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We are pleased to offer you this newly issued Koyo large size rolling
bearing catalogue.

The conventional large size rolling bearing catalogue has been thor-
oughly revised. This catalogue includes information such as the latest
bearing types, bearing numbers, and technical data.

We are confident that this catalogue will help every people engaged in
design and maintenance of machinery.

This catalogue also shows bearings intended for special purposes. If
you have any inquiry for selection of bearings, please contact JTEKT.
We are grateful for your patronage and look forward to continuing to
serve you in the future.

% The contents of this catalog are subject to change without prior
notice. Every possible effort has been made to ensure that the data
herein is correct; however, JTEKT cannot assume responsibility for
any errors or omissions.

\ Reproduction of this catalog without written consent is strictly prohibited

This publication was made using recycled paper for the protection of forests.
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1. Selection of bearing dimensions

1-1 Bearing service life

When bearings rotate under load, material
flakes from the surfaces of inner and outer rings
or rolling elements by fatigue arising from
repeated contact stress.

This phenomenon is called flaking.

The total number of bearing rotations until
flaking occurs is regarded as the bearing
"(fatigue) service life".

"(Fatigue) service life" differs greatly depend-
ing upon bearing structures, dimensions, mate-
rials, and processing methods.

Since this phenomenon results from fatigue
distribution in bearing materials themselves, dif-
ferences in bearing service life should be statis-
tically considered.

When a group of identical bearings are
rotated under the same conditions, the total
number of revolutions until 90 % of the bearings
are left without flaking (i.e. a service life of 90 %
reliability) is defined as the basic rating life. In
operation at a constant speed, the basic rating
life can be expressed in terms of time.

In actual operation, a bearing fails not only
because of fatigue, but other factors as well,
such as wear, seizure, creep, fretting, brinel-
ling, cracking etc.

These bearing failures can be minimized by
selecting the proper mounting method and lubri-
cant, as well as the bearing most suitable for
the application.

1-2 Calculation of service life

1-2-1 Basic dynamic load rating

The basic dynamic load rating (C) is either
pure radial (for radial bearings) or central axial
load (for thrust bearings) of constant magnitude
in a constant direction, under which the basic
rating life of 1 million revolutions can be
obtained, when the inner ring rotates while the
outer ring is stationary, or vice versa. The basic
dynamic load rating, which represents the
capacity of a bearing under rolling fatigue, is
specified as the basic dynamic radial load rating
(C;) for radial bearings, and basic dynamic axial
load rating (Ca) for thrust bearings. These load
ratings are listed in the specification table.

These values are prescribed by ISO 281/
1990, and are subject to change by conform-
ance to the latest ISO standards.

1-2-2 Basic rating life

The basic rating life in relation to the basic
dynamic load rating and dynamic equivalent
load can be expressed using equation (1-1).

Itis convenient to express the basic rating life
in terms of time, using equation (1-2), when a
bearing is used for operation at a constant
speed.

Total _(C >1’
(PN Y A L — (1-1)
- ¢ cy
(Time) Lion= son \p) (1-2)
where :

Lio : basic rating life 10° revolutions
Lion : basic rating life h
P : dynamic equivalent load N
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (refer to page 8)
C : basic dynamic load rating N

n : rotational speed
p : for ball bearings -
for roller bearings

Koyo

Accordingly, where the dynamic equivalent [Reference]

load is P, and rotational speed is 1, equation The equations using a service life coefficient
(1-3) can be used to calculate the basic (/1) and rotational speed coefficient ( f;,) respec-

dynamic load rating C; the bearing size most tively, based on equation (1-2), are as follows :
suitable for a specified purpose can then be

selected, referring to the bearing specification

table. Lion = 500 fhp .................................... (1-4)
Coefficient of service life :
1
C=P<L10h><?i0}g> P e (1-3) C
fo=fnp

Coefficient of rotational speed :

_< 10° >1/p
In=\"500 x 601

For reference, the values of f, fh, and Lion
can be easily obtained by employing the nomo-
graph attached to this catalog, as an abbrevi-
ated method.

[Ball bearing]

, o s 10 09 08 07 06 05 04 035 03 025 02019048 017 046 015
Rotational (IR AU U A SR A KU U I IS TN IR B
speed | ! [T [T ! [ M ! [ T
p no10 20 30 40 50 70 100 200 300 500 1000 2000 3000 5000 10000
. fn 06 07 08 09 10 15 20 25 30 35 40 50 60
Basic P PR SR Y L AN A AU AP VRNV AP A I ANRRRATEN R AUl I AR B
o R L e B MRS Leass sy Lt anas i it ma e
rating life !
9 Lion 100 200 300 400 500 700 1000 2000 3000 5000 10000 20000 30000 50000 100 000
[Roller bearing]
. o4 13 12 11 10 os os 07 06 055 05 045 04 0.35 03 025 02 019 018
Rotational Lol ] ol N T S . | |
REmaseassiu T B AR L L e RARM Ry L L l
speed noo10 20 4 50 70 100 200 300 500 1000 2000 3000 5000 10000
. 062 07 08 09 10 11 12 13 14 1516 17181920 25 3.0 35 40 45 49
Basic
rating life Lion 100 200 300 400 500 700 1000 2000 3000 5000 10000 20000 30000 50000 100 000

[Reference] Rotational speed (n) and its coefficients ( f,), and
service life coefficient ( fi) and basic rating life (Zion)




1. Selection of bearing dimensions

1-2-3  Correction of basic dynamic load
rating for high temperature use and
dimension stabilizing treatment

In high temperature operation, bearing mate-
rial hardness deteriorates, as material composi-
tions are altered. As a result, the basic dynamic
load rating is diminished. Once altered, material
composition is not recovered, even if operating
temperatures return to normal.

Therefore, for bearings used in high tempera-
ture operation, the basic dynamic load rating
should be corrected by multiplying the basic
dynamic load rating values specified in the
bearing specification table by the temperature
coefficient values in Table 1-1.

Table 1-1 Temperature coefficient values

Bearing

temperature, °C 125 | 150 | 175 | 200 | 250
Temperature

coefficient 1 1 0.95 | 0.90 | 0.75

Since normal heat treatment is not effective in
maintaining the original bearing size in exten-
ded operation at 120 °C or higher, dimension
stabilizing treatment is necessary. Dimension
stabilizing treatment codes and their effective
temperature ranges are described in Table 1-2.

Since dimension stabilizing treatment dimin-
ishes material hardness, the basic dynamic load
rating may be reduced for some types of bear-
ings.

Table 1-2 Dimension stabilizing treatment

Dimension stabilizing | Effective temperature
treatment code range
S0 Over 100 °C, up to 150 °C
S1 150 °C 200 °C
S2 200°C 250 °C
6

1-2-4 Corrected rating life

The basic rating life (L10), expressed using
equation (1-1), is (fatigue) life, whose estimate
of reliability is 90 %. A certain application
requires a service life whose reliability is more
than 90 %.

Special materials help extend bearing life,
and lubrication and other operating conditions
may also affect bearing service life.

The corrected rating life can be obtained from
the basic rating life using equation (1-7).

Lpa = Q1 A2A3L1Q wwverereereremnrisnniinnn. (1-7)

where :

Lna : corrected rating life 10 revolutions
estimated reliability (100-n) % : the
probability of failure occurrence is
expressed by n, taking bearing
characteristics and operating condi-
tions into consideration.

Lio : basic rating life 10° revolutions

(estimated reliability 90 %)
ay : reliability coefficient
--------------- refer to section (1)
a2 : bearing characteristic coefficient
--------------- refer to section (2)
a3 : operating condition coefficient
------------- refer to section (3)

[Remark]

When bearing dimensions are to be selected
given Ly, greater than 90 % in reliability, the
strength of shaft and housing must be consid-
ered.

(1) Reliability coefficient «

Table 1-3 describes reliability coefficient, a1,
which is necessary to obtain the corrected
rating life of reliability greater than 90 %.

Table 1-3 Reliability coefficient «

Reliability, % Lna ai
90 L 10a 1
95 Lsa 0.62
9% Lsa 0.53
97 L3a 0.44
98 L2 0.33
99 Lia 0.21

(2) Bearing characteristic coefficient a2

The bearing characteristic in relation to
bearing life may differ according to bearing
materials (steel types and their quality), and
may be altered by production process, design,
etc. In such cases, the bearing life calculation
can be corrected using the bearing characteris-
tic coefficient az.

JTEKT has employed vacuum-degassed
bearing steel as JTEKT standard bearing mate-
rial. It has a significant effect on bearing life
extension which was verified through studies at
JTEKT research & development centers.

The basic dynamic load rating of bearings
made of vacuum-degassed bearing steel is
specified in the bearing specification table,
taking the bearing characteristic coefficient as
a=1.

For bearings made of special materials to
extend fatigue life, the bearing characteristic
coefficient is treated as a2 > 1.

(3) Operating condition coefficient a3

When bearings are used under operating
conditions which directly affect their service life,
including improper lubrication, the service life
calculation can be corrected by using a3.

Under normal lubrication, the calculation can
be performed with a3 = 1; and, under favorable
lubrication, with a3 > 1.

In the following cases, the operating condition
coefficient is treated as a3 < 1 :

® Operation using lubricant of low kinematic
viscosity

{Ball bearing - 13 mm%/s or less

Roller bearing ------ 20 mm?s or less
® Operation at very slow rotational speed
Product of rolling element pitch diameter
{and rotational speed is 10 000 or less. }
® Contamination of lubricant is expected
® Greater misalignment of inner and outer rings
is present

[Note] When bearing hardness is diminished by
heat, the basic dynamic load rating calcula-
tion must be corrected (ref. Table 1-1).

[Remark]

When a2 > 1 in employing a special material, if
lubrication is not proper, a2 x a3 is not always > 1.
In such cases, if a3 < 1, bearing characteristic
coefficient is normally treated as a> = 1.

As the above explanation shows, since a2 and a3
are inter-dependent, some calculations treat them as
one coefficient, a3 .

Koyo

1-3 Calculation of loads

Loads affecting bearings includes force
exerted by the weight of the object the bearings
support, transmission force of devices such as
gears and belts, loads generated in equipment
during operation etc.

Seldom can these kinds of load be deter-
mined by simple calculation, because the load
is not always constant.

In many cases, the load fluctuates, and it is
difficult to determine the frequency and magni-
tude of the fluctuation.

Therefore, loads are normally obtained by
multiplying theoretical values with various
coefficients obtained empirically.

1-3-1 Load coefficient

Even if radial and axial loads are obtained
through general dynamic calculation, the actual
load becomes greater than the calculated value
due to vibration and impact during operation.

In many cases, the load is obtained by multi-
plying theoretical values by the load coefficient
as shown below.

where :
F : actual load
F¢ : calculated load
fw : load coefficient (refer to Table 1-4)

ZZ

Table 1-4 Load coefficient fy

Application fu

Operating condition example

Motors
Operation with little | Machine tools 10-12
vibration or impact Measuring ’ '
instrument

Railway rolling
stock
Automobiles
Paper

Normal operation manufacturing 12-20
(slight impact) equipment ’ '
Air blowers
Compressors
Agricultural
equipment

Rolling mills
Operation with Crushers
severe vibration or | Construction 20-3.0
impact equipment
Shaker screens




1. Selection of bearing dimensions

1-4 Dynamic equivalent load

Bearings are used under various operating
conditions; however, in most cases, bearings
receive radial and axial load combined, while
the load magnitude fluctuates during operation.

Therefore, it is impossible to directly compare
the actual load and basic dynamic load rating.

The two are compared by replacing the loads
applied to the shaft center with one of a con-
stant magnitude and in a specific direction, that
yields the same bearing service life as under
actual load and rotational speed.

This theoretical load is referred to as the
dynamic equivalent load (P).

1-4-1 Calculation of dynamic equivalent load

Dynamic equivalent loads for radial bearings
and thrust bearings (« # 90°) which receive a
combined load of a constant magnitude in a
specific direction can be calculated using the
following equation.

P = XFy+ YFy oo (1-9)

where :
P : dynamic equivalent load N
for radial bearings,
Py : dynamic equivalent radial load
for thrust bearings,
P, : dynamic equivalent axial load
F; : radial load N
F, : axial load N
X :radial load factor
Y : axial load factor
values of X and Y are listed in the
bearing specification table. J

B When F, /F; = e for single-row radial bear-
ings, it is taken that X =1, and Y =0.
Hence, the dynamic equivalent load rating is
Py = Fr.

Values of ¢, which designates the limit of
F. /Fy, are listed in the bearing specifica-
tion table.

M For single-row angular contact ball bearings
and tapered roller bearings, axial component
forces (Fac) are generated as shown in
Fig. 1-1, therefore a pair of bearings is
arranged face-to-face or back-to-back.

The axial component force can be calcu-
lated using the following equation.

Fr
2Y

Fac = Bm o (1-10)

Table 1-5 describes the calculation of the
dynamic equivalent load when radial loads
and external axial loads (K.) are applied to
bearings.

FZIC
l/ F, Load

g center

Load center position is listed in
the bearing specification table.

Fig. 1-1 Axial component force
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H For thrust ball bearings with contact angle
a =90°, to which an axial load is applied,
Py = Fa.

 The dynamic equivalent load of spherical
thrust roller bearing can be calculated using
the following equation.

Pa=Fat+1.2F; o (1-11)
where : F;/F, = 0.55

Table 1-5 Dynamic equivalent load calculation : when a pair of single-row angular contact ball

bearings or tapered roller bearings is arranged face-to-face or back-to-back.

