8 5 18 10 7 11 7 5 250 315
70 35 20 13 8 13 10 7 20 13 8 13 8 7 315 400
80 40 23 — — 15 — — 23 — — 15 — — 400 500
10060 |25 | —| — |18 —| —|25|—]| — |18 — | — 500 630
12060 |3 | —| — 2| —] —|3|—| —|2]—|— 630 800
o || — | —| — | == = | =] =] = | =] - | = 800 1000
| —| - —| — | | = — | = | =] = | =] =1 = 1000 1250
19 | — | = | = = | = =] = | == =|=1 =1 = 1250 1600
2| — | — | —| — | =] =] —|=|—=| == -1 = 1600 2000
250 | — | — | — | — | — | —| = | = | = | — | —| — | — 2000 2500
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Table 7. 3 Tolerances for Metric Series Tapered Roller Bearings

Table 7. 3. 1 Tolerances for Inner Ring Bore Diameter and Running Accuracy

¢d ¢

Nominal Bore 4, 4, | |
Diameter
d Normal Normal Normal
(mm) Class (Class 6) | Class 5 Class 4 Class4 | Class (CEISSS Clgss CIZSS Class (C(ISSS Clgss CIZSS
Class 6X Class 6X Class 6X
over incl. high low [high low [high low [high low [high low | Max. | Max. | Max. | Max. | Max. | Max. | Max. | Max.
10() 18 0 120 -7/0 -7{0 -5]0 -5 12 7 5 4 9 5 5 4
18 30 0 -12/0 -8/0 -8/0 -6/0 -6 12 8 6 5 9 6 5 4
30 50 0 120 -10(0 -10{0 -8} 0 -8 12 10 8 6 9 8 5 5
50 80 0 -15/0 =12/ 0 =12/ 0 -9|0 =-9| 15 12 9 7 1" 9 6 5
80 120 0 2000 =15 0 =156 0 =-10| O =10 20 15 11 8 15 I 8 5
120 180 0 -25/0 -18/ 0 -18| 0 =-13| 0 -13 25 18 14 10 19 14 9 7
180 250 0 -30|0 -22|/0 -22|10 =-15| 0 =15 30 22 17 1 23 16 11 8
250 315 0 -3|— — [0 -25|0 -18/ 0 -18| 35 — 19 1 26 — 13 9
315 400 0 -40f— — |0 -80|— —|— — 40 — 23 — 30 — 15 —
400 500 0 -4 — — |0 -3B|— —|— — 45 — 28 — 34 — 17 —
500 630 0 -60f— — |0 -40|— —|— — 60 — 35 — 40 — 20
630 800 0O -7%— — 1|0 -50|— —|— — 75 — 45 — 45 — 25 —
800 1000 O -100/— — | O -60|— — |— — | 100 — 60 — 55 — 30 —
1000 1250 0 -126|— — |0 -75|— — |— — 125 — 75 — 65 — 37 —
1250 1600 0 -0 — — [0 -90|— —|— — 160 — 90 — 80 — 45 —
1600 2000 o -200— —|— —|— — |— — | 200 — — — 100 — — —
Notes (!) 10 mm is included in this group.

Remarks

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

from the ring face to 1.2 times the chamfer dimension » (max.).

2. Some of these tolerances conform to NSK standards.

Table 7. 3. 2 Tolerances for Outer Ring Outside Diameter and Running Accuracy

Units : pm
K, S
Normal (Class | Class | Class | Class | Class | Class
Cass |50 "5 | 4 | 5 | 4 | 4
Class 6X

Max. | Max. | Max. | Max. | Max. | Max. | Max.
15 7 5 3 7 3 3
18 8 5 3 8 4 4
20 10 6 4 8 4 4
25 10 7 4 8 5 4
30 13 8 5 9 5 5
35 18 11 6 10 6 7
50 20 13 8 I 7 8
60 — 13 9 13 8 9
70— |15 — 1|15 — | —
80| — |20 | — [ 17| — | —
0| — | 25 20 | —

00| — |3 | — | 258 | — | —

M5 | — | 37 | — |3 | — | —

130 | — | 45 | — | 40 | — | —

150 | — | 85 | — | 50 | — | —

170 — | — | — | — | — | —

Units : pm
K, S, () Sa)
Normal .
(Class | Class | Class | Class | Class | Class
Coss |76 | "5 | 4 | 5 | 4 | 4
Class 6X -

Max. | Max. | Max. | Max. | Max. | Max. | Max
18 9 6 4 8 4 5
20 10 7 5 8 4 5
25 13 8 5 8 4 5
35 18 10 6 9 5 6
40 20 11 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 — 24 — 17 —

100 — 30 — 20 — —

120 — 36 — 25 — —

140 — 43 — 30 — —

160 | — 52 — 38 — —

180 — 62 — 50 — —

200 — 73 — 65 — —

220 — — — — — —

Nominal Outside 4., a4, Voo o
Diameter
D Normal Normal - . | Normal
(mm) Class | (Class6) | Class5 | Class4 | Class4 | Class (C(lsbs Clgss Clzbh Class (Cé';iss Cl:;ss CIZSS
Class 6X Class 6X Class 6X -
over incl.  high low |high low [high low |high low |high low | Max. | Max. | Max. | Max. | Max. | Max. | Max. | Max
18() 30 0 -12|0 8/ 0 - 80 -6/0 -6| 12 8 6 5 9 6 5 4
30 50 0O -140 -9/0 - 990 =710 =7 14 9 7 5 11 7 5 5
50 80 0 -16/0 -11|{0 -1 0 -9/0 -9| 16 1 8 7 12 8 6 5
80 120 0O -18/{ 0 =13 0 =13/ 0 =10] 0O =10 18 13 10 8 14 10 7 5
120 150 0 -20{0 =150 =150 =-11] 0 =11 20 15 I 8 15 1 8 6
150 180 0O -25{0 -18/ 0 -18 0 =13] 0 =13 25 18 14 10 19 14 9 7
180 250 0O -3 0 -20{ 0 -20 0 =-15] 0 =15 30 20 15 1 23 15 10 8
250 315 0 -3 0 -25/0 -250 =-18] 0 =18 35 25 19 14 26 19 13 9
315 400 0O -40{ 0 -28/ 0 -28 0 -20| 0O =20 40 28 22 15 30 21 14 10
400 500 0 45| — — |0 -33|— — | — — 45 — 26 — 34 — 17
500 630 0 -50{— — |0 =38 — —|— — 60 — 30 — 38 — 20 —
630 800 0 -75|— — |0 -45|— — |— — 80 — 38 — 55 — 25 —
800 1000 0 -100{— — |0 -60|— — |— — 100 — 50 — 75 — 30 —
1000 1250 O -125|— — | 0 -8 — — |— — | 130 | — 65 | — 90 — 38 —
1250 1600 0 -160{ — — | 0 =100 — — |— — 170 — 90 — 100 — 50 —
1600 2000 0 -200f — — |0 -125|— — |— — 210 — 120 — 110 — 65 —
2000 2500 0 -2580| — —|— —|— —|— — 265 — — — 120 — — —
Notes (!) 18 mm is included in this group.

A132

(%) Not applicable to bearings with flanges.
Remarks

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

from the ring face to 1.2 times the chamfer dimension » (max.).

2. Some of these tolerances conform to NSK standards.

B,

o
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Tapered Roller

and Combined Bearing Width

Bearings

Table 7. 3 Tolerances for Metric Series
Table 7. 3. 3 Tolerances for Width, Overall Bearing Width,
Nominal Bore 4, 4,
Diameter
@ Normal Normal
(mm) Class (Class 6) | Class 6X Class 5 Class 4 Class (Class 6) | Class 6X Class 5 Class 4
over incl. high low [|high low |high low |high low |high low [high low |high low |high low |high low |high low
10() 18 0 - 120| 0 -120|{ 0 -50|{ 0 =- 200| O =-200{ O - 120| 0 =120 O =-100{ O - 200| O =200
18 30 0 - 120/ 0 -120{ 0 -50| O - 200| O =200/ 0O - 120 0 =-120| O =100/ O - 200| O =200
30 50 0 - 120 0 -120/ 0 -50{ 0 - 240| 0 -240{ 0 - 120| O =-120| O =-100| O =- 240| O =240
50 80 O - 150| 0 =150 0 -50{ 0 - 300| 0 -300] O - 150| O -150| O -100| O - 300| O =300
80 120 0 - 200 0 -200/ 0 -50({ 0 - 400| 0 -400{ O - 200| O =-200{ O =-100| O - 400| O -400
120 180 0 - 250| 0 -250| 0 -50| O - 500| O -500f O - 250| O -250| O -100| O - 500| O =500
180 250 0O - 300 0 -300| 0 -50/ 0 - 600| 0 -600| O - 300| 0 =300 0 =100/ 0 = 600| 0 =600
250 315 0 - 3%0|— — | O -50/0 - 7000 -700{ 0 - 30— — |0 =100/ 0 - 700| O =700
315 400 0O - 400{— — |O =500 - 800|— — |O - 400|— — | O =100{0 - 800|— —
400 500 0 - 450|— — |O -60|0 - 900|— — | O = 450|— — | O =-100|— = 900|— —
500 630 0 - 500 — — |— — |0 -1100|— — |0 - 50— — |— — |— =-1100|— —
630 800 0 - 7%0|— — |— — |0 -1600|— — |0 - 750|— — |— — |— -1600|— —
8001000 0O -1000|— — — |10 -2000{— — |0 -1000|— — — |— -2000|— —
10001250 0 -1280| — — |— —| O -2000{— — |O -1280|— — |— — |— =2000|— —
12501600 0 -1600| — — |— — | O -2000{— — |0 -1600|— — |— — |— =2000 —
16002000 0 -2000|— — |— — |— — — — |0 -2000|— — |— — |— — — —
Notes (!) 10 mm is included in this group.

Remarks

combined with a master outer ring.

The nominal effective width of the outer ring 7, is defined as the overall bearing width of the outer ring combined

with a master inner subunit.

¢d ¢
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B,

D

¢d ¢D

- T, —=

Master
Outer Ring

eTzﬁ

G

The nominal effective width of the inner subunit 7\ is defined as the overall bearing width of the inner subunit

B,

¢d ¢D

¢d

Inner Ring Subunit Master

4., 45,
Normal (Class 6) Class 6X Class 5 Class 4 Norr{lal Class 6X Class 5 Class 4
Class Class
high low high  low | high low | high low | high low | high low | high low | high low | high low
+ 200 0 | +200 0|+100 0O |+200 -200|+200 -200 [+100 0|+ 50 0 |[+100 -100|+100 -100
+ 200 0 |+200 0|+100 0O |+200 -200|+200 -200 |+100 0|+ 50 0 |[+100 -100|+100 -100
+ 200 0 | +200 0|+100 0O |+200 -200|+200 -200 |[+100 0|+ 50 0 |[+100 -100|+100 -100
+ 200 0 | +200 0|+100 0O |+200 -200|+200 -200 |[+100 0|+ 50 0 |[+100 -100|+100 -100
+ 200 - 200|+200 -200(+100 O [+200 -200|+200 -200|+100 -100|+ 50 0O |+100 -100|+100 -100
+ 350 - 250 |+350 -250(+150 O |[+350 -250|+350 -250|+1560 -160|+ 60 O |+150 -150|+150 -150
+ 3560 - 250 (+350 -250|+150 O |[+350 =250 |+350 -250|+150 =150 |+ 50 O [+150 =150 |+150 =150
+ 350 - 250 |+350 -250|+200 O +350 -250 +350 -250|+150 -150|+100 O +150 =150 |+150 -150
+ 400 - 400 — — [+200 O |+400 -400| — — |[+200 -200|+100 O |+200 -200| — —
+ 400 - 400| — — [+200 O |+400 -400| — — |+225 -225[+100 0O |+226 -225| —  —
+ 500 - 500| — — | — — |+4500 -500| — — | — — | — — | — — | — —
+ 600 - 600| — — — — |+600 -600| — — — — — — — — — —
+ 750 - 750| — — | — +750 =750 — @— | — — | — - - - -
+ 900 - 900| — — | — — [4750 =750 — — | — — | — — | — — | — —
+1050 -1050| — — — — |+900 -900| — — — — — — — — — —
+1200 1200 — — | — — | — — | — —| = —]1 = —| = —| = —=
Units : um
A, Overall Combined Bearing Width Deviation Nominal Bore
Diameter
4, 4,.4 d
N&r mal Class 6X Class 5 Class 4 B2 - P (mm)
ass All Classes of Double-Row Bearings | All Classes of Four-Row Bearings
high low high low high low high low high low high low over incl.
+100 0 | + 50 0 +100 =100 | +100 =100 + 200 - 200 — — 10 18
+100 0|+ 50 0 +100 =100 | +100 =100 + 200 - 200 — — 18 30
+100 0| + 50 0 +100 =100 | +100 =100 + 200 - 200 — — 30 50
+100 0|+ 50 0 +100 =100 | +100 =100 + 300 - 300 + 300 - 300 50 80
+100 =100 | + 50 0 +100 =100 | +100 =100 + 300 - 300 + 400 - 400 80 120
+200 =100 | +100 0 +200 =100 | +200 =100 + 400 - 400 + 500 - 500 120 180
+200 =100 | +100 0 +200 =100 | +200 =100 + 450 - 450 + 600 - 600 180 250
+200 =100 | +100 0 +200 =100 | +200 =100 + 550 - 550 + 700 - 700 250 315
+200 =200 | +100 0 +200 -200 — — + 600 - 600 + 800 - 800 315 400
+225 =225 | +100 0 +225 =225 — — + 700 - 700 + 900 - 900 400 500
— — — — — — — — + 800 - 800 + 1000 -1000 500 630
— — — — — — — — +1 200 -1200 + 1500 -1500 630 800
— — — — — — — — — — — — 800 1000
— — — — — — — — — — — — 1000 1250
- - - - - - - - — — — — 1250 1600
- = - = - = - = — — — — 1600 2 000
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Table 7. 4 Tolerances for Inch Series Tapered Roller Bearings
(Refer to Page A126 Table 7.1 for more information on "CLASS «« " ANSI/ABMA tolerances.)
Table 7. 4. 1 Tolerances for Inner Ring Bore Diameter

B,

7 ] IS
- _
E’ ) H I
= B — T B,
N I éd¢D [ ¢d ¢D —_-—— ——| ¢d ¢D
KBE KV
and Radial Runout of Inner and Outer Rings
Units : um
Kia ’ Kea
CLASS 4 CLASS 2 CLASS 3 CLASS 0 CLASS 00
max. max. max. max. max.
51 38 8 4 2
51 38 8 4 2
51 38 18 - -
76 51 51 - -
76 - 76 - -
76 - 76 - -
Overall Width and Combined Width
Units : pm
Double-Row Bearings (KBE Type) Four-Row Bearings
(KV Type)
A Boas Bas» Cus
CLASS 3
CLASS 4 CLASS 2 CLASS 0,00 CLASS 4,3
D=508.000 (mm) D>508.000 (mm)
high low high low high low high low high low high low
+406 0 +406 0 +406 —406 +406 —406 +406 —406 +1524 —1524
+711 —508 +406 —203 +406 —406 +406 —406 +406 —406 +1524 —1524
+762 —762 +762 —762 +406 —406 +762 —762 - - +1524 —1524
+762 —762 - - +762 —762 +762 —762 - - +1524 —1524

Units : um
Nominal Bore Diameter A
ds
over incl. CLASS 4,2 CLASS 3,0 CLASS 00
(mm) 1/25.4 (mm) 1/25.4 high low high low high low
= = 76.200 3.0000 + 13 0 +13 0 +8 0
76.200 3.0000 266.700 10.5000 + 25 0 +13 0 +8 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 - -
609.600 24.0000 914.400 36.0000 + 76 0 +38 0 - -
914.400 36.0000 1219.200 48.0000 +102 0 +51 0 - -
1219.200 48.0000 - - +127 0 +76 0 - -
Table 7. 4. 2 Tolerances for Quter Ring Outside Diameter
Nominal Outside Diameter A
Ds
over incl. CLASS 4,2 CLASS 3,0 CLASS 00
(mm) 1/25.4 (mm) 1/25.4 high low high low high low
= = 266.700 10.5000 + 25 0 +13 0 +8 0
266.700 10.5000 304.800 12.0000 + 25 0 +13 0 +8 0
304.800 12.0000 609.600 24.0000 + 51 0 +25 0 - -
609.600 24.0000 914.400 36.0000 + 76 0 +38 0 - -
914.400 36.0000 1219.200 48.0000  +102 0 +51 0 - -
1219.200 48.0000 = = +127 0 +76 0 - -
Table 7. 4. 3 Tolerances for
Nominal Bore Diameter
A Ts
CLASS 3
over incl. CLASS 4 CLASS 2 CLASS 0, 00
D=508.000 (mm) | D>508.000 (mm)
(mm) 1/25.4 (mm) 1/25.4  high low high low high low high low high low
= " 101.600 4.0000 +203 0 | +203 0 | +203 —203 |+203 —203 | +203 —203
101.600 4.0000 | 304.800 12.0000 +356 —254 | +203 0 | +203 —203 |+203 —203 | +203 —203
304.800 12.0000 | 609.600 24.0000 +381 —381 +381 —381 | +203 —203 |+381 —381 - -
609.600  24.0000 = = +381 —381 - - +381 —381 |+381 —381 - -
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IBEARING TOLERANCES
Table 7. 5 Tolerances for Magneto Bearings
Table 7. 5. 1 Tolerances for Inner Rings and Width of Outer Rings
Units : um
Nominal Bore A dmp Vdp Vdmp A Bs (OI’ A Cs) (1) VBs (OI’ VCs) (l) A Ts Kia sd sia
Diameter
d
(mm) Normal Class 6 Class 5 Normal | Class6 | Class5 | Normal | Class6 | Classh gﬁg:%l Class 5 g}arsrgzl Class 5 Igi);:;zg Normal Class 6 Class 5 Class 5 Class 5
Equivalent | Equivalent | Equivalent |Equivalent |Equivalent | Equivalent | Equivalent | Equivalent | Equivalent Equivalent Equivalent Equivalent Equivalent Class 5 Equivalent Equivalent | Equivalent | Equivalent | Equivalent | Equivalent
over incl.  high low |high low |high low |max. |max. | max. | max. | max. | max.| high low | high low max. max. high low max. max. max. max. max.
25 10 0 -8 0 =7 0 -5 6 5 4 6 5 3 0 —=120 0 — 40 15 5 +120 —=120 10 6 4 7 7
10 18 0 — 8 0 -7 0 —5 6 5 4 6 5 3 0 —120 0 — 80 20 5 +120 —120 10 7 4 7 7
18 30 0 —10 0 —8 0 —6 8 6 5 8 6 3 0 —120 0 —120 20 5 +120 —120 13 8 4 8 8
Note (') The actual width deviation and width variation of an outer ring is determined according to the inner ring of the same
bearing.
Remark The bore diameter "'no-go side" tolerances (high) specified in this table do not necessarily apply within a distance from
the ring face to 1.2 times the chamfer dimension 7 (max.).
Table 7. 5. 2 Tolerances for Outer Rings
Units : pm
Nominal Outside A pmp 14
. ; Dp V pmp Kea Sea Sp
|age e Bearing Series E Bearing Series EN
(mm) Normal Class 6 Class 5 Normal Class 6 Class 5 Normal | Class6 | Class5 Normal | Class6 | Classb | Normal | Class6 | Classh | Class5 | Class5
Equivalent Equivalent Equivalent Equivalent Equivalent Equivalent | Equivalent | Equivalent | Equivalent Equivalent | Equivalent | Equivalent | Equivalent | Equivalent | Equivalent | Equivalent | Equivalent
over incl.  high low | high low | high low high low high low | high low | max. | max. | max. max. | max. | max. | max. | max. | max. | max. | max.
6 18 + 8 0 +7 0 +5 0 0 -8 0 -7 0 —5 6 5 4 6 5 3 15 8 5 8 8
18 30 + 9 0 +8 0 +6 0 0 -9 0 —8 0 —6 7 6 5 7 6 3 15 9 6 8 8
30 50 411 0 +9 0 +7 0 0o -1 0 -9 0o -7 8 7 5 8 7 4 20 | 10 7 8 8

Remark The outside diameter "no-go side" tolerances (low) do not necessarily apply within a distance from the ring face to 1.2
times the chamfer dimension 7 (max.).
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Table 7. 6 Tolerances for Thrust Ball Bearings
Table 7. 6. 1 Tolerances for Shaft Washer Bore Diameter and Running Accuracy

Table 7. 6. 2 Tolerances for Outside Diameter of Housing Washers and Aligning Seat Washers

Units : pm

Aligning Seat Washer

Units : um
NOIT:III'I3| Bore 4 dmp O A d2mp Vdsp or desp SiorSe (')
Diameter
iy Normal Normal
ormal ormal
(mm) Class 6 Class 4 Class 6 CIZSS Normal Clgss Clgss CIZSS
Class 5 Class 5
over incl. high low high low max. max. max. max. max. max.
- 18 0 - 8 0 -7 6 5 10 5 3 2
18 30 0 - 10 0 -8 8 6 10 5 3 2
30 50 0 - 12 0 —10 9 8 10 6 3 2
50 80 0 — 15 0 —12 i 10 7 4 3
80 120 0 — 20 0 —15 15 11 15 8 4 3
120 180 0 — 25 0 —18 19 15 9 5 4
180 250 0 — 30 0 —22 23 17 20 10 5 4
250 315 0 — 35 0 —25 26 19 25 13 7 5
315 400 0 — 40 0 —30 30 23 30 15 7 5
400 500 0 — 45 0 —35 34 26 30 18 9 6
500 630 0 — 50 0 —40 38 30 35 21 11 7
630 800 0 - 75 0 —50 - - 40 25 13 8
800 1000 0 —100 - - - - 45 30 15 -
1000 1250 0 —125 - - - - 50 35 18 -
Note (%) For double-direction bearings, the thickness variation does not depend on the bore diameter d. , but rather on d for

single-direction bearings with the same D in the same Diameter Series.
The thickness variation of housing washers S, applies only to flat-seat thrust bearings.

— ¢d — =

.
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¢D

)] 1
B | T T
— $d, T, i
|
$D

Nominal Outside Diameter of A Dmp - Outside Diameter
Bearing or Aligning _ Dsp Deviation
se]ii)t Wals)her Flat Seat Type {ianing Seal Apss
or s Normal Normal
(mm) Class 6 Class 4 gﬁgg?}l Class 6 | Class4 gﬁgs;&l
Class 5 Class 5
over incl. high low high low high low max. max. high low
10 18 0 -1 0 -7 0 - 17 8 5 0 - 25
18 30 0 - 13 0 -8 0 - 20 10 6 0 — 30
30 50 0 — 16 0 -9 0 — 24 12 7 0 — 35
50 80 0 - 19 0 -1 0 — 29 14 8 0 — 45
80 120 0 - 22 0 —13 0 — 33 17 10 0 — 60
120 180 0 — 25 0 —15 0 — 38 19 1 0 — 75
180 250 0 — 30 0 —20 0 — 45 23 15 0 — 90
250 315 0 — 35 0 —25 0 — 53 26 19 0 —105
B35 400 0 — 40 0 —28 0 — 60 30 21 0 —120
400 500 0 — 45 0 —33 0 — 68 34 25 0 —135
500 630 0 — 50 0 —38 0 — 75 38 29 0 —180
630 800 0 - 75 0 —45 0 -113 55 34 0 —225
800 1000 0 —100 - - - 75 - =
1000 1250 0 —125 - - - - - - -
1250 1600 0 —160 - - - - - - - -
= ¢d ‘)‘ ¢D
E [ ] ] — NJ
Ty Ty T; y
( Y ¢ 0| Ts ¢ B ]e éd, 9[ 4\ T;
[ Ty
éD ¢
1
$D, ‘
¢D, |
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BBEARING TOLERANCES
Table 7. 6. 3 Tolerances for Thrust Ball Bearing Height and Central Washer Height Table 7. 7 Tolerances for Tapered Roller Thrust Bearings
Units : um
Nominal Bore Flat Seat Type Aligning Seat Washer Type With Aligning Seat Washer Height Deviation
S— A A A A A A A A A of Central Washer
lameter N .
adfe Ts Or A7 Tis T3s 07 21 Tes Ts Tus OF &1 Tis Trs A5 Table 7. 7. 1 Tolerances for Bore Diameters of Shaft Washers
0 Normal, Class 6|Normal, Class 6|~ Normal Normal Normal Normal  |Normal, Class 6 and Height (Metric, Normal Class) ) - um
(mm) Class 5, Class 4 | Class 5, Class 4 Class 6 Class 6 Class 6 Class 6 Class 5, Class 4 .
over incl. high low high low high  low high  low high low high low high low Nominal Bore Diameter
d 4 dmp 4 Ts
- 30 0 —75|+5 =150 | 0 —75 |+ 50 —150 [+ 50 — 75 |+150 —150 | O — 50 (i)
30 50 0 —100 | + 75 —200 0 —100 |+ 75 —200 |+ 50 =100 | +175 —200 0 — 75
50 80 0 =125 [+100 —250 | O =125 |+100 —250 |+ 75 —125 |+250 —250 | O  —100 - - ‘
over incl high low high low
80 120 0 =150 |+125 —300 | O =150 |+125 =300 |+ 75 —150 |+275 —300 | O —125
120 180 0 —175 |+150 —350 | O —175 | +150 —350 | +100 —175 | +350 —350 | O  —150 150 120 9 —22 S 50
180 250 0 =200 |+175 —400 | 0 =200 |+175 —400 |+100 —200 |+375 —400 | 0 —175 120 o 9 e S 308
250 315 0 —225 | +200 —450 0 —225 | 4200 —450 | +125 —225 | +450 —450 0 —200
_ _ _ _ _ _ _ 250 315 0 —35 0 —225
315 400 0 300 | +250 —600 | O 300 | +250 —600 | +150 —275 | +550 —550 | O 250 2 S S > S %
Note () For double-direction bearings, classification depends on d for single-direction bearings with the same D in the same 400 500 0 —45 0 —350
Diameter Series. 500 630 0 —50 0 —450
Remark A 7, in the table is the deviation in the respective heights 7'in the figures below. 630 800 0 -75 0 —550
800 1000 0 —-100 0 —700
1000 1250 0 —125 0 —900
1250 1 600 0 —160 0 —1200
= ¢d = ¢d ——
[ ; [
1 § : ? T Table 7. 7. 2
| Y ‘ ¢ | Tolerances for Housing Washer
: $D Outside Diameters (Metric, #d
#D Normal Class) Units : um
#D, :
; Nominal Outside Diameter \ |
D A Dmp : T
) ] | ( |
over incl high low ‘
- — éD
¢d ¢D 180 250 0 —30
‘ 250 315 0 —35
] ‘ [ I I J 315 400 0 —40
I @) —— I 1
6 400 500 0 —45
B $d, T T, | B |y — | T 500 630 0 —50
[ T, i s ¢ 2 T 630 800 0 -75
8
i ! i ¢ i 800 1000 0 —100
‘ ) ( 1000 1250 0 —125
$D | ‘ 1250 1600 0 —160
<}5D3 { 1600 2 000 0 —200

T
;
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Table 7. 7 Tolerances for Tapered Roller Thrust Bearings

Table 7. 7. 3 Tolerances for Bore Diameters of Shaft Washers and
Height (Inch, Class 4)

Units : um
Nominal Bore Diameter
d Admp ATS
over incl
(mm) (inch) (mm) (inch) high low | high low
— — 304.800 12.0000 +25 0 |+381 —381
304.800 12.0000 609.600 24.0000 +51 0 +381 —381
609.600 24.0000 914.400 36.0000 +76 O +381 —381
914.400 36.0000 | 1219.200 48.0000 +102 0 +381 —381
Table 7. 7. 4 Tolerances for Housing Washer Qutside
Diameters (Inch, Class 4) ... um
Nominal Outside Diameter
ADmp
over incl
(mm) (inch) (mm) (inch) high low
= = 304.800 12.0000 +25 0
304.800 12.0000 609.600 24.0000 +51 0
609.600 24.0000 914.400 36.0000 +76 0 4d
914.400 36.0000 |1219.200 48.0000 +102 O )
1219.200 48.0000 — — +127 0 ‘
i
¢D
$d
lj\h\—r\
1 |
¢D
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Table 7. 8 Tolerances for Thrust Spherical Roller Bearings

Table 7. 8. 1 Tolerances for Bore Diameters of Shaft Rings and Height (Normal Class)

Units : pm
Nominal Bore Reference
Diameter
A dmp Vdsp S A .
(mm) d Ts
over incl. high low max. max. high low
50 80 0 —15 " 25 +150 —150
80 120 0 —20 15 25 +200 —200
120 180 0 —25 19 30 +250 —250
180 250 0 —30 23 30 +300 —300
250 315 0 —35 26 35 +350 —350
315 400 0 —40 30 40 +400 —400
400 500 0 —45 34 45 +450 —450

Remark The bore diameter "no-go side" tolerances (high) specified in this table do not
necessarily apply within a distance from the ring face to 1.2 times the chamfer
dimension 7 (max.).

Table 7

. 8. 2 Tolerances for Housing Ring
Diameter (Normal Class)

Units : um
Nominal Qutside Diameter
D A Dmp
(mm)
over incl. high low
120 180 0 - 25
180 250 0 - 30
250 315 0 — 35
315 400 0 — 40
400 500 0 — 45
500 630 0 — 50
630 800 0 — 75
800 1000 0 —100
Remark The outside diameter "no-go side"

tolerances (low) specified in this
table do not necessarily apply within
a distance from the ring face to

1.2 times the chamfer dimension 7
(max.).

I
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Instrument Ball Bearings (Inch Series)

(ANSI/ABMA Equivalent)

IBEARING TOLERANCES
Table 7. 9 Tolerances of
CLASS 5P, CLASS 7P, and CLASS 9P
(1) Tolerances for Inner Rings
Nominal 4 dmp A as Vap Vamp A ps
Bpre
Dlarzeter CLASS LASS CLASS CLASS Single Bros
S 5P C 5P 5P 5P [T ace D
CLASS 7P CLASS 9P CLASS 7P CLASS 9P CLASS 7P CLASS 9P CLASS 7P CLASS9P | CLASS 5P
(mm) CLASS 7P
CLASS 9P
over incl.  high  low | high  low | high low | high low max. max. max. max. high  low
= 10 0 —5.1 0 —25 0 —5.1 0 —2.5 25 1.3 25 1.3 0 —264
10 18 0 —5.1 0 —25 0 —5.1 0 —2.5 25 1.3 25 1.3 0 —264
18 30 0 —5.1 0 —25 0 —5.1 0 —2.5 25 1.3 25 1.3 0 —254
Note

() Applicable to bearings for which the axial clearance (preload) is to be adjusted by combining two selected bearings.

Remark Please consult with NSK regarding CLASS 3P and the tolerances of Metric Series instrument ball bearings.
(2) Tolerances for
; Apmp A ps Vp VDpmp

Nominal
Outside
Diameter CLASS 5P CLASS 9P CLASS5P [CLASS| CLASS5P |CLASS

D CLASS 7P CLASS 7P 9P CLASS 7P 9P
(mm) gﬁgg 2; CLASS 9P Shielded . .

Open Slgaleed Open Open Sgé‘;ll‘égd Open | Open Sshéilgﬁd Open
over incl. high low | high low | high low | high low | high low | max. | max. | max. | max. | max. | max.
- 18 0 -51 0 —-25| 0 =51]| +1 =6.1 0 =251 25 | 51 1.3 25 | 5.1 1.3
18 30 0 —5.1 0 -3.8 0 —=5.1 +1 —6.1 0 —38 | 25 5.1 2 25 5.1 2
30 50 0 —5.1 0 —3.8 0 —5.1 +1 —6.1 0 -38 | 25 5.1 2 25 5.1 2
Notes (!) Applicable to flange width variation for flanged bearings.

(%) Applicable to the flange back face.
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and Width of Outer Rings
Units : pm
(OI'A Cs) Vs K, Sia Sa
Combined Brgs (')
CLASS 5P CLASS | CLASS | CLASS | CLASS | CLASS | CLASS | CLASS | CLASS | CLASS | CLASS | CLASS | CLASS
5P 7P 9P 5P 7P 9P 5P 7P 9P 5P 7P 9P
CLASS 7P
CLASS 9P
high low max. max. max. max. max. max. max. max. max. max. max. max.
0 —400 5.1 25 1.3 3.8 2.5 1.3 7.6 2.5 1.3 7.6 25 1.3
0 —400 5.1 2.5 1.3 3.8 2.5 1.3 7.6 2.5 1.3 7.6 25 1.3
0 —400 5.1 2.5 1.3 3.8 3.8 2.5 7.6 3.8 1.3 7.6 3.8 1.3
Outer Rings )
Units : pm
Fl
Vs () Sp Kea Sea Deviation of . Boioce
- Deviation of
Flange Outside Flange Width Runout
Diameter ¢ with
Ap s Cis Raceway
CLASS | CLASS |CLASS |CLASS |CLASS |CLASS |CLASS |CLASS |CLASS |CLASS |CLASS | CLASS () Sear
5P 7P 9P 5P 7P 9P 5P 7P 9p 5P 7P 9P
CLASS 5P CLASS5P  [CLASS5P
CLASS 7P CLASS 7P [CLASSTP
max. | max. | max. | max. | max. | max. | max. | max. | max. | max. | max. | max. | high low high low max.
5.1 25 1.3 7.6 3.8 1.3 5.1 3.8 1.3 7.6 5.1 1.3 0 —25.4 0 —50.8 7.6
5.1 25 1.3 7.6 3.8 1.3 5.1 3.8 25 7.6 5.1 25 0 —25.4 0 —50.8 7.6
5.1 25 1.3 7.6 3.8 1.3 5.1 5.1 25 7.6 5.1 25 0 —25.4 0 —50.8 7.6
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7 (max.) or 7; (max.)

(Axial Direction)
7 (min.) or
71 (min.)

Bore Surface or
Outside Surface

7 (min.) or
71 (min.)

7 (max.) or 7; (max.)

(Radial Direction)

Side Face of Inner/
Quter Ring or

Bearing

Central Washer

7 : Chamfer dimension of inner/outer ring
7, : Chamfer dimension of inner/outer ring (front side)
or of central washer of thrust ball bearings

Remark The precise shape of chamfer surfaces has not been
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specified but its profile in the axial plane must not
intersect an arc of radius 7 (min.) or 7; (min.)

that touches the side face of an inner ring or central
washer and bore surface or the side face of an outer
ring and outside surface.

Table 7. 10 Chamfer Dimension Limits (for Metric Series Bearings)

Table 7. 10. 1 Chamfer Dimension Limits for Radial

Bearings (Excluding Tapered

Table 7. 10. 2 Chamfer Dimension Limits for

Tapered Roller Bearings

Table 7. 10. 3 Chamfer Dimension Limits for Thrust Bearings

Roller Bearings) Units : mm
Permissible - Reference
Chamfer  Nominal Bore Pergiﬁi'r?ls?oah%”rﬁer Comner
Dimensi i i !
f:,Tf,T:é?/n Diameter Inner/Outer Rings Rar?l?ts of
Outer Rings 7 (max.) or 7, (max.) | Shaftor
7 (min.) or Housing 7,
71 (min. - i i
L) over ol | o oidbiigh o _max.
0.05 - - 0.1 0.2 0.05
0.08 - - 0.16 0.3 0.08
0.1 - - 0.2 0.4 0.1
015  — - 03 06 0.15
0.2 - - 05 08 02
- 40 0.6 1
03 40 - 08 1 03
- 40 1 2
06 40 - 1.3 2 06
- 50 15 3
! 50 - 1.9 3 !
- 120 2 3.5
11 120 - 2.5 4 !
- 120 2.3 4
15 120 - 3 5 1.5
- 80 3 4.5
2 80 220 3.5 5 2
220 - 3.8 6
- 280 4 6.5
21 280 - 4.5 7 2
- 100 3.8 6
25 100 280 4.5 6 2
280 - 5 7
- 280 8
3 2.5
280 - 55 8
4 - - 6.5 9 3
5 - - 8 10 4
6 - - 10 13 5
75 - - 12.5 17 6
9.5 - - 15 19 8
12 - - 18 24 10
15 - - 21 30 12
19 - - 25 38 15

Note (%) For bearings with nominal widths less than 2
mm, the value of 7 (max.) in the axial direction
is the same as that in the radial direction.

Units : mm Units : mm
i Reference issi Reference
Permissible  ominal Bore or | Permissible Chamfer |————— Permissible Chamf Permissible Chamfer
Chamfer ool Outsid Di ion for Inner/ | Corner ermissible Lhamter Dimension for Shaft )
Dimension  'OM!Nal JUtSIde Imension Jor MNer/ | - s of Dimension for Shaft ~(or Central)/Housing | Corner Radius of
for Inner/ D|admet%( ) Ou;e(r Rln)gs Shaft o (or Central)/Housing Washers Shaft or Housing
Outer or max. ) Washers 7 (max.) or 71 (max. 7
Rings : __ |Housing 7% 7 (min.) or 7; (min.) (max) or 71 (max.) i
7(min)  over incl. | phadial | JAxial 1 max. Radial and Axial Direction max.
0.15 - - 0.3 0.6 0.15 0.05 0.1 0.05
_ 40 07 14 0.08 0.16 0.08
oS 40 - 0.9 1.6 03 0.1 0.2 0.1
- 40 1.1 1.7
! . 0.15 0.3 0.15
e 40 - 1.3 2 0.6
0.2 0.5 0.2
1 - 50 1.6 2.5 1
. - 19 3 03 08 03
- 120 2.3 3 0.6 1.5 0.6
15 120 250 2.8 3.5 1.5
250 - 35 4 1 22 1
1.1 2.7 1
- 120 2.8 4
2 120 250 3.5 4.5 2
250 — 4 5 15 3.5 1.5
4 2
- 120 3.5 5 2
25 120 250 4 55 2 21 4.5 2
250 - 4.5 6
_ 120 2 55 3 5.5 25
120 250 4.5 6.5 4 6.5 3
2 250 400 5 7 25 5 s 4
400 - 5.5 7.5
- 120 5 7 6 10 5
120 250 55 7.5
4 250 200 6 g 3 7.5 12.5 6
400 - 6.5 8.5 9.5 15 8
- 180 6.5 8
5 180 _ 75 9 4 12 18 10
15 21 12
- 180 7.5 10
6 180 _ 9 1 5 19 25 15
Note (%) Inner rings are classified by d and outer rings

by D.
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Table 7.11 Tolerances for Tapered Bores (Normal Class)

Nominal Tapered Bore Tapered Bore With Deviation in Single Plane Taper1:30
Mean Bore Diameter g Units : um
=
<|l Nominal Bore Diameter
= d Ay Agimp— Aimp Vap () ()
E (mm)
=
N over incl. high low high low max.
80 120 +20 0 +35 0 22
o _ 120 180 +25 0 +40 0 40
T c— /0‘ R 180 250 +30 0 +46 0 46
/‘a f=%
£ E 250 315 +35 0 +52 0 52
A P . AN < 315 400 +40 0 +57 0 57
- + I e + 400 500 +45 0 +63 0 63
2 S
- ; 500 630 +50 0 +70 0 70
B — | Notes (') Applicable to all radial planes of tapered bores.
(%) Not applicable to diameter series 7 and 8.
Remark  For a value exceeding 630 mm, please contact NSK.

—

d : Nominal bore diameter
d; : Theoretical diameter of larger end of tapered bore
Taper1:12 di=d+112B Taper1:30 di=d+/30B
A 4mp - Single plane mean bore diameter deviation in theoretical diameter of smaller end of bore
A aimp : Single plane mean bore diameter deviation in theoretical diameter of larger end of bore
Vap : Bore diameter variation in a single radial plane
B : Nominal inner ring width
o : Half of taper angle of tapered bore

7.2 Selection of Tolerance Classes

For general applications, Normal Class tolerances are
adequate in nearly all cases for satisfactory

performance, However, bearings with Class 5, 4, or higher
tolerances are more suitable for the following applications
in Table 7.12.

Example reference applications and appropriate tolerance
classes are listed for various bearing requirements and
operating conditions.

Taper 1:12 Taper 1:30
a22°23’9.4 0L‘i57'17_4 Table 7.12 Typical Tolerance Classes for Specific Applications (Reference)
=2.38594° =0.95484° : ’ .
-0.041643 rad 0.016665 rad nggr'; ir'?; lgrr]%l}rgi%r:]tss, Example Applications Tolerance Classes
VTR Drum Spindles P5
: Magnetic Disk Spindles for
Taper 1:12 " Cor%puters p ] P5, P4, P2
nits - pm Machine-Tool Main Spindles P5, P4, P2
Nominal Bore Diameter y High Running Rotary Printing Presses P5
d dmp A gimp— A amp Vap () €) Accuracy Rotary Tables of Vertical
(mm) Press)e/s, etc. ] P5, P4
over incl. high low high low max. 'F\}lqllll IIS\IeCli(S Oécl?ld Rolling ] Higher than P4
ill Backup Rolls
18 30 +33 0 +21 0 13
30 50 +39 0 +25 0 16 Slewing Bearings for Parabolic } Higher than P4
50 80 +46 0 +30 0 19 Antennas
80 120 +54 0 +35 0 22 .
150 150 Tes 0 T 0 P Dental Drills CLASS 7P, CLASS 5P
180 250 +72 0 +46 0 46 Gyroscopes CLASS 7P, P4
250 315 +81 0 +52 0 52 i i
315 400 +89 0 +57 0 57 Extra High Speed High Frequency Spindles CLASS7F, P4
400 500 +97 0 +63 0 63 Superchargers P5, P4
500 630 +110 0 +70 0 70 Centrifugal Separators P5, P4
2(3,3 1 388 11[2,8 8 138 8 - Main Shafts of Jet Engines Higher than P4
1000 1250 +165 0 +105 0 - Gyroscope Gimbals CLASS 7P, P4
PR L - — - - Low Torque and Low g, /o6 chanisms CLASS 7P, CLASS 5P
Notes (') Applicable to all radial planes of tapered bores. Torque Variation i ) ’
() Not applicable to Diameter Series 7 and 8. Potentiometric Controllers CLASS 7P

A 150




TECHNICAL INFORMATION | NSIKK

8. FITS AND INTERNAL CLEARANCES

8.1 FIES woveeoreeoreseeeees e A 154
8.1.1 Importance of Proper Fits oo A 154
8.1.2 Selection of Fit - A154

(1) Load Conditions and Fit -ooorrorrreeeerrvrevvvevecesssssssssssescecssssennnns A 154
(2) Magnitude of Load and INTEHEIENCE - - A 154
(3) Interference Variation Caused by Temperature Differences

Between Bearing and Shaft or HOUSING - -oorrreeeeevevevrvvvvecnecsesssss A 156
(4) Effective Interference and Finish of Shaft and Housing oo A 156
(5) Fitting Stress and Ring Expansion and Contraction .o, A 156
(6) Surface Pressure and Maximum Stress on Fitting Surface ... A 158
(7) Mounting and Withdrawal Loads

8.1.3 RECOMMENUEH FItS - rvvvrerrrreereieeiriisieees e

8.2 Bearing INternal CIEAranCes - A 168
8.2.1 Internal Clearances and Their STANAAAS - wreereeeerremmecineeeeeeeeeeenn. A 168
8.2.2 Selection of Bearing Internal Clearances -, A174

(1) Decrease in Radial Clearance Caused by Fitting
and Residual ClearanCe - oo A174

(2) Decrease in Radial Internal Clearance Caused by Temperature Differences

Between Inner and Outer Rings and Effective Clearance oo A175
8.3 Technical Data -« A 176
8.3.1 Temperature Rise and Dimensional Change ..o, A176

8.3.2 Interference Deviation Due to Temperature Rise

(Aluminum Housing, PIastic HOUSING) oo A178
8.3.3 Calculating Residual Internal Clearance After Mounting - A 180
8.3.4 Effect of Interference Fits on Bearing Raceways (Fit of Inner Ring) ------- A 182
8.3.5 Effect of Interference Fits on Bearing Raceways (Fit of Quter Ring)------- A 184

8.3.6 Measuring the Internal Clearance of Combined
Tapered Roller Bearings (Offset Measuring Method) oo A 186

8.3.7 Internal Clearance Adjustment Method
When Mounting a Tapered Roller Bearing - A 188
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8. FITS AND INTERNAL CLEARANCES

8.1 Fits
8.1.1 Importance of Proper Fits

In cases where a rolling bearing has its inner ring
fitted to the shaft with only slight interference, harmful
circumferential slippage 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 abraded, 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 the ring that 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
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
facilitate mounting and dismounting. In these cases,
lubrication or other applicable methods should be
considered to prevent damage to the fitting surfaces
due to creep.

8.1.2 Selection of Fit

(1) Load Conditions and Fit
The proper fit can be selected from Table 8.1 based on
the load and operating conditions.

(2) Magnitude of Load and Interference

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

Adr=0.08"/=F,x107

d
B

d

Adr=025\/%F.x107 ...

B

where Adpy : Interference decrease of inner ring

(mm)

d : Bearing bore diameter (mm)
B : Nominal inner ring width (mm)
F. : Radial load applied on bearing

(N, {kef}

Table 8.1 Loading Conditions and Fits

o Bearing Operation Load Fitting
Ll Gl Inner Ring Outer Ring Conditions Inner Ring Outer Ring
Rotating Stationary .
Rotating

Inner Ring

Stationary Load
[Load]Rotating Tight Fit Loose Fit

Stationary

Outer Ring
Stationary Rotating Load

Stationary Rotating Rotating

Outer Ring

Load
Loose Fit Tight Fit

Stationary

Inner Ring
Load

Rotating Stationary
Indeterminate load direction due to Rotating or Rotating or Direction of Load Tight Fit Tight Fit
variation of direction or unbalanced load Stationary Stationary Indeterminate 9 9
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Therefore, the effective interference Ad should be
larger than the interference given by Equation (8.1).
However, interference often becomes insufficient with
heavy loads where the radial load exceeds 20% of the
basic static load rating C,, under normal operating
conditions. In these cases, interference should be
estimated using Equation (8.2):

Ad%O.OZ%x10_3 4444444444 ™)

Ad=02 %x 0%, (kef)

where  Ad : Effective interference (mm)
F. : Radial load applied on bearing
(N), {kgf}

B : Nominal inner ring width (mm)

Creep experiments conducted by NSK with NU219
bearings showed a linear relation between radial load
(load at creep occurrence limit) and required effective

interference. It was confirmed that this line agrees well
with the straight line of Equation (8.2).

When subjected to loads heavier than 0.25 C,,, the
interference given by Equation (8.1) for NU219
bearings becomes insufficient and creep occurs.
Generally speaking, the necessary interference for
loads heavier than 0.25 C,, should be calculated using
Equation (8.2). When doing this, verify that the fit does
not cause excessive circumferential stress.

Calculation example

For NU219, B = 32 (mm) and assume
F,=98100 N
C,, =183 000 N
_F. 98100
C,, ~ 183000
Therefore, the required effective interference is
calculated using Equation (8.2).

98100 s
s x107=0.061 (mm)

This result agrees well with Fig. 8.1.

=0.536>0.2

4d =0.02 x

Required
Circumferential  effective Surface
stress interference pressure
Ot max Aad S I
(kgf/mm?)  (MPa) (mm) o (MPa)  (kgf/mm?)
0.070 Us
120~ rs)
12~ No creep zone ) S / _20
110 0.060 $ ] 12
M+ %r) /
100+ S o y
0 B_S \ S
90 0.050 & 1
o s o 1 -7 115
S A _ - 415
<] 80— O ‘ L -
70l 0.040 64 > - 0/3
7+ N 2 Jf T o
= -
6 % 9030 // _00NP | T
s S0 o | ]
- Creep zone
[ — - /
4 40 o020 .
3 80f il / 15 Hos
2 20 0010 /’ /
1+ 10 /
o ok 0 -0 -0
0 20 40 80 100 120x10° (N)
L | | | | |
0 2 4 8 10 12x10° (kgf)

Radial load F,

Fig. 8.1 Load and Required Effective Interference for Fit
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(3) Interference Variation Caused by Temperature
Differences Between Bearing and Shaft or
Housing

The effective interference decreases due to the

increasing bearing temperature during operation. If

the temperature difference between the bearing and
housing is A4 T (°C), then the temperature difference
between the fitted surfaces of the shaft and inner ring
is estimated to be about (0.1-0.15) A T when the shaft
is cooled. The decrease in the interference of the inner
ring due to this temperature difference 4dr may be
calculated using Equation (8.3):

Adr=(010100.15) x A T'ovd
=0.00154T-d X107 o.vevvree. (8.3)

where Adr: Decrease in interference of inner ring
due to temperature difference (mm)

AT : Temperature difference between bearing
interior and surrounding parts (°C)
o : Coefficient of linear expansion of
bearing steel=12.5 x 1076 (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, interference may
increase.
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(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 and may be estimated using
the following equations:

_d
For ground shafts A d——d+2 Addy............ (8.4)

) _d
For machined shafts 4 d——d+3 dd, ............ (8.5)

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

According to Equations (8.4) and (8.5), the effective
interference of bearings with a bore diameter of 30 to
150 mm 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
rule, the maximum interference should be kept under
approximately 7/10 000 the shaft diameter.

The pressure between fitted surfaces, expansion or
contraction of the rings, and circumferential stress
may be calculated using the equations in Table 8.2.

Table 8.2 Fit Conditions

Inner Ring and Shaft

Outer Ring and Housing

Surface Pressure pm

Hollow shaft
_dd 1

"”d[mﬂ mz—1]+2[ B, ]
nE  mk, E(1-k) " E(1-1)

Housing outside diameter
_4D

“_D[mc—w m}.—1:|+2|: [ ]
mE  mb E(1=1) " E.(1—hD)

(MPa) {kgf/mm?} Solid shaft
_4d 1
= |im<—1 ml—1:|+ 2
mE  mE | EQ1-F)

Expansion of Inner Dok Pk
Ring Raceway 4Di=2d E 1-8 4D.=2D E 1-n
AD; (mm) _ 1=k _ 1—he
Contraction of Outer =4d-k 1_k210302 (hollow shatft) =AD 1—h2202
Ring Racewa

. d =Ad-k (solid shaft)

AD, (mm)

Maximum Stress

Tt max

Maximum circumferential stress at
inner ring bore fitting surface.

Maximum circumferential stress at outer ring
outer surface.

1+F 2
(MPa) (kghmnr] =P o=
d : Shaft diameter, inner ring bore D : Housing bore diameter, outer ring
dy: Hollow shaft bore outside diameter
D;: Inner ring raceway diameter D, Housing outside diameter
k=d/D;, ko= dild D.: Outer ring raceway diameter
Symbols E;: Inner ring Young’s modulus, h = DD, ho = DID,

208 000 MPa {21 200 kgf/mm?}
E,: Shaft Young’s modulus
m;: Inner ring Poisson’s number, 3.33
ms: Shaft Poisson’s number

E.: Quter ring Young’s modulus,

208 000 MPa {21 200 kgf/mm?}
E;: Housing Young’s modulus
me.: Quter ring Poisson’s number, 3.33
my . Housing Poisson’s number
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(6) Surface Pressure and Maximum Stress on Fitting
Surfaces

In order for rolling bearings to achieve their full life
expectancy, their fitting must be appropriate. Usually
an interference fit is chosen for a rotating inner ring,
and a loose fit is used for a fixed outer ring. To select
the fit, the magnitude of the load, the temperature
differences among the bearing and shaft and housing,
material characteristics of the shaft and housing, level
of finish, material thickness, and bearing mounting/
dismounting method must all be considered.

If the interference is insufficient for the operating
conditions, ring loosening, creep, fretting, heat
generation, or other problems may occur. If the
interference is excessive, the ring may crack due to
circumferential stress. The magnitude of the
interference is usually satisfactory if it follows
recommendations for the size of the shaft or housing
listed in the bearing catalog. To determine surface
pressure and stress on the fitting surfaces,
calculations can be made assuming a thick-walled
cylinder with uniform internal and external pressures;
necessary equations for this are summarized in Table
8.2. For convenience in fitting bearing inner rings on
solid steel shafts, which are the most common type of
shaft, the surface pressure and maximum stress are
shown in Figs. 8.3 and 8.4.
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Fig. 8.3 shows the surface pressure p,, and maximum
stress o, .. fOr given combinations of bearing bores
for mean interference at various tolerance grades. Fig.
8.4 shows the maximum surface pressure p,, and
maximum stress o, ..., When maximum interference
occeurs.

Fig. 8.4 is convenient for checking if o .. €xceeds
acceptable limits. The tensile strength of hardened
bearing steel is about 1 570 to 1 960 MPa {160 to 200
kgf/mm?}. However, for safety, plan for a maximum
fitting stress of 127 MPa {13 kgf/mm®}. For
reference, the distributions of circumferential stress o,
and radial stress o, in an inner ring are shown in Fig.
8.2.

Or max = Pm

N
s

Fig. 8.2 Distribution of Circumferential
Stress 0 and Radial Stress 0,

+

Surface Pressure pm
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(7) Press-Fit Force and Withdrawal Force

The force needed to mount bearings on shafts or in a
housing hole with interference can be obtained using
the thick-walled cylinder theory.

The press-fit force (or withdrawal force) depends upon
the contact area, surface pressure, and coefficient of
friction between the fitting surfaces.

The press-fit force (or withdrawal force) K needed to
mount inner rings on shafts is given by Equation (8.6).

K=t py 1d B (N), {RGf} oo (8.6)

where u: Coefficient of friction between fitting
surfaces
1=0.12 (for press-fitting)
1=0.18 (for withdrawal)
P Surface pressure (MPa), {kgf/mm?}
For example, inner ring surface pressure
can be obtained using Table 8.2.

b _E 4d (1-F) (1=k)
"2 d 1=k k)
d: Shaft diameter (mm)
B: Bearing width (mm)
Ad: Effective interference (mm)
E: Young’s modulus of steel (MPa),
{kgf/mm?}
E=208 000 MPa {21 200 kgf/mm?}
k: Inner ring thickness ratio
k=d/D,
D;: Inner ring raceway diameter (mm)
ky: Hollow shaft thickness ratio
ko=d,/d
d,: Bore diameter of hollow shaft (mm)

A 160

For solid shafts, d,=0, consequently k,=0. The value of
k varies depending on bearing type and size, but it
usually ranges between £=0.7 and 0.9. Assuming that
k=0.8 and the shaft is solid, Equation (8.6) becomes
the following:

K =118 000u 4d B (N) }
=12 000y 4d B {kef)

Equation (8.7) is shown graphically in Fig. 8.5. The
press-fit and withdrawal forces for outer rings and
housings have also been calculated and the results are
shown in Fig. 8.6.

The actual press-fit and withdrawal forces can become
much higher than the calculated values if the bearing
ring and shaft (or housing) are slightly misaligned or
load is applied unevenly to the circumference of the
bearing ring. Consequently, the values obtained from
Figs. 8.5 and 8.6 should be considered only as guides
when designing withdrawal tools. Tool strength should
be five to six times higher than that indicated by the
figures.
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8.1.3 Recommended Fits

As described previously, many factors, such as
the characteristics and magnitude of bearing load,
temperature differences, and 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 into 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 applications where the shaft is subjected to
considerable vibration.

The recommended fits for some common applications
are shown in Tables 8.3 to 8.8. Please consult NSK
regarding unusual operating conditions. For the
tolerances and surface finish of shafts and housings,
please refer to Section 13.1 (Page A270).
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Table 8.3 Fits of Radial Bearings (Normal Class, Class 6X, and Class 6) With Shafts

Shaft Diameter (mm)

Tolerance

Table 8.5 Fits of Radial Bearings (Normal Class, Class 6X, and Class 6) With Housings

Tolerances for

Axial Displacement

Load Conditions Examples Cylindrical Roller i Remarks
P Ball Brgs Brgs, Tapered Spherécral Roller  of Shaft
Roller Brgs gs
Radial Bearings With Cylindrical Bores
Easy axial Wheels on
displacement of Stationary 6 Use g5 and h5 where
Rotating | Inner ring on shaft g accuracy is required
is necessary. Axles . Y 1S Tequirea.
.Outer Fasy axial All Shaft Diameters — f6can be used in large
Ring Load dispylacement of |Tension Pulleys ” bearings to allow easy
inner ring on shaft | Rope Sheaves axial movement.
is unnecessary
Lot Load Electrical Home <18 — — 5] Use 0\355h5 and highr']
ight Loads Appliances Pumps, . precision bearings where
or Variable Blowers, Transport | 180 100 <40 - is6G6)  accuracy is required. Use
Loads Vehicles, Precision | 100 to 200 4010 140 _ k6 hs for high-precision
(<0.06C(1)) Machinery, ball bearings with bore
Machine Tools — 140 to 200 — mé6 diameters of 18 mm o less.
<18 — — js5 or js6 (5 or j6)
General Bearing
Applications, 1810 100 <40 <40 k5 or k6 k6 and m6 can be
Rotating Inner Medium and 100 to 140 40 to 100 40to0 65 mb5 or m6  used for single-row
Ring Load or Large Motors(®), tapered roller
Indeterminate | Normal Loads Turbines, Pumps, 140 to 200 100 to 140 65 t0 100 mé bearings and single-
Direction of | (0.06 to 0.13C.(*)) Engine Main 200 to 280 140 to 200 100 to 140 n6 row angqlar contact
Load Bearings, ball bearings
Gears, — 200 to 400 140 to 280 p6 instead of k5 and
Woodworking _ _ mb.
Machines 280 to 500 r6
— — over 500 r7
Railway Axleboxes, — 50 to 140 50 to 100 n6
Heavy Loads #Tg;?;:%ﬁgilesy — 140 to 200 100 to 140 p6 A bearing internal
or Shock Loads Construction 200 14010 200 e clearance greater than
1 — over 0 i
(>0.13C(") Equipment, i CN is necessary.
Crushers — — 200 to 500 r7
Axial Loads Only Al Types of Bearing All Shaft Diameters is6 (6) —
Applications J
Radial Bearings With Tapered Bores and Sleeves
General Bearing The deviation of the shaft
ép[flicati/t\mls,b h9/1T5(%) from ﬁgl?nljoeng%omgtsrica
. ailway Axleboxes . form, e. g. roundness and
All Types of Loading Transmission Shafts, All Shaft Diameters cylindricity should be
Woodworking h10/1T7(2) Within the tolerances of
Spindles IT5 and

Notes (') C:represents the basic load rating of the bearing.
(%) Refer to Appendix Table 11 on Page E016 for the values of IT standard tolerance grades.
(%) Refer to Tables 8.14.1 and 8.14.2 for the recommended fits of shafts used in electric motors for deep groove ball

bearings with bore diameters ranging from 10 mm to 160 mm and for cylindrical roller bearings with bore diameters

ranging from 24 mm to 200 mm.

Remark This table applies only to solid steel shafts.