Paired mounting

Loading condition Bearing Axial load Dynamic equivalent load
Back-to-back arrangement | Face-to-face arrangement
Fip
A B B A Pa=XFa+Y {# +K }
Bearing A 5{,‘3 +K, A AT IA [ DYR a
- B
’_m Fip YK Fia Pa = Fia, Wwhere Pa < Fia
. a=3?y  rFr-----]-"—--"-"—-"-—"-—-"|-"—-"—-—"—"-—"—" - - - - — - — — — — — — — — — -
i K. i f K. 2Ys 2Ya
‘ ‘ Bearing B - Pg=F
P AR
l Fra B B Fra
A B B A
Bearing A - Pa = Fia
Fip Fia
;@: K< ——= |l - - - — | - _ _ |-
i K, \ : K, : 2Ys T las 2Ya Fia
‘ r ‘ Py = XF, +Y[—r—KJ
J Fip 1 FrBl l Bearing B Fra _ Ka B BT B Dy, TR
Fra Fra 2Ya
PB = FrB, where PB < FrB
A B B A
[ Bearing A - Pa=Fa
Fis < Fia
] = e P N e e R Pt E
| a | I,
T T -~ P =XFB+ Y] [—+K.}
l Fug l FrBl 1 Bearing B 5{,‘2 +K, B BTIB 2y, T
Fia Fia Pg = F;, where Pg < Fip
A B B A Fig
Pa=XFipa+Y, {— -K
Bearing A g’,‘; -Ka A AT LA Dy a
FrB FrA K. PA=F,»A, wherePA<FrA
PN 7N N Hie Bl e
: Kq L K, : B
l r FrBl FrBl l i Bearing B - Pg=FB

[Remarks] 1. These equations can be used when internal clearance and preload during operation are zero.

2. Radial load is treated as positive in the calculation, if it is applied in a direction opposite that shown in Fig. in Table

1-5.

9




1. Selection of bearing dimensions

1-4-2 Mean dynamic equivalent load

When load magnitude or direction varies, it is
necessary to calculate the mean dynamic
equivalent load, which provides the same length

of bearing service life as that under the actual
load fluctuation.

The mean dynamic equivalent load (Pm)
under different load fluctuations is described
using Graphs (1) to (4).

(1) Staged fluctuation

(2) Stageless fluctuation

_____ P _
4Py
Nl Znt; ‘
i P o P Pin +2 P,
Py = Plniti+ Py noto+ -+ P mnln (1-12) Py = ~min max_ ... (1-13)
nity + naty + -oee + Nply 3

(3) Fluctuation forming sine curve

(4) Fluctuation forming sine curve
(upper half of sine curve)

P

P

Prnax Prnax
{ [ e
N A T T
0 0
Xnt; Znit;
Pin = 0.68 Prygy (1-14) Prm=0.75 Prygy -+ (1-15)
Symbols for Graphs (1) to (4)
Pm : mean dynamic equivalent load N

P1 :dynamic equivalent load applied for 71 hours at rotational speed n1 N
P> :dynamic equivalent load applied for 7 hours at rotational speed n, N

Pmin : Minimum dynamic equivalent load
Pmax : maximum dynamic equivalent load
2h;t;  total rotation in (#1 to #) hours

p :for ball bearings - p=38

I |
I I
I |
| |
| |
| ) . . |
| Pn :dynamic equivalent load applied for r, hours at rotational speed nn, N |
I |
I |
I |
I I
| I
I for roller bearings - p=10/3 |

N
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1-5 Basic static load rating and
static equivalent load

1-5-1 Basic static load rating

Excessive static load or impact load even at
very low rotation causes partial permanent
deformation of the rolling element and raceway
contacting surfaces. This permanent deforma-
tion increases with the load; if it exceeds a cer-
tain limit, smooth rotation will be hindered.

The basic static load rating is the static load
which responds to the calculated contact stress
shown below, at the contact center between the
raceway and rolling elements which receive the
maximum load.

 Self-aligning ball bearings -+ 4 600 MPa
e Other ball bearings - 4 200 MPa
o Roller bearings «oeeeeeeeeee 4 000 MPa

The total extent of contact stress-caused
permanent deformation on surfaces of rolling
elements and raceway will be approximately
0.000 1 times greater than the rolling element
diameter.

The basic static load rating for radial bearings
is specified as the basic static radial load rat-
ing, and for thrust bearings, as the basic static
axial load rating. These load ratings are listed
in the bearing specification table, using Cor and
Coa respectively.

These values are prescribed by ISO 78/1987
and are subject to change by conformance to
the latest ISO standards.

Koyo

1-5-2 Static equivalent load

The static equivalent load is a theoretical load
calculated such that, during rotation at very low
speed or when bearings are stationary, the
same contact stress as that imposed under
actual loading condition is generated at the con-
tact center between raceway and rolling ele-
ment to which the maximum load is applied.

For radial bearings, radial load passing
through the bearing center is used for the calcu-
lation; for thrust bearings, axial load in a direc-
tion along the bearing axis is used.

The static equivalent load can be calculated
using the following equations.

[Radial bearings]
--The greater value obtained by the
following two equations is used.

Por=Xo Fr+ Yo Fa

[Thrust bearings]

(o #90°)
Poa=Xo Fr+ Fy woeeeveeeeeenees (1-18)

[When F, < Xo F;,
the solution becomes less accurate.]

(a=90°)

where :
P : static equivalent radial load
Poa : static equivalent axial load
F; : radial load
F, : axial load
Xo : static radial load factor
Yo : static axial load factor
(values of Xo and Yy are listed in the
bearing specification table.)

11




1. Selection of bearing dimensions

1-5-3 Safety coefficient

The allowable static equivalent load for a
bearing is determined by the basic static load
rating of the bearing; however, bearing service
life, which is affected by permanent deforma-
tion, differs in accordance with the performance
required of the bearing and operating condi-
tions.

Therefore, a safety coefficient is designated,
based on empirical data, so as to ensure safety
in relation to basic static load rating.

fi= P_o ................................................. (1-20)
where :
fs : safety coefficient (ref. Table 1-6)
Co : basic static load rating N
Py : static equivalent load N

Table 1-6 Values of safety coefficient f;

fs (min.)
Operating condition Ball Roller
bearing | bearing

When high running ) 3
accuracy is required

With bearing ,

rotation Normal operation 1 15
When impact load is
applied 1.5 3

Without bear- | Normal operation 05 1

ing rotation .

occasional When impact load or

[oscillation J uneven distribution 1 2

load is applied

[Remark] For spherical thrust roller bearings, fs = 4.
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2. Bearing tolerances

Bearing tolerances and permissible values for
the boundary dimensions and running accuracy
of bearings are specified. These values are pre-
scribed in JIS, 1ISO, ABMA, etc.

Bearing tolerances are classified into 6, 5, 4
etc., other than ordinary class 0. Class 0 bear-
ings offer adequate performance for general
applications, and bearings of class 5, 4, or
higher are required for machine tools.

Table 2-1 shows the tolerance classes and

Koyo

JTEKT codes applied to the types of bearings
shown in the dimensional tables.

Bearing tolerances of these bearings are
shown in Tables 2-2 through 2-8. Table 2-9
shows the allowable limited values of chamfer
dimensions, and Table 2-10 includes the toler-
ances for tapered bore.

Table 2-1 Tolerance class for each bearing type

Applied
Bearing type Applied standards of tolerance class tolerance
table
Deep groove ball bearing JIS class 0 JIS class 6 JIS class 5 (JIS class 4)
Angular contact ball bearing JIS class 0 JIS class 6 JIS class 5 (JIS class 4)
Cylindrical roller bearing JIS class 0 JIS class 6 JIS class 5 (JIS class 4)
) 7 P Table 2-2
Wide serlgs oylindrical Equivalent to class 0 |Equivalent to class 6 - -
roller bearing
Ful compI.e ment cylindrical Equivalent to class 0 |Equivalent to class 6 - -
roller bearing
Metric series JSclass0,6X  |JIS class 6 JIS class 5 (IS class 4) Table 2-3
(single-row)
Tapered | Metric series BAS class 0 - - - Table 2-4
roller (double or four-row)
eI Metric series
; Class PK Class PN Class PC (Class PB) Table 2-6
(J-series)
Inch series ABMA Class 4 ABMA Class 2 ABMA Class 3 (ABMA Class 0) Table 2-5
Spherical roller bearing JIS class 0 - - - Table 2-2
Thrust ball bearing JIS class 0 JIS class 6 (JIS class 5) - Table 2-7
Metric sen(:)s taperd roller Equivalent to class 0 B B B
thrust bearing Table 2-8

Spherical thrust roller bearing ~ [JIS class 0

[Remarks] 1. Products of tolerance classes included in parentheses shown in the table above are required, contact JTEKT.
2. Thrust tapered roller bearings for screw down, cylindrical roller bearings for multistage rolling mill back-up roll, and
bearings for tunneling machine are manufactured with the special tolerances appropriate for their operating

conditions.

13



2. Bearing tolerances Koyo

Table 2-2 (1) Radial bearing tolerances (tapered roller bearings excluded) = JIS B 1514 =

(1) Inner ring (bore diameter) Unit : um
e Single plane mean bore diameter deviation 3iigg‘lgtt;$re Single plane bore diameter variation Vs \'\In;?;il;?‘re diameter Nominal bore : :
diameter deviation diameter
d A dmp A ds]) Diameter series 7, 8, 9 Diameter series 0, 1 Diameter series 2, 3, 4 V(Imp d 4
mm class 0 class 6 class 5 class 4 class 4 class 0 | class 6 | class 5 | class 4 class 0|class 6‘class 5|class 4|class O‘CIass 6|class 5|class 4|class 0|class 6|class 5‘class 4 mm ¢D 1T ﬂd
over | upto |upper| lower upper‘ lower upper‘ lower |upper| lower upper‘ lower max. max. max. max. over | upto
30 50 | 0 - 12 0 -10 0 -8 0 -6 0 -6 15 13 8 6 12 | 10 6 5 9 8 6 5 9 8 4 3 30 50 : :
50 80 | 0 - 15 0 -12 0 -9 0 -7 0 -7 19 15 9 7 19| 15 7 5 11 9 5 11 9 5 35 50 80
80 120 | © - 20 0 -15 0 -10 0 -8 0 -8 25 19 10 8 25 19 8 6 15 11 8 6 15 11 5 4 80 120
120 150 | O - 25 0 -18 0 -13 0 -10 0 -10 31 23 13 10 31| 23 10 8 19 14 10 8 19 14 7 5 120 150
150 180 | O - 25 0 -18 0 -13 0 -10 0 -10 31 23 13 10 31| 23 10 8 19 14 10 8 19 14 7 5 150 180
180 250 | O - 30 0 -22 0 -15 0 -12 0 -12 38 28 15 12 38 | 28 12 9 23 17 12 9 23 17 8 6 180 250
250 315 | 0 -35 0 -25 0 -18 0 -15 0 -15 44 31 18 15 44 1 31 14 11 26 19 14 11 26 19 9 8 250 315
315 400 | O - 40 0 -30 0 -23 0 -18 0 -18 50 38 23 18 50 | 38 18 4 30 | 23 18 14 30 | 23 12 9 315 400
400 500 | O - 45 0 -35 0 -28 0 -23 0 -23 56 44 28 23 56 | 44 21 17 34 | 26 21 17 34 | 26 4 |12 400 500
500 630 | O - 50 0 -40 0 =35 - - - - 63 50 35 - 63 | 50 26 - 38 | 30 26 - 38| 30 18 - 500 630
630 800 | O - 75 0 -50 0 —45 - - - - 94 63 45 - 94 | 63 34 - 56 | 38 34 - 56 | 38 23 - 630 800
800 1000 | O -100 0 —-60 0 -60 - - - - 125 75 60 - 125 | 75 45 - 75| 45 45 - 75 | 45 30 - 800 1000
1000 1250 | O -125 0 =75 0 =75 - - - - 156 94 75 - 156 | 94 56 - 94 | 56 56 - 94 | 56 38 - 1000 1250
1250 1600 | O -160 - - - - - - - - 200 - - - 200 - - - 120 - - - 120 - - - 1250 1600 Tapered bore
1600 2000 | O —-200 - — - - - - - - 250 - - - 250 — - - 150 - - — 150 - — — 1600 2000
(2) Inner ring (running accuracy and width) Unit : um
Nominal bore |Radial runout of assembled Single inner ring width deviation Matched pair inner ring width deviation Inner ring width variation | Nominal bore
i ring inner rin .2 i
dlame:ier bearing eKia L] Sq Sia? A U Ve, dlame:ier
mm class 0 | class 6 | class 5 | class 4|class 5|class 4 |class 5 |class 4 class 0 class 6 class 5 class 4 class 0% class 67 class 5% class 4 class 0 ‘ class 6 ‘ class 5 ‘ class 4 mm
over | upto max. max. max. upper| lower upper‘ lower |upper| lower upper| lower |upper| lower upper‘ lower upper‘ lower |upper| lower max. over | upto
30 50 15 10 5 4 8 4 8 4 0 -120| 0 -120| 0 - 120 0 -120 0 —-250 0 250 0 —-250 0 —-250 20 20 5 3 30 50
50 80 20 10 5 4 8 5 8 5 0 -150 | 0 - 150 | 0 - 150 0 -150 0 -380 0 -380 0 —-250 0 —-250 25 25 6 4 50 80
80 120 25 13 6 5 9 5 9 5 0 -20| 0 =-2001| 0 - 200 0 —200 0 -380 0 -380 0 -380 0 -380 25 25 7 4 80 120
120 150 30 18 8 6 10 6 10 7 0 -250| 0 -250| 0 - 250 0 —-250 0 -500 0 -500 0 -380 0 -380 30 30 8 5 120 150
150 180 30 18 8 6 10 6 10 7 0 -250 | 0 -250| 0 — 250 0 -250 0 -500 0 -500 0 -380 0 -380 30 30 8 5 150 180
180 250 40 20 10 8 11 7 13 8 0 -301| 0 =-2300| 0 - 300 0 -300 0 -500 0 -500 0 -500 0 -500 30 30 10 6 180 250
250 315 50 25 13 10 13 8 15 9 0 -3 |0 -30| 0 - 35 0 =350 0 -500 0 -500 0 -500 - - 35 35 13 8 250 315
315 400 60 30 15 13 15 9 20 12 0O - 400| 0O - 400 | O — 400 0 —400 0 —630 0 —-630 0 -630 - - 40 40 15 9 315 400
400 500 65 35 20 15 18 11 25 15 0 450 | 0 —-450 | 0 - 45 0 —450 - - - - - - - - 50 45 18 11 400 500
500 630 70 40 25 - 25 - 30 - 0 -50 (|0 -250/ 0 - 50 - - - - - - - - - - 60 50 20 - 500 630
630 800 80 50 30 - 30 - 35 - 0 —-70 |0 - 750| 0 - 750 - - - - - - - - - - 70 60 23 - 630 800
800 1000 90 60 40 - 40 - 45 - 0 -1000 | 0 —1000 | 0 —1000 - - - - - - - - - - 80 60 35 - 800 1000
1000 1250 | 100 70 50 - 50 - 60 - 0 1250 | 0 -1250 | 0 —1250 - - - - - - - - - - 100 60 45 - 1000 1250
1250 1600 | 120 - - - - - - - 0 -1600 | — - - - - - - - - - - - - - 120 - - - 1250 1600
1600 2000 | 140 - - - - - - - 0 -2000 | - - - - - - - - - - - - - - 140 - - - 1600 2000
Sd : Perpendicularity of inner ring face with respect to the bore  Sia : Axial runout of assembled bearing inner ring 4) Also applicable to the inner ring with tapered bore of d = 50 mm.
[Notes] 1) These shall be applied to bearings of diameter series 0, 1, 2, 3 and 4. [Remark] Values in Italics are prescribed in JTEKT standards.