Table 8.4 Fits of Thrust Bearings With Shafts

Load Conditions Examples Shaft Diameter (mm) Tgflegﬁg;:te Remarks

. Main Shafts ' h6 or

Central Axial Load Only of Lathes All Shaft Diameters is6 (6)

goﬂmeg Sta&{;’nj,a[yt,gﬁ,”ef Cone Crushers All Shaft Diameters is6 (j6)

adial an —
Axial Loads | Rotating Inner Ring | Paper Pulp <200 k6
Spherical Load or Refiners,
Tr(m?st Roller| Indeterminate Plastic 2000 400 it
Bearings) Direction of Load | Extruders over 400 né
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Load Conditions Examples Housing Bores of Outer Ring Remarks
Heavy Loads on Bearing in | Automotive Wheel Hubs
Thin-Walled Housing or Roller Bearings) P7
Heavy Shock Loads rane Travelling Wheels
Rotating | Normal or Heavy f‘é’&ﬁ@g&'{‘{ﬁg‘g’{‘ee' Hubs N7
Outer Ring | Loads Vibrating Screens | ibl
Load ) ) Conveyor Rollers mpossivie -
Solid k'ogargsor Variable Rope Sheaves M7
Housings Tension Pulleys
Heavy Shock Loads Traction Motors
If axial displacement of
Indeterminate Ililgargsal or Heavy Pumps ) K7 F;Egrsasl:ﬁe the outer ring is not
Direction of Crankshaft Main required.
Bearings
Load Medium and Large Axial displ f
) xial displacement o
ﬂgar(rjnsal or Light Motors(*) 1S7.07) Possible outer ring is
necessary.
. G | Beari
Solid or Any Kind of Load Applications. Hr
Split Railway Axleboxes
Housings Normal or Light Easily
. Loads Plummer Blocks H8 possible —
Rotating Hi%h TemF{;erature Rise
Inner Ring | of Inner Ring Through Paper Dryers G7
Load Shaft
Grinding Spindle Rear
Ball Bearings
High Speed Centrifugal JS6 (J6) Possible —
Accurate Running Compessor Free
Required Under Bearings
) Normal or Light Grinding Spindle Front
Indeterminate| Loads Ball Bearings Generall For_heavy Ioads,_ )
Direction of High Speed Centrifugal K6 et igl an interference fit tighter
Soli . Load Compressor Fixed possible than K may be used.
olid Housing Bearings When high accuracy is
N - required, very strict
Accurate Running and Cylindrical Roller
High Rigidity Required | Bearings for Machine M6 or N6 Impossible Loslgtrjafr:)crefsmsigould be
Rotating | Under Variable Loads Tool Main Spindle o-
Inner Ring
Load | Minimal noise is Electrical Home H Easily o
required. Appliances Possible
Note (') Refer to Tables 8.14.1 and 8.14.2 for the recommended fits of housing bores of deep groove ball bearings and
cylindrical roller bearings for electric motors.
Remarks 1. This table is applicable to cast-iron and steel housings. For housings made of light alloys, the interference should
be tighter than listed in this table.
2. Refer to the introductory section of the bearing tables for special fits, such as those for drawn cup needle roller
bearings.
Table 8.6 Fits of Thrust Bearings With Housings
. . Tolerances for
Load Conditions Bearing Types Housing Bores Remarks
Thrust Ball Clearance over 0.25mm__For General Applications
Bearings H8 When precision is required
’ Spherical Thrust
Axial Loads Onl i
v g{?eltlaerggalréngs Outer ring has radial ~ When radial loads are sustained by
Tape[r]ed Igoller clearance. other bearings
Bearings
Combined Stationary Outer Ring Loads H7 or JS7 —
Radial v 9 Spherical Thrust or 574D
and Axial Rotating Outer Ring Loads or Roller Bearings K7 Normal Loads
Loads Indeterminate Direction of Load M7 Relatively Heavy Radial Loads
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Table 8.7 Fits of Inch Series Tapered Roller Bearings With Shafts Table 8.8 Fits of Inch Series Tapered Roller Bearings With Housings
(1) Bearings of Precision Classes 4 and 2 Units : um (1) Bearings of Precision Classes 4 and 2 Units : pm
Bore Diameter f Outside Diameter ~ Housing Bore
Nominal Bore Diameters d ToIeLr‘ances St?gfe?;?]rgeester Nominal Outside Diameters D Tolerances Diameter
Operating Conditions - ds Remarks Operating Conditions - Ds folerances Remarks
over incl. over incl.
(mm) 1/25.4 (mm) 1/25.4 high  low high low (mm) 1/25.4 (mm) 1/25.4 high  low high low
— 76.200 3.0000 | +13 0 + 38 + 25 — 76.200 3.0000 | +25 0O + 76 + 51
_ 76.200 3.0000 | 304.800 120000 | +256 O 4+ 64 + 38 Forbearings with d=<152.4 mm, Used either 76.200 3.0000 | 127.000 50000 | +25 0 4+ 76 + 51 . .
g |Normalloads | 5005800 120000 |609.600 240000 | +51 0 4127 + 76 clearance s ustally larger than CN. on fres-end or | 127.000 50000 | 304.800 120000 | 425 0 + 76 + 51 E‘Sepl‘;‘éfé g be easily
o8 609.600 24.0000 | 914.400 360000 | +76 0  +190 +114 < | fixed-end 304.800 12.0000 | 609.600 240000 | 451 O  +152 +102 :
2 Heavy Load — 76.200 30000 | +13 O + 64 + 38 Ingeneral, bearings with a clear- 3 609.600 24.0000 | 914.400 36.0000 | +76 0 4229 +152
5E Sﬁﬁ‘é‘{( Lgidz 76.200 3.0000 | 304.800 120000 | +25 0O x ance larger than CN are used. = — 76.200 30000 | +25 0O + 25 0
High Speeds | 304-800 12.0000 | 609.600 240000 | +51 0O X 3% indicates that the average & | The outerring | 76.200 3.0000 | 127.000 50000 | +25 0O + 25 B . outer ring can be displaced
609.600 24.0000 | 914.400 36.0000 | +76 0O +381 +305 interference is about 0.0005 d. g position can be | 127.000 5.0000 | 304.800 12.0000 | +25 O + 51 0 axially 9 P
— 76.200 30000 | 413 0 + 13 0 The inner ring cannot be displaced axially. < adjusted axially.| 304.800 12.0000 | 609.600 240000 | 451 0 4+ 76 + 25
_ 76.200 3.0000 | 304.800 120000 | +25 0O + 25 0 When heavy or shock loads exist, the £ 609.600 24.0000 | 914.400 360000 | +76 0 +127 + 51
%w 304.800 12.0000 | 609.600 24.0000 | +51 0 + 51 o figures above (rotating inner ring loads, £ The outer ring — 76.200 3.0000 | +25 O - 13 - 38
] heavy or shock loads) apply. o _ _
5| Normal Loads 609.600 24.0000 | 914.400 360000 | +76 0 + 76 o heay ) apply. position cannot 76.200 3.0000 | 127.000 5.0000 | +25 0O 25 51 Generally, the outer ring is fixed
£ Without Shocks — 76.200 3.0000 | +13 0 0 -13 be adjusted 127.000 5.0000 | 304.800 120000 | +25 0 — 256 - 51 axially
5 76.200 3.0000 | 304.800 12,0000 | +25 0 0 — 25 Theinner ring can be displaced axially. 304.800 12.0000 | 609.600 240000 | 451 0 - 26 - 76
304.800 12.0000 | 609.600 24.0000 | 451 0 0 — 51 axially. 609.600 24.0000 | 914.400 360000 | +76 0 - 25 102
609.600 24.0000 | 914.400 36.0000 | +76 0 0 —76 £ | Normal Loads - 76.200 30000 | 425 0o - 13 - 38
S| The outerring | 76.200 3.0000 | 127.000 50000 | +25 0 - 26 - 61
23| position cannot | 127.000 5.0000 | 304.800 12.0000 | +25 0O — 25 — 51 The outerring is fixed axially.
%g be adjusted 304.800 12.0000 | 609.600 240000 | 4561 0 — 25 - 76
o | axially. 609.600 24.0000 | 914.400 36.0000 | +76 0 — 25 —102
(2) Bearings of Precision Classes 3 and 0 (1) Units : um (2) Bearings of Precision Classes 3 and 0 (!) Units : wm
Bore Diameter i Outside Diameter ~ Housing Bore
Nominal Bore Diameters d Tolerances St?glte?;?geester Nominal Outside Diameters D Tolejances Diameter
Operating Conditions - = Remarks Operating Conditions - Ds flDlGrances Remarks
over incl. over incl.
(mm) 1/25.4 (mm) 1/254 | high low  high low (mm) 1/25.4 (mm) 1/254 | high low  high low
Precisi — 76.200 30000 | 413 0 + 30 +18 — 152.400 6.0000 | +13 0 +38 425
o | Mecetoo | 76:200 30000 | 304.800 120000 | +13 0 + 30 +18 B Used on free- | 152.400 6.0000 | 304800 120000 | +13 0 438 425 The outer ring can be easily
Ew Main Spindles 304.800 12.0000 | 609.600 24.0000 | +25 0 + 64 +38 end 304.800 12.0000 | 609.600 24.0000 | 425 0 +64 +38 displaced axially.
o8 609.600 24.0000 | 914.400 360000 | 438 0  +102 +64 609.600 24.0000 | 914.400 36.0000 | 438 0 +89 451
«
%_m: " Load _ 76.200 3.0000 | +13 0 _ 2 — 152.400 6.0000 | +13 0 ar 25 13
5E Sﬁﬁ‘({}( L?Ji di 76.200 3.0000 | 304.800 12,0000 | +13 0 — A minimum interference of about S | Used on fixed- | 152.400 6.0000 | 304.800 120000 | +13 O 425 413 The outer ring can be displaced
High Speeds 304.800 12.0000 | 609.600 24.0000 | +25 0 — 0.00025 d is used. 2end 304.800 12.0000 | 609.600 240000 | +25 O +51 +25 axially.
609.600 24.0000 | 914.400 36.0000 | +38 0 — g 609.600 24.0000 | 914.400 36.0000 | 438 0 +76  +38
£ precisi - 76.200 30000 | +13 0 4+ 30 +18 E | he outer 1 — 152.400 60000 | +13 0  +13 0
Sg Mr:&'fi:]"e’]mol 76.200 3.0000 | 304.800 120000 | 413 O 4+ 30 +18 o = Ogiggneg'n”ge 152.400 6.0000 | 304.800 120000 | +13 0 = +25 0  Generally, the outer ring is fixed
-gé Main Spindles | 304800 12.0000 | 609.600 240000 | 425 0 + 64 +38 5 gdjusted axially, | 304-800 12.0000 | 609.600 240000 | 425 0O +25 o axially.
E& 609.600 24.0000 | 914.400 36.0000 | +38 0 +102 +64 K] 609.600 24.0000 | 914.400 36.0000 | 438 0 +38 0
Note () For bearings with d greater than 304.8 mm, Class 0 does not exist. The outer ring - 152.400 6.0000 | +13 0 0 -13
position cannot | 152.400 6.0000 | 304.800 12.0000 [ +13 0 0 -25 The outer ring is fixed axiall
be adjusted 304.800 12.0000 | 609.600 24.0000 | 425 0O 0 -25 9 v
axially. 609.600 24.0000 | 914.400 36.0000 | +38 0 0 -38
& | Normal Loads — 76.200 3.0000 | +13 0 =13 —-25
Sg| The outerring |  76.200 3.0000 | 152.400 6.0000 | +13 0o  -13 25
23 position cannot | 152.400 6.0000 | 304.800 12.0000 | +13 0O -13 —38  The outer ring is fixed axially.
%g bevadjusted 304.800 12.0000 | 609.600 240000 | +25 O -13 -38
e | axially. 609.600 24.0000 | 914.400 36.0000 | +38 0 =18 =51

Note (%) For bearings with D greater than 304.8 mm, Class 0 does not exist.
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8.2 Bearing Internal Clearances
8.2.1 Internal Clearances and Their Standards

The internal clearance of rolling bearings in operation
greatly influences bearing performance including
fatigue life, vibration, noise, heat generation,
etc. Consequently, the selection of 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 refers to the combined
clearances between the inner/outer rings and rolling
elements. The radial and axial internal 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. 8.7).

=

Radial internal Clearance  Axial internal Clearance

Fig. 8.7 Bearing Internal Clearance
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To obtain accurate measurements, the clearance is
generally measured by applying a specified measuring
load on the bearing. This “measured clearance” is
always slightly larger than the theoretical internal
clearance (“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 specified by
the theoretical internal clearance.

In Table 8.9, reference table and page numbers are
listed by bearing types.

Table 8.9 Index for Radial Internal Clearances

Table 8.10 Radial Internal Clearances in
Deep Groove Ball Bearings

Table 8.11 Radial Internal Clearances in Extra
Small and Miniature Ball Bearings

Units : um Units : pm
Nominal B Clearance Clears
ominal core ance MC1 | MC2 | MC3 | MC4 | MC5 | MC6
Diameter Symbol
d(mm) cz CN c3 C4 C5 min. max. | min. max. | min. max. | min. ma, | min. max. | min. max.
Clear-
over incl. min. max. | min. max. | min. max. | min. max. | min. max. ance o 5|3 8|5 10/ 8 13|13 20|20 28

by Bearing Type
) Table Page
Bearing Type Number Number
Deep Groove Ball Bearings 8.10 A169
Extra Small and Miniature Ball Bearings 8.11 A169
Magneto Bearings 8.12 A169
Self-Aligning Ball Bearings 8.13 A170
Deep Groove
Ball Bearings 8.14.1 A170
Cylindrical | /0" Motors
Roller Bearings 8.14.2 A170
With Cylindrical Bores
R With Cylindrical Bores
Cylindrical
Roller Bearings (Matched) 8.15 A1T1
With Tapered Bores
(Matched)
Spherical With Cylindrical Bores
. 8.16 A172
Roller Bearings| with Tapered Bores
Double-Row and Combined Tapered
Roller Bearings 8.17 AI73
Combined Angular Contact Ball
Bearings () 8.18 A174
Four-Point-Contact Ball Bearings () 8.19 A174

Note (') Values given are axial internal clearances.

10 only 0 7| 2 13| 8 23| 14 29| 20 37
10 18 0 9| 3 18| 11 25| 18 33| 25 45
18 24 0 10 5 20| 13 28| 20 36| 28 48
24 30 11 5 20| 13 28| 23 41| 30 53
30 40 1M 6 20| 15 33| 28 46| 40 64
40 50 11 6 23| 18 36| 30 51| 45 73
50 65 1 15| 8 28| 23 43| 38 61| 55 90
65 80 1 16| 10 30| 25 51| 46 71| 65 105
80 100 1 18| 12 36| 30 58| 53 84| 75 120
100 120 2 20| 15 41| 36 66| 61 97| 90 140
120 140 2 23| 18 48| 41 81| 71 114|105 160
140 160 2 23| 18 53| 46 91| 81 130|120 180
160 180 2 25| 20 61| 53 102| 91 147|135 200
180 200 2 30| 25 71| 63 117|107 163|150 230
200 225 2 35| 25 85| 75 140|125 195|175 265
225 250 2 40| 30 95| 85 160 145 225|205 300
250 280 2 45| 35 105| 90 170 155 245|225 340
280 315 2 55| 40 115|100 190|175 270|245 370
315 355 3 60| 45 125(110 210|195 300 | 275 410
355 400 3 70| 55 145|130 240|225 340|315 460
400 450 3 80| 60 170|150 270|250 380|350 510
450 500 3 90| 70 190|170 300|280 420|390 570
500 560 10 100| 80 210|190 330|310 470|440 630
560 630 10 110| 90 230|210 360 | 340 520 | 490 690
630 710 20 130|110 260 | 240 400 | 380 570 | 540 760
710 800 20 140|120 290 | 270 450 | 430 630 | 600 840
Remarks To obtain the measured values, use the clearance correction

values in the table below.

For the C2 clearance class, the smaller value should be used
for bearings with minimum clearance and the larger value for
bearings near the maximum clearance range.

Remarks

1. The standard clearance is MC3.

2. To obtain the measured value, add
correction amount from the table

below.

Units : um

Clearance
Symbol MC1

MC2|MC3

MC4|MC5 | MC6

Clearance
Correction 1
Value

1

1

1

2 2

The measuring loads are as follows:
For miniature ball bearingss

2.5N {0.25kgf}

For extra small ball bearings=

4 4N {0.45kgf}

*For classification details, refer to
Table 1 on Page C054.

Table 8.12 Radial Internal Clearances in
Magneto Bearings

Units : um
Nominal Bore ) Radial Clearance Correction
Dia. d (mm) Measuring Amount
B Load
over indl.  (N)  ikeft| c2 | CN | C3 | C4 | C5
10 (incl) 18 245 {(25)Bto4d| 4 | 4 | 4 | 4
18 50 49 {5} 4to5 5 6 6 6
50 280 147 {15} |6togl 8 9 9 9

Remark For values exceeding 280 mm, please contact NSK.

Units : pm
No[r)ninal Bore
iameter Bearing Clearance
d (mm) Series
over incl. min.  max.
EN 10 50
25 30
E 30 60
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Table 8.13 Radial Internal Clearances in

Self-Aligning Ball Bearings

Table 8.15 Radial Internal Clearances in Cylindrical
Roller Bearings and Solid Needle Roller Bearings

Units : um
Nominal Bore Clearance in Bearings With Cylindrical Bores Clearance in Bearings With Tapered Bores
Dia. d (mm) c2 CN c3 c4 C5 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.
25 6 1 8 5 15|10 20| 15 25| 21 3| — — | — —| — — | — — | —
6 10 2 9 6 17 |12 25| 19 33| 27 2| — —|— —|— —|— —|— —
10 14 2 10 6 19|13 26| 21 3| 30 48— —|— —|— —|— —|— —
14 18 3 12 8 21|15 28| 23 37| 32 50| — —|— —|— —|— —|—
18 24 4 14|10 23|17 30| 25 39| 34 52| 7 17 |13 26| 20 33| 28 42| 37 55
24 30 5 16|11 24|19 35| 29 46| 40 58| 9 20| 15 28| 23 39| 33 50| 44 62
30 40 6 18|13 29 |23 40| 34 53| 46 66|12 24 |19 35| 29 46| 40 59| 52 72
40 50 6 19|14 31|25 44| 37 57| 50 71|14 27|22 39| 33 52| 45 65| 58 79
50 65 7 21116 36|30 50| 45 69| 62 88|18 32|27 47| 41 61| 5 80| 73 99
65 80 8 24|18 40|35 60| 54 83| 76 108| 23 39 |35 57| 50 75| 69 98| 91 123
80 100 9 27 |22 48|42 70| 64 96| 89 124| 29 47 | 42 68| 62 90| 84 116|109 144
100 120 10 31 |25 56 |50 83| 75 114|105 145| 35 56 | 50 81| 75 108|100 139|130 170
120 140 10 38 | 30 68 | 60 100| 90 135|125 175]| 40 68 | 60 98| 90 130|120 165|155 205
140 160 15 44 | 35 80 | 70 120|110 161|150 210| 45 74 | 65 110|100 150 | 140 191|180 240
Table 8.14 Radial Internal Clearances in
Bearings for Electric Motors
Table 8.14. 1 Deep Groove Ball Bearings Table 8.14.2 Cylindrical Roller Bearings
for Electric Motors ) for Electric Motors )
Units : um Units : um
Nominal Bore Clearance Remarks Nominal Bore Clearance Remarks
Dia. d (mm) M Recommended fit Dia. @ (M) inerchangeable CT | lonIneutenead O | Recommended Fit
over incl. min. max. Shaft  |Housing Bore over incl.  min. max. | min. max. |Shaft|Housing Bore
10 (incl) 18 4 11 js5 (i5) 24 40 15 35 | 15 30 | kb
18 30 5 12 40 50 20 40 | 20 35
30 50 9 17 50 65 25 45 | 25 40
H6, H7()
k5 or
50 80 12 22
156, 157 65 80 30 50 | 30 45 w15
80 100 18 30 76,17 () 80 100 35 60 | 35 55| 5 156,157
J6,J7(")
100 120 35 65 | 35 60 or
100 120 18 30
m5 K6, K7(%)
120 160 24 38 120 140 40 70 | 40 65
Notes (') Applicable to outer rings that require movement in 140 160 50 85 | 50 80
the axial direction.
(%) Applicable to outer rings that do not require
movement in the axial direction. 160 180 60 95 60 90 6
Remark The radial internal clearance increase caused by the n
N X . 180 200 65 105 | 65 100
measuring load is equal to the correction amount for

CN clearance listed in the remarks under Table 8.10.
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Notes (') Applicable to outer rings that require movement in
the axial direction.

(%) Applicable to outer rings that do not require
movement in the axial direction.

Units : um
Nominal Clearances in Bearings Clearances in Noninterchangeable Bearings
Bore Dia. With Cylindrical Bores With Cylindrical Bores
d (mm) c2 CN C3 c4 C5 cC1 | cc2 CcC () CC3 cc4 CC5
over incl. min. max. | min. max. | min. max. | min. max. | min. max. [min. max/min. max. | min. max. | min. max. | min. max. | min. max.
— 10 0 26| 20 45| 3 60| 50 75| — —|— —|— —| — —| — —| — —| — —
10 24 0 25| 20 45| 35 60| 50 75| 65 90| 5 1510 20| 20 30| 35 45| 45 55| 65 75
24 30 0 25| 20 45| 35 60| 50 75| 70 95| 5 1510 25| 256 35| 40 50| 50 60| 70 80
30 40 5 30| 26 50| 45 70| 60 85| 80 105y 5 1512 25| 25 40| 45 55| 55 70| 80 95
40 50 5 36| 30 60| 50 80| 70 100| 95 1261 6 18|16 30| 30 45| 50 65| 65 80| 95 110
50 65 10 40| 40 70| 60 90| 80 110|110 140y 5 20(15 35| 35 50| 55 75| 75 90| 110 130
65 80 10 45| 40 75| 65 100| 90 125|130 16510 25|20 40| 40 60| 70 90| 90 110|130 150
80 100 15 50| 50 85| 75 110|105 140|155 19010 30|25 45| 45 70| 80 105|105 125|165 180
100 120 15 55| 50 90| 85 125|125 165|180 22010 30|25 50| 50 80| 95 120|120 145|180 205
120 140 15 60| 60 105|100 145|145 190 | 200 245]10 35|30 60| 60 90| 105 135|135 160 | 200 230
140 160 20 70| 70 120|115 165|165 215|225 27510 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 | 1656 200 | 250 285
180 200 35 90| 90 145|140 195|195 250|275 330 |15 45(40 80| 80 120|140 180 | 180 220|275 315
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
250 280 55 125|125 195|190 260 | 260 330 | 370 44020 55(55 110|110 165 | 185 240 | 240 295 | 370 420
280 315 55 130 | 130 205|200 275|275 350 | 410 485120 60|60 120|120 180 | 205 265|265 325|410 470
315 355 65 145 | 145 225|225 305|305 385 | 455 53520 65(65 135|135 200 | 225 295 | 295 360 | 455 520
355 400 100 190 | 190 280 | 280 370|370 460 | 510 600 |25 75|75 150 | 150 225|255 330 | 330 405|510 585
400 450 110 210|210 310|310 410|410 510 | 565 665|256 85|85 170 | 170 255|285 370|370 455 | 565 650
450 500 110 220 | 220 330 | 330 440 | 440 550 | 625 73525 95(/95 190 | 190 285|315 410|410 505 | 625 720

Note (') CC denotes normal clearance for noninterchangeable cylindrical roller bearings and solid needle roller bearings.
Units : pm
é\lomigfi' Clearances in Noninterchangeable Bearings with Tapered Bores

ore Dia.

d (mm) CC9 (") CCO CC1 CcC2 CC () CC3 CC4 CC5
over incl. min. max. | min. max. | min. max. | min. max. | min. max. | min. max. | min. max. | min. max.
10 24 5 10 — — 10 20 20 30 35 45 45 55 55 65 75 85
24 30 5 10 8 15 10 25 25 35 40 50 50 60 60 70 80 95
30 40 5 12 8 15 12 25 25 40 45 55 55 70 70 80 95 110
40 50 5 15 10 20 156 30 30 45 50 65 | 65 80 80 95 | 110 125
50 65 5 15 10 20 15 35 35 50 55 75 75 90 90 110 | 130 150
65 80 10 20 15 30 20 40 40 60 70 90 90 110 | 110 130 | 150 170
80 100 10 25 20 35 25 45 45 70 80 105 | 105 125 | 1256 150 | 180 205
100 120 10 25 20 35 | 25 50 50 80 | 95 120 | 120 145 | 145 170 | 205 230
120 140 15 30 25 40 30 60 60 90 | 106 135 | 136 160 | 160 190 | 230 260
140 160 15 35 30 50 35 65 65 100 | 115 150 | 160 180 | 180 215 | 260 295
160 180 15 35 30 50 35 75 75 110 | 1256 165 | 165 200 | 200 240 | 285 320
180 200 20 40 30 50 40 80 80 120 | 140 180 | 180 220 | 220 260 | 315 355
200 225 20 45 35 60 | 456 90 90 135 | 165 200 | 200 240 | 240 285 | 3560 395
225 250 25 50 40 65 50 100 | 100 150 | 170 215 | 216 265 | 265 315 | 380 430
250 280 25 55 40 70 55 110 | 110 1656 | 185 240 | 240 295 | 295 350 | 420 475
280 315 30 60 — — 60 120 | 120 180 | 205 265 | 265 325 | 326 385 | 470 530
315 355 30 65 — — 65 135 | 135 200 | 225 295 | 295 360 | 360 430 | 520 585
366 400 35 75 | — — | 75 160 | 160 226 | 265 330 | 330 405 | 405 480 | 685 660
400 450 40 8 | — — | 85 170 | 170 255 | 286 370 | 370 455 | 455 540 | 650 735
450 500 45 95 — — 95 190 | 190 285 | 315 410 | 410 505 | 6505 600 | 720 815

Notes (‘) Clearance CC9 is applicable to cylindrical roller bearings with tapered bores in ISO Tolerance Classes 5 and 4.

(%) CC denotes normal clearance for noninterchangeable cylindrical roller bearings and solid needle roller bearings.
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Table 8.16 Radial Internal Clearances in
Spherical Roller Bearings

Units : um

Nominal Clearance in Bearings With Cylindrical Bores Clearance in Bearings With Tapered Bores

Bore Dia.

d (mm) c2 CN C3 C4 C5 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.
24 30 15 25| 25 40| 40 55 55 75 75 95] 20 30| 30 40 40 55 55 75 75 95
30 40 15 30| 30 45| 45 60 60 80 80 100) 26 35| 35 50 50 65 65 85 85 105
40 50 20 35| 35 55| 55 75 75 100 100 125) 30 45| 45 60 60 80 80 100| 100 130
50 65 20 40| 40 65| 65 90 90 120 120 150 40 55| 55 75 75 95 95 120| 120 160
65 80 30 50| 50 80| 80 110| 110 145| 145 180 50 70| 70 95 95 120| 120 150 | 150 200
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 120120 160| 160 210| 210 260| 65 100|100 135| 136 170| 170 220| 220 280
120 140 50 95| 95 145|145 190 190 240 | 240 300| 80 120 (120 160| 160 200 | 200 260| 260 330
140 160 60 110|110 170170 220| 220 280| 280 350 90 130|130 180| 180 230| 230 300| 300 380
160 180 65 120|120 180|180 240| 240 310| 310 390|100 140|140 200| 200 260 | 260 340 | 340 430
180 200 70 130|130 200|200 260| 260 340| 340 430110 160|160 220| 220 290| 290 370| 370 470
200 225 80 140 (140 220|220 290| 290 380 | 380 470|120 180|180 250 | 250 320 | 320 410| 410 520
225 250 90 150|150 240|240 320| 320 420 | 420 520|140 200|200 270 | 270 350 | 350 450| 450 570
250 280 100 170|170 260|260 350 | 350 460 | 460 570|150 220|220 300| 300 390 | 390 490| 490 620
280 315 110 190|190 280|280 370| 370 500| 500 630|170 240|240 330 | 330 430 | 430 540| 540 680
315 355 120 200|200 310|310 410| 410 550 | 550 690|190 270|270 360 | 360 470 | 470 590| 590 740
355 400 130 220|220 340|340 450 | 450 600| 600 750210 300|300 400 | 400 520 | 520 650 | 650 820
400 450 140 240|240 370|370 500 | 500 660 | 660 820|230 330|330 440 | 440 570 | 570 720| 720 910
450 500 140 260|260 410|410 550 | 550 720| 720 900260 370|370 490 | 490 630| 630 790 | 790 1000
500 560 150 280|280 440|440 600| 600 780 | 780 1000|290 410|410 540| 540 680 | 680 870| 870 1100
560 630 170 310|310 480|480 650 | 650 850 | 850 1100|320 460|460 600| 600 760 | 760 980| 980 1230
630 710 190 350|350 530|530 700| 700 920 | 920 1190350 510|510 670 | 670 850 | 850 1090|1090 1360
710 800 210 390|390 580|580 770 | 770 1010|1010 1300|390 570|570 750 | 750 960 | 960 1220|1220 1500
800 900 230 430|430 650|650 860 | 860 1120|1120 1440|440 640|640 840 | 840 1070|1070 1370|1370 1690
900 1000 260 480|480 710|710 930 | 930 1220|1220 1570|490 710|710 930 | 930 1190|1190 1520|1520 1860
1000 1120 290 530|530 780|780 1020|1020 1330 — — 530 770|770 1030|1030 1300|1300 1670 | — —
1120 1250 320 580|580 860|860 1120|1120 1460 | — — |570 830|830 1120|1120 1420|1420 1830 — —
1250 1400 350 640|640 950 (950 1240|1240 1620 — — 620 910|910 1230|1230 1560|1560 2000 | — —

A172

Table 8.17 Radial Internal Clearances in Double-Row and
Combined Tapered Roller Bearings )
Units : pm
Cylindrical Clearance
Bore
Tapered Bore C1 C2 CN C3 C4 C5
Nominal Bore
Dia, d.(mm) — C1 C2 CN C3 C4
over incl. min. max. min. max. min. max. min. max. min. max. min. max.
— 18 0 10 10 20 20 30 35 45 50 60 65 75
18 24 0 10 10 20 20 30 35 45 50 60 65 75
24 30 0 10 10 20 20 30 40 50 50 60 70 80
30 40 0 12 12 25 25 40 45 60 60 75 80 95
40 50 0 15 15 30 30 45 50 65 65 80 95 110
50 65 0 15 15 35 35 55 60 80 80 100 110 130
65 80 0 20 20 40 40 60 70 90 90 110 130 150
80 100 0 25 25 50 50 75 80 105 105 130 165 180
100 120 5 30 30 55 55 80 90 115 120 145 180 210
120 140 5 35 35 65 65 95 100 130 135 165 200 230
140 160 10 40 40 70 70 100 110 140 150 180 220 260
160 180 10 45 45 80 80 115 125 160 165 200 250 290
180 200 10 50 50 90 90 130 140 180 180 220 280 320
200 225 20 60 60 100 100 140 150 190 200 240 300 340
225 250 20 65 65 110 110 155 165 210 220 270 330 380
250 280 20 70 70 120 120 170 180 230 240 290 370 420
280 315 30 80 80 130 130 180 190 240 260 310 410 460
315 355 30 80 80 130 140 190 210 260 290 350 450 510
355 400 40 90 90 140 150 200 220 280 330 390 510 570
400 450 45 95 95 145 170 220 250 310 370 430 560 620
450 500 50 100 100 150 190 240 280 340 410 470 620 680
500 560 60 110 110 160 210 260 310 380 450 520 700 770
560 630 70 120 120 170 230 290 350 420 500 570 780 850
630 710 80 130 130 180 260 310 390 470 560 640 870 950
710 800 90 140 150 200 290 340 430 510 630 710 980 1060
800 900 100 150 160 210 320 370 480 570 700 790 100 1200
900 1000 120 170 180 230 360 410 540 630 780 870 200 1300
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 — — — —
- .15
Remark Axial internal clearance A, = A, cot o= TAr
where A, : Radial internal clearance
o : Contact angle
e : Constant (listed in bearing tables)
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Table 8.18 Axial Internal Clearances in Combined Angular Contact
Ball Bearings (Measured Clearance)

Units : um
. Axial Internal Clearance
Nominal Bore
Diameter. Contact Angle 30° Contact Angle 40°
d (mm)
CN C3 CN C3 C4

over incl. min. max. min. max. min. max. min. max. min. max. min. max.