2) These shall be applied to deep groove ball bearings and angular contact ball bearings.
3) These shall be appplied to individual bearing rings manufactured for matched pair or stack bearings.

14 15



2. Bearing tolerances Koyo

Table 2-2 (2) Radial bearing tolerances (tapered roller bearings excluded)

(3) Outer ring (outside diameter) Unit : pm
g =
Nominal Single plane mean outside diameter deviation gmgilse Single plane outside diameter variation Vpsp : I\I!ean outsid? ) Nominal
outside dia. diameter Shielded/sealed type|  diameter variation outside dia.
deviation . . . . . . Diameter series
D Y Dmp P Dsl) Diameter series 7, 8, 9 Diameter series 0, 1 Diameter series 2, 3, 4 234 lo1z2a4 VDmp D
) class 0 class 6 class 5 class 4 class 4 [class 07 | class 67 | class 5°) | class 4°) Class Dl’|CIass Gl’|CIass 55’|CIass #)[Class 02)|CIass 62)|CIass 55)|CIass 4")[Class 07|Class 67| Class 02)|Class 62)‘ Class 5 | Class 4 o
over | upto (upper| lower upper‘ lower upper‘ lower |upper| lower upper‘ lower max. max. max. max. max. over | upto
50 80 | 0 - 13 0 - 11 0 -9 0 -7 0 -7 16 14 9 7 13 11 7 5 10 8 7 5 20 16 10 8 5 35 50 80
80 120 | © - 15 0 - 13 0 -10 0 -8 0 -8 19 16 10 8 19 16 8 6 11 10 8 6 26 20 11 10 5 4 80 120
120 150 | O - 18 0 - 15 0 -11 0 -9 0 -9 23 19 11 9 23 19 8 7 14 11 8 7 30 25 14 11 6 5 120 150
150 180 | O - 25 0 - 18 0 -13 0 -10 0 -10 31 23 13 10 31 23 10 8 19 14 10 8 38 30 19 14 7 5 150 180
180 250 | O - 30 0 - 20 0 -15 0 -11 0 -11 38 25 15 11 38 25 11 8 23 15 11 8 - - 23 15 8 6 180 250
250 315 | 0 - 35 0 - 25 0 -18 0 -13 0 -13 44 31 18 13 44 31 14 10 26 19 14 10 - - 26 19 9 7 250 315
315 400 | O - 40 0 - 28 0 -20 0 -15 0 -15 50 35 20 15 50 35 15 11 30 21 15 11 - - 30 21 10 8 315 400
400 500 | O - 45 0 - 33 0 -23 0 -17 0 -17 56 41 23 17 56 41 17 13 34 25 17 13 - - 34 25 12 9 400 500
500 630 | O - 50 0 - 38 0 -28 0 -20 0 -20 63 48 28 20 63 48 21 15 38 29 21 15 - - 38 29 14 10 500 630
630 800 | O - 75 0 - 45 0 -35 - - - - 94 56 35 - 94 56 26 - 55 34 26 - - - 55 34 18 - 630 800
800 1000 | O -100 0 - 60 0 =50 - - - - 125 75 50 - 125 75 38 - 75 45 38 - - - 75 45 25 - 800 1000
1000 1250 | O -125 0 -75 0 -63 - - - - 156 94 63 - 156 94 47 - 94 56 47 - - - 94 56 31 - 1000 1250
1250 1600 | O -160 0 - 90 0 -80 - - - - 200 113 80 - 200 113 60 - 120 68 60 - - - 120 68 40 - 1250 1600
1600 2000 | O -200 0 -120 - - - - - - 250 150 - - 250 150 - - 150 90 - - - - 150 90 - - 1600 2000
2000 2500 | O —250 - - - - - - - - 313 - - - 313 - - - 188 - - - - - 188 - - - 2000 2500
(4) Outer ring (running accuracy and width) Unit : um [Notes]
Nominal Radial runout of assembled Outer ring width 1) These shall be applied to bearings of diameter series 0, 1, 2, 3 and 4.
outside dia. bearing outer ring Spd Sead ¥ Aed variation 2) Shall be applied when locating snap ring is not fitted.
K Ved 3) These shall be applied to deep groove ball bearings and angular contact ball bearings.
D ea S " .
mm class 0|class 6|class 5|class 4|class 5|class 4|class 5|class 4|classes 0, 6, 5, 4 |classes 0,6|class 5|class 4 4) These shall not be applied o flanged bearings.
over | upto max max max upper | lower max 5) These shall not be applied to shielded bearings and sealed bearings.
50 80 25 13 8 5 8 4 10 5 6 3
80 120 35 | 18 | 10 6 9 5 1 11 6 8 4 [Remark]
120 150 40 20 11 7 10 5 13 7 8 5 Values in Italics are prescribed in JTEKT standards.
150 180 45 23 13 8 10 5 14 8 Shall 8 5
180 250 50 25 15 10 11 7 15 10 con- 10 7 L
formto
250 315 60 30 18 11 13 8 18 10 the tol- |11 7
315 400 | 70 | 35 | 20 | 13 | 13 | 10 | 20 | 13 |Shallconform | el 13 8 3
to the tolerance Ve on L
400 500 80 40 23 15 15 12 23 15| Apson d of the dﬁ? 15 9
500 630 | 100 50 25 18 18 13 25 18 | same bearing the 18 11 i 4 : nominal bore diameter
630 800 | 120 60 30 - 20 - 30 - same | 20 - ¢D 1+—-— ¢d D : nominal outside diameter
800 1000 | 140 75 40 - 23 - 40 - bear- 23 - * B :nominal assembled bearing width
1000 1250 160 85 45 - 30 - 45 - ing 30 - -
1250 1600 190 95 60 - 45 - 60 - 45 - C ]
; zgg ;ggg iég 110 B B B B B B - - CyIindricaI bore Tapered bore

Sp : Perpendicularity of outer ring outside surface with respect to the face
Sea : Axial runout of assembled bearing outer ring
A ¢s : Deviation of a single outer ring width
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2. Bearing tolerances

Table 2-3 (1)

Tolerances for metric series tapered roller bearings = JIS B 1514 =

Koyo

(1) Inner ring Unit : um
Nominal Single plane mean bore Single bore Single plane bore Mean bore diameter Radial runout of Single inner ring width deviation Nominal
bPre diameter deviation diarr\e?er diameter variation variation asse.mblled . Sa Sia b?re
diameter deviation bearing inner ring diameter
d A dmp ds Vasp Viamp a A g d
mm 1 0, 6X| cl 6,5 class 4 class 4 cIassesﬂ,EX|cIass G‘CIass 5‘class 4 cIassesU,EX|cIass 6|class 5‘class 4 classesﬂ,ﬁx|class ﬁ‘class S‘class 4iclass 5|class 4 class 4 class 0 class 6X class 6 classes 5, 4 mm
over | upto (upper| lower upper‘ lower |upper| lower upper| lower max. max. max. max. max. upper| lower upper‘ lower upper| lower |upper| lower over | upto
80 120 | 0 -2 |0 -152 |0 -10 0 -10 20 | 15 11 8 | 15 11 8 5 30 13 8 5 9 5 5 0 -2 0 -50 0 - 200 | 0 - 400 80 120
120 180 | 0 -25 |0 -182 |0 -13 0 -13 25| 18 14 10 | 19 14 9 7 35 18 11 6 10 6 7 0 -2501| 0 -50 0 - 250 | 0 - 500 120 180
180 250 | O -3 |0 =222 |0 -15 0 -15 30 | 22 17 11 | 23 16 11 8 50 20 13 8 11 7 8 0 -3001|0 -50 0 -300| 0 - 600 180 250
250 315 | 0 -3 |0 -25 0 -18 0 -18 35| 25 19 12 | 26 19 13 9 60 30 13 9 13 8 9 0 -3501|0 -50 0 - 35| 0 - 700 250 315
315 400 | O -40 | 0 =30 - - - - 40 | 30 | 23 - |30 23 15 - 70 35 15 - 15 - 0 - 400 0 -50 0 - 400 | 0 - 800% 315 400
400 500 | O —-45 | 0 -35 - - - - 45| 35 | 28 - | 34 26 | 17 - 80 40 | 20 - 17 - - 0 -45 1|0 -50 0 - 45 | 0 - 900¥ 400 500
500 630 | O -60 | 0 40 - - - - 60 | 40 | 35 - | 40 30 | 20 - 90 50 | 25 - 20 - - 0 - 500 | - - 0 - 500 |0 -1100% 500 630
630 800 | O -75 | 0 =50 - - - - 75 50 | 45 - | 45 38 | 25 - 100 60 | 30 - 25 - - 0 - 750 | - - 0 - 750 | 0 -1600% 630 800
800 1000 | O -100 | O -60 - - - - 100 | 60 | 60 - | 55 45 | 30 - 115 75 | 37 - 30 - - 0 -1000 | - - 0 -1000 | 0 -2000¥ 800 1000
1000 1250 | 0 125 | 0 75 - - - - 125 75 | 56 | - | 94Y| 56 | 38 | - 1200 85 | 28 | - | 30 | - - 0 -1250 | - - 0 1250 | 0 -2500%| 1000 1250
1250 1600 | O -160 | 0 -90 - - - - 160 | - - - |120V] - - - 200 - - - - - - 0 -1600 | - - - - - - 1250 1600
1600 2000 | O -200 | - - - - - - 200 | - - - 150V - - - 40V | - - - - - - 0 -2000 | - - - - - - 1600 2000
Sd : Perpendicularity of inner ring face with respect to the bore, Sia : Axial runout of assembled bearing inner ring
(2-1) Outer ring Unit : um (2-2) Outer ring Unit : pm
Nominal Single plane mean outside Single outside | Single plane outside Mean outside Radial runout of Nominal Nominal Single outer ring T
oytside diameter deviation diarpe!er diameter variation diameter variation asse_mbled ) SD4) Sea4> oytside b_ore width deviation
diameter deviation bearing outer ring diameter diameter .C.
D A Dmp Ds VDsp VDmp ea D d A Cs ‘
mm classes 0, 6X | classes 6, 5 class 4 class 4 cIassele,ﬁX|cIass G‘class Slclass 4 classesﬂ,ax|class 6|c|ass S‘class 4 tlasses 0,6 |c|ass 6|c|ass 5|c|ass4 class 5|class 4| class 4 mm mm class 6X%| classes0,6,5,4 ' a
over | upto |upper| lower upper] lower |upper| lower upper| lower max. max. max. max. max. | over | up to over | up to upper| lower upper‘ lower
80 120 | 0 -18 |0 -132]0 -10 0 -10 18 13| 10 8 | 14 10 7 5 35 18 10| 6 9 5 6 80 120 80 120 0 -100 B ot
120 150 | 0 -2 |0 -152 |0 -11 0 -11 20 15| 11 8 | 15 11 8 6 40 20011 7| 10 5 7 120 150 120 180| 0 -100 Shall
150 180 | O -25 |0 -18]0 -13 0 -13 25 18| 14 10 | 19 14 9 7 45 231 13| 8| 10 5 8 150 180 180 250 | O -100 | comform ¢D T T ¢d
180 250 | O -3 |0 -2?1|0 -15 0 -15 30 20 | 15 11 | 23 15 10 8 50 2501510 11 7 10 180 250 250 315| 0 -100 |tothe ‘
250 3150 -35 |0 -252|0 -18 |0 -18 |35 | 25|19 |14 |2 | 19] 13| 9 60 | 30|18[11| 13| 8| 10 | 250 315 315 400| 0 -100 ‘j'zza:rfj
315 400 | O -4 |0 -282 |0 -20 0 -20 40 28| 22 15 | 30 21 14 10 70 35020 | 13| 13 10 13 315 400 400 500 | O -100 | of the g‘
400 500 | O -45 | 0 -33 - - - - 45 33| 26 - | 34 25 17 - 80 40|24 | - | 17 - - 400 500 500 630 | - - |same o
50 6300 -5 |0 -38 |- - |- - |60 | 38|30 ]| - |3 |2|20]|- 100 | so{30|-|20| | - | 50 e 0 s0f- - |°"9 d - nominal bore
630 800 | O -75 | 0 -45 - - - - 80 45 | 38 - | 55 34 | 25 - 120 6036 | - | 25 - - 630 800 800 1000 | - - diameter
800 1000 0 -100 | 0 -60 | - - |- - |10 | 60|50 | - |75 | 4 | 30| - 140 | 75|43 -] 30 | - | - | 800 1000 D: 2.(;:1'22 r°“‘5ide
1000 1250 | O -125 | 0 -80 - - - - 130 75| 65 - |90 56 | 38 - 160 85(52| - | 38 - - 1000 1250 B : nominal inner ring
1250 1600 | O -160 | 0 -100 - - - - 170 90 | 90 - |100 68 | 50 - 180 95162 | — | 50 - - 1250 1600 width
1600 2000 | 0 -200 | 0 -I20 | - - - - [200V| 120 | 90 | - |150"] 90 | 60 | - 2200115 45| - | 40 | - - | 1600 2000 C: nq(;nri]nal outer ring
widtl

[Notes] 1) These shall be applied to bearing of tolerance class 0.
2) These shall be applied to bearing of tolerance class 6.
3) These shall be applied to bearing of tolerance class 5.
4) These shall not be applied to flanged bearings.
[Remark] Values in Italics are prescribed in JTEKT standards.
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Sp : Perpendicularity of outer ring outside surface with

respect to the face

Sea : Axial runout of assembled bearing outer ring

T : nominal assembled
bearing width
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2. Bearing tolerances

Table 2-3 (2)

(3) Assembled bearing width and effective width

Tolerances for metric series tapered roller bearings

Unit : um

Nominal bore Actual bearing width deviation Actual effective inner
diameter sub-unit width deviation
d A Tls
mm class 0 class 6X class 6 classes 5, 4 class 0 class 6X classes 5, 4
over | upto | upper | lower upper| lower upper| lower | upper | lower | upper | lower upper| lower | upper | lower
80 120 | +200 -200 | +100 0 +200 -200 | +200 -200 | +100 -100 | + 50 0 +100 -100
120 180 | +350 250 | +150 0 +350 -250 | +350 -250 | +150 150 | + 50 0 +150 -150
180 250 | +350 250 | +150 0 +350 250 | +350 -250 | +150 150 | + 50 0 +150 -150
250 315 | +350 -250 | +200 0 +350 =250 | +350 -250 | +150 150 | +100 0 +150 -150
315 400 | +400 -400 | +200 0 +400  —400 | +400 400V | +200 -200 | +100 0 +200  —200"
400 500 | +450 450 | +200 0 +400 400 | +450 450D | +225 225 | +100 0 4225 225D
500 630 | +500 -500 - - +500 -500 | +500 -5001 | - - - - - -
630 800 | +600 -600 - - +600 -600 | +600 —600V | - - - - - -
800 1000 | +750 -750 - - +750 =750 | +750 -750V) | - - - - _ _
:‘l;r;;rltaelrbore Actual effective outer ring width deviation T 7 Master_
d A 1os ‘ T ‘ outer ring
mm class 0 class 6X classes 5, 4 a
over | upto | upper | lower | upper | lower | upper | lower a
80 120 | +100 -100 | + 50 0 +100 -100 T 1
120 180 | +200 -100 | +100 0 +200 -100
180 250 | +200 -100 | +100 0 +200 -100 T T ¢d T ¢d
250 315 | +200 -100 | +100 0 +200 -100 ‘ \
315 400 | +200 -200 | +100 0 +200 —200"
400 500 | +225 225 | +100 0 +225 225V g‘ g‘
500 630 - - - - - -
630 800 - - - - - - LF Master inner
800 1000 - - - - - - ‘ sub-unit

[Note] 1) These shall be applied to bearings of tolerance class 5.
[Remark] Values in ltalics are prescribed in JTEKT standards.
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Table 2-4 Tolerances for metric series double-row and four-row tapered roller bearings (class 0)

Koyo

: nominal bore diameter

T : nominal assembled bearing width

=

: nominal effective width of inner sub-unit

T>: nominal effective width of outer ring

=BAS 1002 =
(1) Inner ring, outer ring width and overall width Unit : um
Nominal bore | Single plane mean Single outer ring Actual c_werall ir]ngr rings / outer
diameter bore diameter Ve Vi Ka | inner ring width | _rings width deviation
d deviation P P deviation Double-row Four-row
mm dmp Bs; 4 Cs Ts Ts, 4 Ws
over | upto upper | lower max. max. max. upper ‘ lower upper | lower upper | lower
50 80 0 - 15 15 11 25 0 - 150 | + 300 - 300 - -
80 120 0 - 20 20 15 30 0 — 200 | + 400 - 400 | + 500 - 500
120 180 0 - 25 25 19 35 0 — 250 | + 500 - 500 | + 600 - 600
180 250 0 - 30 30 23 50 0 - 300 | + 600 - 600 | + 750 - 750
250 315 0 - 35 35 26 60 0 - 350 | + 700 - 700 | + 900 - 900
315 400 0 - 40 40 30 70 0 — 400 | + 800 - 800 | +1000 -1000
400 500 0 — 45 45 34 80 0 - 450 | + 900 - 900 | +1200 —1200
500 630 0 - 60 60 40 90 0 - 500 | +1000 -1000 | +1200 —1200
630 800 0 - 75 75 45 100 0 — 750 | +1500 -1500 - -
800 1000 0 -100 100 55 115 0 -1000 | +1500 -1500 - -
Vasp : Single plane bore diameter variation, Vamp : Mean bore diameter variation
Kia : Radial runout of assembled bearing inner ring
(2) Outer ring Unit : um
Nominal outside | Single plane mean T g
dlamete; z:‘t::tl; rtflameter VDSp VDmp Kea 7‘ ‘
mm Dmp
over | upto | upper | lower max. max. max. EEE ] _
80 120 0 - 18 18 14 35 B T ‘
120 150 0 - 20 20 15 40 ¢D ¢d¢D ¢d
150 180 | © — 25 25 19 45 j ‘
180 250 0 - 30 30 23 50 - -
250 315 0 -35 35 26 60 7g£
315 400 0 - 40 40 30 70
400 500 0 - 45 45 34 80
500 630 0 - 50 60 38 100 T
630 800 0 -75 80 55 120 ‘
800 1000 0 -100 100 75 140 .
1000 1250 0 -125 130 90 160
1250 1600 0 -160 170 100 180 W }
— - - $D $d
Dsp - Single plane outside diameter variation
Vbmp : Mean outside diameter variation j
Kea : Radial runout of assembled bearing outer ring R
ISR
d :nominal bore diameter
D :nominal outside diameter
B : nominal double inner ring width
C : nominal double outer ring width
T, W : nominal overall width
of outer rings (inner rings)
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2. Bearing tolerances

Table 2-5 Tolerances for inch series tapered roller bearings = ABMA 19 =

Koyo

(1) Inner ring Unit : um
Applied Nominal bore diameter Deviation of a single bore diameter A as
bearing d, mm (1/25.4) Class 4 Class 2 Class 3 Class 0
type over | up to upper | lower | upper | lower | upper | lower | upper | lower
- 76.2 ( 3.0) + 13 0 +13 0 +13 0 +13 0
76.2 ( 3.0) 266.7 (10.5) + 25 0 +25 0 +13 0 +13 0
266.7 (10.5) 304.8 (12.0) + 25 0 +25 0 +13 0 +13 0
All types 304.8 (12.0) 609.6 (24.0) + 51 0 +51 0 +25 0 - -
609.6 (24.0) 914.4 (36.0) + 76 0 - - +38 0 - -
914.4 (36.0) 1219.2 (48.0) +102 0 - - +51 0 - -
1219.2 (48.0) - +127 0 - - +76 0 - -
(2) Outer ring Unit : um
Applied Nominal outside diameter Deviation of a single outside diameter Aps
bearing D, mm (1/25.4) Class 4 Class 2 Class 3 Class 0
type over | up to upper | lower | upper | lower | upper | lower | upper | lower
- 266.7 (10.5) + 25 0 +25 0 +13 0 +13 0
266.7 (10.5) 304.8 (12.0) + 25 0 +25 0 +13 0 +13 0
304.8 (12.0) 609.6 (24.0) + 51 0 +51 0 +25 0 - -
All types
609.6 (24.0) 914.4 (36.0) + 76 0 476 0 138 0 - -
914.4 (36.0) 1219.2 (48.0) +102 0 - - +51 0 - -
1219.2 (48.0) - +127 0 - - +76 0 - -
(3) Radial runout of assembled bearing inner ring / outer ring Unit : um
Applied Nominal outside diameter Radial runout of inner ring / outer ring Kia , Kea
bearing D, mm (1/25.4) Class 4 Class 2 Class 3 Class 0
type over | up to max. max. max. max.
N 266.7 (10.5) 51 38 3 4
266.7 (10.5) 304.8 (12.0) 51 38 8 4
304.8 (12.0) 609.6 (24.0) 51 38 18 -
All types
609.6 (24.0) 914.4(36.0) 76 51 51 -
914.4 (36.0) 1219.2 (48.0) 76 - 76 -
1219.2 (48.0) - 76 - 76 -
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(4) Assembled bearing width and overall width Unit : um
Nominal bore Nominal outside Deviation of the actual bearing width and
Applied diameter diameter overall width of inner rings / outer rings A 75,
:);:;ing d, mm (1/25.4) D, mm (1/25.4) Class 4 Class 2 Class 3 Class 0
over up to over ‘ up to upper | lower | upper | lower | upper | lower | upper ‘ lower
- 101.6 ( 4.0) - - + 203 0 |+ 203 0 |+ 203 - 203|+ 203 - 203
101.6 ( 4.0) 266.7 (10.5) + 356 — 254 |+ 203 0 |+ 203 - 203|+ 203 - 203
Single-row 266.7 (10.5) 304.8 (12.0) - - + 356 — 254 |+ 203 0 |+ 203 - 203|+ 203 - 203
304.8 (12.0) 609.6 (24.0) - 508.0 (20.0) | - - |+ 381 - 381|+ 203 - 203| - -
304.8 (12.0) 609.6 (24.0) | 508.0 (20.0) - - - |+ 381 - 381|+ 381 - 381 - -
609.6 (24.0) - - + 381 - 381 - - |+ 381 - 31| - -
- 101.6 ( 4.0) - - + 406 0 |+ 406 0 |+ 406 — 406|+ 406 — 406
101.6 ( 4.0) 266.7 (10.5) - - + 711 — 508|+ 406 — 203 |+ 406 - 406 |+ 406 - 406
Double-row 266.7 (10.5) 304.8 (12.0) - - + 711 — 508 |+ 406 — 203 |+ 406 — 406 |+ 406 — 406
304.8 (12.0) 609.6 (24.0) - 508.0 (20.0) | - - |+ 762 - 762|+ 406 - 406| - -
304.8 (12.0) 609.6 (24.0) | 508.0 (20.0) - - - |+ 762 - 762|+ 762 - 762| - -
609.6 (24.0) - - + 762 - 762 - - |+ 762 - 762 - -
Double-row = 127.0( 5.0) - - - - + 254 0 |+ 254 0 - -
(TNAtype) | 127.0 ( 5.0) - - - - |+762 0 |+762 0| - -
Four-row | Total dimensional range - - +1524 —1524|+1524 1524 |+1524 —1524|+1524 -1524
] — : ——
- . S
| ] ] "]
$D gd  ¢D gd $D g ¢D $d

|
4

B

: nominal bore diameter
: nominal outside diameter
: nominal assembled bearing width and

nominal overall width of outer rings (inner rings)
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2. Bearing tolerances

Table 2-6 Tolerances for metric J series tapered roller bearingsl)