— 10 9 29 29 49 49 69 6 26 26 46 46 66

10 18 10 30 30 50 50 70 7 27 27 47 47 67

18 24 19 39 39 59 59 79 13 33 33 53 53 73

24 30 20 40 40 60 60 80 14 34 34 54 54 74

30 40 26 46 46 66 66 86 19 39 39 59 59 79

40 50 29 49 49 69 69 89 21 4 4 61 61 81

50 65 35 60 60 85 85 110 25 50 50 75 75 100

65 80 38 63 63 88 88 115 27 52 52 77 77 100

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

Remark This table is applicable to bearings with Normal and Class 6 tolerances. Please consult NSK regarding the internal
axial clearances of bearings with Class 5 tolerance or better and contact angles of 15° and 25°.

Table 8.19 Axial Internal Clearance in Four-Point-

Contact Ball Bearings
(Measured Clearances)

Units : pm
Nominal Bore Axial Internal Clearance
Dia. d(mm) CN C3 C4
over incl.  min.  max. min.  max. min.  max.
10 18 45 85 75 125 115 165
18 40 56 106 96 146 136 186
40 60 76 126 116 166 156 206
60 80 86 136 126 176 166 226
80 100 96 156 136 196 186 246
100 140 116 176 156 216 206 266
140 180 136 196 176 246 226 296
180 220 156 226 206 276 256 326
220 260 175 245 225 305 285 365
260 300 195 275 255 335 315 395
300 350 215 305 275 365 345 425
350 400 245 335 315 405 385 475
400 500 285 385 355 455 435 525

8.2.2 Selection of Bearing Internal Clearances

CN Clearance is adequate for standard operating
conditions. Clearance becomes progressively smaller
from C2 to C1 and larger from C3 to C5.
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Standard operating conditions are defined as those
where the inner ring speed is less than approximately
50 % of the limiting speed listed in the bearing tables,
the load is less than normal (P=0.1C,), and the
bearing has a tight fit on the shaft.

To reduce bearing noise, the radial internal clearance
range is narrower than the normal class and the values
are somewhat smaller for deep groove ball bearings
and cylindrical roller bearings for electric motors (refer
to Table 8.14.1 and 8.14.2).

Internal clearance varies with the fit and temperature
differences in operation. The changes in radial internal
clearance in a roller bearing are shown in Fig. 8.8.

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

When the inner ring or the outer ring has a tight fit 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, bearing size, and design of the shaft and
housing. The amount of this decrease is approximately
70 to 90% of the interference (refer to Section 8.1.2,
Selection of Fit, (5) Fitting Stress and Ring Expansion
and Contraction, Pages A156 and A157). The internal
clearance after subtracting this decrease from the
theoretical internal clearance A, is called the residual
clearance A,.

(2) Decrease in Radial Internal Clearance Caused
by Temperature Differences Between Inner and
Outer Rings and Effective Clearance

The frictional heat generated during operation is
conducted away from the bearing 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 increases. 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 = 12.5%x107 (1/°C)
Ay : Temperature difference between inner and
outer rings (°C)
D, : Outer ring raceway diameter (mm)

For ball bearings

D= % @D+d) ..o (8.9)
For roller bearings
Dez.% BD+d) oo (8.10)

The clearance after subtracting & from the residual
clearance A is called the effective clearance A.
Theoretically, the longest life of a bearing can be
achieved 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 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, adequate axial
clearance is necessary to allow for shaft elongation
during operation.

The radial clearances used in some specific
applications are given in Table 8.20. Please consult
NSK regarding special operating conditions.

A : Effective Clearance

A = A[* 5[
- S : Decrease in clearance due
Outer ring ( to fit between outer ring
and housing bore
- =x=t \ A l\‘t (:AI)C)

[N

f

=

Roller

Ao Ay : Theoretical internal

clearance
(geometrical
clearance)

A ¢:Residual clearance
Ai=Ao-65i-8
8y; - Decrease in clearance
due to fit between
inner ring and shaft (=4D;)
—§, : Decrease in clearance due
to temperature difference
between inner and outer rings

Fig. 8.8 Changes in Radial Internal Clearance of Bearings

Table 8. 20 Example Clearances for Specific

Applications
Operating Conditions Examples Cllr;;erg:]a};le

When shaft deflection Semi-floating rear :

is large wheels of automobiles C5 or equivalent
Dryers in paper making

When steam passes machines C3,C4

through hollow shafts or .

roller shafts are heated Ta_llille rollers for rolling 3
mills
Traction motors for C4
railways

When impact loads and —_—

vibration are severe or  Vibrating screens G, c

when both the inner and i i

outer rings are tight-fitted Fluid couplings G4
Final reduction gears for i

tractors

When both the inner and
outer rings are loose-
fitted

Rolling mill roll necks

C2 or equivalent

When noise and vibration

Small motors with

restrictions are severe special specifications C1,C2, M
V\(Ijhen c(ljeafrance is
adjusted after mounting f
to prevent shaft Main shafts of lathes CC9, CC1L
deflection, etc.
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8.3 Technical Data
8.3.1 Temperature Rise and Dimensional Change

Rolling bearings are extremely precise mechanical
elements; any change in dimensional accuracy due to
temperature cannot be ignored. Accordingly, as a rule,
measurement of a bearing must be performed at 20 °C
and the dimensions set forth in the standards must be
expressed by values at 20 °C.

Dimensional changes due to temperature change not
only affect dimensional accuracy, but also cause
changes in the internal clearance of a bearing during
operation. Dimensional change may cause interference
between the inner ring and shaft or between the outer
ring and housing bore. It is possible to achieve shrink
fitting with large interference by utilizing dimensional
changes induced by temperature differences. The
dimensional change 4! due to temperature rise can be
expressed as Equation (8.11) below:

Al=AT @ 1 (M) o (8.11)

where, 4l: Dimensional change (mm)
AT Temperature rise (°C)
a. Coefficient of linear expansion for
bearing steel
@=12.5x10" (1/°C)
I: Original dimension (mm)

Equation (8.11) may be illustrated as shown in Fig.
8.9. In the following cases, Fig. 8.9 can be utilized to
easily obtain an approximate numerical values for
dimensional change when there is, need to:

(1) Correct dimensional measurements according to
the ambient air temperature

(2) Find the change in bearing internal clearance due to
a temperature difference between the inner and
outer rings during operation

(3) Find the relationship between interference and
heating temperature during shrink fitting

(4) Find the change in interference when a temperature
difference exists on the fit surface
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Example

If an inner ring with @ 110 mm bore is to be shrink-
fitted to an n6 tolerance shaft, how much should it be
heated?

The maximum interference between an inner ring with
a2 110 mm bore and an n6 shaft is 0.065 mm. To
enable insertion of the inner ring with ease on the
shaft, there must be a clearance of 0.03 to 0.04 mm.
Accordingly, the inner ring must expand by 0.095 to
0.105 mm.

By using Fig 8.9, the intersection of the vertical axis
when 4/ = 0.105 and the horizontal axis when 7 = 110
can be determined. A7 is located in the temperature
range between 70 °C and 80 °C (4T=77°C).
Therefore, it's sufficient to set the inner ring heating
temperature to the room temperature +80 °C.

Dimensional Change 4! (mm)

0.150

0.100

0.050

/ V
L
-
: S
L / /
L / 7 y/
- A/ // — 20¢
- i —
0 ! 1+50 — I100 1504 — l200 L250
Dimension I (mm)
Fig. 8.9 Temperature Rise and Dimensional Change of Bearing Steel
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8.3.2 Interference Deviation Due to Temperature
Rise (Aluminum Housing, Plastic Housing)

Bearing housing materials such as aluminum, light
alloys, or plastics (polyacetal resin, etc.) are often used
to reduce weight and cost or improve the performance
of equipment.

When non-ferrous materials are used in housings, any
temperature rise occurring during operation affects the
interference or clearance of the outer ring due to the
difference in the coefficients of linear expansion. This
change is significant for plastics which have high
coefficients of linear expansion.

The deviation of clearance or interference of a fitting
surface 4D, of a bearing’s outer ring due to
temperature rise is expressed by the following
equation:

ADy=(a,- AT\ =ty AT,)D (Mm) --evvevenen (8.12)

where 4D.: Change of clearance or interference at
fitting surface due to temperature rise
a,. Coefficient of linear expansion of
housing (1/°C)
AT;: Housing temperature rise near fitting
surface (°C)
a,. Coefficient of linear expansion of
bearing outer ring
Bearing steel .... @,=12.5x107 (1/°C)
AT,: Quter ring temperature rise near fitting
surface (°C)
D:  Nominal outside diameter (mm)
In general, housing temperature rise and outer ring
temperature rise are somewhat different, but if we
assume they are approximately equal near the fitting
surfaces (4T,=A4T,=4T), Equation (8.12) becomes
Equation (8.13):
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ADy=(@,=a,) AT-D (mm) «--eooeeeeeeenene. (8.13)

where 4T Temperature rise of outer ring and
housing near fitting surfaces (°C)

Equation (8.13) for aluminum housings (e, = 23.7 x
107), can be shown graphically as Fig. 8.10.
Polyacetal resin is the plastic most-often used for
bearing housings. The coefficients of linear expansion
of plastics may vary or show directional
characteristics. For molded products made with
polyacetal resin, the coefficient of linear expansion is
approximately 9x107. Equation (8.13) for polyacetal-
resin housings can be expressed as Fig. 8.11.

Temperature rise of outer ring

fitting surface 47 (°C)

Temperature rise of outer ring fitting surface 47 (°C)

100 / //// / 4 / /// ,//
60 / ///7/ //
w A/// G

7 SmmEr
20 (2, =23.7x10°°)

80

70

60

50

40

30

20

0 20 40 60 80 100 120 140 160

Deviation of clearance or interference of AD-,
of outer ring fitting surface, um
(Relative expansion of aluminum housing to outer ring)

Fig. 8.10 Aluminum Housing

2

Polyacetal resin
(;=9%x107°)

0 40 80 120 160 200 240 280 320
Deviation of clearance or interference of outer ring fitting

surface 4Dy (um)
(Relative expansion of polyacetal resin housing to outer ring)

Fig. 8.11 Polyacetal-Resin Housing
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8.3.3 Calculating Residual Internal Clearance After
Mounting

The various types of internal bearing clearance were
discussed in Section 8.2.2. This section will explain the
step by step procedures for calculating residual
internal clearance.

When the inner ring of a bearing is press-fit onto a
shaft or when the outer ring is press fit into a housing,
it stands to reason that radial internal clearance will
decrease due to the resulting expansion or contraction
of the bearing raceways. Generally, most bearing
applications have a rotating shaft which requires a
tight fit between the inner ring and shaft and a loose fit
between the outer ring and housing; therefore,
generally only the effect of the interference on the
inner ring needs to be taken into account.

Below we have selected a 6310 single row deep groove
ball bearing for our representative calculations. The
shaft is set as k5 and the housing set as H7. An
interference fit is applied only to the inner ring.

Shaft diameter, bore size, and radial clearance are
standard bearing measurements. Assuming that
99.7% of the parts are within tolerance, the mean
value of residual clearance 2, and standard deviation
of the internal clearance after mounting (residual
clearance) o can be calculated. Measurements are
given in millimeters (mm).

o=LRI12 00018
3
o= % =0.0020

T &%@ =0.0028
oi=0l+0)
Mma=ms—A; (mg—m;)=0.0035

O u=V T 4 +A;7 0=0.0035
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where, o Standard deviation of shaft diameter
o Standard deviation of bore diameter
o Standard deviation of interference
o4 Standard deviation of radial clearance
(before mounting)
o Standard deviation of residual clearance
(after mounting)
mg. Mean value of shaft diameter
(#50+0.008)
Mean value of bore diameter
(#50-0.006)
m.,. Mean value of radial clearance (before
mounting) (0.014)
m.;. Mean value of residual clearance (after
mounting)
R.: Shaft tolerance (0.011)
R;: Bearing bore tolerance (0.012)
R.,: Range in radial clearance (before
mounting) (0.017)
A;:  Rate of raceway expansion from
apparent interference (0.75 from Fig.
8.12)

The average amount of raceway expansion and
contraction from apparent interference is calculated
from A; (m,,—m;).

To determine, within a 99.7% probability, the variation
in internal clearance after mounting R, use the
following equation:

Ry=m 4+304=+0.014 to —0.007
In other words, the mean value of residual clearance

(m.) is +0.0035, and the range is from —0.007 to
+0.014 for bearing 6310.

Units : mm
Shaft diameter 050 109013
Bearing bore diameter, 0
(d) #50 _po12
Radial internal clearance

(o) 0.006 to 0.023(")

Note (') Standard internal clearance, unmounted

Expansion rate of inner ring

raceway diameter Ai

0.9

0.8

0.6

0.5

50 100 150

Bearing bore (mm)

Fig. 8.12 ./, : Rate of Inner Ring Raceway Expansion From Apparent Interference

mat= +0.0035 m at +30a1

= +0.014

mat —304f
= —0.007

Fig. 8.13 Distribution of Residual Internal Clearance
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8.3.4 Effect of Interference Fits on Bearing
Raceways (Fit of Inner Ring)

One important factor related to radial clearance is the
reduction in radial clearance resulting from the
mounting fit. When an inner ring is mounted on a shaft
with an interference fit and the outer ring is secured in
a housing with an interference fit, the inner ring will
expand and the outer ring will contract.

The means of calculating the amount of ring expansion
or contraction were previously noted in Section 8.1.2
(5); however, the equation for establishing the amount
of inner raceway expansion 4D; is given in Equation
(8.14) below:

AD=4d k % ......................... (8.14)
i 0

where, 4d: Effective interference (mm)
k:  Ratio of bore to inner raceway diameter;
k=d/D;
k,: Ratio of inside to outside diameter of
hollow shaft; k,=d,/D;
d:  Bore or shaft diameter (mm)
D;: Inner raceway diameter (mm)
d,: Inside diameter of hollow shaft (mm)

Equation (8.14) is represented in a clearer graphical
form in Fig. 8.14.

The vertical axis of Fig. 8.14 represents inner raceway
diameter expansion in relation to the amount of
interference. The horizontal axis represents k,: the
ratio of the inside diameter of a hollow shaft to the
outside diameter.

Generally, the decrease in radial clearance is calculated
to be approximately 80% of the interference for solid
shaft mountings only. For hollow shaft mountings the
decrease in radial clearance varies with the ratio of
inside shaft diameter to outside shaft diameter. Since
the general 80% rule is based on average bearing bore
size to inner raceway diameter ratios, the change will
vary with different bearing types, sizes, and series.
Typical plots for single-row deep groove ball bearings
and for cylindrical roller bearings are shown in Figs.
8.15 and 8.16. Values in Fig. 8.14 apply only for steel
shafts.

As an example, let us determine the decrease in the
radial clearance of a 6220 ball bearing mounted on a
hollow shaft (diameter d=100 mm, inside diameter
d,=65 mm) with a fit class of mb.

The ratio between bore diameter and raceway diameter
k is 0.87 as shown in Fig. 8.15. The ratio of the shaft
inside diameter to the shaft outside diameter k,, is
ky=d,/d=0.65. Thus, reading from Fig. 8.14, the rate of
raceway expansion is 73%.

Given that an interference of m5 has a mean value of
30 um, the amount of raceway expansion, or, the
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amount of decrease in the radial clearance from the fit
i50.73 x 30 = 22 um.
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Fig. 8.14 Raceway Expansion in Relation to Bearing Fit
(Inner Ring Fit on Steel Shaft)
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— 62
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Bearing bore d (mm)
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Fig. 8.15 Ratio of Bore Size to Raceway Diameter
for Single-Row Deep Groove Ball Bearings

1.0
0.9 Bearing series NU10
| // NU2
~lg 08 ] NU3
! ?/ NU4
0.7 /
0.6
0.
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Bearing bore d (mm)

Fig. 8.16 Ratio of Bore Size to Raceway Diameter
for Cylindrical Roller Bearings
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8.3.5 Effect of Interference Fits on Bearing Fig. 8.17 represents the above equation graphically.
Raceways (Fit of Outer Ring) The vertical axis shows the outer ring raceway — 100 |h I
; ; ; . contraction as a percentage of interference, and the & =D./D=0 g
\r/Yr?gn (% Ef:rrmr(i}nlga((j:aﬁr?/[i)r?gei Osnt:tircm?ggg)l,nnaer: horizontal axis shows the housing thickness ratio 4. g 9 —
interference fit is adopted for the inner ring and the The data are plotted for constant values of outer ring o 2.9 | TN
outer ring is mounted either with a transition fit or a thickness ratios from 0.7 through 1.0 in increments £ — 0 o T~ \
clearance fit. However, when load is applied on a of 0.05. The value of thickness ratio / will differ with £ 8o \""i N 4
rotating outer ring (inner ring carrying a static load) bearing type, size, and diameter series. £ 0 | N
or when there is an indeterminate load and the outer Representative values for single-row deep groove £ I [ N
ring must be mounted with an interference fit, a ball bearings and cylindrical roller bearings are given % 70 [R—— —"i-ﬁ"ar- << \\
decrease in radial internal clearance caused by the fit in Figs. 8.18 and 8.19 respectively. 2 9. \ \i \
begins to contribute in the same way as when the . ) ) ) 3 60
inner ring is mounted with an interference fit. Loads applied on rotating outer rings occur in such o N \ I\
Because the amount of interference that can be applications as automotive front axles, tension < NG \
applied to the outer ring is limited by stress, the pulleys, conveyor systems, and other pulley systems. £ 50 |- N S
constraints of most bearing applications make it As an example, let us estimate the decrease in radial £ N \
difficult to apply a large amount of interference to the clearance for a 6207 ball bearing mounted in a steel 3 \ &
outer ring. In addition, instances where there is an housing with an N7 fit. The outside diameter of the g 4o T \
indeterminate load are quite rare compared to those housing is assumed as D, = 95, and the bearing z b . I \
where a rotating inner ring carries the load; outside diameter D = 72. From Fig. 8.18, the outer € 0l D D ¢ | \
therefore, there are few occasions where it is ring thickness ratio, &, is 0.9. Because h, = D/D, = 5 ] \
necessary to be cautious about the decrease in radial 0.76, the raceway contraction is 71 %, as indicated P |
clearance caused by outer ring interference. in Fig 8.17. Taking the mean value for N7 € 0k |
The decrease in outer raceway diameter 4D, is interference as 18 um, the contraction of the outer 5 !
calculated using Equation (8.15) below: raceway, or decrease in radial clearance is 0.71 x 18 5 I
e =13 um. £oor H
AD=AD-h — 7™ (8.15) 5 |
1_h2 h 2 o ]
0 0 I I I 1 ! I
7 0

where 4D: Effective interference (mm)

h. Ratio between raceway dia. and
outside dia. of outer ring, 2=D./D

h,: Housing thickness ratio, &,=D/D,

D: Bearing outside diameter (housing
bore diameter) (mm)

D.: Raceway diameter of outer ring (mm)

D,: Outside diameter of housing (mm)
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Fig. 8.17 Raceway Contraction in Relation to Bearing Fit
(Outer Ring Fit in Steel Housing)
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Ball Bearings
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8.3.6 Measuring Internal Clearance of Combined
Tapered Roller Bearings (Offset Measuring
Method)

Combined tapered roller bearings are available in two
types: a back-to-back arrangement (DB type) and a
face-to-face arrangement (DF type) (see Figs. 8.20
and Fig. 8.21). These arrangements have certain
advantages and can be assembled as a set or
combined with other bearings as a fixed- or free-side
bearing.

The cages of DB tapered roller bearing arrangements
protrude from the back side of the outer ring;
therefore, the outer ring spacer (K spacer in Fig. 8.20)
is mounted to prevent mutual contact of cages. An
inner ring spacer (L spacer in Fig. 8.20), with the
appropriate width is provided for the inner ring to
secure the clearance. For the DF type, a K spacer is
used, as shown in Fig. 8.21.

In general, to use such a bearing arrangement requires
an appropriate clearance that accounts for heat
generated during operation or an applied preload that
increases the rigidity of the bearings. The spacer width
should be adjusted so as to provide an appropriate
clearance or preload (minus clearance) after mounting.
The clearance measurement method for a DB
arrangement is as follows:

(1) As shown in Fig. 8.22, put bearing A on the surface
plate and after stabilizing the rollers by rotating the
outer ring (over 10 turns), measure the offset f,=T,—
B, (consult Figs. 8.22 through 8.24 for these symbols).
(2) Next, as shown in Fig. 8.23, use the same procedure
to measure bearing B for its offset £,=T%—Bs.

(3) Last, measure the width of the K and L spacers as
shown in Fig. 8.24.
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From the results of the above measurements, the axial
clearance 4, of the arrangement can be obtained by
Equation (8.16):

A= (LK) —(fitfy) oorveeemmeenmeeineeeeen, (8.16)

As an example, let's confirm the clearance of tapered
roller bearing arrangement HR32232JDB +
KLR10AC3 to specifications. First, refer to Table 8.17
and note that the C3 clearance range is 4,=110 to 140
pm.

To compare this specification with the offset
measurement results, convert it into axial clearance 4,
by using Equation (8.17):

A=Acot a=AD (8.17)
e
where e Constant determined for each bearing No.
(listed in the bearing tables of this
catalog)

By referring to Page C205, we find ¢=0.44 and the
following:

4,=(110 to 140)x 15
e
=380 to 480 um

We can confirm that the bearing clearance is C3 by
verifying that the axial clearance 4, of Equation (8.16)
(obtained by the bearing offset measurement) is within
the above-mentioned range.

K spacer Bearing B Bearing A Kspacer Bearing B

Bearing A L spacer

Fig. 8.20 DB Arrangement

Fig. 8.21 DF Arrangement

Bearing A fi

S

Fig. 8.22

Bearing B £

By

u!

|
|
|
7

Fig. 8.23

K spacer L spacer

T

Fig. 8.24

A 187



IMFITS AND INTERNAL CLEARANCES

TECHNICAL INFORMATION

NSK

8.3.7 Internal Clearance Adjustment When
Mounting a Tapered Roller Bearing

Two single-row tapered roller bearings are usually
arranged in a configuration opposite each other with
clearance adjusted in the axial direction. There are two
types of opposite placement methods: back-to-back
(DB arrangement) and face-to-face (DF arrangement).
Clearance adjustment for a back-to-back arrangement
is performed by tightening the inner ring by a shaft nut
or a shaft end bolt. In Fig. 8.25, an example using a
shaft-end bolt is shown. In this case, the fit on the
tightened side of the inner ring with the shaft must be
loose to allow displacement of the inner ring in the
axial direction.

For a face-to-face arrangement (Fig. 8.26), a shim is
inserted between the cover, which retains the outer
ring in the axial direction, and the housing in order to
allow adjustment to the specified axial clearance. In
this case, use a loose fit between the tightened side of
the outer ring and the housing in order to allow
appropriate displacement of the outer ring in the axial
direction. This is not necessary when the surrounding
structure is designed to install the outer ring into a
retaining cover (Fig. 8.27), allowing for both easy
mounting and dismounting.

Theoretically, fatigue life is longest when bearing
clearance is slightly negative during operation;
however if the negative clearance is excessive, fatigue
life becomes very short and heat generation quickly
increases. Thus, we generally recommend that the
clearance be slightly positive (slightly above zero)
during operation. The bearing clearance after mounting
should be decided while considering the reduction in
clearance caused by the temperature difference
between inner and outer rings during operation and
thermal expansion of the shaft and housing in the axial
direction.

In practice, clearances C1 or C2 are frequently
adopted, as detailed in Table 8.17 on Page A173. In
addition, the relationship between radial clearance 4,
and axial clearance 4, is as follows:
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Ad,=4, cot a=4; 1.5
e

where a: Contact angle
e: Constant determined for each bearing No.
(listed in the bearing tables of this
catalog)

Tapered roller bearings, which are used for head
spindles of machine tools, automotive final reduction
gears, etc., are set to a negative clearance for the
purpose of obtaining bearing rigidity. This method is
called a preload. There are two different types of
preloading: constant-pressure preload and the more
commonly used position preload.

There are two methods of position preload: one uses
an already adjusted arrangement of bearings, while the
other achieves the specified preload by tightening an
adjustment nut or using an adjustment shim.

Constant pressure preload applies the appropriate
preload to the bearing by means of a spring, hydraulic
pressure, etc.

Fig. 8.28 shows an automotive final reduction gear.

For pinion gears, preload is adjusted by use of an inner
ring spacer and shim. For large gears on the other
hand, preload is controlled by the tightening torque of
the outer ring retaining screw.

Fig. 8.29 shows the rear wheel of a truck. In this
application, preload is applied by tightening the inner
ring in the axial direction with a shaft nut. The preload
is controlled by measuring the starting friction
moment of the bearing.

Fig. 8.30 shows an example lathe head spindle where
preload is controlled by tightening the shaft nut.

Fig. 8.31 shows an example of constant-pressure
preload by spring displacement. In this case, the
relationship between the spring’s preload and
displacement is used to establish the constant-
pressure preload.

Shim

&

Packing

w
=
3

===
———

Shim

\

Fig. 8.25 DB Arrangement

—117 (]

Fig. 8.26 DF Arrangement Fig. 8.27 Clearance Adjusted
With Clearance With Clearance by Shim Thickness
Adjusted by Inner Adjusted by Outer of Quter Ring Cover
Rings. Rings.

Pinion bearing

Outer ring
retaining screw

Large gear
bearing

Large gear
bearing

Fig. 8.28 Automotive Final Reduction Gear

Spring

BT
i ) l

Fig. 8.29 Rear Wheel of Truck Fig. 8.30 Head Spindle of Lathe Fig. 8.31 Constant-Pressure Preload

Applied by Spring
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9. PRELOAD

Rolling bearings usually retain some internal clearance
while in operation. In some cases however, a negative
clearance is desirable to keep them internally stressed.
This is called “preloading”. A preload is usually applied
to bearings whose clearance can be adjusted during
mounting, such as angular contact ball bearings or
tapered roller bearings. Usually, two bearings are
mounted face-to-face or back-to-back to form a paired
mounting with a preload.

9.1 Purpose of Preload

The main purposes and some typical applications of
preloaded bearings are as follows:

(1) To maintain the bearings in an exact position both
radially and axially and to maintain the running
accuracy of the shaft.

Applications: Main shafts of machine tools,
precision instruments, etc.

(2) To increase bearing rigidity
Applications: Main shafts of machine tools, pinion
shafts of final drive gears of automobiles, etc.

(3) To minimize noise due to axial vibration and
resonance
Applications: Small electric motors, etc.

(4) To prevent sliding between the rolling elements and
raceways due to unwanted gyratory sliding and
spin sliding
Applications: High speed or high acceleration
applications of angular contact ball bearings and
thrust ball bearings

(5) To maintain the rolling elements in their proper
position with the bearing rings
Applications: Thrust ball bearings and spherical
thrust roller bearings mounted on a horizontal shaft

9.2 Preloading Methods
9.2.1 Position Preload

A position preload is achieved by fixing two axially
opposed bearings in such a way that a preload is
imposed on them. Their position, once fixed, remains
unchanged while in operation.

In practice, the following three methods are generally
used to obtain a position preload:

(1) Installing a paired mounting with previously
adjusted stand-out dimensions (see Page A007,
Fig. 1.1) and axial clearance.

(2) Using spacers or shims that have been specifically
sized to obtain the required spacing and preload.
(refer to Fig. 9.1)

(3) Utilizing bolts or nuts to allow adjustment of the
axial preload. In this case, the starting torque
should be measured to verify the proper preload.
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9.2.2 Constant-Pressure Preload

A constant-pressure preload is achieved by using a
coil or disc spring to impose a constant preload. Even
if the relative position of the bearings changes during
operation, the spring ensures that the magnitude of the
preload remains relatively constant (refer to Fig. 9.2).

1 e ﬂt
m—
i |
_mi&@ﬁ;
B

Fig. 9.2 Constant-Pressure Preload

9.3 Preload and Rigidity
9.3.1 Position Preload and Rigidity

The inner rings of Bearing A and B in the paired
mounting shown in Fig. 9.3 are each displaced by & ..
When they are fixed axially, this clearance between
inner rings 29,0 is eliminated. Under this condition,
preload F,, is imposed on each bearing. A preload
diagram showing bearing rigidity, or the relation
between load and displacement with given axial load
F, imposed on a paired mounting, is shown in Fig. 9.4.

Bearing Bearing
A B

R Fao

630“ *530

Fig. 9.3 Preloaded
Back-to-Back Arrangement

9.3.2 Constant-Pressure Preload and Rigidity

A preload diagram for paired mountings under
constant-pressure preload is shown in Fig. 9.5. The
deflection curve of the spring is nearly parallel to the
horizontal axis because the rigidity of the spring is
lower than that of the bearing. As a result, rigidity
under a constant-pressure preload is approximately
equal to that of a single bearing with a preload F,,
applied to it. Fig. 9.6 presents a comparison of rigidity
between a bearing with a position preload and one with
a constant-pressure preload.

9.4 Selection of Preloading Method and
Amount of Preload

9.4.1 Comparison of Preloading Methods

A comparison of the rigidity of both preloading
methods is shown in Fig. 9.6. Position preload and
constant-pressure preload may be compared as
follows:

(1) When both preloads are equal, position preload
provides greater bearing rigidity. In other words,
bearings with position preload experience less
deflection due to external loads.

(2) Under position preload, the amount of preload
varies depending on such factors as differences
in axial expansion due to temperature differences
between the shaft and housing, differences in radial
expansion due to temperature differences between
the inner and outer rings, deflection due to load,

etc.
\ g
\ Y
\ = /
\ g Vi
Bearing B », = ,/ Bearing A
\ S <5~ /
\ = a /
AN << /
N F,
FaA
Fyo ~
FaB
Axial Displacement
GaA [
5a0 330
F, - Axial load applied from outside the bearing &, - Displacement of paired
F, o Axial load imposed on Bearing A mounting

F, - Axial load imposed on Bearing B

Fig. 9.4 Axial Displacement With Position Preload

San - Displacement of Bearing A
5ap - Displacement of Bearing B

Under constant-pressure preload, it is possible to
minimize change in the amount of preload because the
variation of the spring load with shaft expansion and
contraction is negligible. Thus, position preloads are
generally preferred for increasing rigidity and constant-
pressure preloads are more suitable for high-speed
applications, prevention of axial vibration, use with
thrust bearings on horizontal shafts, etc.
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Fig. 9.5 Axial Displacement With Constant-Pressure Preload
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Fig. 9.6 Comparison of Rigidities and Preloading Methods
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9.5 Amount of Preload

If preload is larger than necessary, abnormal heat
generation, increased frictional torque, reduced fatigue
life, or other negative effects may occur. The amount of

As a general rule, grinding machine spindles or
machining center spindles require extra light to light
preloads, whereas lathe spindles, which need rigidity,
require medium preloads.

Table 9.3 Average Preload and Axial Clearance for Series 79C Bearings

preload should be carefully determined considering the If the bearing set is mounted with a tight fit, preloads Extra Light EL Light L Vediom M Heavy H
operating conditions and the purpose of the preload are greater than those shown in Tables 9.3 to 9.5.
’ Slnce excessive preload causes b_earlng temperature Bearing Preload Axial Preload Axial Preload Axial Preload Axial
9.5.1 Average Preload for Duplex Angular Contact rise and increases the risk of seizure among other Designation Clearance Clearance Clearance Clearance
Ball Bearings negative effects, pay careful attention to fitting. ) ™) ™) N
When speeds result in a value of Dpw X 7 (dm# value) (pm) (pm) (m) (m)
Angular contact ball bearings are widely used in higher than 500 000, the preload should be very 7900C 7 5 16 2 29 -1 58 -6
spindles for grinding, milling, high-speed turning, and carefully studied and selected. In such a case, please e 8.6 4 16 ) 4 -3 77 5
similar applications. NSK divides preloads into four consult with NSK before bearing selection. :
graduated classifications—Extra light, Light, Medium, 7902C 12 3 25 0 47 —4 104 —11
and Heavy—to allow appropriate preload for the
specific application. These four preload classes are : . 7903C 1 3 25 0 56 -5 119 -12
expressed by codes EL, L, M, and H respectively Table 9.1 Measuring Load for Axial Clearance ~ - ~
. : 7904C 20 1 42 3 80 8 152 15
when applied to DB and DF bearing sets. Nominal Outside
X Measuring Load 7905C 19 1 37 -2 99 -9 203 =17
. Diameter D (mm)
The average preload and measured axial clearance for -
paired mounting angular contact ball bearing sets with over incl N 7906C 25 0 46 -3 95 -8 204 -16
a gogltac)t angle of 1 5T° t(J\llwd(é)ly3 lthegd5on machine tool 10* 50 U5 7907C 33 2 67 -2 149 -9 297 -18
spindles) are given in Tables 9.3 to 9.5. . _ _
The measuring load when measuring axial clearance is 128 ;(2)8 ;‘Z e 4 L 78 3 196 12 384 22
shown in Table 9.1.
The recommended axial clearance to achieve proper 200 — 196 7909C 49 0 104 -5 192 - 391 =21
preload was determined for machine-tool spindles 7910C 49 0 95 —4 240 -13 499 —24
and other applications requiring ISO Class 5 and *10 mm is included in this range. 7911C 60 -1 111 -5 296 -15 593 26
above high-precision bearing sets. The standard values
given in Table 9.2 are used for the shaft/inner ring 7912C 60 - 113 _5 305 —15 581 —o5
and housing/outer ring fits. Housing fits should be
selected from the lower part of the standard clearance 7913C 74 -2 151 =7 348 —16 690 —27
range for bearings in fixed-end applications and the 7914C 101 —4 205 -10 503 —22 1004 -36
higher part of the standard clearance range in free-end
applications. 7915C 103 -4 190 -9 489 21 997 -35
7916C 104 —4 195 -9 503 21 986 -34
7917C 138 -6 307 —14 629 —25 1281 —41
Table 9.2 Target Fitting
Units : pm 7918C 153 -3 289 -9 740 -23 1488 -39
— - 7919C 154 -3 294 -9 800 —24 1588 —40
Bore or Outside Diameter Shaft and Housmg'and 7920C 191 5 387 13 905 o8 1790 46
dor D (mm) Inner Ring Outer Ring
over incl Target Interference | Target Clearance Remark The axial clearance column contains measured values.
= 18 0to2 —
18 30 0t02.5 2106
30 50 0t02.5 2t06
50 80 0to3 3t08
80 120 Oto4 3t09
120 150 — 41012
150 180 — 41012
180 250 — 51015
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Table 9.5 Average Preload and Axial Clearance for Series 72C Bearings

IPRELOAD
Table 9.4 Average Preload and Axial Clearance for Series 70C Bearings
Extra Light EL Light L Medium M Heavy H
Bearing Preload Al Preload ol Preload Pl Preload Al
Designation Clearance Clearance Clearance Clearance

(N) (um) (N) (pm) (N) (um) (N) (um)
7000C 13 3 25 0 49 -5 96 —-12
7001C 13 3 25 0 57 —6 120 —-14
7002C 12 3 29 =1 66 =7 147 —-16
7003C 15 2 30 =1 69 -7 156 -16
7004C 25 0 49 —4 119 —12 244 —22
7005C 30 —1 58 -5 148 —14 292 —24
7006C 41 1 75 -3 195 —-13 386 —24
7007C 58 —1 121 -7 251 —16 493 —28
7008C 58 -1 114 —6 291 =17 594 —30
7009C 80 -3 144 —8 338 —-19 695 —33
7010C 70 -2 1562 —8 388 —20 791 —34
7011C 95 —4 200 -1 479 =24 971 —40
7012C 96 —4 189 -10 526 —25 1092 —42
7013C 130 —6 260 -13 537 —24 1062 -39
7014C 148 -7 285 -14 732 -30 1460 —48
7015C 151 =7 294 —14 796 =31 1573 —49
7016C 202 —6 382 -14 921 =31 1880 —b2
7017C 205 —6 393 —14 995 —32 1956 —52
7018C 247 -8 502 -18 1187 —-37 2373 —60
7019C 275 -9 549 -19 1188 —36 2 348 —58
7020C 282 -9 534 —-18 1278 —37 2572 —60

Remark The axial clearance column contains measured values.

A196

Extra Light EL Light L Medium M Heavy H
Bearing Preload Al Preload ol Preload Poial Preload ol
Designation Clearance Clearance Clearance Clearance

(N) (m) (N) (pm) (N) (pm) (N) (m)
7200C 13 3 29 =1 68 -8 150 —-18
7201C 20 1 39 -3 99 -12 197 —22
7202C 20 1 40 -3 97 11 199 —-21
7203C 25 0 46 —4 146 -16 296 —28
7204C 35 -2 68 -7 196 -20 384 -33
7205C 42 1 82 -4 193 —-14 402 =27
7206C 57 -1 114 -7 292 —-20 591 —35
7207C 75 -3 151 -10 385 —-25 794 —43
7208C 98 -5 202 -13 501 —-29 985 —47
7209C 123 -7 254 -16 534 —-30 1067 —49
7210C 127 =7 248 -15 590 =31 1171 —50
7211C 142 -8 289 =17 788 -38 1554 —60
7212C 190 =11 397 =22 928 —42 1878 —67
7213C 219 =12 448 -23 1069 —44 2175 =70
7214C 243 -9 484 —20 1164 —42 2 368 —69
7215C 270 —=10 530 =21 1224 —42 2 445 —68
7216C 305 —-12 595 —24 1367 —47 2752 —76
7217C 355 —14 697 =27 1658 —53 3358 —85
7218C 384 —-15 771 -29 1865 —57 3713 -90
7219C 448 —-18 876 —33 2 081 —63 4153 —99
7220C 503 —20 984 —36 2 337 —68 4700 —=107

Remark The axial clearance column contains measured values.
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9.5.2 Preload of Thrust Ball Bearings

When the balls in thrust ball bearings rotate at
relatively high speeds, sliding due to gyroscopic
moments on the balls may occur. The larger of the two
values obtained from Equations (9.1) and (9.2) below
should be adopted as the minimum axial load in order
to prevent such sliding:

Coa n 2
Fanin= 35 (Nmax) ......................... (9.1)
wmin= S0 (9.2)
1000

where  F, min - Minimum axial load (N), {kgf}
Co. : Basic static load rating (N), {kgf}
7 : Speed (min™)
Npax : Limiting speed (oil lubrication) (min™)

A198

9.5.3 Preload of Spherical Thrust Roller Bearings

When spherical thrust roller bearings are used, damage
such as scoring may occur due to sliding between the
rollers and outer ring raceway. The minimum axial load
F, in Necessary to prevent such sliding is obtained
from the following equation:
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9.6 Technical Data

9.6.1 Load and Displacement of Position-Preloaded
Bearings

Bearing arrangements refer to multiple identical ball or
tapered roller bearings mounted side by side as a set.
When two bearings are used, they are often referred to
as paired mountings or duplex bearings.

In bearing arrangements for machine tool spindles,
single-row angular contact ball bearings are most
often used for their high rigidity to reduce bearing
displacement under load.

Paired mountings fall into three types: back-to-back,
with load lines that diverge toward the bearing axis;
face-to-face, with load lines that converge toward the
bearing axis; and tandem, with parallel load lines. The
designations for these arrangements are DB, DF, and
DT respectively (Fig. 9.7).

Different arrangements are used depending on the
application. DB and DF arrangements can take
axial loads in either direction. Since the distances
of the load centers of DB arrangements are longer
than those of DF arrangements, they are widely
used in applications where moment loads occur.
DT arrangements can only take axial loads in one
direction; however, because the two bearings share
load equally between them, this type can be used when
load in one direction is large.

By selecting DB or DF arrangements preset with
proper preloads, radial and axial displacement of
the bearing inner and outer rings can be reduced
as much as possible (DT arrangements can not be
preloaded in this way). The amount of preload can be
adjusted by changing the clearance between bearings
S0, @S Shown in Figs. 9.9 to 9.11. Preloads are divided
into four graduated classifications: Extra Light (EL),
Light (L), Medium (M), and Heavy (H). DB and DF
arrangements are often used for applications where
shaft misalignments and displacements due to load
must be minimized. Arrangements of three bearings
(triplex) are designated DBD, DFD, and DTD, as
shown in Fig. 9.8. Sets of four or five bearings can
also be used depending on application requirements.
Paired mountings are often used with a preload.
Since preload affects affects various things, such
as the rise in bearing temperature during operation,
torque, bearing noise, and especially bearing life, it
is extremely important to avoid applying excessive
preload.

A 200

where ¢: Constant depending on the bearing type and
dimensions.

Fig. 9.9 shows the preload curves of a DB
arrangement, and Figs. 9.10 and 9.11 show preload
curves for a DBD arrangement. If the inner rings of
a paired mounting as in Fig. 9.9 are pressed axially,
A-side and B-side bearings are deformed by 6, and
J.05 respectively and the clearance (between the inner
rings) 6., becomes zero. This condition means that
preload F., is applied on the arrangement. If external
axial load F, is applied on the preloaded arrangement
from the A-side, then the A-side bearing will be
deformed by an additional 6, and the displacement
of B-side bearing will be reduced to the same amount
as the A-side bearing displacement §,;.. Therefore, the
displacements of A- and B-side bearings are d. = 6.0
+ 0 And 8. = G5 + du respectively. In other words,
the load on the A-side bearing including preload is Fy,
+ F,—F," and that on the B-side is F,,— F,'.

DB

Shs

D

Fig. 9.7 Paired Mounting Bearing Arrangements

A-side  B-side
Fao| @ﬁ Fao
A —|fe B

(’aOA dﬂl‘lB

Fig. 9.8 Triplex Bearing Arrangements
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Fig. 9.9 Preload Graph of DB Back-to-Back Arrangement
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If the bearing set has an applied preload, the A-side
bearing should have sufficient life and load capacity

Table 9.6

for an axial load (F,+F,—F.") under operating speed Direction Displacement Axial load
conditions. The axial clearance &, is shown in Tables AA-side Suntou Fot+F,—F/
9.3 t0 9.5 of Section 9.5.1 (Pages A195 to A197). : -
B-side Oaos ™ Ot F,—F,
Fig. 9.10 shows external axial load F, applied on
AA-side bearings. The axial loads and displacements
of AA- and B-side bearings are summarized in Table Table 9.7
9.6. ’
Fig. 9.11 shows external axial load F, applied on an D'reclnon Displacement Axial load -
A-side bearing. The axial loads and displacements of A-side Ount0a Fot+F,—F,
A- and BB-side bearings are summarized in Table 9.7. BB-side Ouon—0a F.—F/
Figs. 9.12 to 9.17 show the relationship of axial load
to axial displacement for DB and DBD arrangements
of 7018C and 7018A bearings under several preload
ranges.
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Fig. 9.10 Preload Graph for a DBD Arrangement
(Axial Load Applied From the AA-Side)
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Axial displacement &, (um)

Axial displacement &, (um)
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100 100
7018C Single bearin
90 7018C DB ingle bearing 901 7018C DBD (Axial load is applied to the A-side)
80 801 Single bearing
DB C2
70 = 70F
cl El
/ = DBD C2 N cl
60 ‘66% < 60F oL /
N € 2
/ B 5 7 "
/ 3 - e
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A1 1 1 1 Il 1 1 i 1 1 1 1 1 1
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Axial load F, Axial load F,
Fig. 9.12 Fig. 9.14
100
r T Remark The (¢) mark on the axial load or
o . ) . ) displacement curve indicates the point where
9 -
OF  7018C DBD (Axial load is applied to the AA-side) the preload is zero. Therefore, if the axial
load is larger than this, the opposed bearing
80 Single bearing does not impose a load.
0 /
DBD C2

Axial load F,
Fig. 9.13
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Axial load F,

Fig. 9.16
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Remark  The (¢) mark on the axial load or

displacement curve indicates the point where

the preload is zero. Therefore, if the axial

load is larger than this, the opposed bearing

does not impose a load.
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9.6.2 Axial Displacement of Deep Groove Ball
Bearings

When an axial load F, is applied to a radial bearing
with contact angle «, and the inner ring is displaced
d., the center of the inner ring raceway radius Oi:
is also moved to O:' resulting in contact angle «
as shown in Fig. 9.18. If 6y represents the elastic
deformation of the raceway and ball in the direction
of the rolling element load @, Equation (9.5) is
derived from Fig. 9.18.

(mo+0x)*=(1mo- Sin@+6,)+ (1m0 cOS)?

6N=mo{ /(sinao+ % )2+coszao—1} ------------- (9.5)
my

In addition, the following relationship exists between
rolling element load @ and elastic deformation 6y.

where Ky: Constant depending on bearing
material, type, and dimensions
If we introduce the relation of

m0=(L+ a —1)DW=B-DW

Equations (9.5) and (9.6) are
Q=K (B-D.)"*{v (sinarthyrcos'a-1]

where 7= 9% = 7362)

mo Dy
If we introduce the relation of Ky=K- ‘/gyz
Q=K-D.* |/ (SinasthacoSa1] s (9.7)

On the other hand, the relation between bearing axial
load and rolling element load is shown in Equation
(9.8) using Fig. 9.19:

Fi=Z-Q-SIN@ wvreevversereensiinisiisisisinnines (9.8)
Based on Fig. 9.18, we obtain,

(mo+dy) sina=my- sinaet+d,

A 208

M- sinaetd, _ _sinayth

Mo+On 1 Ox
my

. sina=

If we substitute Equation (9.5),

sing= . sinawth (9.9)

v (sinagth)*+cos’a,

In other words, the relation between the bearing axial
load F, and axial displacement &, can be obtained by
substituting Equations (9.7) and (9.9) for Equation

(9.8).
F=K-Z-D,-
{(sinay+h)*+cos’a—1 }3/2><(sin¢y(,+h)

+/(sinao+h)*+cos’aq

where K: Constant depending on bearing

material and design

D, Ball diameter

Z:.  Number of balls

a,. Initial contact angle
The initial contact angle for single-row
deep groove ball bearings can be
obtained using Equation (5) on Page
€012

Actual axial deformation varies depending on bearing
mounting conditions and factors such as the material
and thickness of the shaft and housing and bearing
fitting. For more details, consult with NSK.

(mo+ov) sina
mySina, &

<—~\
led | @

I

C.
J

%e

=

Do

= (my+d) cosa

MeCOSay

|

e - — — — ——— -

Fig. 9.18

F

7=Q SM

N

Fig. 9.19
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Fig. 9.20 shows the relation between axial load and
axial displacement for Series 6210 and 6310 single-
row deep groove ball bearings with initial contact
angles of 0°, 10°, and 15°. The larger the initial contact
angle a,, the more rigid the bearing will be in the axial
direction and the smaller the difference between the
axial displacements of 6210 and 6310 under identical
axial load. The initial contact angle a, depends on the
groove radius and the radial clearance.

Fig. 9.21 shows the relation between axial load and
axial displacement for Series 72 angular contact ball
bearings with initial contact angles of 15° (C), 30° (A),
and 40° (B). Series 70 and 73 bearings with identical
contact angles and bore diameters can be considered
to have almost the same values as Series 72 bearings.
Angular contact ball bearings that sustain loads in the
axial direction must maintain their running accuracy
and reduce elastic deformation from applied loads
when used as multiple bearing arrangements with a
preload.

To determine the preload to keep the elastic
deformation caused by applied loads within
the required limits, it is important to know the
characteristics of load vs. deformation. The
relationship between load and displacement can be
expressed by Equation (9.10) as F,o<5,%* or 6,0< F,”*.
In other words, axial displacement &, is proportional
to axial load F, to the 2/3 power. When this axial load
index is less than one, relative axial displacement will
be small, with only a small increase in axial load (Fig.
9.21). The underlying reason for applying a preload is
to reduce the amount of displacement.
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Axial displacement ¢, (um)

Axial displacement ¢, (um)
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Fig. 9.20 Axial Load and Axial Displacement of Deep Groove Ball Bearings
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Fig. 9.21 Axial Load and Axial Displacement of Angular Contact Ball Bearings
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9.6.3 Axial Displacement of Tapered Roller
Bearings

Tapered roller bearings are widely used in pairs
like angular contact ball bearings. Take care when
selecting appropriate tapered roller bearings.

For example, the bearings of machine-tool head
spindles and automobile differential pinions are
preloaded to increase shaft rigidity.

When a bearing with an applied preload is to be
used, it is essential to have some knowledge of
the relationship between axial load and axial
displacement. For tapered roller bearings, the axial
displacement calculated using Palmgren’s method
in Equation (9.11) generally agrees well with actual
measured values.

Actual axial deformation varies depending on the
bearing mounting conditions, such as the material
and thickness of the shaft and housing and the
bearing fitting. For more details, consult with NSK.

8.= 0.0[?0077 . QO:S (N)
sina L. 0 (9.11)
_ _0.0006 Q" {kef}

sina L.

where, 6. Axial displacement of inner, outer ring
(mm)
a: Contact angle...1/2 the outer ring angle
(°) (Refer to Fig. 9.22)
Q: Load on rolling elements (N), {kgf}
F,
Zsina
L... Length of effective contact on roller

(mm)
F,: Axial load (N), {kef}
Z: Number of rollers

Equation (9.11) can also be expressed as Equation
(9.12).

A 212

where,
K= 0.000077 oo (N)
@ (sina)“’ 70908
- 0.0006 .. {kef}

(S'na)lq ZO.9 LWEO.S

Here K, refers to the coefficient determined by
bearing internal design.

Axial loads and axial displacement for tapered roller
bearings are plotted in Fig. 9.23.

The amount of axial displacement of tapered roller
bearings is proportional to the axial load raised to
the 0.9 power. The displacement of ball bearings
is proportional to the axial load raised to the
0.67 power; thus, the preload required to control
displacement is much greater for ball bearings than
for tapered roller bearings.

Take caution not to make the preload indiscriminately
large on tapered roller bearings, since too large of
a preload can cause excessive heat, seizure, and
reduced bearing life.

Axial displacement &, (um)

20

a1

1 000 2 000 3 000 4000 N
T TR N NN TR SN R (R (N SR NN SR (SN SR SN NN SR B |
100 200 300 400 kgf
Axial load F,

Fig. 9.23 Axial Load and Axial Displacement for Tapered Roller Bearings
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10. FRICTION

10.1 Coefficients of Dynamic Friction

10.1.1 Bearing Types and Their Coefficients of
Dynamic Friction i

M : Dynamic friction torque (N-mm) , {kgf-mm}
P : Load on a bearing (dynamic equivalent load) (N), {kgf}
d : Shaft diameter, inner ring bore diameter (mm)

Table 10.1 Coefficients of Dynamic Friction

Bearing Types Approximate Values of

Deep Groove Ball Bearings 0.0013
Angular Contact Ball Bearings 0.0015
Self-Aligning Ball Bearings 0.0010
Thrust Ball Bearings 0.0011
Cylindrical Roller Bearings 0.0010
Tapered Roller Bearings 0.0022
Spherical Roller Bearings 0.0028
Needle Roller Bearings

With Cages 0.0015
Full Complement Needle

Roller Bearings 0.0025
Spherical Thrust Roller 0.0028

Bearings

10.2 Empirical Equations for Running Torque

—Load term (determined by bearing type

Egg:?glc and load)
torque - M=fFd, . )
(heat generation) where f; : Coefflment determined by
bearing type and load
M=M+M, F : Load
d., : Pitch circle diameter of rolling
element

- Speed term (determined by oil
viscosity, amount, speed)
M.=f,(von)"dm?

where f; : Coefficient determined by
bearing and lubricating
method

: Kinematic viscosity of oil

n : Speed

s
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10.3 Technical Data

10.3.1 Preload and Starting Torque for Angular
Contact Ball Bearings
Angular contact ball bearings, like tapered roller
bearings, are most often used in pairs rather than
alone or in other multiple bearing sets. Back-to-back
and face-to-face bearing sets can be preloaded to
adjust bearing rigidity. Extra Light (EL), Light (L),
Medium (M), and Heavy (H) are standard preloads.
Friction torque of the bearing will increase in direct
proportion to the preload.
The starting torque of angular contact ball bearings is
mainly caused by angular slippage between the balls
and contact surfaces on the inner and outer rings.
Starting torque for the bearing M due to such spin is
given by the following equation:

M=M.Zsina (mN-m), {kgf-mm} - - (10.2)
where M,:

Spin friction for contact angle a centered
on the shaft,

Msz%ys-Q-a-E(k)

(mN-m), {kgf-mm}
us: Contact-surface slip friction coefficient
@ : Load on rolling elements (N), {kgf}

a: (1/2) of contact-ellipse major axis (mm)

E (k): With k= \/1_(—%)5

as the population parameter, second
class complete ellipsoidal integration
(1/2) of contact-ellipse minor axis (mm)
Number of balls

Contact angle (°)

2NS

Actual measurements with 15° angular contact ball
bearings correlate well with calculated results using us
= 0.15 in Equation (10.2). Fig. 10.1 shows the
calculated friction torque for Series 70C and 72C
bearings.

kgfemm

Starting torque of duplex bearings

30

20

mN-m
300

200

100

1 1 1 1
2000 N
L 1 M 1 1 1 1 L L 1 1 1 1 1 1 L i 1
0 50 100 150 200  kgf
Preload F,
Fig. 10.1 Preload and Starting Torque for DF and DB Angular
Contact Ball Bearing (w=15°) Arrangments
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10.3.2 Empirical Equations for Running Torque of
High-Speed Ball Bearings

Empirical equations are presented below for the

running torque of high speed ball bearings subject to

axial loading and jet lubrication. These equations are

based on the results of tests of angular contact ball

bearings with bore diameters of 10 to 30 mm, but they

can be extrapolated to larger bearings.

Running torque M can be obtained as the sum of a

load term M, and speed term M, as follows:

M=M+M, (mN-m), {kgf-mm} oo (10.3)

Load term M, refers to friction with no relation to
speed or fluid friction and is expressed by the
experimentally-based Equation (10.4).

M;=0.672x 10°D,,"F,'* (mN-m) } ....... (10.9)
=1.06 x 10°D,.""F,"* {kef- mm} '

where, D,,: Pitch diameter of rolling elements (mm)
F, Axial load (N), {kgf}

Speed term M, refers to fluid friction, which depends
on angular speed and is expressed by Equation (10.5).

M, = 3.47 x 10D,/ nZ*Q" (mN -m)
=354 x 10D, 'nZ,"Q" {kgf-mm}

where, #;: Inner ring speed (min™)
Zy. Absolute viscosity of oil at outer ring
temperature (mPa-s), {cp}
@: OQil flow rate (kg/min)

Exponents a and b, which affect oil viscosity and flow

rate factors, depend only on angular speed and are
given by Equations (10.6) and (10.7) as follows:
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D=4 1077, 4 0.03 <coreveerveeonaens (10.7)

An example estimation for the running torque of high-
speed ball bearings is shown in Fig. 10.2. A
comparison of values calculated using these equations
and actual measurements is shown in Fig. 10.3. When
the contact angle exceeds 30°, the influence of spin
friction becomes large, so the running torque given by
the equations will be low.

Calculation Example
Obtain the running torque of high speed angular
contact ball bearing 20BNT02 (¢20 x ¢47x 14) under
the following conditions:
n; =70 000 min™
F, =590 N, {60 kef}
Lubrication: Jet, oil viscosity:
10 mPa-s {10 cp}
oil flow: 1.5 kg/min

From Equation (10.4),
M,=0.672x10°D,,"'F,"*
=0.672 x 107 x 33.5" x 590**
16.6 (mN -m)
1.06 x 107 x 33.5°7 x 60**
1.7 {kgf-mm}

M,

From Equations (10.6) and (10.7),
a=24n %
=24 x70000"" =0.39
b=4x10"%" +0.03
=4x10"x 70000 + 0.03=0.26

From Equation (10.5),
M, = 3.47 x 107D, *n 25 Q"
=3.47 x10™ x 33.5° x 70 000" x 10™* x 1.5°%
16 (mN-m)

M+ M,=16.6 + 216 = 232.6 (mN-m)
+M,=1.7+22 =23.7 {kgf- mm}

kgf-mm
20
15+

=

g

s 10+

o

(o)}

£

c

C

o}

o 5K
oL

kgf+mm
30~
25

=

o 20F

3

o

S

2 151

‘c

o

3

o

kel 10

1

3

[%2}

3

> 5
oL
Fig

mN-m Oil temperature: 50 °C
200 L Axial load F,: 363 N {37 kgf}
Q (kg/min)
A 1.7
o 0.85
[ ] 0.43
X 0.17
150 =
100 |- 4150 O
. 3
Running o
torque o E
£8
= O
[0
50 100 5 £
. og
Outer ring
temperature
0 1 ] 1 ] _J 50
] 1 2 3 4 5 6 7 X10*
Inner ring speed #; (min™)
Fig. 10.2 Typical Test Example
High-Speed Angular Axial Load
Contact Ball Bearings (N)
- TOBNTO2
mN-m | O | (410x$30x9) 98
20BNTO2
300 | @ | (4o0xgarx14) | 363
25BNTO3
A | (g25xg62x17) | 490
30BNTO2
2501=| A | (430x¢62x16) | 490 | Ao A
Remark The contact angles of the
bearings above range A
200~ from 15 to 25 A hd
degrees.
%.
150 |- lf
A
2 *e
100 |~ A
A
e
50
0 1 1 L 1 ! ]
0 50 100 150 200 250 300 mN-m
L 1 1 l 1 1 i
o] 5 10 15 20 25 30 kgf-mm

Calculated Running torque M

.10.3 Comparison of Actual Measurements and Calculated Values
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10.3.3 Preload and Starting Torque for Tapered
Roller Bearings

The balance of loads on the bearing rollers when a

tapered roller bearing is subjected to axial load F, is

expressed by the following three Equations:

e_Z SIIF;I 7 (103)
QFQECOSZﬁ:%FB .................... (10.9)
Q=Q.sin2B= ZSl:Hfi F, cooveveeiinnn, (10.10)

where @.: Rolling element load on outer ring (N),
{kgf}

Q:: Rolling element load on inner ring (N),
{kgf}

@ : Rolling element load on inner ring large
end rib, (N), {kef} (assume @: L Q)

Z: Number of rollers

a: Contact angle...one-half included outer
ring angle (°)

B One-half the tapered roller angle (°)

D, : Roller large end diameter (mm) (Fig.

10.4)

¢ . Gontact point between roller end and rib
(Fig. 10.4)

As represented in Fig. 10.4, when circumferential load
Fis applied to the bearing outer ring and the roller
turns in the direction of the applied load, the starting
torque for contact point C relative to instantaneous
center A becomes e u.Q:.

Therefore, the balance of frictional torque is

D,.F=e u.Q; (mN-m), {kgf-mm} --------- (10.11)

where u.: Friction coefficient between inner ring

large rib and roller end face
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Starting torque M for one bearing is given by
M=FZI

_epl s%n 2B F,
D, sin «
(mN-m), {kgf-mm} ------ (10.12)

because D,,=2 OB sin g, and /=OB sin a.
If we substitute these into Equation (10.12), we obtain
M=e u. cosB F, (mN-m), {kgf -mm}

Starting torque M is sought considering only the slip
friction between the roller end and the inner ring large-
end rib. However, when the load on a tapered roller
bearing reaches or exceeds a certain level (around the
preload), the slip friction in the space between the
roller end and inner ring large end rib becomes the
decisive factor for bearing starting torque, and the
torque caused by other factors can be ignored. Values
for e and g in Equation (10.12) are determined by
bearing design. Consequently, by assuming a value for
e, the starting torque can be calculated.