(1) Bore diameter and width of inner ring and assembled bearing width Unit : um
L‘grlgi“al Deviation of a single bore diameter Deviation of a single inner ring width Deviation of the actual bearing width Egrfginal
diameter Aas A ps Ars diameter
main Class PK | Class PN | Class PC | Class PB | Class PK | Class PN | Class PC | Class PB Class PK | Class PN | Class PC | Class PB n:im
over | up to |upper|lower upper‘ lower upper| lower |upper | lower |upper | lower upper| lower upper| lower | upper | lower upper | lower upper| lower upper‘ lower |upper | lower | over | up to
80 120 0 -20 0 -20 0 -15 0 -10 0 -150| © -50 0 -300| 0 -300 +200 -200 | +100 0 |+200 -200 | +200 -200 80 120
120 180 0 -25 0 -25 0 -18 0 -13 0 -200| O -50 0 -300| 0 -300 +350 -250 | 4150 0 | +350 -250 | +200 -250 | 120 180
180 250 0 -30 0 -30 0 -22 0 -15 0 20| O -50 0 -350| 0 -350 +350 -250 | +150 0 | +350 -250 | +200 -300 | 180 250
250 315 0 -35 0 -35 0 -22 0 -15 0 20| O -50 0 -350| 0 -350 +350 -250 | +200 O | +350 -300 | +200 -300 | 250 315
(2) Outside diameter and width of outer ring and radial runout of assembled bearing inner ring / outer ring Unit : um
Nominal Deviation of a single outside diameter Deviation of a single outer ring width Radial runout of inner ring / outer ring Nominal
outside outside
diameter Aps Aes Kia, Kea diameter
mDm Class PK | Class PN | Class PC | Class PB | Class PK | Class PN | Class PC | Class PB Class PK | Class PN | Class PC | Class PB n?m
over | upto |upper|lower upper{ lower upper| lower |upper | lower |upper | lower upper| lower upper| lower |upper | lower max. max. max. max. over | upto
120 150 0 -20 0 -20 0 -15 0 -11 0 20| 0 -100| O -200| O -200 40 40 7 4 120 150
150 180 0 -25 0 -25 0 -18 0 -13 0 -20| 0 -100| O -250| O -250 45 45 8 4 150 180
180 250 0 -30 0 -30 0 -20 0 -15 0 -250| 0 -100| O -250| O -250 50 50 10 5 180 250
250 315 0 -35 0 -35 0 -25 0 -18 0 -250| 0 -100| O -300| O -300 60 60 11 5 250 315
315 400 0 -40 0 -40 0 -28 - - 0 -250| 0 -100| O -300| - - 70 70 13 - 315 400

[Note] 1) Bearings with supplementary code "J" attached at the front of bearing number.
Ex. JHM720249/JHM720210, and the like
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o

D $d

d :nominal bore diameter

D : nominal outside diameter

B : nominal inner ring width

C : nominal outer ring width

T : nominal assembled bearing width
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2. Bearing tolerances

Table 2-7 Tolerances for thrust ball bearings = JIS B 1514 =

(1) Shaft washer

Unit : um

Table 2-8 Accuracies of spherical thrust roller bearings (class 0) = JIS B 1514 =

(1) Shaft washer

Koyo

Unit : um

Nominal bore diameter

Single plane mean bore

diameter deviation

Single plane bore
diameter variation

Refer.

Deviation of the actual

Nominalbore |Single plane mean bore | Single plane bore Washer raceway to back Deviation of the actual
diameter diameter deviation diameter variation face thickness variation bearing height
d dmp Vdsp D Ts
mm classes 0, 6,5 classes 0, 6,5 class 0 | class 6 | class 5 classes 0, 6, 5
over up to upper | lower max. max. upper | lower
80 120 0 - 20 15 15 8 4 0 150
120 180 0 - 25 19 15 9 5 0 175
180 250 0 - 30 23 20 10 5 0 -200
250 315 0 - 35 26 25 13 7 0 =225
315 400 0 - 40 30 30 15 7 0 -300
400 500 0 — 45 34 30 18 9 0 =375
500 630 0 - 50 38 35 21 11 0 —450
630 800 0 - 75 55 40 25 13 0 =525
800 1000 0 -100 75 45 30 15 0 —600
1000 1250 0 -125 95 50 35 18 0 -675
[Note] 1) Applies only to thrust ball bearings with 90° contact angle.
[Remark] Values in Italics are prescribed in JTEKT standards.
(2) Housing washer Unit : um
Single plane mean outside Single plane Washer
Nominal outside diameter deviation outside raceway to ¢ d
diameter diameter back face
variation thickness ‘ T
D variation . T
mm A Dmp VDsp Sel) D i
classes 0, 6, 5 cl 0,6,5 | cl 0,6,5 $D ‘
over | upto upper ‘ lower max. max.
80 120 0 -2 b d : shaft washer nominal
120 180 0 - 25 19 )
bore diameter
180 250 0 - 30 23 ) )
D : housing washer nominal
250 315 0 - 35 26 ) .
outside diameter
315 400 0 — 40 30 Shall conform to
the tolerance S; T : nominal bearing height
400 500 0 - 45 34 on d of the same (single direction)
500 630 0 - 50 38 bearing
630 800 0 - 75 55
800 1000 0 -100 75
1000 1250 0 -125 95
1250 1600 0 -160 120

[Notes] 1) These shall be applied to washer with flat back face only.
2) Applies only to thrust ball bearings with 90° contact angle.
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S bearing height
d A amp Vasp ‘ ’ gTs

over up to upper ‘ lower max. max. upper ‘ lower
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
500 630 0 - 50 38 60 +500 -500
630 800 0 - 75 55 70 +550 -550
800 1000 0 -100 75 80 +600 -600

1000 1250 0 -125 95 100 +650 650

Sd : Perpendicularity of inner ring face with respect to the bore
[Remark] Values in Italics are prescribed in JTEKT standards.
(2) Housing washer Unit : um
Nominal outside diameter | Single plane mean outside ¢ d
diameter deviation
D, mm Dmp i —

over up to upper ‘ lower : T

120 180 0 - 25 : |

180 250 0 - 30 ¢ D

250 315 0 -35

315 400 0 - 40

400 500 0 - 45 d : shaft washer nominal bore diameter

500 630 0 - 50 D : housing washer nominal outside diameter

630 800 0 =75 T :nominal bearing height

800 1000 0 -100
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2. Bearing tolerances

Table 2-9 Permissible values for chamfer dimensions = JIS B 1514 =

(1) Radial bearing
(tapered roller bearings excluded)

(2) Radial bearings with locating snap ring (snap ring
groove side) and cylindrical roller bearings (separete

Unit : mm
Nominal bore diameter 7 max
¥ min d or
or mm 71 max
71 min
Radial Axial
By pie direction | direction
_ 40 1 2
0.6
40 - 1.3 2
. - 50 1.5 3
50 - 1.9 3
- 120 2 35
1.1
120 - 2.5 4
- 120 2.3 4
1.5
120 - 3 5
- 80 3 4.5
2 80 220 35 5
220 - 38 6
- 280 4 6.5
2.1
280 - 45 7
- 100 38 6
25 100 280 4.5 6
280 - 5 7
3 - 280 5 8
280 - 55 8
4 - - 6.5 9
5 - - 8 10
6 - - 10 13
7.5 - - 12,5 17
9.5 - - 15 19
12 - - 18 24
15 - - 21 30
19 - - 25 38
[Remarks]

1. Value of r max Or r1 max in the axial direction of bearings
with nominal width lower than 2 mm shall be the same

as the value in radial direction.

2. There shall be no specification for the accuracy of the
shape of the chamfer surface, but its outline in the axial
plane shall not be situated outside of the imaginary cir-
cle arc with a radius of r min OF r1 min Which contacts the
inner ring side face and bore, or the outer ring side face
and outside surface.
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thrust collar and loose rib side) Unit : mm
Nom'inal bore' dia. or il e
o nominal outside dia.
mn dorD Radial | Axial
over up to direction | direction
06 - 40 1 1.5
40 - 1.3 1.5
1 - 50 1.5 22
50 - 1.9 2.2
11 - 120 2 2.7
120 - 25 2.7
15 - 120 2.3 35
120 - 3 35
- 80 3 4
2 80 220 35 4
220 - 38 4
21 - 280 4 45
280 - 45 45
- 100 3.8 5
25 100 280 45 5
280 - 5 5
3 - 280 5 5.5
280 - 5.5 5.5
4 - - 6.5 6.5
5 - - 8 8
6 - - 10 10

[Remark] There shall be no specification for the accuracy of
the shape of the chamfer surface, but its outline in
the axial plane shall not be situated outside of the
imaginary circle arc with a radius of 71 min Which
contacts the inner ring side face and bore, or the
outer ring side face and outside surface.

(3) Cylindrical roller bearings (non-rib side)
and angular contact ball bearings

(front face side) Unit : mm
Nominal bore dia. or 7
. |nominal outside dia. e
! min dorD Radial | Axial
over up to direction | direction
06 - 40 1 2
40 - 13 2
1 - 50 15 3
50 - 19 3
11 - 120 2 35
120 - 2.5 4
15 - 120 2.3 4
120 - 3 5
- 80 3 45
2 80 220 35 5
220 - 38 6

(4) Metric series tapered roller bearing

(5) Thrust bearing

Koyo

Unit : mm Unit : mm
Nominal bore dia. or T max Pt GI Bl rmax OF 7l max
. " . min 1 min - - " -
7 min nominal outside dia. or Radial and axial direction
or d or D, mm 71 max 06 5
Tl min
Radial Axial 1 2.2
over e direction | direction
1.1 2.7
0.6 - 40 L L7 15 35
40 - 1.3 2 ) 4
1 - 50 1.6 25 21 45
50 - 1.9 3 3 55
- 120 2.3 3 4 65
1.5 120 250 2.8 35 5 s
250 - 35 4 5 T
- 120 2.8 4 75 125
2 120 250 35 45 95 15
250 - 4 5 D 8
- 120 35 5 15 2
2.5 120 250 4 55 19 25
250 - 45 6
[Remark] There shall be no specification for the accuracy
B 120 4 55 of the shape of the chamfer surface, but its out-
120 250 45 6.5 line in the axial plane shall not be situated out-
3 250 400 5 7 side of the imaginary circle arc with a radius of
rmin OF 71 min Which contacts with the shaft
400 _ 5.5 7.5 washer back face and bore, or the housing
- 120 5 7 washer back face and outside surface.
. 120 250 55 7.5
250 400 6 8
400 - 6.5 8.5
5 - 180 6.5 8
180 - 7.5 9 Inner or outer ring
side face (radial bearing)
6 - 180 7.5 10 Shaft or housing
180 _ 9 11 washer back face
7.5 - - 12.5 17
9.5 - - 15 19

[Note] 1) Inner ring shall be included in division d, and outer

ring, in division D.

[Remarks]

[Remark] There shall be no specification for the accuracy of
the shape of the chamfer surface, but its outline in
the axial plane shall not be situated outside of the
imaginary circle arc with a radius of ri min Which
contacts the inner ring side face and bore, or the
outer ring side face and outside surface.

—_

. There shall be no specification for the accuracy of the

shape of the chamfer surface, but its outline in the axial
plane shall not be situated outside of the imaginary cir-
cle arc with a radius of rmin OF 1 min Which contacts the
inner ring back face and bore, or the outer ring back

face and outside surface.

I

Values in ltalics are provided in JTEKT standards.

Radial

1 ® direction

Bore or outside

surface

|

Axial direction

<® ¥ min OF 71 min >
* F'max OF 7'l max
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2. Bearing tolerances

Table 2-10 Tolerances for tapered bores of radial bearings (class 0 --- JIS B 1514)

Adlmp_Admp

3. Bearing fits

3-1 Purpose of fit

The purpose of fit is to securely fix the inner
or outer ring to the shaft or housing, to preclude

Koyo

3-2 Tolerance and fit
for shaft & housing

For metric series bearings, tolerances for the

- 2 detrimental circumferential sliding on the fitting shaft diameter and housing bore diameter are
73 4? surface. standardized in JIS B 0401 "limits and fits for
T Such detrimental sliding (referred to as engineering" (based on ISO 286 ; shown in
T "creep") will cause abnormal heat generation, Appendixes at the back of this catalog).
¢d - $d, $(d+ A amp) - B(dy+ A dimp) wear of the fitting surface, infiltration of abrasion Bearing fits on the shaft and housing are
metal particles into the bearing, vibration, and determined based on the tolerances specified in
many other harmful effects, which cause a dete- the above standard.
T \ ' rioration of bearing functions. Fig. 3-1 shows the relationship between tol-
Therefore, it is necessary to fix the bearing erances for shaft and housing bore diameters
‘ B ‘ ‘ B ‘ ring which is rotating under load to the shaft or and fits for bearings of class 0 tolerance.

Theoretical tapered bore

Tapered bore with single plane
mean bore diameter deviation

housing with interference.

(1) Basically tapered bore (taper 1:12) Unit : um (2) Basically tapered bore (taper 1:30) Unit : um

Nominal bore Nominal bore
diameter A amp A atmp - A amp | Vasp? diameter A amp A atmp - A amp | Vasp? F7
d, mm d, mm
over | upto | upper ‘ lower | upper ‘ lower | max. over | upto | upper ‘ lower | upper ‘ lower | max. | .
Interference fit
30 50 [ +39 0 |+25 0 16 50 80 | +15 0 +30 0 19 I |G6[G7
50 80 | +46 0 | +30 0 19 80 120 | 20 0 |43 0 2 : H6|H7|H8 I : :
80 120 | +5 0 |+35 0 | 2 120 180 | 425 0 | 440 0 | 40 ~ | 4561457 — : ;
120 180 | + 63 0 + 40 0 40 180 250 +30 0 +46 0 46 : K6|K7T— I
180 250 | + 72 0 + 46 0 46 250 315 +35 0 +52 0 52 | i D M6|(M7 | Apmp
250 315|+8 0 |+5 0 52 315 400 | +40 0 | +57 0 57 : | — (N7 Single D'tar}g
— mean outside
315 400 | + 89 0 + 57 0 57 400 500 +45 0 +63 0 63 | Clearance fit : Transition fit P7 diameter
400 500 | + 97 0 + 63 0 63 500 630 +50 0 +70 0 70 ' T 3 i deviation
50 630 | <10 0 | +70 0 | 70 (Snug fit)
630 800 | +125 0 + 80 0 - pé
800 1000 | +140 0 | +9 0 - - Clearance fit Transition fit né—,
1 1 |
1000 1250 | +165 0 +105 0 - i i (Snug fit) m5lmel— |
1250 1600 | +195 0 +125 0 - o k5| ke |
[Note] 1) These shall be applied to all radial planes with tapered bore, not be applied to bearings of diameter series 7, 8. ) : : 576 :
[Remark] 1) Symbols of quantity d|: reference diameter at theoretical large end of tapered bore | I h5|h6(h7 ! | 4
i 5 6 — | dmp
di=d+ %B or di=d+ 31—08 ;Jcilselgen?:relzng I Les]s : | Single plane
class 0 — | Interference fit | mean bore
Admp: single plane mean bore diameter deviation at theoretical small end of tapered bore ' diameter
Adimp: single plane mean bore diameter deviation at theoretical large end of tapered bore deviation
p L deviaton

Vasp: single plane bore diameter variation (a tolerance for the diameter variation given by
a maximum value applying in any radial plane of the bore)
B : nominal inner ring width
Fig. 3-1 Relationship between tolerances for shaft/housing bore diameters and fits

(bearings of class 0 tolerance)

a: iof nominal tapered angle of tapered bore

(tapered ratio 1/30)

a=0°57'17.4"
=0.954 84°
=0.016 665 rad

(tapered ratio 1/12)

o =2°23'9.4"
=2.385 94°
=0.041 643 rad
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3. Bearing fits

3-3 Fit selection

In selecting the proper fit, careful consider-
ation should be given to bearing operating con-
ditions.