The values for u. and for e must be considered as a
dispersion; thus, even bearings with the same number
can have quite diverse individual starting torques.
When using a value for e determined by the bearing
design, the average value for the bearing starting
torque can be estimated using w.= 0.20, which is the
average value determined from various test results.

Fig. 10.5 shows the results of calculations for various
tapered roller bearing series.

Starting torque M

28

500

400

300

200

100

LANNLINNS SN AN B B BN B B B N R L R A B B NN B B

5 000

4 000

3 000

2 000

1000

Fig. 10.4

kgf-mm mN-m

UL

L

— O
-
-
o
- o
o
o

15000 N
1 |

Axial Load F,

Fig. 10.5 Axial Load and Starting Torque for Tapered Roller Bearings

1500 kgf
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10.3.4 Empirical Equations for Running Torque of
Tapered Roller Bearings

When tapered roller bearings operate under axial load,

the torque of tapered roller bearings is based on the

following two kinds of resistance, which are the major
components of friction:

(1) Rolling resistance (friction) of rollers with outer or
inner ring raceways—elastic hysteresis and
viscous rolling resistance of EHL

(2) Sliding friction between inner ring ribs and roller
ends.

When an axial load F, is applied on tapered roller

bearings, the loads shown in Fig. 10.6 are applied on

the rollers.

o= B
Q.=Q= Z sina (10.14)
_FEsin28
&= Z sina (10.15)

where @.: Rolling element load on outer ring

@:: Rolling element load on inner ring

Q:: Rolling element load on inner ring large
end rib

Z:. Number of rollers

a:  Contact angle...One-half included outer
ring angle

B: One-half tapered roller angle

For simplicity, Fig. 10.7 shows a model using the
average diameter D.. along with the following
variables:

M;, M. Rolling resistance (moment)

F,, F.., Fy.  Sliding friction

R, R.. Radii at center of inner and
outer ring raceways

e Contact height of roller end

face with rib
When the balance of sliding friction and moments on
the rollers are considered as represented in Fig 10.7,
the following equations are obtained:

S T P (10.16)
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Mi+Me=& se+&FSi+ (&_6) Fy
2 2 2

When the running torque M applied on the outer
(inner) ring is calculated using Equations (10.16) and
(10.17) and multiplied by the number of rollers Z, the
following is obtained:

M=Z (R. F.-M.)
Re e FS[

-Z (R.M+RM)+-~
D, D,

=M, R+M s

Therefore, the rolling friction on the raceway surface
My and sliding friction on the ribs Ms are separately
obtained.

F, meeip -

Fig. 10.6 Loads Applied on Roller

Fig. 10.7 Parts Where Friction is Generated
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The running torque M of a tapered roller bearing can
be obtained from the rolling friction on the raceway Mx
and sliding friction on the ribs Ms.

M=M+M=—2

(R-M#R;M.)

Sliding Friction on Rib M

As a part of Ms, F refers to the tangential load caused
by sliding, so we can write Fi = u@; using the
coefficient of dynamic friction w. Further, by
substituting in axial load F,, the following equation is
obtained:

Ms=epCOSBE, --vvvemeneeeen (10.19)

This is identical to the equation for starting torque, but
w1 is not constant and decreases depending on
operating conditions and running-in. For this reason,
Equation (10.19) can be rewritten as follows:

Ms=e o CoSBE,f' (A, 1, 07) cvvvvveevnnnnnn (10.20)

where u, is approximately 0.2 and 7' (A, ¢, o) is a
function that decreases with running in and oil film
formation but is set equal to one at starting.

Rolling Friction on Raceway Surface M

Most of the rolling friction on the raceway is from
viscous oil resistance (EHL rolling resistance)
corresponding to M; and M. in Equation (10.18). A
theoretical equation exists but should be corrected
based on the results of experiments. The following
equation includes corrective terms:

_ 1 4.318
M. °'[f (w)( 1402077 ) a
(G- U)0.658W0,0126R2Lwe]i AREREERERRER (10.21)
£(w) kE; N (10.22)
w)= (m) ................... _
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Therefore, My can be obtained using Equations (10.
21) and (10.22) together with the following equation:

M= DZ (R.MAR.M.)

W

Running Torque of Bearings M/
From these, the running torque of tapered roller
bearings M is given by Equation (10.23).

M= 5 (R-M+RM.)+e po cosB Fuf' (A, t, o)

w

As shown in Figs. 10.8 and 10.9, the values obtained
using Equation (10.23) correlate rather well with actual
measurements; therefore, estimation of running torque
with good accuracy is possible. Please consult NSK
with any questions or concerns.

[Symbol Definitions]

G, W, U. EHL dimensionless parameters

L: Coefficient of thermal load

o Pressure coefficient of lubricating oil
viscosity

R: Equivalent radius

k: Constant

E" Equivalent elastic modulus

@ Contact angle (One-half included outer
ring angle)

R:,R.: Inner and outer ring raceway radii
(center)
Half angle of roller

i, € Indication of inner ring or outer ring
respectively

Lye: Effective roller length

kgf-mm

Running torque M

160

100

50

mN-m

Bearing: 32307C
1500 |~  Oil viscosity: 45 mm®/s {cSt}

1 000

—

500

Measurement

L 1 1 | L |

F,

9 800N
{1 000kgf}

4 900N

{600kgf}

980N
{100kgf}

— -—~Estimated values (Equation(10.23))

1 000 2 000 3 000

Speed #; (min™)

Fig. 10.8 Comparison of Estimated Values With Actual Measurements

kgf*mm mN-m

150 1800 L \/Estimated values (Equation(10.23))
/ ‘\ Bearing: HR32008X]
F,=9 800 N {1 000kgf}
Measurements . ne3 000 min'

= #80 gear ol
8 10041000 |- \\
o
S NN
(@2}
£
C
C
o}
oc

504 500 f=

oLk 0 1 | ! 1

50 60 70 80
Bearing temperature (°C)

Fig. 10.9 Viscosity Variation and Running Torque

A 225



TECHNICAL INFORMATION | NSIKK

11. LUBRICATION

11.1  Purposes of Lubrication ... A 228

11.2  Lubricating Methods ... A 228

11.2.1 Grease Lubrication ..o A 228

(1) Grease Quantity ... A 228

(2) Replacement of Grease ... A 229

(3) Replenishment Interval ... A 229

(4) Grease Life of Sealed Ball Bearings oo A 231

11.2.2 Oil Lubrication - A 232

= — 2 (1) 0il Bath LUBFCAHON oo A232
ﬁSK Nﬁ!&&ﬁﬁ,ﬁi : : ) —— (2) Drip-Feed Lubrication ... A 232
NsK NSK GRLEsASE :2: i:)rl::ll;tli_:hncau.on ........................................................................ A 232
E g Lubrication ... A 233

] ) _‘5"!; (5) Jet Lubrication ... A 234

(6) Oil Mist Lubrication ... A 235

(7) OQil/Air Lubricating Method ..o A 235

11.3  LUBHCANTS oo A 236

11.3.1 Lubricating Grease ... A 236

(1) BaS Ol oo A 236

(2) TRICKENEK oo A 236

(3) AdAItiVES oo A 236

(4) ConSiStency - A 236

(5) Mixing Different Types of Grease ... A 238

11.3.2 Lubricating Oil oo A 238

11.4 Technical Data .o A 240

11.4.1 Brands and Properties of Lubricating Greases -.A240

A 227



ILUBRICATION

TECHNICAL INFORMATION | NSIKK

11. LUBRICATION

11.1 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 basic components
of the bearing (bearing rings, rolling elements and
cage) is prevented by an oil film that reduces friction
and wear in 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. An oil film with the proper thickness
during rotation prolongs bearing life. Conversely,
an insufficient oil film or excessively low viscosity
lubricant will shorten life.

(3) Dissipation of Frictional Heat and Cooling
Circulating lubrication is used to carry away
frictional or absorbed heat, prevent the bearing from
overheating, and prevent oil from deteriorating.

(4) Others

Adequate lubrication also helps to prevent foreign
material from entering the bearings and guards against
corrosion and rusting.
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11.2 Lubricating Methods

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

In general, oil offers superior lubrication; however,
grease lubrication allows for a simpler structure around
the bearings. A comparison of grease and oil lubrication
is given in Table 11.1.

Table 11.1 Comparison of Grease and Qil Lubrication

Item Grease Lubrication 0il Lubrication

Housing Structure/ Can be simple
Seal Configuration

Somewhat complex.
Requires careful
maintenance

Speed Supports 65-80% the Supports higher speeds
permissible speeds of oil |than grease
lubrication

Cooling Effect None Can effectively dissipate

heat (with circulating
lubrication, etc.)

Flowability Poor Good

Full Replacement Somewhat complex Relatively easy

Contaminant Filtration  Difficult Easy

External Little effect from leaks | Unsuitable in areas where

Contamination contamination must be
avoided

11.2.1 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. For example,
bearings for main shafts of machine tools where
accuracy may be impaired by a small temperature rise
require only a small amount of grease.

Sufficient grease must be packed inside the bearing
including the cage guide face. The amount to be
packed inside the the housing depends on the speed of
the application:

Fill 1/2 to 2/3 of the free internal space with grease
when the speed is 50% of the limiting speed or less.

Fill 1/3 to 1/2 of the free internal space with grease
when the speed is 50% of the limiting speed or more.

(2) Replacement of Grease

Grease, once packed, usually need not be replenished
for a long time; however, under 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 that 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. 11.1). If a grease valve is not used, the

A—r

Sl

A-A A
Fig. 11.1 Combination of Partitioned Grease
Reservoir and Grease Valve

space on the discharge side must be larger than the
partitioned side so that it can retain old grease, which
can be removed periodically by removing the cover.

(3) Replenishment Interval

Even if high-quality grease is used, grease
deterioration occurs with time; therefore, periodic
replenishment is required. Graphs (1) and (2) in Fig
11.2 show the replenishment intervals for various
bearing types running at different speeds. These
graphs show high-quality, lithium-soap mineral oil
grease at a bearing temperature of 70 °C under normal
load (P/C=0.1).

- Temperature

If the bearing temperature exceeds 70 °C, reduce the
replenishment interval by half for every 15 °C increase.
- Grease

Replenishment intervals can be extended depending
on the grease used, especially for ball bearings. For
example, high-quality lithium-soap synthetic oil grease
roughly doubles the replenishment interval shown
in Fig.11.2 (1). If the temperature of the bearings is
less than 70 °C, the usage of lithium-soap mineral
oil grease or lithium-soap synthetic oil grease is
appropriate.

- Load

The replenishment interval depends on the magnitude
of the bearing load.

Please refer to Fig.11.2 (3) for details.

If P/C exceeds 0.16, please consult NSK.
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Fig. 11.2 Grease Replenishment Intervals

(4) Grease Life of Sealed Ball Bearings

When grease is packed into single-row deep groove
ball bearings, the grease life may be estimated using
Equation (11.1), Equation (11.2), or Fig. 11.3:

(General purpose grease (')

n n
logt=654-26 " - (0.025 - 0.012 N

)7
(Wide-range grease (%))

n
Nmax

logt=612-14 - (0.018-0.006 )T

where ¢ : Average grease life (h)
7 : Speed (min™)
Niax - Limiting speed with grease lubrication
(min™)
(values for ZZ and VV types are listed in the
bearing tables)
T Operating temperature °C

Equation (11.1), Equation (11.2), and Fig. 11.3 apply
under the following conditions:

(a) Speed 7
n
25 = =1
0.25 Nom
when — <0.25, assume — - = 0.25
Nmax Nmax
h
150 000 T T T T
100 000 —General-purpose grease _|
---- Wide-range grease
50 000
5 20000 e
< ~ - S T it S ‘?370
g 10000 17 P S N
@ T A N i ) T IS
g 5000 o 9}_\ SO e L
PR STRS— ——
NN
1000 \ \
500
\
200

02503 0.4 05 0.6 0.7 0.8 0.9 1
7/Nmax

Fig. 11.3 Grease Life of Sealed Ball Bearings

(b) Operating Temperature 7"
For general-purpose grease (')

70°C =T =110°C
For wide-range grease (?)

70°C = T=130°C
When T'< 70 °C assume T'=70 °C
(c) Bearing Loads

The bearing loads should be about 1/10 or less the
basic load rating C..

Notes (') Mineral-oil base greases (e.g. lithium-soap
base grease) often used around — 10 to

110 °C.
(%) Synthetic-oil base greases are usable over
?Sv[\;ide temperature range around —40 to

°C.
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11.2.2 0il Lubrication
(1) 0il-Bath Lubrication

QOil-bath lubrication is widely used with low or medium
speeds. The oil level should be at the center of the
lowest rolling element. Ideally, provide a sight gauge
so the proper oil level may be maintained (Fig. 11.4)

(2) Drip-Feed Lubrication

Drip-feed lubrication is widely used for small ball
bearings operated at relatively high speeds. As shown
in Fig. 11.5, oil is stored in a visible oiler. The oil drip
rate is controlled with a screw in the top.

(3) Splash Lubrication

With this method, oil is splashed onto the bearings by
gears or a simple rotating disc installed near bearings
without submerging the bearings in oil.

Splash lubrication is commonly used in automobile
transmissions and final drive gears. Fig. 11.6 shows
this lubricating method used on a reduction gear.

Fig. 11.4 0il-Bath Lubrication
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Fig. 11.5 Drip-Feed Lubrication

Fig. 11.6 Splash Lubrication

(4) Circulating Lubrication

Circulating lubrication is commonly used for high-
speed operation requiring bearing cooling and for
bearings used at high temperatures. In Fig. 11.7(a),
oil is supplied to a specified level by a pipe on the
right side. Once this level is reached, oil flows out the
discharge pipe on the left.

In Figs. 11.7(b) and (c), the oil does not accumulate
within the housing, but rather the oil is returned to a
tank. Once cooled, the oil passes through a pump and
filter and returns to the bearing.

0Oil discharge pipes should be larger than the supply
pipe so that oil does not over-accumulate in the
housing.

0il

£

\
Bl
s

Fig. 11.7 Circulating Lubrication

=3 <—0il
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(5) Jet Lubrication

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

Fig. 11.8 shows an example of ordinary jet lubrication.
The lubricating oil is sprayed on the inner ring and
cage guide face. In 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,
or cage guide face.

More uniform cooling and a better temperature
distribution is achieved using more nozzles for a given
amount of oil. The oil should be forcibly discharged
so that the agitating resistance of the lubricant can be
reduced and the oil can effectively carry away the heat.

0il

Oil 4

Fig. 11.8 Jet Lubrication
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(6) 0il-Mist Lubrication

QOil-mist lubrication, or 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
limited because the oil leakage is small.

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

This lubricating method is used for bearings in the high-
speed spindles of machine tools, high-speed pumps,
roll necks of rolling mills, and so on (see example in
Fig. 11.9).

Please consult NSK regarding oil-mist lubrication of
large bearings.

(7) Oil-Air Lubricating Method

With 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 as follows:
(@) The minimum necessary amount of oil is supplied,
making this method suitable for high speeds because
less heat is generated.

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

'

Fig. 11.9 0il-Mist Lubrication

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

(d) Compressed air is constantly fed to the bearings
and keeps internal pressure high. This prevents the
entry of dust, cutting fluid, etc.

For these reasons, this method is used in the main
spindles of machine tools and other high speed-
applications (see example in Fig. 11.10).

Qil/air inlets x 5 places

Oil/air discharge ports x 2 places

Fig. 11.10 Oil-Air Lubrication
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11.3 Lubricants Table 11.2 Grease Properties
11.3.1 Lubricating Grease Name
Grease is a semisolid lubricant consisting of base oil, (ﬁgg]lg)ar Lithium Grease Sodium Grease | Calcium Grease Mixed Base Corréprlee:SSase Non-Soap Base Grease
a thickener, and additives. The main types and general (Fiber Grease) (Cup Grease) Grease (Complex Grease) (Non-Soap Grease)
properties of grease are shown in Table 11.2. Note that
different brands of the same type of grease may have ' Ca Complex Soa
: . Thickener Na+ CaS p p, ) .
different properties. a+ Casoap, Urea, Bentonite, Carbon Black, Fluoric
. . Al Complex Soap, o -
Li Soap Na Soap Ca Soap Li+ Ca Soap, . Compounds, Heat Resistant Organic
(1) Base 0il etc Li Gomplex Soap. | - Gompound, ete.
) etc.
Mineral oils or synthetic oils, such as silicone or Base Synthetic Oil (Ester Oil,
diester oil, are often used as the base oil for grease. ol Diester Oil, Polyatomic Ester Oil,
The lubricating properties of grease depend mainly EreTTi Mineral Oil Polyatomic Silicone Oil Mineral Oil Mineral Oil Mineral Oil Mineral Oil Mineral Oil Sylnth?tic Hyd.rlocFellrboln
on the characteristics of its base oil. Therefore, the ? Ester Oil (B)zla'se&olﬁ;me 0il, Fluoric
viscosity of the base oil is just as important when Drooo]
selecting grease as when selecting an oil. Usually, pé?ﬁplgg 17010195 | 170t0 195 | 20010210 17010 210 70 to 90 160 to 190 180 to 300 > 230 > 230
grease made with low viscosity base oils is more W kf
suitable for high speeds and low temperatures, while Te‘;:p'e”rgtures ¢ ~2010+110 | 5010 +130 | -50t0+160 20 t0 +130 20 t0 +60 20 t0 +80 ~20t0+130 | =100 +130 <+220
grease made with high viscosity base oils is more Working
suited for high temperatures and heavy loads. Speed, %() 70 100 60 70 40 70 70 70 4010 100
However, the thickener also influences the lubricating  piechanical
properties of grease; therefore, the selection criteria for  Stability Good Good Good Good Poor Good Good Good Good
grease is not the same as for lubricating oil. Moreover, e ! ! ' ) ) . .
please be aware that ester-based grease will cause Resistance Fair Fair Poor Far Poor Fairto Good Fairto Good Fair Fair
acrylic rubber material to swell, and that silicone-based ) Poor for Na
grease will cause silicone-based material to swell. ety Good Good Good Poor Good Soap Grease Good Good Good
(2) Thickener Rust Prevention Good Good Poor Poor to Good Good Fair to Good Fair to Good Fair to Good Fair to Good
Thickerers for lubricating grease include several sumoss | tomperatue | fornigh ot ypesata | oreacocontaming | ol bearngs | forodreme | {for medum 1 hgh iemperatres
H H H H uri rature rni 10er ty| I I ni I r I I extre r u I ratures.
tylpes of Imetglhbc s?ap_st, morgaﬂlc tthlck_er;_ers such a_S grease used and torque temperature available. Long- | high viscosity and large ball pressures Synthetic-oil base grease is
silica gel and bentonite, and heat resisting organic for numerous | characteristics. | applications. fiber grease is mineral oiland | bearings. mechanically recommended for low or high
thickeners SUCI] as polyurea and fluoric compounds. applications Often used for | Unsuitable for unsuitable for extreme pressure stable temperatures. Some silicone and
The type of thickener is closely related to the grease small motors | bearings at high speeds. additives (Pb fluoric oil base grease have poor rust
dropping point (*); generally, grease with a high Remarks and instrument | high and low Monitor for soap, etc.) with prevention and noise characteristics.
dropping point also has a high temperature capability bearings. speeds, under water and high | high pressure
during operation However. this type of grease Monitor for heavy loads, or temperatures. resistance.
- h rust caused with numerous
does not have a high working temperature unless by insulation | sliding-contact
the base oil is heat-resistant. The highest possible varnish. areas (roller
working temperature for grease should be determined bearings, etc.)
considaring the heat resistance of tha base oil Note (') The values listed are percentages of the limiting Remark The grease properties shown here can vary between brands.

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. Moreover, note that urea-
based grease will cause fluorine-based material to
deteriorate.

speeds given in the bearing tables.

Table 11.3 Consistency and Working Conditions

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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(3) Additives

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

(4) Consistency

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

Consistency
Number 0 ! 2 8 4
Consistency(*)
110 mm 355 to 385 310 to 340 265 to 295 220 to 250 175 to 205
-For centralized -For centralized -For general use -For general use -For high
. oiling oiling temperatures

\(I}Vor(lj(]tqg -When fretting is -When fretting is -For sealed ball -For sealed ball -For grease seals

OICIIONS likely to occur likely to occur bearings bearings
(Application) -For low -For high

temperatures temperatures

Note (') Consistency: The depth to which a cone descends into grease when a specified weight is applied, indicated in units
of 1/10 mm. The larger the value, the softer the grease.
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(5) Mixing Different Types of Grease

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

11.3.2 Lubricating 0il

The lubricating oils used for rolling bearings are
usually highly refined mineral oils or synthetic oils
that have a high oil-film strength and superior oxidation
and corrosion resistance. When selecting a lubricating
oil, the viscosity during operation is important. If the
viscosity is too low, a proper oil film does not form
and abnormal wear and seizure may occur. On the
other hand, if the viscosity is too high, excessive
viscous resistance may cause heating or energy loss.
In general, low viscosity oils should be used at high

speed; however, the viscosity should increase with

increasing bearing load and size.

Table 11.4 gives generally recommended viscosities for
bearings under normal operating conditions.

Fig. 11.11 shows the relationship between oil
temperature and viscosity, and selected lubricating oils
are shown in Table 11.5.

Table 11. 4 Bearing Types and Proper
Viscosity of Lubricating Oils

Proper Viscosity
at Operating

Bearing Type
Temperature

Ball Bearings and
Cylindrical Roller Bearings

Tapered Roller Bearings and
Spherical Roller Bearings

Spherical Thrust Roller Bearings

Higher than 13mm?/s
Higher than 20mm?/s

Higher than 32mm?/s

Remark 1mm?2/s=1cSt (centistokes)

0il Replacement Intervals

Oil replacement intervals depend on operating
conditions and oil quantity.

In cases where the operating temperature is less than
50 °C and environmental conditions are good with
little dust, the oil should be replaced approximately
once a year. However, in cases where the oil
temperature is near 100 °C, the oil must be changed at
least once every three months.

If moisture may enter or if foreign matter may be
mixed in the oil, then the oil replacement interval must
be shortened.

Do not mix different brands of oil as, like grease, their
composition and physical properties may be negatively
affected.

Table 11. 5 Example Lubricating Oils for Bearing Operating Conditions

Redwood  Saybolt )
(Seconds) (Seconds) mm?*/s
1SO Viscosity Grade
2000
50001 assumed V.1.80
5000 1000 A:VG 7 H: VG100
2o 2o 0 LS e
el o Py L e
5001 s00F 100 F:VG46 N: VG680
300 300 G: VG 68
200 200 50
L 40
=2 30 X
2 100F 400 20 By C\ D\ E{FJG H _INEL{MIN
3 80
= 80
= eof
sl 60F 10
50
a0+
5
40 4 L L L L L L \ L L
-20 20 40 60 80 100 120 140 160 °C
| L1 | | | | | | | | | | | |
0 60 80 100 120 160 200 240 280 320 °F
Temperature
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Fig. 11.11 Temperature-Viscosity Chart

Tgn%reargpugre Speed Light or Normal Load Heavy or Shock Load
-30to0°C Less than limiting speed ISO VG 15, 22, 32 (refrigerating -
machine oil)
Less than 50% of limiting 1SO VG 32, 46, 68 (bearing oil, ISO VG 46, 68, 100 (bearing oil,
speed turbine oil) turbine oil)
0to 50 °C 50 to 100% of limiting ISO VG 15, 22, 32 (bearing oil, ISO VG 22, 32, 46 (bearing oil,
speed turbine oil) turbine oil)
More than limiting speed ISO VG 10, 15, 22 (bearing oil) -
Less than 50% of limiting ISO VG 100, 150, 220 (bearings oil) ISO VG 150, 220, 320 (bearing oil)
speed
5010 80 °C 50 to 100% of limiting 1SO VG 46, 68, 100 (bearing oil, ISO VG 68, 100, 150 (bearing oil,
speed turbine oil) turbine oil)
More than limiting speed 1SO VG 32, 46, 68 (bearing oil, -
turbine oil)
Less than 50% of limiting ISO VG 320, 460 (bearing oil) ISO VG 460, 680 (bearing oil,
speed gear oil)
80t0 110 °C ggeteod1 00% of limiting ISO VG 150, 220 (bearing oil) ISO VG 220, 320 (bearing oil)
More than limiting speed ISO VG 68, 100 (bearing oil, -
turbine oil)
Remarks 1. Use the values listed in the bearing tables for limiting speeds.
2. Refer to Refrigerating Machine Oils (JIS K 2211), Bearing Oils (JIS K 2239), Turbine Oils (JIS K
2213), and Gear Qils (JIS K 2219) for more information.
3. If the operating temperature is near the high end of the temperature range listed in the left column,
select a high-viscosity oil.
4. If the operating temperature is lower than -30 °C or higher than 110 °C, please consult NSK.
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11.4 Technical Data

11. 4. 1 Brands and Properties of Lubricating Grease

Table 11. 6 Brands of

Lubricating Grease

Working Usable Limit Compared
Brand Thickener Base Qil(s) Dropping Point (") Consistency Temperature Pressure Resistance | to Listed Limiting
Range(")(°C) Speed (Grease)(%)(%)
EA3 GREASE Urea (%) Poly-o-olefin oil =260 230 —40to +150 Fair 100
EA5 GREASE Urea (%) Poly-o-olefin oil =260 251 —40to +160 Good 60
EAB GREASE Urea (%) Poly-c-olefin oil =260 220 —40to +160 Fair 70
EA7 GREASE Urea (°) Poly-a-olefin oil =260 243 —40to +160 Fair 100
EA9 GREASE Urea (%) Poly-o-olefin oil =260 314 —40to +140 Fair 100
ENS GREASE Urea (%) Polyol ester oil (*) =260 264 —40to +160 Poor 100
ECE GREASE Lithium Poly-o-olefin oil =260 235 -10 to +120 Poor 100
DOW CORNING(R) SH 44 M GREASE Lithium Silicone oil (%) 210 260 —30to +130 Poor 60
NS HI-LUBE Lithium Ester oil + Diester oil (*) 192 250 —40to0 +130 Poor 100
LG2 GREASE Lithium Poly-o-olefin oil + Mineral oil 201 199 —20to0 +70 Poor 100
LGU GREASE Urea (%) Poly-o-olefin oil =260 201 —40 to +120 Fair 70
EMALUBE 8030 Urea (°) Mineral oil =260 280 0to+130 Good 60
KP1 GREASE PTFE Perfluoropolyether oil Not applicable 290 —30 to +200 Fair 60
SHELL ALVANIA GREASE S2 Lithium Mineral oil 181 275 -10to +110 Fair 70
SHELL ALVANIA GREASE S3 Lithium Mineral oil 182 242 -10to +110 Fair 70
SHELL SUNLIGHT GREASE 2 Lithium Mineral oil 200 274 -10to +110 Fair 70
WPH GREASE Urea (°) Poly-o-olefin oil 259 240 —40to +150 Fair 70
NIGLUBE RSH Sodium Complex Glycol oil =260 270 —20to +140 Fair 60
PALMAX RBG Lithium Complex Mineral oil 216 300 -10to +130 Good 70
MULTEMP PS No.2 Lithium Poly-o-olefin oil + Diester oil (*) 190 275 -50to +110 Poor 100
MOLYKOTE(R) FS-3451GREASE PTFE Fluorosilicone oil (°) Not applicable 285 0to+180 Fair 70
UME GREASE Urea (%) Mineral oil =260 272 —10to +130 Fair 70
RW1 GREASE Urea (%) Mineral oil =260 300 -10to +130 Fair 70
HA1 GREASE Urea (%) Ether oil =260 290 —40 to +160 Fair 70
HA2 GREASE Urea (°) Ether + Poly-o-olefin oil =260 295 —30to +170 Fair 70
KLUBERSYNTH HB 72-52 Urea (%) Ester oil (*) 250 295 —30to +160 Fair 70
NOXLUB KF0921 PTFE Perfluoropolyether oil Not applicable 280 —40 to +200 Fair 70
ECH GREASE Carbon Black Perfluoropolyether oil Not applicable 205 —30 to +260 Fair 60
FWG GREASE Urea (%) Mineral oil + Poly-a-olefin oil =260 268 —30 to +150 Fair 70
HT1 GREASE Urea (%) Poly-c-olefin oil =260 236 —40to +150 Fair 100
ARAPEN RB320 Lithium-Calcium Mineral oil 177 305 —10to +80 Fair 70
SHELL GADUSRAIL S4 HIGH SPEED EUFR Lithium Mineral oil 188 266 -10to +110 Fair 100

Notes (') If grease will be used at the upper or lower limit of the temperature range or in a special environment such as a
vacuum, please consult NSK.
(%) For short-term operation or when adequate cooling is provided, grease may be used at speeds exceeding the above
limits provided the supply of grease is appropriate.
(%) Urea-based grease causes fluorine-based material to deteriorate.
(*) Ester-based grease causes acrylic rubber material to swell.
(°) Silicone-based grease causes silicone-based material to swell.
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12. BEARING MATERIALS

Bearing rings and rolling elements of rolling bearings
are subjected to repetitive high pressure with a small
amount of sliding. Tension, compression, and sliding
contact with the rolling elements and either or both of
the bearing rings impact the cage.

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

__High rolling contact
fatigue strength

NLatefiEtﬂ - — High hardness

characteristics | ,:

squre or - 0L Ve

bearing rings Characteristics

12.1 Materials for Bearing Rings and Rolling
Elements

Primarily, high-carbon-chromium bearing steel
(Table 12.1) is used for the bearing rings and rolling
elements. Most NSK bearings are made of SUJ2
steel, while larger bearings generally use SUJ3
(additional types are listed in Table 12.1). The chemical
composition of SUJ2 is approximately the same as
AISI 52100, DIN 100 Cr6, and BS 535A99.

Bearings subjected to very severe shock loads often
utilize carburized low-carbon alloy steels such as
chrome steel, chrome-molybdenum steel, nickel-
chrome-molybdenum steel, etc. Such steels, when
they are carburized to the proper depth and have

NSK uses highly pure vacuum-degassed bearing steel
containing minimal oxygen, nitrogen, and hydrogen
compound impurities. The rolling fatigue life of
bearings has been remarkably improved using this
material combined with the appropriate heat treatment.
For special-purpose bearings, high-temperature
bearing steel, which has superior heat resistance, and
stainless steel with good corrosion resistance may
be used. The chemical composition of these special
materials are given in Tables 12.3 and 12.4.