Major specific considerations are :

® | oad characteristics and magnitude

® Temperature distribution in operating

® Bearing internal clearance

e Surface finish, material and thickness of

shaft and housing

® Mounting and dismounting methods

® Necessity to compensate for shaft thermal

expansion at the fitting surface

® Bearing type and size

In view of these considerations, the following
paragraphs explain the details of the important

factors in fit selection.

1) Load characteristics

Load characteristics are classified into three
types : rotating inner ring load; rotating outer
ring load and indeterminate direction load.

Table 3-1 tabulates the relationship between

these characteristics and fit.

Table 3-1 Load characteristics and fits

Fit
. . . Loading - = Typical
Rotation pattern Direction of load | - - iohe | Innerring | Outer ring | application
& shaft & housing
Inner ring :
rotating Spur gear
Stationary boxes,
Outgr fing : Rotating Interference | Clearance fit motors
stationary inner ring load | fit necessary | acceptable
| R Stationary (k, m,n,p,n|(F,G,H,JS)
nner ring : otating | outer ring load
stationary with 9 Greatly
outer unbalanced
Outer ring : ring wheels
rotating
Inner ring : R:nn:ng‘;&
stationary - wheels
Stationary pulleys with
Outgr ring Stationary Clearancefit | Interference s"(qat;onary
rotating inner ring load | acceptable | fit necessary shatft
) Rotating (f, g, h,js) | (K, M,N,P)
Inner ring : Rotating | outer ring load Shaker
rotating with screens
o inner (unbalanced
Outer ring : rng vibration)
stationary
Indeterminate Rotating or stationary lc?i(rj: éﬁg:'lrzgtg Interference fit | Interference fit Cranks
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2) Effect of load magnitude

When a radial load is applied, the inner ring
will expand slightly. Since this expansion
enlarges the circumference of the bore
minutely, the initial interference is reduced.

The reduction can be calculated by the fol-
lowing equations :

[In the case of F;r = 0.25 Co)]

A4r=0.08 I%.Frxmf3 ................ (3-1)

[In the case of F;>0.25 Cp]

A yr =002 % T R (3-2)

where :
4 qF : reduction of inner ring interference mm
d : nominal bore diameter of bearing mm

B : nominal inner ring width mm
F; : radial load N
Co : basic static load rating N

Consequently, when the radial load, exceeds
the Cp value by more than 25 %, greater inter-
ference is needed.

Much greater interference is needed, when
impact loads are expected.

3) Effect of fitting surface roughness

The effective interference obtained after fit-
ting differs from calculated interference due to
plastic deformation of the ring fitting surface.
When the inner ring is fitted, the effective inter-
ference, subject to the effect of the fitting sur-
face finish, can be approximated by the
following equations :

[In the case of a ground shaft]

. d
A geit = Tio O (3-3)
[In the case of a turned shaft]
. d
A gefr = m A g e (3-4)
where :
A qetr : effective interference mm
4 4 : calculated interference mm

d : nominal bore diameter of bearing mm

Koyo

4) Effect of temperature

A bearing generally has an operating temper-
ature, higher than the ambient temperature.
When the inner ring operates under load, its
temperature generally becomes higher than
that of the shaft and the effective interference
decreases due to the greater thermal expansion
of the inner ring.

If the assumed temperature difference
between the bearing inside and surrounding
housing is 4, the temperature difference at the
fitting surfaces of the inner ring and shaft will be
approximately (0.10 to 0.15) x 4.

The reduction of interference (4 4) due to
temperature difference is then expressed as fol-
lows :

dai=(0.10100.15) 4, o~ d

Z0.0015 4 dx 1073 s (3-5)
where :
4 a¢ : reduction of interference due to
temperature difference mm

4 : temperature difference between the
inside of the bearing and the
surrounding housing °C

a : linear expansion coefficient of
bearing steel (= 12.5 x 107  1/°C
d : nominal bore diameter of bearing mm

Consequently, when a bearing is higher in
temperature than the shaft, greater interference
is required.

However, a difference in temperature or in
the coefficient of expansion may sometimes
increase the interference between outer ring
and housing. Therefore, when clearance is pro-
vided to accommodate shaft thermal expansion,
care should be taken.
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3. Bearing fits

5) Maximum stress due to fit

When a bearing is fitted with interference, the
bearing ring will expand or contract, generating
internal stress.

Should this stress be excessive, the bearing
ring may fracture.

The maximum bearing fitting-generated
stress is determined by the equation in Table
3-2.

In general, to avoid fracture, it is best to
adjust the maximum interference to less than
1/1 000 of the shaft diameter, or the maximum
stress (o), determined by the equation in Table
3-2, should be less than 120 MPa.

6) Other considerations

When a high degree of accuracy is required,
the tolerance of the shaft and housing must be
improved. Since the housing is generally less
easy to machine precisely than the shaft, it is
advisable to use a clearance fit on the outer
ring.

With hollow shafts or thin section housings,
greater than normal interference is needed.

With split housings, on the other hand,
smaller interference with outer ring is needed.

When the housing is made of aluminum or
other light metal alloy, relatively greater than
normal interference is needed.

In such a case, consult with JTEKT.

Fits recommended for radial bearings and
thrust bearings are shown in Tables 3-3 through
3-6. Fits for rolling mill roll neck bearings are
described in section 3-4.

Table 3-2 Maximum fitting-generated stress in bearings

Table 3-3 (1)

Recommended shaft fits for radial bearings (classes 0, 6X, 6)

Koyo

Shaft & inner ring

Housing bore & outer ring

(In the case of hollow shaft)

d_OZH d_zl
Adetr [1 ~ 7)1z

N
-0

(In the case of solid shaft)

=£M.[ +d2}
2 d D

1

oo E.
2

o

(In the case of Dy # )
D?
-5
Apeit Dy

E
1-
Dh2

(In the case of D= )

o=E

Apett

o=E D

where :
o : maximum stress
d : nominal bore diameter
(shaft diameter) mm
D; : raceway contact diameter of innerring  mm
ball bearing - D;i=02 (D+44d)

MPa

roller bearing -+ D; = 0.25 (D + 3 d)
A qefr - effective interference of inner ring mm
dy : bore diameter of hollow shaft mm

D, : raceway contact diameter of outer ring mm
ball bearing - D= 0.2 (4D +d)
roller bearing -+ De = 0.25 (3D + d)

D : nominal outside diameter

(bore diameter of housing) mm
A per - effective interference of outer ring mm
Dy, : outside diameter of housing mm

E : young's modulus 2.08 x 10°> MPa

[Remark] The above equations are applicable when the shaft and housing are steel.
When other materials are used, JTEKT should be consulted.

34

Cylllindrical
o :,oea‘:irng Splll'nerical
Ball bearin roller
E Tapered bearing gl::?ts ol Applications
Conditions roller o A Remarks (for refer-
bearing range ence)
Shaft diameter (mm)
over | up to ‘ over | up to| over | up to
Cylindrical bore bearing (classes 0, 6X, 6)
Electric
Light load or 18 100 - 40 - _ js6 Eor applications reguir- appliances,
fluctuating load | 100 200 | 40 140 - - k6 glg:cljg:] :cgﬁgifg b]: 5,k :gifshme
P . : ’
< 0.06} used in place of js 6, k6 | pumps,
[C, - - | 140 200 - - m6 and m 6. blowers,
carriers etc.
e .
5 E 18 100 - 40 - 40 ks For single-row tapered ralgg:lsc
e} -~ )
S § 100 140 40100 a0 65 m5 roller bearings and angu- | turbines,
O . .
2 9 Normal load lar contact ball bearings, | internal
% 5 » 140 200 | 100 140 65 100 m6 k 5 and m 5 may be combustion
2 % {0.06 < F’ = O.12} 200 280 | 140 200 | 100 140 né replaced by k 6 and m 6, | engines,
£ £ r - — | 200 400 | 140 280 p6 because internal clear- | wood-
2 £ ance reduction due to fit | working
= O - - - - | 280 500 ré ; )
S 3 need not be considered. | machines
¢ 2 B - B - | %00 - r7 etc.
Railway
Heavy load or - - | 50 140 | 50 100 neé ) ) rolling
impact load -~ | 140 200|100 140 pe | Bearings with larger stock axle
P 200 140 500 ‘6 internal clearance than journals
{Fr > 0.12] B ~ - _ | 500 - s standard are required. traction
motors
For applications requir-
Inner ring needs to ?r?o::ghbch:ézcy' 95 Stationary
o move smoothly on All shaft diameters g6 For large size béarin shaft
T | shaft. 9 9. wheels
> o f 6 may be used for eas-
S c ier movement.
S o
g2 Tension
@n £ Inner ring does not For applications requir- | pulleys,
need to move All shaft diameters h6 ing high accuracy, h 5 rope
smoothly on shaft. should be used. sheaves
etc.
Central axial load only All shaft diameters js6 -

Tapered

bore bearing (class 0) (with adapter or withdrawal sleeve)

All loads

All shaft diameters

h9/IT5?

For transmission shafts,
h10/1T 7 ? may be applied.

[Notes] 1) Light, normal, and heavy loads refer to those with dynamic equivalent radial loads (Pr) of 6 % or lower, over 6 % up

to 12 % inclusive, and over 12 % respectively in relation to the basic dynamic radial load rating (Cr) of the bearing

concerned.

2) IT 5 and IT 7 mean that shaft roundness tolerance, cylindricity tolerance, and other errors in terms of shape should
be within the tolerance range of IT 5 and IT 7, respectively. For numerical values for standard tolerance grades IT 5
and IT 7, refer to supplementary table at end of this catalog.

[Remark] This table is applicable to solid steel shafts.
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3. Bearing fits

Table 3-3 (2)

Recommended housing fits for radial bearings (classes 0, 6X, 6)

Conditions
Outer rin Class of S
) 1 axial 9 housing bore Remarks (3222?::;?122)
Housing Load type etc." displace- tolerance range
ment?
Shl:qgat;;:gipzl ;Ed Ordinary bearing
Lo .. | devices, railway
bearing is used, or if .
All load . rolling stock axle
H7 the temperature dif-
types ference is large bc?xels, power trans-
between the outer mission equipment
ring and housing. ete.
One-piece Light or Easily B
or N H8
. normal load displaceable
split type
F 7 may be applied
i when a large size
Stationary | High temperature bearing is used, orif | o L
outer at shaft and inner G7 the temperature dif- rying cy
i etc
ringload | ring ference is large ’
between the outer
ring and housing.
Light or Not Mainly applied to
normal load, displaceable K6 roller bearings.
requiring in principle
high running . Mainly applied to
accuracy Displaceable JS6 ball bearings.
Requiring .
low-noise Egsﬂy H6 -
. displaceable
rotation
Light or Normally S7 For applications
normal load displaceable requiring high Electric motors,
Indetermi- accuracy, JS 6 and | pumps,
nate Normal or Not K 6 should be used | crankshaft main
direction | heavy load displaceable K7 in place of JS 7 and | bearings etc.
One-piece in principle K7
load .
type P
::Ec? impact r’;lizi)laceable M7 - Traction motors etc.
Light or Conveyor rollers,
fluctuating M7 - ropeways, tension
load pulleys etc.
Normal or N7 Mainly applied to Wheel hubs with
Rotating heavy load Not ball bearings. ball bearings etc.
?iﬁtelroa d displaceable Wheel hubs with
9 Thin section roller bearings,
housing, p7 Mainly applied to bearings for
heavy or high roller bearings. large end of
impact load connecting rods

etc.

[Notes] 1) Loads are classified as stated in Note 1) to Table 3-3 (1).
2) Indicating distinction between applications of non-separable bearings permitting and not permitting axial displace-

ment of the outer rings.

[Remarks] 1. This table is applicable to cast iron or steel housings.
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radial direction for outer ring.

2. If only central axial load is applied to the bearing, select such tolerance range class as to provide clearance in the

Table 3-4 Recommended shaft and housing fits for inch series tapered roller bearings (classes 4, 2)

Koyo

(1) Fits for shaft
Nominal bore Deviation of Dimensional
diameter asingle bore | tolerance of
Load type d diameter shaft diameter Remarks
mm (1/25.4) Ay, um pm
over | up to upper ‘ lower | upper | lower
76.2( 3.0) 304.8(12.0) | +25 0 + 64 + 38
Normal load 304.8(12.0) 609.6 (24.0) | +51 0 +127 + 76
Rotating 609.6 (24.0) 914.4(36.0) | +76 0 +190 +114
:gggr ng Heavy load 76.2( 3.0) 304.8(12.0) | +25 0 | Should be such Generally, bearing
Impact load that average inter- | internal clearance
High speed 304.8(120) 609.6(24.0) | +51 0 ference stands at | should be larger
rotation 609.6 (24.0) 914.4(36.0) | +76 0 ]0.0005 x d (mm) than standard.
Normal load | 762( 30) 3048(120) | +25 0 | +25 0
without 304.8 (12.0) 609.6 (24.0) | +51 0 + 51 0
impact 609.6 (24.0) 914.4(36.0) | +76 O + 76 0
Rotating | Normal load 76.2( 3.0) 304.8(12.0) | +25 0 0 =25 |Innerring is
outer ring | Without 304.8(12.0) 609.6 (24.0) | +51 0 0 - 51 | displaceable in
load impact 609.6 (24.0) 914.4(36.0) | +76 0 0 — 76 | axial direction.
Heavy load 76.2( 3.0) 304.8(12.0) | +25 0 Shhould be such Generally, bearing
Impact load that average inter- | internal clearance
High speed 304.8(120) 609.6(24.0) | +51 0 ference stands at | should be larger
rotation 609.6 (24.0) 914.4(36.0) | +76 0 ]0.0005 x d (mm) than standard.
(2) Fits for housing
Nominal outside Deviation of Dimensional tolerance
diameter asingle outside | of housing bore
Load type D diameter diameter Remarks
mm (1/25.4) Aps, pm pm
over | up to upper ‘ lower | upper lower
76.2( 3.0) 127.0( 5.0) | + 25 0 + 76 + 51 o )
Used for free | 127.0( 5.0) 304.8(120) | +25 0 | +76  +51 glsltelgéglgbllz ?:‘S"y
or fixed side. | 304.8 (12.0) 609.6 (24.0) | + 51 0 +152 +105 axigl direction.
609.6 (24.0) 914.4(36.0) | + 76 0 +229 +152
Position of 76.2( 3.0) 127.0( 5.0) | + 25 0 + 25 0 o o
. ter ring uter ring is
Rotating | Quter rinc 127.0( 5.0) 3048(120) | +25 0 | + 5l 0 | e in
:nngr rng IabIeI(LiJn axial | 304.8(12.0) 609.6(24.0) | + 51 0 +76 +25 a;(igl directior:.
oa direction). 609.6 (24.0) 914.4(360) | +76 0 +127 + 51
Porondr | 762(30) 1270(50)| +25 0 | -25 -5l
is not 127.0( 5.0) 304.8(12.0) | +25 O - 25 - 51 | Outer ring is fixed in
?djust_alble 304.8(12.0) 609.6 (24.0) | + 51 0 - 25 - 76 | axial direction.
in axia
direction). 609.6 (24.0) 914.4(36.0) | + 76 0 - 25 -102
bt | 762(30) 1220(50)| +25 0 | -25 -5l
g‘ﬂfr"rri‘r? is not 127.0( 50) 3048(120) | +25 0 | —25 - 51 |Outerringis fixed in
g e ?djust_alble 3048(120) 609.6(240)| +51 0 | -25 - 76 |axialdirection.
in axia
direction). 609.6 (24.0) 914.4(36.0) | + 76 0 - 25 -102
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3. Bearing fits

Table 3-5 Recommended shaft and housing fits for metric J series tapered roller bearings

(classes PK, PN)
(1) Fits for shaft
Nominal bore
diameter Class of shaft
Load type d tolerance Remarks
mm range
over up to
N " 10 120 m6
ormal load 120 500 ne
Rotating o e 5
N . n
inner ring
load :-:a:é,t IE;Z 120 180 p6 Generally, bearing internal clearance
H'ph d rotati 180 250 ré should be larger than standard.
igh speed rotation 250 500 7
Nprmal !oad 80 315 h6org6
. without impact
Rotating o e 5
outer ring n
load :-:a:():lt II(Z::! 120 180 p6 Generally, bearing internal clearance
H'ph d rotat 180 250 ré should be larger than standard.
igh speed rotation 250 500 7
(2) Fits for housing
Nominal outside Class of
diameter housing bore
Load type D . 9 Remarks
mm diameter
e up to tolerance range
Used for free or 18 315 G7 Outer ring is easily displaceable in
fixed side 315 400 F6 axial direction.
Rotating | Position of outerring Outer ring is displaceable in
; ; is adjustable 18 400 J7 e I
inner ring - o= axial direction.
load (in axial direction)
Position of outer ring
is not adjustable 18 400 P7 Outer ring is fixed in axial direction.
(in axial direction)
Rotating Position of outer ring 18 120
outer ring | is not adjustable 120 180 R7 Outer ring is fixed in axial direction.
load (in axial direction) 180 400
38

Table 3-6 Recommended shaft and housing fits for thrust bearings (classes 0, 6)

Koyo

(1) Fits for shaft
Shaft diameter, mm | Class of shaft
Load type tolerance Remarks
over up to range
Central axial load : :
(generally for thrust bearings) All shaft diameters js6 h 6 may also be used.
Combined load | Stationary shaft | - shaft diameters js6 -
- washer load
spherical
thrust Rotating shaft _ 200 k6
roller washer load or 200 400 me js 6, k 6 and m 6 may be used in place
bearing indeterminate of k 6, m 6 and n 6, respectively.
direction load 400 = né
(2) Fits for housing
Class of housing
Load type bore diameter Remarks

tolerance range

Central axial load
(generally for thrust bearings)

Select such tolerance range class as provides clear-
ance in the radial direction for housing washer.

H8 In case of thrust ball bearings requiring high accuracy.
Combined load ‘?v;astlt?:ralgyaf(;ousmg H7 -
spherical
thrust Indeterminate K7 In case of application under normal operating condi-
roller direction load or tions.
bearing rotating housing -
washer load M7 In case of comparably large radial load.

[Remark] This table is applicable to cast iron or steel housings.
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3. Bearing fits

3-4 Recommended fits for
rolling mill roll neck bearing

A rolling mill roll neck bearing is subject to
inner ring rotating load. Its inner ring always
receives a load on its entire circumference, and
a load is applied to the outer ring at only one
location.

Thus, interference fit is required for the inner
ring to prevent any creep, and clearance fit
should be used for the outer ring, in principle.
For easy attachment, clearance fit has been
used for roll neck bearings (because recombi-
nation and replacement must be frequently
done for roll grinding).

However, with more increase in rolling speed
and rolling load, interference fit has been more

commonly used to prevent danger of creep to
be generated when clearance fit is used and
improve in accuracy of products.

Clearance fit is used for the inner rings of
deep groove ball bearings and angular ball

bearings used as bearings receiving axial load.
Between the outer ring and the chock, adequate

clearance should be provided in order to pre-
vent any radial load applied to the outer ring.

Tables 3-7 through 3-10 show the recom-
mended fits for roll neck bearings.

When machining a roll neck or chock, its

roundness must not exceed 50 % of the allow-
able tolerances shown in Tables 3-7 through 3-

10. If its roundness is poor, fretting corrosion
may frequently occur.

Table 3-7 Recommended fits for roll neck metric series four-row tapered roller bearing

Table 3-8 Recommended fits for roll neck inch series four-row tapered roller bearing

Koyo

Double cone and roll neck (shaft)

Cup and chock (housing)

Double cone and roll neck (shaft)

Cup and chock (housing)

Nominal bore Single bore Roll neck Nominal outside | Single outside | Chock bore
diameter diameter diameter diameter diameter diameter
d deviation deviation D deviation deviation
mm (1/25.4) Aas pm pm mm (1/25.4) s pm pm
over | up to upper | lower | upper | lower over | up to upper | lower | upper | lower
76.2 1016 | + 25 0 - 75  -100 - 3048 | + 25 0 +75  + 50
( 3.0) ( 4.0 (12.0)
101.6 1270 | + 25 0 -100  -125 304.8 609.6 | + 51 0 +150  +100
(4.0 ( 5.0) (12.0) (24.0)
127.0 1524 | + 25 0 -125  -150 609.6 9144 | + 76 0 +225  +150
(500 (6.0 (240)  (36.0)
152.4 203.2 + 25 0 -150 -175 9144 1219.2 +102 0 +300 +200
( 6.0) ( 8.0) (36.0) (48.0)
203.2 304.8 + 25 0 -175 -200 1219.2 15240 +127 0 +375 +250
( 8.0) (12.0) (48.0) (60.0)
304.8 609.6 | + 51 0 -200  -250 | 1524.0 +127 0 +450  +300
(12.0) (24.0) (60.0)
609.6 9144 | + 76 0 -250 325
(24.0) (36.0)
9144 1219.2 | +102 0 -300 400
(36.0)  (48.0)
1219.2 +127 0 -375 —475

(48.0)

Nominal bore  [Single plane mean Roll neck Nominal outside ﬂggfﬂg}ge Chock bore

diameter bore diameter diameter diameter diameter diameter

deviation deviation deviation deviation

d, mm dmp Hm pm D, mm Dmp pm nm
over | upto | upper | lower | upper | lower | over | upto | upper | lower | upper | lower
80 120 0 - 20 -120 -150 120 150 0 - 20 + 57 + 25
120 180 0 - 25 -150 -175 150 180 0 - 25 +100 + 50
180 250 0 - 30 -175 -200 180 250 0 - 30 +120 + 50
250 315 0 - 35 -210 -250 250 315 0 - 35 +115 + 50
315 400 0 - 40 —240 -300 315 400 0 - 40 +110 + 50
400 500 0 — 45 —245 -300 400 500 0 — 45 +105 + 50
500 630 0 -50 | 250 300 500 630 0 -50 | +100 +50
630 800 0 75 | -325  -400 630 800 0 75 | 4150 +75
800 1000 0  -100 | -350 425 800 1000 0 -100 | +150 +75
1000 1250 0 -125 425 -500 1000 1250 0 -125 +175 +100
1250 1600 0 -160 -510 -600 1250 1600 0 -160 +215 +125
1600 2000 0 —-200 +250 +150
40
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3. Bearing fits

Table 3-9 Recommended fits for roll neck four-row cylindrical roller bearing (inner ring interference fit)

Inner ring and roll neck (shaft)

Outer ring and chock (housing)

Nominal bore  |Single planemean |  Roll neck Nominal outside |Single planemean |  Chock bore
diameter bore diameter diameter diameter outside diameter diameter
deviation deviation deviation deviation
d, mm dmp Hm pm D, mm Dmp UM pm
over upto | upper | lower [upper| lower over upto | upper | lower [upper| lower
80 120 | 0 -20 |+59 +3/(6| 120 B0 | 0 -18|+40 0H)
120 180 0 - 25 | + 68 + 43(pb) 150 180 0 - 25 | + 40 0 (H7)
180 250 0 - 30 |+ 79 + 50(p6) 180 250 0 - 30 |+ 46 0 (H7)
250 280 0 - 35 126 94 (r6
H126 900 35 | 0 -35 |+5  OH)
280 315 0 — 35 | +130 + 98(r6)
315 355 0 — 40 | +144 +108(r6) 315 400 0 _a0 |+75 41807
355 200 | 0 - 40 | +150 +114(6)
4 4 -4 1 12
00 0 0 S Rt b ) 50 | 0  —45 | +83 +20(G7)
450 500 0 — 45 | +172  +132(r6)
500 560 0 - 50 | +194 +150(r6) 500 630 0 _50 |+ 92 42207
560 630 0 — 50 | +354 +310(s6)
71 -7 4
630 L > | +390 #3060 | gq 800 | 0 75 |+160 +80(F7)
710 800 0 — 75 | +430 +380(s6)
800 %00 0 -100 14486 +430(6)) g0 1000 0 100 | +176 + 86 (F7)
900 1000 0 -100 | +526 +470 (s6)
1 112 -12 2
000 00 S| 1988 45060 yp00 150 | 0 -125 | 4203 + 98
1120 1250 0 -125 | +646 +580 (s6)
1250 1400 0 -160 | +235 +110(F7)
1400 1600 0 -160 | +345 +220(E7)

[Note] The table above shows general values. JTEKT determines recommended fit on a case by case basis according to bear-
ing materials and operating conditions to prevent the inner ring from creeping.
Consult with JTEKT when referring to this table.

Table 3-10 Recommended fits of bearing types for support of axial loading

Inner ring and roll neck (shaft) Outer ring and chock (housing)
Bearing type Mounted to chock Mounted to sleeve
Shaft tolerance range class | Chock bore tolerance | Sleeve bore tolerance
range class range class
Deep groove ball bearing
Nominal chock bore
Angular ball bearing (mm) =
Outer ring outer dia.
Double row tapered roller + [O'?.&? 1.0]
bearing (bearings for support e6 or f6 G7
of axial loading) - TDIS type
Thrust tapered roller bearing
G7
Spherical thrust roller bearing

[Remark] When installing a sleeve, clearance of 0.5 mm or more should be provided between the outer diameter of the sleeve
and the bore of the chock.
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4. Internal clearance

Bearing internal clearance is defined as the
total distance either inner or outer ring can be
moved when the other ring is fixed.

If movement is in the radial direction, it is
called radial internal clearance; if in the axial
direction, axial internal clearance. (Fig. 4-1)

Bearing performance depends greatly upon
internal clearance during operation (also
referred to as operating clearance); inappropri-

ate clearance results in short rolling fatigue life
and generation of heat, noise or vibration.