12.2 Cage Materials

The main types of low carbon steels used for pressed
cages are shown in Table 12.5. Depending on the
application, brass or stainless steel may be used. For
machined cages, high-strength brass (Table 12.6) or
carbon steel (Table 12.5) is used. Synthetic resin is
also sometimes used.

Table 12.4 Chemical Composition of Stainless Steel for
Rolling Bearing (Major Elements)

and rolling | High dimensional ired 1 sufficient surface hardness, are more shock-resistant
bilit required tor th I, through-hardened bearing steels b - T
elements stabili Yy . an normal, rOug araene Bal’lng Steels because Chemical Compos|t|0n (%)
; ; cage material ' . i i Standard ~ Designation
High mechanical of their softer energy-absorbing core. The chemical 9 Si Mn P S Cr Mo
 strength composition of common carburized bearing steels is ol ot o T ot o T
- listed in Table 12.2. NISG4303  SUS440C 09510120 | 3555 00 0040 " 0030 " [16.00t018.00] 73"
Other n.ecessary characterlst[cs, such as ease.Of Less than Less than Less than Less than Less than
production, shock and heat resistance, and corrosion SAEJ405 = 51440C  085t01.20 |  7igp 1.00 0.040 0.030 16.0010 18.00 775
resistance, are required depending on individual
applications.
Table 12.5 Chemical Composition of Steel Sheet and Carbon Steel
for Cages (Major Elements)
Table 12.1 Chemical Composition of High-Carbon-Chromium Bearing Steel (Major Elements) Chemical Composiion &0
Chemical Composition (%) Classification Standard Designation - g .
Standard  Designation - C Si Mn P S
Si Mn p S Cr Mo Less than _ Less than Less than Less than
Less than Less than Less than JIS G 3141 RACS 0.12 0.50 0.04 0.045
JIS G 4805 SUJ2 0.95t01.10 | 0.15100.35 | g% 6o5s Go5s 1.30 to 1.60 — Steel sheet and Less than Less than Less than
‘ Loss th Less th strip for pressed BAS 361 SPB 2 0.13100.20 Gt 0.2510 0.60 oS thal G
SUJ3 0.95t01.10 | 0.40100.70 | 0.90t0 1.15 | 3" G| 0.90 to 1.20 - cages Less th Less th
Less than Loss than Loss than JISG 3311 S50CM 04710053 | 01510035 | 0.601t00.90 g5 nan Yo
SUJ4 095t01.10 | 0.15100.35 | %55 GEsd a5 1.30t0 1.60 | 0.10t0 0.25 Carbon steal
- . . arpon steel ror
B IS G 4051 S C 0.22t00.28 0.15t0 0.35 0.30 to 0.60 L than 0.03 | L than 0.035
ASTMA295 52100 093101.05 | 0.15t0035 | 0.25t00.45 |  Lessthan Lessthan | 4 3545160 | Lessthan machined cages | ! ° ° ° i i

Remark BAS refers to the Japanese Bearing Association Standard.

Table 12.2 Chemical Composition of Carburizing Bearing Steels (Major Elements)
Chemical Composition (%)

Standard  Designation Table 12.6 Chemical Composition of High-Strength Brass for Machined Cages

C Si Mn P S Ni Cr Mo — o
emical Lompositon (%,
JISG4052 SCr 420H 0.17100.23]0.16 10 0.350.55 t0 0.95| fes8ian | Lessthan | Lessthan 1 g5 16 1.05)  — - : —
: : - Standard  Designation 7 M F Al S Ni Impurities
SCM 420H 0.17t00.23[0.15 10 0.35(0.55 t0 0.95| §58ifian | Lessihan | Lessthan g gg 16 1.25(0.15 t0 0.35 u n n € n ! Pb Si
SNCM 220H 0.17 to 0.23]0.15 0 0.35(0.60 to 0.95| Lessthan | Lessthan ¢ 3544 0 75|0.35 t0 0.65/0.15 to 0.30 CAC301 Lessthan | Lessthan | Lessthan | Less than
- -2310. 3510 . 0.030 0.030 . -7510. :65/0. . JISH5120 (gpecy) 55010600 | 33010420 | 011015 | 051015 | 051015 | 15 7% o4 X
Less than Less than
SNCM420H 0.17 t0 0.23[0.15 10 0.35(0.40 10 0.70| 5353 Less 1 1.55 10 2.00{0.35 t0 0.65(0.15 to 0.30 nsH3250 OB s60t0605 | Residua | 051025 | 0110 | 021020 _ _ Less than _

JISG 4053 SNCM815  0.12100.18|0.15 10 0.35(0.30 t0 0.60| 5egsian | Lessthan 4 00 10 4.60{0.70 to 1.00{0.15 t0 0.30 Remark Improved HBsC 1 is also used.

ASTMAS534  8620H  0.17100.23|0.15t00.35(0.60 t0 0.95| pssihan | Lessthan 13515 0.75|0.35 t0 0.65(0.15 t0 0.25
4320H  0.17100.23/0.15 t0 0.35/0.40 t0 0.70| Kesgfhan | Lessthan |4 55 152 00|0.35 t0 0.65|0.20 to 0.30

9310H  0.07t00.13[0.15 10 0.35(0.40 t0 0.70| §§shan | Lesslhan 5 95 10 3.65|1.00 to 1.40{0.08 t0 0.15

Table 12.3 Chemical Composition of High-Speed Steel for Bearings Used at High Temperatures

Chemical Composition (%)
C Si Mn P S Cr Mo \4 Ni Cu Co w

AIST M50 0.77 to 0.85| 655 than | Less than | Less than | Less than |3 75 16 4.95|4.00 10 4.50{0.90 to 1.10| §E5 than | Less than | Less than| Less than

Standard Designation
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12.3 Characteristics of Bearing, Shaft, and
Housing Materials

Rolling bearings must be able to support high loads,
run at high speeds, and endure long periods of
operation. It is also important to know the material
characteristics of the shaft and housing to maximize
bearing performance. Physical and mechanical
properties of typical bearing, shaft, and housing
materials are shown in Table 12.7.
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Table 12.7 Physical and Mechanical Properties of Bearing, Shaft, and Housing Materials

Linear

| Thermal : N Young’s | . ] Tensile
. Specific " | Electric |Expansion Yield Point Elong- | Hardness
Material Heat Treatment ?;e/gi'fsy Heat C?R/?tl;c Resistance| Coeff. MI(\)/?#!'S MPa | Stl{/??,%th ation Remarks
/g K wym- k| P2 em 1010 1000 gy KEVMI g gfjmmmy) - % HB
1370 1115.2)80 650 to |High-carb
. . 0 0 |High-carbon-
SuJj2 Quenching, tempering 7.83 " 2 125 {10 {160 0.5 Max. 740 chgro.me
to 200} bearin
steel No. 2
SUJ2  Spheroidizing annealing 7.86 19 | h0s000 | (8 | %6 | 27 180
- 0.47
Quenching, low temp (212004 882 1225 Chrome
SCr420 tempering . 48 21 128 90| (%5 15 370 | steel
SAE4320  Quenching, low temp ’ 44 20 117 902 1009 16 **993 | Nickel-
= (SNCM420)  tempering : {92} {103} to 375 | chrome-
£ Quenching, low tem “1080 | xq 1 *311 | molybde-
§| SNCMs15 fempering p 7.89 40 35 — = liomin, | 12Min. | %575 | num steel
: Martensitic
Quenching, low temp 200000 | 1860 1960 _ - i
SUS440C tempering 7.68 0.46 24 60 10.1 10 400) 190} 000} 580 g{gler?less
i _ 275 | « ; _ Cold rolled
SPCC Annealing 0.47 59 15 11.6 206 000 o8 Min. | “32 Min. steel plate
7.86 1 000) 393 431 Carbon steel
S25C Annealing 0.48 50 17 11.8 33 bl 33 120 | for machine
structures
CAC301 _ 103 000 . *431 * : _ High-tension
{{B.C1) 8.5 0.38 123 6.2 191 toso0 {44y Min, | “20 Min. brass
. . Carbon steel
Quenching, 650 °C 207 000 440 735 i
S45C ey 18 12.8 25 217  |for machine
tempering 47 {21100 45} {75} structures
Quenching, 520 to 620 °C 0.48 *637 *784 | « ; *229
SCra30  fadf Cooiing 22 125 165 Min. | (60 Min. | 18 Min- | 16993 | chrome
Quenching, 520 to 620 °C ’ *784 *930 | « ! *269 |steel
SCr440  fast gooling T3 4 2 398000 | 180 Min. | (95} Min. | 13 Min- | 19331
: . : Chrome-
Quenching, 150 to 200 °C . *930 | « ; *262 -
£ SM0 ir cooling 48 21 128 (g8 Min. | “14Min-| 47355 | molybde,
@ 0 0.47 Nti]ckel-
uenching, 650 °C 207 000 920 1030 chrome-
SNCM439 4o nering 38 30 "3 i | 94 | w08 18 320 | molybde-
num steel
- 206 000 294 520 Low-carbon
SC46  Normalizing - - - - — | eton | B 53) 27 143 | cast steel
o ) Martensitic
1038 °C oil cooling, 200000 1440 1650 ;
SUS4202 400 air cooling 775 | 046 22 5 j04 | Q0RO | e | 6 10 400 |stainless
; 98 000 *200 * Gray cast
FC200  Casting 7.3 0.50 43 — oo | — oot | — 217 max | o
N * * Spheroidal
FCD400  Casting 70 | 048 | 20 — | 17 | 169000 1 230 0| 12 min. | 200 graphit
: : " |castiron
i 70 600 34 78 _ Pure
o A1100 Annealing 2.69 0.90 222 3.0 23.7 7200} 35 © 35 aluminum
B Aluminum
a| Acac  Castin 268 | 088 151 42 215 | 72000 1 88 167 7 —  alloy for
2 g {73500 | 19 i sanl casting
Aluminum
ADC10  Casting 2.74 0.96 96 75 220 | P00 | 187 7 4 —  |alloy for e
casting
Austenitic
N 15.7to | 193.000 245 588 ;
SUS304  Annealing 803 | 050 15 72 %8’ | qor00r | @b %0 60 150 |stainiess
Note * JIS standard or reference value.
** Though the Rockwell C scale is generally used, Brinel hardness is shown for comparison.
Remark Proportional limits of SUJ2 and SCr420 are 833 MPa {85 kgf/mm®} and 440 MPa {45 kgf/mm®} respectively.
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12.4 Technical Data Table 12.8 Applicable National Standards and Chemical Composition of High-Carbon-Chrome Bearing Steel
12.4.1 Comparison of National Standards of Rolling . ; R
X JIS Other Major Chemical Composition (%) L
'Bearlnlg Steel . . . 4805 ASTM National Standards c - ™ o Mo Others Application Remarks
The Dimension Series of rolling bearings as -
mechanical elements have been standardized SUJ2 — — 095t01.10  0.15100.35 =050  1.30t01.60 =0.08 1 Typical steel | Equivalent to each
internationally, and the material to be used for them - A 295-89 — 09310105 015610035 02510045 13510160 =040  P=0025 |forsmal- —jother though there are
specified in ISO 683/17 Heat-treated steels, alloy 52100 5=0015 |and medium- |slight differences in
steels, and free-cutting steels--Part 17: Ball and roller size bearings | the ranges.
bearing steels. However, materials are also = — 100Cr6 (DIN) 09010105 01510035 02510040 14010165 - -
standardized according to the standards of individual = — 100C6 (NF) 095t0110 01510035 02010040 135t0160 <008  P=0.030
countries and, in some cases, manufacturer S$=<0.025
modifications. )
As internationalization continues, more references to — — 535A99 (BS) 09510110 01010035 04010070 12010160 — 1
thesed stgel s’[agdahrds V\flIII be made. Sdome agpldlcablg SUJ3 — — 095t01.10 040t00.70 0.90to1.15 0.90t01.20 =0.08 *1 For large-size | SUJ3 is equivalent to
standards and their features are described an bearings Grade 1.
compared in Tables 12.8 and 12.9. = %48(515-013 — 090t01.05 045t0075 0.90t01.20 0.90t01.20 <0.10 gfgg%g Grade 2 has
rade =Y better quenching
— A 485-03 — 085t01.00 050t00.80 1.40t01.70 1.40t01.80 =0.10 P=0.025 capability
Grade 2 S=0.015
SUJ4 — — 0.95t01.10  0.15t00.35 =0.50 1.30t01.60 0.10t00.25 1 Rarely used Better quenching
capability than SUJ2
SuUJ5 — — 095t01.10 040t00.70 0.90to1.15 090t01.20 0.10t00.25 *1 For extra large | Though Grade 3 is
. : _ bearings and | equivalent to SUJ5,
%48(? 033 095t01.10 0.15t00.35 0.65t0090 1.10to1.50 0.20t00.30 gfg&zg thin-walled quenching capability
rade = bearings of Grade 3 is better
than SUJ5.
Note *1: P = 0.025, S = 0.025
Remark ASTM: Standard of American Society of Testing Materials, DIN: German Standard, NF: French Standard, BS: British Standard

Table 12.9 JIS and ASTM Standards and Chemical Composition of Carburizing Bearing Steel

JIS ASTM Chemical Composition (%)
G 4052 Application Remarks
G 4053 A 534-90 C Si Mn Ni Cr Mo Others ppiicat '
SCr420H — 0.17t00.23 01510035 05510 0.95 <0.25 0.85t01.25 — *2 Eg; rS”r]nas” Similar steel type
— 5120H 017100.23 015t00.35  0.60t01.00 — 0.60t0 1.00 — *3 g
SCM420H — 0.17100.23 0.15t00.35 0.551t00.95 =0.25 0.85t01.25 0.15t00.35 *2 For small Similar steel type,
_ _ * bearings though quenching
4118H 0.17100.23 015t00.35  0.60t01.00 030t0070  0.08100.15 3 capabilty of 4118H is
inferior to SCM420H
SNCM220H — 0.17100.23 01510035 06010095 035t0075 03510065 0.15100.30 *2 For small Equivalent, though
. bearings there are slight
— 8620H 0.17100.23 01510035 06010095 03510075 035t00.65 0.15100.25 3 differences
SNCM420H — 0.17100.23 01510035 04010070 155t02.00 03510065 0.15t00.30 *2 For medium | Equivalent, though
. bearings there are slight
— 4320H 0.17100.23 01510035 04010070 155t02.00 0.35t00.65 0.20t0 0.30 3 differences
SNCM815 — 0.12100.18 01510035 0.30100.60 4.00t0450 0.70t01.00 0.15t00.30 *2 Eg;r'fnrgs Similar steel type
— 9310H 0.07100.13 01510035 04010070 29510355 1.00to1.45 0.08100.15 *3 g

Note *2: P = 0.030,S = 0.030 *3:P = 0.025,S = 0.015
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12.4.2 Long-Life Bearing Steel (NSK Z Steel)

The rolling fatigue life of high-carbon chrome bearing
steel (SUJ2, SAE52100) used for rolling bearings is
greatly affected by non-metallic inclusions.
Non-metallic inclusions are roughly divided into three-
types: sulfide, oxide, and nitride. A long-term life test
showed that oxide non-metallic inclusions exert a
particularly adverse effect on rolling fatigue life.

Fig. 12.1 shows the parameter (oxygen content)
indicating the amount of oxide non-metallic inclusions
as it relates to life.

The oxygen amount in steel was minimized as much as
possible by reducing impurities (Ti, S) substantially,
thereby achieving a decrease in oxide non-metallic
inclusions. The resulting long-life steel is known as Z
steel. Z steel is an achievement of improved
steelmaking facilities and operating conditions made
possible by cooperation with steel makers using data
from numerous life tests. A graph of the oxygen
content in steel over the last 25 years is shown in Fig.
12.2.

The results of a life test with the sample materials in
Fig. 12.2 are shown in Fig. 12.3. Life tends to become
longer with decreasing oxygen content in steel. High-
quality Z steel has a life span which is about 1.8 times
longer than that of conventional degassed steel.

||
. N O Z Steel
B Bé\\ ® Vacuum-degassed
e o bearing steel
O
B og| ©
107 b o ]
~J L
L ose °
5 \ o .’
\ °
100 NG
0 5 10 20 30

Oxygen Content in Steel (ppm)

Fig. 12.1 Oxygen Content in Steel and
Life of Bearing Steel

’} (Air-melted steel)

!

l -

25

20

)~
(Early vacuum-degassed steel)

1
() Life test samples

Vacuum
degassed

Bearing steel

(MGH vacuum-degassed steel)
(Z-s'teel; Z level

Oxygen Content in Steel (ppm)
o

7NN

vacuum-degassed

RH steel) /
vacuumi RH 100%
LA
degassed Improvement of furnace
and operating conditions RN .

Continuous casting and
ladle furnace

0

65 70 75 80 1985
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Fig. 12.2 Change in Oxygen Content of NSK Bearing Steels
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1
10 107 100 10°
Stress Repetitions (cycles)
PP Test Failured | Weibull
Classification quantity quantity slope Ly Lo
O Air-melted steel 44 44 1.02 1.67x10° | 1.06%10
4 Yacum-tegassed 30 30 | 110 | 282x10° | 1.55%10°
ngGaI:s\é?jc:tlég_ 46 41 116 | 692x10° | 3.47x10°
< Z steel 70 39 1.11 1.26X10" | 6.89Xx10’

Remark Testing of bearings marked with Il and € had not yet completed.

Fig. 12.3 Bearing Steel Life Test Results
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12.4.3 Dimensional Stability of Bearing Steel

Sectional changes or changes in the dimensions of
rolling bearings over time is called aging deformation.
When the inner ring develops expansion due to such
deformation, there is a resulting decrease in the
interference between the shaft and inner ring. This
becomes one of the causes of inner ring creep. Creep
(a phenomenon where the shaft and inner ring slip
mutually) causes the bearing to generate excess heat
that may result in seizure, resulting in critical damage
to the entire machine. Consequently, appropriate
measures must be taken against aging deformation of
the bearing depending on the application.

Aging deformation of bearings may be attributed to
secular thermal decomposition of retained austenite in
steel after heat treatment. The bearing develops
gradual expansion along with phase transformation.

General bearings
0.07 -

0.05

0.04

0.02 =

Dimensional Change Ratio (%)

0.01p

Bearing temperature 130°C

The dimensional stability of the bearings, therefore,
varies in accordance with the relative relationship
between tempering during heat treatment and the
bearing’s operating temperature. Dimensional stability
increases with rising tempering temperature while
retained austenite decomposition gradually expands as
the bearing’s operating temperature rises.

Fig. 12.4 shows how temperature influences the
bearing’s dimensional stability. The right side of the
figure shows the interference between the inner ring
and shaft for various shaft tolerance classes as
percentages of the shaft diameter. As is evident from
Fig. 12.4, dimensional stability becomes more
unfavorable as the bearing’s temperature rises. Under
these conditions, the interference between the shaft
and inner ring of a general bearing is expected to
decrease gradually. In this view, loosening of the fit
surface must be prevented by using a bearing that has
undergone a dimensional stabilization treatment.

- ———Dimensionally stabilized bearings

10° 10°

Total Duration (h)

Fig. 12.4 Bearing Temperature and Dimensional Change Ratio
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When bearing temperature is high, there is a possibility
of inner ring creep. Please contact NSK beforehand in
order to select an appropriate bearing.

T Interference / Shaft diameter, %

T
L6
r6
1 p6
p6
1. n6
..L n6
4 m6
\ m6
d=¢100

d=¢200
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12.4.4 Fatigue Analysis

In order to fully predict the fatigue life of rolling
bearings and estimate residual life, knowledge of all
fatigue breakdown phenomena of bearings is essential.
Unfortunately, this means it will take some time before
we reach a stage enabling perfect prediction and
estimation. However, rolling fatigue proceeds under
compressive stress at the contact point and is known
to cause material changes until breakdown occurs. In
many cases, it is possible to estimate the degree of
fatigue in bearings by detecting this material change.
However, this estimation method is not effective in
cases where defects in the raceway surface cause
premature cracking or where chemical corrosion
occurs on the raceway. In these two cases, flaking
progresses ahead of material change.

(1) Measurement of Fatigue Degree

The progress of fatigue in a bearing can be determined
by using an X-ray to measure changes in residual
stress, diffraction half-value width, and amount of
retained austenite.

These values change as fatigue progresses as shown
in Fig. 12.5. As residual stress grows early and
approaches a saturation value, it can be used to detect
extremely small fatigue. For large fatigue, change of
the diffraction half-value width and retained austenite
amount correlate with the progress of fatigue. These
measurements are consolidated into one parameter
(fatigue index) to determine a relationship with the
endurance test period of a bearing.

Measured values were collected by carrying out
endurance tests with many ball, tapered roller, and
cylindrical roller bearings under various loads and
lubrication conditions. Simultaneously, measurements
were made on bearings used in actual machines.
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Fig. 12.6 summarizes the data. Variance is
considerable, reflecting the complexity of fatigue.
Nevertheless, there is a correlation between the fatigue
index and the endurance test period or operating
hours. The degree of fatigue can be handled
quantitatively, albeit with some uncertainty.

The description of “subsurface fatigue” in Fig. 12.6
applies when fatigue is governed by internal shearing
stress. On the other hand, “surface fatigue” is
correlated with earlier and more severe fatigue
resulting from contamination or breakdown of the
lubricating oil film.

Change of Half-Value Width

deg

% MPa
—15
1000
Change Residual stress
of © — - —
10F residual e — —
stress peene = 7
-
/4 'd\h/ ]
500 S atvae
5}
Change
of |
retained
austenite
0
0 500 1000 1500 Breakdown
Endurance Period (h)
Fig. 12.5 Change in X-Ray Measurements
© Cj Subsurface fatigue
3 8] O
o/°
)
© <;] Surface fatigue
£ 2 Y
[}
>3
2
£
1

10

Progress of Fatigue (%)

Fig. 12.6 Fatigue Progress and Fatigue Index

100 (Breakdown)
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(2) Surface and Subsurface Fatigue

Rolling bearings have an extremely smooth finish
surface and enjoy relatively satisfactory lubrication
conditions. Generally, internal shearing stress below
the rolling surface governs the failure of a bearing.
When shearing stress caused by rolling contact
reaches a maximum level at a certain depth below the
surface, a crack (the origin of a breakdown) occurs
under the surface. When the raceway is broken due to
such subsurface fatigue, the fatigue index measured by
depth increases according to the theoretical calculation
of shearing stress, as evident from the example ball
bearing shown in Fig. 12.7. The fatigue pattern shown
in Fig. 12.7 usually occurs when lubrication conditions
are satisfactory and a sufficiently thick oil film is
present at rolling contact points. The basic dynamic
load rating described in this catalog is determined
using data from bearing failures according to the
above internal fatigue pattern. Fig. 12.8 shows an
example cylindrical roller bearing with an
unsatisfactory oil film subjected to an endurance test.
It is evident that the amount of surface fatigue
increases much earlier than indicated by the calculated
life.

In this test, all bearings failed before subsurface
fatigue became apparent. Thus, bearing failure due to
surface fatigue is mostly attributed to lubrication
conditions such as insufficient oil film due to
excessively low oil viscosity or entry of foreign
material or moisture into the lubricant.
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Therefore, bearing failure induced by surface fatigue
occurs before that of subsurface fatigue in most
bearing applications, even though subsurface fatigue is
the metric used to determine the original life.

Fatigue analysis has shown that bearings used in
actual machines overwhelmingly show the surface
fatigue pattern of failure instead of the subsurface
pattern.

Knowing the distribution of the fatigue index of
bearings in use leads to an increased understanding of
residual life, lubrication, and load conditions.

Fatigue Index

Fatigue Index

~——]

N\ 4 Sample endurance period (h)
H 1 701
2 1 905
3 6 032
3 4 13 743

e

Ball bearing

N

6206
A=3

SN~

7

Zo 0.2

0.4

Depth Below Surface (mm)

A: Oil film parameter

Z,: Depth position of maximum shearing stress

Fig. 12.7 Progress of Subsurface Fatigue

Sample Endurance period, h

1 0.7
2 7
3 70
4 245

Sample 1]

Cylindrical
roller bearing
NU2206
4 =0.25

T

\\

o

Zo 0.1

0.2

Depth From Surface (mm)

Fig. 12.8 Progress of Surface Fatigue

0.3
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12.4.5 Hi-TF Bearings and Super-TF (3) Material Properties of Hi-TF Bearings and Super-TF Bearings
Bearings PrOBLENS — I\:]SK hfasT FdereIoped H/i\-TF and Supder-LF bearingshas twtheries (l)f bearings thlaft offﬁr Iongeér serv_ircFe tIJife exceeding
: ; ; that o earings. As mentioned, the approach to achieving long service life taken in Super- earings is to
- - M . ; - .
(M g,’,d";FBTZ‘;’J,’,',',?,f,'_,,f””‘” TF Bearings, WE %mm minimize the concentration of stress around the shoulders of surface dents. A high level of retained austenite helps
In its quest for longer bearing service life %: 1 I::I achieve this and maximizes 7/c values. However, austenite itself has a soft microstructure and reduces the hardness
NSK has spent many years analyzing the s | =D of the bearing material. In order to meet the seemingly conflicting needs for greater hardness of the bearing material
mechanisms of fatigue in bearings ining of b 0 catunzaton and a higher level of retained austenite, NSK adopted a technique that both promotes uniform distribution and
researching and developing materials and | . | | [ reduces the diameter of carbide and carbonitride particles in the bearing material. _ .
heat treatment processes, and optimizing — To this end, our researchers developed a new type of steel that has the proper quantity of elements used in the
for operating conditions. The range of SOLUTIONS formation of carbides and developed a proprietary process to impart minute carbides and nitride into the material
approaches to achieving longer service life 1 surfacet. 'HE t:jeair]mgs con(’;am zli ts;gecmc aFmount %a;dzdeddcgogg,nwrtnlet Stl:]pe.r-TF beanpgs contalltn afspegn;lc
i i Ei ﬁm’“'*' o B g e amount of added chrome and molybdenum. Figures 12.12 and 12.13 illustrate the image analysis results of carbide
t1a2k. %n ?gcgl;[)lr(t)agﬁLcchoﬁgzrgtlesdsihnogvlrjlrlrll_lilillgli Qgﬁmfm B e er—— distribution in the structures of Super-TF bearings and ordinary carburized steel bearings. It is clear that Super-TF
bearings and Super-TF bearings is designed [URProcessnc | T Bomes R e bearings have a greater amount of fine-size carbide and carbonitride particles. Fig. 12.14 shows that the formations
to maximize service life under conditions =] ::':||5umm of finer carbide and carbonitride particles give Hi-TF bearings and Super-TF bearings a greater degree of hardness
where bearings are subject to surface- and higher retained austenite levels than those of TF Bearings. As a result, Hi-TF bearings and Super-TF bearings
originated flaking. Fig. 12.9 Approaches to Achieving Longer Service Life in Bearings achieve a higher r/c value. (Fig. 12.15)
(2) TF Technology !
Bearings may be required to operate under clean or l l l l l l ! l l l l l P
dirty conditions; under dirty conditions, their !
lubricating oil is easily contaminated. Metal particles or 2c
casting sand in the lubricating oil make dents in the ‘<—ﬁ Zbﬂ‘
contact surfaces. As shown in Fig. 12.10, stress is \‘/.\ X
concentrated around these dents and eventually leads / / } Defect Shoulder Number Number
to cracking and to surface-originated flaking. The Arbitrary Smooth 400 400
concentration of stress around a dent is expressed by ) ) _ )
the equation [P/Po oc (7’/())70'24], Where uru iS the Profile 00 1 Super-TF Bearing a0 L Ordinary carburized steel
radius at the shoulder of the dent and “2¢” is the
shoulder-to-shoulder width of the dent. The greater the I I I I I T
value of “7/c”, the smaller the stress concentration and Py Stress at Infinity 200 200 |
the longer the service life of the bearing.
X . 40 2b: Range over which contact pressure does not act (mm) 100
NSK is a world leader in the research and development .| 2o Snouderio-shouider widh of surface dent (mm) 100 -
of materials that reduce the concentration of stress Fu: Contact pressure without dent (MPa) m
around surface dents. As shown in Fig. 12.11, our 30 [0 P Contact pressure with dent (MPa) 0 0
WOrk has revealed that a hlgh IeVeI Of retained g r: Radius of curvature of surface dent (mm) | | | | | | | | | | | |
austenite is an extremely effective means of E 02 o4 06 08 10 2 02 o4 06 08 10 12
maximizing the #/c value around surface dents in the e 20 Carbide Size {um) Carbide Size (um)
bearing material. TF technology is a unique heat < Fig. 12.12 Average Diameter of Carbide and Carbonitride Fig. 12.13 Average Diameter of Carbide Particles in an
treatment process developed by NSK to optimize the 10 Particles in a Super-TF Bearing Ordinary Carburized Steel Bearing
level of retained austenite in bearing materials. ’ s
Super-TF ’ Super-TF
0 o ® Hi-TF ® Hi-TF _—
TF TF .
1.0 x/b 3 800 o. ﬁ;. i W su2 Hv-g02
< 2 H
Fig. 12.10 Concentration of Stress around ] = QL - 3 rePy " yA=32%
08 a Surface Dent g S, pe E Hv=772
% 700 = '%7 é VR=33%
L4 2 S 05 Hv=716
g 06 = .. e ° - Range of TF Bearings e 4 '_‘::7:;29%
2 =
3 [ ] ¢ e © 600 - T/_".—_.T\.\r—l
S 04 - = .
.'. LA 10 20 30 40 50 0 10% 104 10° 100
02 | [ ] ° Retained Austenite Level (%) Stress (cycles)
o0 ® Fig. 12.14 Relationship of Material Hardness and Retained Fig. 12.15 Change of /c Value Under Repeated Stress
o | | | Austenite Level
0 10 20 30 40 50 60

Retained Austenite Level (%)

Fig. 12.11 Relationship of »/c Value to Retained Austenite Level
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(4) Service Life Under Contaminated Lubrication
Conditions
Table 12.10 and Fig. 12.17 show the results of service
life tests conducted under contaminated lubrication
conditions with L44649/10 tapered roller bearings. If
the service life of an ordinary carburized steel bearing
of this type is taken as 1, then the Ly, life of TF, Hi-TF,
and Super-TF bearings would be 4.5, 7.1, and 10.2
respectively (Table 12.10). Hi-TF bearings and Super-
TF bearings thus offer over seven to ten times the
service life of ordinary carburized steel bearings.
Service life is generally affected both by the conditions

N

suj2 |

Ordinary
carburized steel
o N

Service Life Ratio
B
I
=]

(6) Service Life Under Boundary Lubrication Conditions

Under boundary lubrication conditions where there is an insufficient EHL film, metal-to-metal contact occurs, thus
reducing bearing life. Fig. 12.19 shows the results of service life tests conducted under conditions where oil film
parameter A, which represents the ratio of the thickness of the oil film to the roughness of the surface, is very small
(A=0.3). At this very small ratio, peeling damage occurs (Fig. 12.20), but in Hi-TF bearings and Super-TF bearings,
the concentration of stress around the projections of the contact area is reduced, giving a service life approximately
4.7 times and 5.5 times greater than that of ordinary carburized steel bearings.

Direction of ball motion

n Whlc.h the bearmg 1S U.sed and by the amo!'mt Of Service Life Under Contaminated Lubrication Catalog Life L Test conditions - ~
contamination in the lubricant. Under contaminated % | Pmax = 4 400 MPa Wighy, | z
lubrication conditions, service life may fall to as little Oilbath, A=03

as 1/5 the catalog life.
Hi-TF bearings and Super-TF bearings can achieve for
the first time service life that exceeds the catalog life of

Fig. 12.16 Comparison of Service Life Under Contaminated
Lubrication

Speed 7800 min™'

50

5
existing products under contaminated lubrication. J \ “;3
) 7’L E 10
Ordinary s /‘ /'
Carburized TF Hi-TF Super-TF _ & 5 TP ™ su2
Steel B T W Ordinary carburized steel
3 PiC= 043 O bath o HiTe
1 45 71 10.2 £ Spe;d 4 000‘ mlan,1 Super-TF 100 Lm
% Debris: Hardness 870HV | . )
Table 12.10 Comparison of Service Life of L44649/10 8 Size 74 to 147 um 100 07 10° 107 Fig. 12.20 Peeling Damage
i Amount 150 ppm Stress (cycles)
Tapered Roller Bearings ‘

- Conditions (x10-*mm?/N +mm)
Su:‘Jer—TF ¢ W suJ2
1 10 10° 10° (7) Wear and Seizure Resistance 5 o i
Service Life (h) Besides extending service life under contaminated g 3@ SuperTh P
) — - lubrication conditions, another goal is to increase the 5 qereim!
Fig. 12.17 Service Life of L44649/10 Bearings Under o . ’ b h 2
(5) Service Life under Clean Lubrication Conditions Contaminated Lubrication bearing’s resistance to wear and seizure by ensuring 2 2
Fig. 12.18 shows the results of service life tests under the dispersion of a large number of fine carbides and 2
clean lubrication conditions using Series 6206 deep | nitrides in the bearing material. Fig. 12.21 presents the E
groove ball bearings. Under clean lubrication, Hi-TF o0 | Test condition ‘ results of a Sawin wear test that shows the degree of E e e
Bearings and Super-TF Bearings show a slightly longer PIC = 0.71 Clean oil bath wear and the seizure limit for different types of bearing \o\% v
service life than those made with SUJ2 steel. The most N = 3900min material. The test reveals that Hi-TF bearings and [7 Semureipt

important factor is the cleanliness of the steel from
which the bearing is made. Material with a greater
degree of purity offers a greater degree of long-life
performance.

I Ordinary carburized steel

T

50

SUJ2 (n=53)

Hi-TF (n=31)

Percent Failed (%)

vl

5
y 5
Super-TF (n=20)

10 10? 10° 104
Service Life (h)

Fig. 12.18 Service Life Tests of 6206 Bearings Under Clean
Lubrication

Fig. 12.19 Service Life Tests Under Boundary Lubrication

Super-TF bearings have superior wear resistance to
both SUJ2 steel and TF bearings. Hi-TF bearings and
Super-TF bearings are also 20 % to 40 % more
resistant to seizure than both SUJ2 steel and TF
bearings.

(8) Heat Resistance

Fig. 12.22 shows the results of service life tests
conducted with Series 6206 ball bearings at 160 C
under clean lubrication conditions. Test results reveal
that Super-TF bearings (heat-resistant specifications)
have approximately 4 times the service life of SUJ2X26
steel bearings.

Percent Failed (%)

90

1

2

Friction Speed (m/sec)

3

4

Fig. 12.21 Comparison of Wear Resistance

® SUJ2X26
Super-TF
(High temperature spec)

Test condition ‘
P/C = 0.71 Clean oil bath
N = 3900min™' |
Test temperature 160°C

/

Service Life (h)

102

Fig. 12.22 Service Life Test of 6206 Under High Temperature
Clean Lubrication

A 260 A 261



TECHNICAL INFORMATION | NSK

IBEARING MATERIALS

12.4.6 Physical Properties of Representative
Polymers Used as Bearing Material

Because of their light weight, easy formability, and
high corrosion resistance, polymers are widely used as
cage materials. Polymers may be used independently,
but they are usually combined with functional fillers to
form a composite material. Composites can be
customized to have specific properties and thus be
used as hearing materials. For example, fillers can be
used to impart attributes such as low friction, low
wear, non-stick slip characteristics, high limit PV
values, non-scrubbing of counterpart material,
mechanical properties, heat resistance, and so on.

Table 12.11 shows characteristics of representative
polymer materials used for bearings.
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Table 12.11 Characteristics of Representative Polymers

: : Specific ™ - Glass Thermal Continuous
Plastics I\/llzclu?isutllﬁs Strength | Density | “Flactic gtagﬁglt% N:g}'rﬂg Transition | Deformation | Operating Remarks
(GPa) (") GPa (") | glem’ >I\</I%)8yrlllljrsn % 10'mm C Te%p Tenﬂlge(rggure Temperature
Polyethylene High creep and
HDPE 0.115 0.03 0.96 12.6 3.3 132 —20 75/50 — toughness,
UHMWPE . . . . . — — softening
0.5 0.025 0.94 53.2 2.7 136 20 75/50 fteni
Polyamide High water
Nylon 6 2.5 0.07 1.13 221.2 6.2 215 50 150/57 8010 120 |absorption and
Nylon 66 3.0 0.08 1.14 263.2 7.0 264 60 180/60 80t0 120 |toughness
Lower than
Nylon 11 1.25 004 | 1.04 120.2 38 180 — 150/55 nyI06r166 '53‘5“’0}“[’)%}3;
or
I-[igth qree;?,
sintering, low
Palytetra fluoroethylene 0.40 0028 | 216 | 185 13 327 115 120/— 260 |friction Jow
adhesion, inert.
Stable at 290 °C
Poly buthylene terephthalate 2.7 006 | 131 | 206.1 46 225 30 230/215 155
;%ﬁcetal {-Iighhhardnelss and
Homo-polymer 32 007 | 142 225.3 49 175 —13 170/120 — ougnness, ‘ow
Co-polymer 2.9 0.06 1.41 205.7 43 165 — 155/110 104 | Waterabsorption
Usable up to
Polyether sulfon 2.46 0.086 | 137 | 1796 6.3 — 225 210/203 180 [200°C. "
Chemically stable
Palysulfon 25 007 | 124 | 2016 56 — 190 1811175 150
Inert, high
Polyallylate 1.3 0.07 1.35 96.3 52 350 — 293 300 hardness, used as
(Aromatic polyester) 3.0 0.075 1.40 214.3 54 350 — 293 260 to 300 fslltletglfor P;I‘};%O c
able up to
Polyphenylene sulfide Hot cured at
PPS (GF 40%) 42 0.14 1.64 256.1 8.5 275 94 >260 220 360 °C
Polyether ether keton 17 0093 | 130 | 1308 7.2 335 144 152 240
10
Poly-meta-phenylene (fiber) 0.7 1.38 7246 50.7 375 >230 280 220 Fire retardant, heat-
isophthalic amide 7.7 0.18 1.33 579 13.5 415 >230 280 220 resistant fiber
(mold) (decomposition)
3 Heat de- 417 No change in inert
(film) 0.17 1.43 203 7.0 composition | decomposition 360/250 300 () gas up to 350 °C
Polypromellitic imide Usable up 0
(Aromatic polyimide) PI 2 )
251032 Heat de- 417 300 °C for bearings.
(mold) 0.1 1.43 203 7.0 composition | decomposition 360/250 260 Sintering, no fusign
(molded products)
Usable up to
L 290 "Cas an
Polyamide imide 47 02 | 141 | 3333 | 142 — 280 260 210 | fdhesive or enamel.
po Yimide for
melt molding
. Improved
Polyether imide _ _ e
(Aromatic polyimide) PI 3.6 0.107 1.27 240.9 215 210/200 170 ﬁ]OeYt”r?wlgI%ifr?gr
Polyamino bis-maleimide — 0.35 1.6 — 21.9 — — 330 (%) 260

(®) Reference value

Notes () GPa=10*kgf/cm®=10° kgf/mm’
(2) If there is a slash mark /" in the thermal

deformation temperature column, the left value applies to 451 kPa, while all other values apply to 1.82 MPa.
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12.4.7 Characteristics of Nylon Cage Material

Recently, plastic cages are increasingly used in place
of metal cages in bearings. Advantages of using plastic
cages include:
(1) Light weight and favorable for use with high-
speed rotation
(2) Self-lubricating functionality and low wear.
Abrasion powders are usually not produced
when plastic cages are used, so a highly clean
internal state can be maintained.
(3) Low noise appropriate for silent environments
(4) Highly corrosion resistant, no rusting
(5) Highly shock resistant, proving durable under
high moment loading
(6) Easy molding of complicated shapes ensures
high freedom of cage shape selection. Thus,
better cage performance can be obtained.
Disadvantages when compared with metal cages
include low heat resistance and a limited operating
temperature range (normally 120 °C). Care is also
necessary for use because plastic cages are sensitive
to certain chemicals. Polyamide resin is a
representative plastic cage material. Among polyamide
resins, nylon-66 is often used because of its high heat
resistance and mechanical properties.
Polyamide resin contains the amide coupling (-NHCO-)
with hydrogen bonding capability in its molecular
chain and is characterized by its regulation of
mechanical properties and water absorption according
to concentration and hydrogen bonding state. High
water absorption (Fig. 12.23) of nylon 66 is generally
regarded as a shortcoming because it causes
dimensional distortion and deterioration of rigidity. On
the other hand, water absorption helps enhance
flexibility and prevents cage damage during bearing
assembly when a cage is required to have a substantial
holding interference for the rolling elements. This also
improves toughness which is effective for shock
absorption during operation. As such, this so-called
shortcoming may be considered as an advantage
under certain conditions.
Nylon can be improved substantially in strength and
heat resistance by adding a small amount of fiber.
Therefore, materials reinforced by glass fiber may be
used depending on the cage type and application. To
maintain deformation of the cage during bearing
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assembly, a relatively small amount of glass fiber is
commonly used to reinforce the cage. (Table 12.12)
Nylon-66 demonstrates vastly superior performance
under light operating conditions and has wide
application possibilities as a mainstream plastic cage
material. However, it often develops sudden
deterioration under severe conditions (in high-
temperature oil, etc.). Therefore, carefully monitor this
material during practical operation.

As an example, Table 12.13 shows the time necessary
for the endurance performance of various nylon-66
materials to drop to 50% of the initial value under
several different cases. Material deterioration in oil
varies depending on the kind of oil. Deterioration is
excessive if the oil contains an extreme-pressure
agent. Sulfurous extreme-pressure agents accelerate
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Fig. 12.23 Equilibrium Moisture Content and
Relative Humidity of Various Nylons

deterioration more than phosphorous extreme-
pressure agents and such deterioration occurs more
rapidly with rising temperatures.

On the other hand, material deteriorates less in grease
or air than in oil. In addition, materials reinforced with
glass fiber can suppress deterioration by the
reinforcement effect of glass fibers, thereby helping to
extend the durability period.

Table 12.12 Example Applications With Fiber Reinforced Nylon Cages

Bearing Type Main Applications Cage Material
> Miniature ball bearings VCR, IC cooling fans
5 Deep groove ball bearings ?(I;ts(rjri]t?;(r)]gsr,sfan motors for air Nylon Gfi
@ (Glass fiber content: 0 to 10%)
& Angular contact ball bearings Magnetic clutches, automotive
wheels
2 Needle roller bearings Automotive transmissions
E Tapered roller bearings Automotive wheels Nylon 66
& ET-type cylindrical roller bearings General (Glass fiber content: 10 to 25%)
= . )
o= H-type spherical roller bearings General

Table 12.13 Environmental Resistance of Nylon-66 Resin

) Temper- | Glass Time Until Physical Property Value Drops to 50% (h)
Environment 5y e “C | content 500 1000 1500 2000 Remarks
120 g — ‘ ‘ ‘ ‘ Contains an
. extreme
Gear oil 0 | pressure
140 S —— additive
100 A Contains an
extreme
) 120 A pressure
Synthetic 0 f— additive
lubricating 130 A ————
ol C
0 |je—
150 B e—
. D
0l
80 8 Contains an
extreme
Hydraulic 120 0 |— pressure
oil D additive
0 pm
150 D
0
120 D
ATF oil 0 [ |e—
140 A
D
Engineoil 120 |
0
80 D
0
Grease 120 D
A
130 D
0
160 A
Air C
180 g ——

Remarks: Glass content: AXB<C<D
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12.4.8 Heat-Resistant Resin Materials for Cages

Currently, polyamide resin shows superior
performance under medium-intensity operating
environmental conditions. This feature plus its relative
inexpensiveness has led to its use in increasing
quantities. However, contact with acids or oils
containing an extreme pressure agent or continuous
use at or above 120 °C deteriorates and ages the
material over time.

Super-engineering plastics should be used for the cage
materials of bearings running in severe environments,
such as temperatures over 150 °C or with corrosive
chemicals present. Though super-engineering plastics
have good material heat resistance, chemical
resistance, rigidity at high temperature, and
mechanical strength, they have problems with
characteristics required of cage materials, such as
toughness during molding or bearing assembly, weld
strength, and fatigue resistance. Furthermore, the
costs of these materials are high. Table 12.14 shows
the properties of typical super-engineering plastics that
can be injection molded into cage shapes.

Among the materials in Table 12.14, though branch-
type polyphenylene sulfide (PPS) is often used, the
cage design is restricted since forced-removal from the
die is difficult due to poor toughness and brittleness.
Moreover, PPS is not ideal as a cage material since the
claw, stay, ring, or flange of the cage can be easily
broken on the bearing assembly line. On the other
hand, the heat-resistant plastic cage developed by
NSK, is made of linear-chain high molecules which
have been polymerized from molecular chains. These
molecular chains do not contain branches or
crosslinking, so they have high toughness compared
to the former material (branch PPS). Linear PPS is not
only superior in heat resistance, oil resistance, and
chemical resistance, but also has good mechanical
characteristics such as the potential for snap fitting (an
important characteristic for cages), and high-
temperature rigidity.
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NSK has reduced the disadvantages associated with
linear PPS, chiefly difficulty of removal from the die
and slow crystallization speed, thereby establishing it
as a material suitable for cages. Thus, linear PPS
satisfies the required capabilities for a heat-resistant
cage material that considers cost and performance.

Table 12.14 Properties of Typical Super-Engineering Plastic Materials for Cages

’ ’ ’ Branch Linear
s Polyet(r;)eIgSS)ulfone Polye(t}r)]}ezrl)lmlde Polya?;)lg%lmlde Polyet?;gg?{e)rketon Polyphenylene Polyphenylene
Sulfide (PPS) Sulfide (L-PPS)
Resin Amorphous resin Amorphous resin Amorphous resin Crystalline resin Crystalline resin Crystalline resin
Continuous Temp. 180 °C 170°C 210°C 240°C 220°C 220°C
Physical Properties ®Poor toughness (Care ®Poor toughness e\/ery brittle (No oExcellent eExcellent eExcellent
necessary regarding forced-removal toughness, wear, mechanical mechanical
cage shape) sLow welld strength molding) and_ fatigue properties properties
oL ow weld strength .Ir_eosvivsgaa;lg:e eSpecial heat resistance oSlightly low eGood toughness
eSmall fatigue Lr::tment before eSmall weld strength toughness oGood dimensional
resistance stability (No water
eHigh rigidity, after absorption)
heat treatment
Environmental e\Water absorption eGood aging eGood environmental | ®Good environmental | ®Good environmental | ®Good environmental
Properties (Poor dimensional resistance resistance resistance resistance resistance (not
stability) affected by most
eGood aging .Eg%&?ggefessistance ngerﬂigf;fé ?noﬁf"l;t
resistance g

®Poor stress

temperature oil with
extreme pressure

cracking resistance additives).
Material Cost
(Superiority) 8 2 5 4 1 1
Cage Application el\lany performance el\lany performance eGood performance oExcellent ®Problems with ®Reasonable cost for

problems problems eHigh material and performance toughness performance

eHigh material price ®High material cost molding cost (For eHigh material cost eCost is high e(lFor”ggtr}gﬁ‘sl)
special applications) (For special compared to pp
applications) performance
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13. DESIGN OF SHAFTS AND HOUSINGS

13.1 Accuracy and Surface Finish of Shafts
and Housings

If the accuracy of a shaft or housing does not meet
the specification, the performance of the bearings
will be affected and they will not perform to their full
capability. For example, inaccuracy in the squareness
of the shaft shoulder may cause misalignment of
the bearing inner and outer rings, which may reduce
the bearing fatigue life by adding an edge load in
addition to the normal load. Cage fracture and seizure
sometimes occur for this reason. Housings should
be rigid in order to provide firm bearing support
and are also advantageous in regards to noise, load
distribution, etc.

For normal operating conditions, a turned finish or
smooth bored finish is sufficient for the fitting surface;
however, a ground finish is necessary for applications
where vibration and noise must be low or where heavy
loads are applied.

In cases where two or more bearings are mounted
in a single-piece housing, the fitting surfaces of the
housing bore should be designed so both bearing
seats may be finished together in one operation, such
as inline boring. In the case of split housings, take care
in the fabrication of the housing so that the outer ring
does not become deformed during installation. The
tolerance and surface finish of shafts and housings for
normal operating conditions are listed in Table 13.1.

Table 13. 1 Tolerance and Roughness of Shaft and
Housing

Class of Shaft

Item Bearings

Housing Bore

Normal, Class 6 % to % % to %
Tolerance for
Out-of-Roundness

Class 5, Class 4 % to % % to %

1T3 IT4 | IT4 1T5
S Ty | T ey

Normal, Class 6

Tolerance for
Cylindricality
Class 5, Class 4 12 to I3 | IT2 to 1
2 2 2 2

Tolerance for Normal, Class 6 1T3 1T3to IT4
Shoulder Runout  Class 5, Class 4 IT3 1T3
Roughness of Small Bearings 0.8 16
Fitting Surfaces ) o

Ra Large Bearings 1.6 32

Remarks This table gives general recommendation using the

radius measuring method. The basic tolerance (I'T)
class should be selected in accordance with the
bearing tolerance class. Please refer to the Appendix
Table 11 (Page E016) for IT values.
If the outer ring is mounted in the housing bore
with interference or a thin cross-section bearing is
mounted on a shaft and housing, the tolerance of
the shaft and housing should be tighter since this
affects the bearing raceway directly.
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13.2 Shoulder and Fillet Dimensions

The shoulders of the shaft or housing in contact with
the face of a bearing must be perpendicular to the
shaft center line (refer to Table 13.1). The front face
side shoulder bore of the housing for a tapered roller
bearing should be parallel with the bearing axis in
order to avoid interference with the cage.

The fillets of the shaft and housing should not come in
contact with the bearing chamfer; therefore, the fillet
radius 7, must be smaller than the minimum bearing
chamfer dimension 7 or 7; .

Housing

7(min.) or 73(min.) 7(min.) or 7y(min.)

Bearing

7(min.) 7(min.)
or 7y(min.) or 7y(min.)

Fig. 13.1 Chamfer Dimensions, Fillet Radius of
Shaft and Housing, and Shoulder Height

The shoulder heights for both shafts and housings for
radial bearings should be sufficient to provide good
support over the face of the bearings, but enough
face should extend beyond the shoulder to permit
use of special dismounting tools. The recommended
minimum shoulder heights for Metric Series radial
bearings are listed in Table 13.2

Nominal dimensions associated with bearing
mounting, including the proper shoulder diameters,
are listed in the bearing tables. Sufficient shoulder
height is particularly important for supporting the side
ribs of tapered roller bearings and for cylindrical roller
bearings subjected to high axial loads.

The values of z and 7, in Table 13.2 should be adopted
in those cases where the fillet radius of the shaft or
housing is as shown in Fig. 13.2 (a), while the values
in Table 13.3 are generally used with an undercut fillet
radius produced when grinding the shaft as shown in
Fig. 13.2 (b).

Table 13. 2 Recommended Minimum Shoulder Heights for
Use With Metric Series Radial Bearings

Units : mm
) Shaft or Housin
Nominal g
Chamfer ) Minimun Shoulder Heights
Dimensions E”g? J (min.)
adius Deep Groove Ball
Bearings ('), Angular Contact
Self-Aligning Ball Ball Bearings,
: Bearings, Tapered Roller
(i Cylindrical Roller Bearings (?),
or 7a(Max) | Bearings (1), Spherical Roller
71 (min.) Solid Needle Roller | Bearings
Bearings
0.05 0.05 0.2
0.08 0.08 0.3 —
0.1 0.1 0.4 —
0.15 0.15 0.6
0.2 0.2 0.8 —
0.3 0.3 1 1.25
0.6 0.6 2 25
1 1 25 3
1.1 1 3.25 3.5
1.5 1.5 4 4.5
2 2 4.5 5
2.1 2 5.5 6
2.5 2 — 6
8 2.5 6.5 7
4 3 8 9
5 4 10 11
6 5 13 14
7.5 6 16 18
gl 8 20 22
12 10 24 27
15 12 29 32
19 15 38 42

Note (') When axial loads are applied, the shoulder height
must be sufficiently higher than these values.
(>) When heavy axial loads are applied, the shoulder
height must be sufficiently higher than these values.
Remarks 1. The corner fillet radius is also applicable to
thrust bearings.
2. The shoulder diameter is listed instead of
shoulder height in the bearing tables.

Fig. 13. 2 Chamfer Dimensions, Fillet Radius, and
Shoulder Height

Table 13. 3 Shaft Undercut

Units : mm

Chamfer Dimensions Undercut Dimensions

of Inner and

Outer Rings

7 (min.) or 71 (min.) t e b

1 02 13 2
1.1 03 15 24
15 0.4 2 32
2 05 25 4
2.1 05 25 4
246 0.5 2.5 4
3 0.5 3 4.7
4 0.5 4 59
5 06 5 7.4
6 06 6 8.6
75 0.6 7 10
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For thrust bearings, the squareness and contact area
of the supporting face for the bearing rings must
be adequate. In the case of thrust ball bearings, the
housing shoulder diameter D, should be less than
the pitch circle diameter of the balls, and the shaft
shoulder diameter d, should be greater than the pitch
circle diameter of the balls (Fig. 13.3).

For thrust roller bearings, the full contact length
between rollers and rings should be supported by the
shaft and housing shoulder (Fig. 13.4).

Thbeise diameters, d, and D,, are listed in the bearing
tables.

Q"¥,
¢Da
Fig. 13.3 Face-Supporting Diameters
for Thrust Ball Bearings

Fig. 13.4 Face-Supporting Diameters
for Thrust Roller Bearings

13.3 Bearing Seals

To insure the longest possible life of a bearing, seals
may be necessary to prevent leakage of lubricant or
entry of dust, water, or other harmful material such
as metallic particles. The seals must be free from
excessive running friction and chance of seizure. They
should also be easy to assemble and disassemble. Be
sure to select a suitable seal for individual applications
that considers the lubricating method.

13.3.1 Non-Contact Seals

Various sealing devices that do not contact the
shaft are available, such as oil grooves, flingers,
and labyrinths. Satisfactory sealing can usually be
obtained with such seals because of their close
running clearance. Centrifugal force may also assist
in preventing internal contamination and leakage of the
lubricant.

(1) 0il Groove Seals

QOil groove seals function by the use of a small gap
between the shaft and housing cover in combination
with multiple grooves in the housing cover and/or
shaft surface (Fig. 13.5 (a), (b)). Since the use of oil
grooves alone is not completely effective except at low
speeds, a flinger or labyrinth seal is often combined
with an oil groove seal (Fig. 13.5 (c)). The entry of
dust can be impeded by packing a grease with a
consistency of about 200 (NLGI Grade 4) into the
grooves of the shaft and/or housing.

The smaller the gap between the shaft and housing,
the greater the sealing effect; however, the shaft and
housing must not come in contact while running. The
recommended gaps are given in Table 13.4.

The recommended groove width is approximately 3 to
5 mm, with a depth of about 4 to 5 mm. When sealing
using grooves only, there should be three or more
grooves.

Fig. 13.5 Example Oil Grooves
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(2) Flinger (Slinger) Seals

A flinger is designed to force water and dust away
by centrifugal force acting on any contaminants on
the shaft. Sealing mechanisms with flingers inside
the housing, as shown in Fig. 13.6 (a) and (b), are
mainly intended to prevent oil leakage and are used
in environments with relatively little dust. Dust and
moisture cannot enter due to the centrifugal force of
flingers as shown in Fig. 13.6 (c) and (d).

Table 13. 4 Gaps Between Shafts and
Housings for
0il-Groove Type Seals

Units : mm

Nominal Shaft Diameter Radial Gap

Under 50 0.251t0 0.4

50-200 05 to1.5

(3) Labyrinth Seals

Labyrinth seals are formed by interdigitated segments
attached to the shaft and housing that are separated
by a very small gap. They are particularly suitable for
preventing oil leakage from the shaft at high speeds.
The type shown in Fig. 13.7 (a) is widely used because
of its ease of assembly, but those shown in Fig. 13.7
(b) and (c) have better seal effectiveness.

Normal radial and axial labyrinth seal gaps are shown
in Table 13.5.

Table 13. 5 Labyrinth Seal Gaps

Units : mm
Labyrinth Gaps
Nominal Shaft Diameter
Radial Gap Axiall Gap
Under 50 0.25t00.4 Tt02
50-200 0.5 to1.5 2105

Fig. 13.6 Example Flinger Configurations

(a) Axial Labyrinth (b) Radial Labyrinth

(c)  Labyrinth for Self-Aligning Shaft

Fig. 13.7 Example Labyrinth Designs
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13.3.2 Contact Seals

Contact seals function by physical contact between the
shaft and seal, which may be made of synthetic rubber,
synthetic resin, felt, etc. Qil seals with synthetic rubber
lips are most frequently used.

(1) 0il Seals

Many types of oil seals are used to prevent lubricant
from leaking while also preventing dust, water, and
other foreign matter from entry (Figs. 13.8 and 13.9)

In Japan, such oil seals are standardized (refer to JIS
B 2402) by size and type. Since many oil seals are
equipped with circumferential springs to maintain
adequate contact force, oil seals can follow the non-
uniform rotational movement of a shaft to some
degree.

Synthetic rubber seal lip materials are often used,
including nitrile, acrylate, silicone, fluorine, and
tetrafluoride ethylene. The maximum allowable
operating temperature for each material increases in
this same order.

Synthetic rubber oil seals may cause troubles such as
overheating, wear, and seizure unless there is an oil
film between the seal lip and shaft. Therefore, some
lubricant should be applied to the seal lip when the
seals are installed. Furthermore, the lubricant inside
the housing should spread slightly between the sliding

Fig. 13.8 Example of Application
of Oil Seal (1)

Fig. 13.9 Example of Application
of Oil Seal (2)
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surfaces. However, please be aware that ester-based
grease will cause acrylic rubber material to swell while
low aniline point mineral oil, silicone-based grease,
and silicon-based oil will cause silicone-based material
to swell. Moreover, urea-based grease will cause
fluorine-based material to deteriorate.

The permissible circumferential speed for oil seals
varies depending on type, finish of the shaft surface,
liquid to be sealed, temperature, shaft eccentricity,
etc. The temperature range for oil seals is restricted by
the lip material. Approximate circumferential surface
speeds and permitted temperatures under favorable
conditions are listed in Table 13.6.

When oil seals are used at high circumferential surface
speed or under high internal pressure, the contact
surface of the shaft must be smoothly finished, and
shaft eccentricity should be under 0.02 to 0.05 mm.
The hardness of the shaft's contact surface should be
over HRC40 by heat treatment or hard-chrome plating
in order to gain abrasion resistance. If possible, a
hardness over HRC 55 is recommended.

The approximate level of contact surface finish
required for several shaft circumferential surface
speeds is given in Table 13.7.

Table 13. 6 Permissible Circumferential Surface Speeds
and Temperature Ranges for il Seals

Permissible Operating

Seal Materials Circumferential Temperature

Speeds(m/sec) | Range(°C) ()

Nitrile Rubber Under 16 —25t0 +100

Synthetic Acrylic Rubber Under 25 —15t0 +130

Rubber Silicone Rubber Under 32 —70to +200
Fluorine-

O e o Under 32 —30to +200

Tetrafluoride Ethylene Resin Under 15 —50to +220

Note (') The upper limit of the temperature range may be
raised about 20 °C for operation at short intervais.

Table 13. 7 Shaft Circumferential
Surface Speeds and Finish

of Contact Surfaces
Circumferential Surface  Surface Finish
Speeds(m/s) Ra (um)
Under 5 0.8
5to 10 04
Over 10 0.2

(2) Felt Seals

Felt seals are one of the simplest and most common
seals used in transmission shafts and other
applications.

However, since oil permeation and leakage are
unavoidable if oil is used, this type of seal is used

only for grease lubrication, primarily to prevent dust
and other foreign matter from entry. Felt seals are not
suitable for circumferential surface speeds exceeding
4m/sec; therefore, they should be replaced with
synthetic rubber seals if the application allows.
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