Axial internal clearance

191 O

®

Fig. 4-1 Bearing internal clearance

Radial internal clearance

[Refer.] Relation to radial intearnal clearance
and axial internal clearance

(1) Deep groove ball bearing

A, = Ar(4mo_dr) .............................. (4-1)

(2) Double-row angular contact ball bearing

2
A,=2 /moz — (mocoso, — %) _ 2mesino.

(3) Matched pair angular contact ball bearing

2
A o= 2mesino. — 2, /mo? — (mocoso. + 12“ )

............................. (4-3)
(4) Double/four-row and
matched pair taperd roller bearing
Aazgjrcota':,%zjr ............................. (4-4)

Koyo

where :
A4 : Axial internal clearance mm
A : Radial internal clearance mm
o : Nominal contact angle deg.

e : Limited value of F, /F; (shown in
the bearing specification table)

Mo  re + i — Dw mm
re: Outer ring raceway groove
radius mm
ri: Inner ring raceway groove
radius mm
Dy, : Ball diameter mm

The term residual clearance is defined as
the original clearance decreased owing to
expansion or contraction of a raceway due to fit-
ting, when the bearing is mounted in the shaft
and housing.

The term effective clearance is defined as
the residual clearance decreased owing to
dimensional change arising from temperature
differentials within the bearing.

The term operating clearance is defined as
the internal clearance present while a bearing
mounted in a machine is rotating under a cer-
tain load, or, the effective clearance increased
due to elastic deformation arising from bearing
loads.

Operating clearance gives great influences
on the performance and service life of bearings.
Thus, it is recommended to select the operating
clearance of a ball bearing so that the operating
clearance is slightly positive, while the lower
limited value of the operating clearance range
of a roller bearing is slightly positive.

It is important to take specific operating con-
ditions into consideration and select a clearance
suitable for the conditions.

For example, when high rigidity is required, or
when the noise must be minimized, the operat-
ing clearance must be reduced. On the other
hand, when high operating temperature is
expected, the operating clearance must be
increased.

Table 4-1 shows how to determine the oper-
ating clearance in the case of shaft and housing
made of steel. The standard values of bearing
internal clearance before mounting are shown
in Tables 4-2 through 4-6.
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4. Internal clearance

Operating clearance
()

S=So— (Se+ St +Sp) + S

*

Sy (increase of clearance due to load)
is generally small, and thus may be
ignored, although there is a equation
for determining the value.

(In the case of hollow shaft)

(In the case of Dy, # )

- ) -5
1-— 1 5
Se =4 —_ 7[1 Seo =4 & N Dh

Decrease of clearance fi =< defl do? fo=2Defl °py D2
due to fitting (Sn) [ - Diz} [1 - th}

(In the case of solid shaft)

d
Sti =4 gefr D

(In the case of Dy = )

D
Sto = A pett f

Decrease of clearance
due to temperature
differentials between
inner and outer rings
(St1)

The amount of decrease varies
depending on the state of housing;
however, generally the amount can
be approximated by the following
equation on the assumption that the
outer ring will not expand :

St = o (Di-ti— De - te)

Decrease of clearance

due to temperature

rise of rolling element
(S2)

So=20 Dy -ty

where : D = D + 2Dy,
Consequently, Si1 + Stz will be determined
by the following equation :

Su+Sp=a -Di-t1+2 - Dy, - 12

Temperature differential between the
inner and outer rings, 71, can be expres-
sed as follows :

t1=ti—te
Temperature differential between the roll-
ing element and outer ring, 12, can be
expressed as follows :

=ty—te
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ball bearing - Di =02 (D+4d)
roller bearing - Di = 0.25 (D + 3 d)

]

Table 4-1 How to determine operating clearance In Table 4-1,
, -~ -~ - - - - - - ---"-""-"""""="""=""""">""-=-"=—""-="=—"===="="=="==="=7- N\
| S : operating clearance mm A perr: effective interference of outer ring mm [
Sto : reduction of clearance due to fitting of I So : clearance before mounting mm Dy : outside diameter of housing mm I
the outer ring and housing I St : decrease of clearance due to fitting mm De : outer ring raceway contact diameter mm :
S : operating clearance : Sti : expansion of inner ring raceway ball bearing - De=0.2 (4D +d) :
M : | contact diameter mm roller bearing - De = 0.25 (3D + d) |
ﬂ Effective {} | Sto : contracthn of outer ring raceway D : nominal outside diameter mm |
| | contact diameter mm a : linear expansion coefficient of [
N t cearance Residual S, : clearance before [ St1 = decrease of clearance due to temperature bearing steel (12.5 x 10°9) 1/°C !
esidual : : : : ; . 4 |
A2 clearance mounting ! differentials between inner and outer rings  mm Dy, : average diameter of rolling elements  mm :
(original clearance) ‘ Si2 - decrease of clearance due to temperature ball bearing - Dy =0.3 (D—d) |
! ’ ) .
% | . rise of the rolling elements mm [roller bearing - Dy = 0.25 (D — d)] |
L, Sw - Increase of clearance due to load  mm fi : temperature rise of the innerring ~ °C |
Ball ! d“"z : ifofiwcitr:\;?tl)gtreerf;::‘éfe?f innerring - mm fe : temperature rise of the outer ring  °C :
[ : mm . : :

Sw: increase of Sy :decrease of clearance S : decrease of clearance | (shaft diameter) tw : temperature rise of rolling elements °C |
clearance due due to temperature due to fitting of | . ) |
to load differentials between inner ring and shaft | do : bore diameter of hollow shaft mm |

inner and outer rings | D; : inner ring raceway contact diameter mm |
[ [
[ [

MBearings are sometimes used with a non-steel shaft or housing.
In the automotive industry, a statistical method is often incorporated for selection of clearance.
In these cases, or when other special operating conditions are involved, JTEKT should be consulted.

45



4. Internal clearance Koyo

Table 4-2 Radial internal clearance of deep groove ball bearings (cylindrical bore) Table 4-3 (2) Axial internal clearance of matched pair angular contact
Unit : pm ball bearings (measurement clearance)l)
Nominal bore Clearance Unit : um
diameter - 2
¢}, rm c2 CN c3 ca cs :‘:i‘;':."e"tzlrbme Contact angle : 40
over | upto min. max. min. max. min. max. min. max. min. max. d, mm c2 CN Cc3 c4a
80 100 1 18 12 36 30 58 53 a4 75 120 over up to min. | max. | min. | max. [ min. | max. | min. | max.
100 120 2 20 15 41 36 66 61 97 90 140 80 100 6 20 20 45 55 80 85 110
120 140 2 23 18 48 41 81 71 114 105 160 100 120 6 25 25 50 60 85 100 125
140 160 2 23 18 53 46 91 81 130 120 180 120 140 7 30 30 60 75 105 125 155
160 180 2 25 20 61 53 102 91 147 135 200 140 160 7 30 35 65 85 115 140 170
180 200 2 30 25 71 63 117 107 163 150 230 160 180 7 31 45 75 100 130 155 185
200 225 2 35 25 85 75 140 125 195 175 265 180 200 7 37 60 90 110 140 170 200
225 250 2 40 30 95 85 160 145 225 205 300 [Note] 1) Including increase of clearance caused by measurement load.
250 280 2 45 35 105 90 170 155 245 225 340
280 315 2 55 40 115 100 190 175 270 | 245 370 L L .
315 355 3 60 45 125 110 210 195 300 275 410 Table 4-4 Radial internal clearance of cylindrical roller bearings
355 400 3 70 55 145 130 240 225 340 315 460 (1) Cylindrical bore bearings Unit : pm
400 450 3 80 60 170 150 270 250 380 350 510 Nominal bore Clearance
450 500 3 90 70 190 170 300 280 420 390 570 diameter c2 CN c3 ca Cs
500 560 10 100 80 210 190 330 310 470 440 630 d, mm
560 630 10 110 %0 230 210 360 340 520 490 690 over up to min. max. min. max. min. max. min. max. min. max.
630 710 | 20 130 110 260 240 400 380 570 | 540 760 40 50 5 35 30 60 50 80 70 100 95 125
70 800 | 20 140 | 120 290 | 270 450 | 430 630 | 600 840 Zg gg }g jg jg ;g gg 1(9)3 gg gg gg igg
800 900 20 160 140 320 300 500 480 700 670 940 80 100 15 50 50 85 75 110 105 140 155 190
900 1000 20 170 150 350 330 550 530 770 740 1040 100 120 15 55 50 90 35 125 125 165 180 220
1000 1120 20 180 160 380 360 600 580 850 820 1150 120 140 15 60 60 105 100 145 145 190 200 245
1120 1250 20 190 170 410 390 650 630 920 890 1260 140 160 20 70 70 120 115 165 165 215 225 275
1250 1400 - _ 180 440 20 700 680 1000 _ _ 160 180 25 75 75 125 120 170 170 220 250 300
— — 180 200 35 20 90 145 140 195 195 250 275 330
[Remark] Values in Italics are prescribed in JTEKT standards. 200 225 5 105 105 165 160 220 220 280 305 365
225 250 45 110 110 175 170 235 235 300 330 395
250 280 55 125 125 195 190 260 260 330 370 440
Table 4-3 (1) Axial internal clearance of matched pailr) angular contact ball bearings 280 315 55 130 130 205 200 275 275 350 210 485
(measurement clearance) Unit : um 315 355 65 145 145 225 225 305 305 385 455 535
Nominal bore Contact andle - 15° e 355 400 | 100 190 | 190 280 | 280 370 | 370 460 | 510 600
diameter Sl Sleslub)s 400 450 | 110 210 | 210 310 | 310 410 | 410 510 | 565 665
d, mm c2 CN c2 CN c3 ca 450 500 | 110 220 220 330 330 440 440 550 625 735
over | upto | min. | max. | min. | max. | min. ‘ max. | min. ‘ max. | min. | max. | min. | max. 500 560 110 225 220 330 335 470 440 575 - -
560 630 110 245 220 360 375 520 490 635 - -
80 100 35 60 85 110 10 30 50 75 80 105 130 155 630 710 115 275 245 105 120 530 550 710 B B
100 120 40 65 100 125 12 37 65 90 100 125 150 175 710 800 130 305 275 450 470 675 615 790 _ _
120 140 45 75 110 140 15 40 75 105 120 150 180 210 800 900 140 340 300 500 520 720 680 830 - -
140 160 45 75 125 155 15 40 80 110 130 160 210 240 900 1000 160 380 340 560 580 800 760 980 - -
160 180 50 80 140 170 15 45 95 125 140 170 235 265
180 200 50 80 160 190 20 50 110 140 170 200 275 305

[Note] 1) Including increase of clearance caused by measurement load.
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4. Internal clearance Koyo

Table 4-4 Radial internal clearance of cylindrical roller bearings Table 4-5 Radial internal clearance of double / four-row and matched pair tapered roller bearings
(2) Tapered bore bearings Unit : um (1) Cylindrical bore bearings Unit : um
Nominal bore Non-interchangeable clearance Nominal bore Clearance
diameter diameter
d, mm C9NAD C1NA C2NA CNNA C3NA C4NA C5NA d, mm c1 c2 CN c3 c4
over | upto | min. | max. | min. | max. | min. | max. | min. | max. | min. | max. | min. | max. | min. | max. over up to min. max. min. max. min. max. min. max. min. max.
80 100 | 10 25 25 45 45 70 80 105 | 105 125 | 125 150 | 180 205 80 100 0 20 20 45 45 70 70 100 100 130
100 120 | 10 25 25 50 50 80 95 120 | 120 145 | 145 170 | 205 230 100 120 0 25 25 50 50 80 80 110 110 150
120 140 | 15 30 30 60 60 90 | 105 135 | 135 160 | 160 190 | 230 260 120 140 0 30 30 60 60 90 90 120 120 170
140 160 | 15 35 35 65 65 100 | 115 150 | 150 180 | 180 215| 260 295 140 160 0 30 30 65 65 100 100 140 140 190
160 180 | 15 35 35 75 75 110 | 125 165 | 165 200 | 200 240 | 285 320 160 180 0 35 35 70 70 110 110 150 150 210
180 200 20 40 40 80 80 120 | 140 180 | 180 220 | 220 260 | 315 355 180 200 0 40 40 80 80 120 120 170 170 230
200 225| 20 45 45 90 90 135 | 155 200 | 200 240 | 240 285| 350 395 200 225 0 40 40 90 90 140 140 190 190 260
225 250 | 25 50 50 100 | 100 150 | 170 215 | 215 265 | 265 315 380 430 225 250 0 50 50 100 100 150 150 210 210 290
250 280 25 55 55 110 | 110 165 | 185 240 | 240 295 | 295 350 | 420 475 250 280 0 50 50 110 110 170 170 230 230 320
280 315| 30 60 60 120 | 120 180 | 205 265 | 265 325 | 325 385| 470 530 280 315 0 60 60 120 120 180 180 250 250 350
315 355 | 30 65 65 135 | 135 200 | 225 295 | 295 360 | 360 430 | 520 585 315 355 0 70 70 140 140 210 210 280 280 390
355 400 | 35 75 75 150 | 150 225 | 255 330 | 330 405 | 405 480 | 585 660 355 400 0 70 70 150 150 230 230 310 310 440
400 450 | 45 85 8 170 | 170 255 | 285 370 | 370 455 | 455 540 | 650 735 400 450 0 80 80 170 170 260 260 350 350 490
450 500 | 50 95 95 190 | 190 285 | 315 410 | 410 505 | 505 600 | 720 815 450 500 0 90 90 190 190 290 290 390 390 540
500 560 | - - 105 210 | 210 315 | 350 455 | 455 560 | 560 665 | - - 500 560 0 100 100 210 210 320 320 430 430 590
560 630 | - - 115 230 | 230 345 | 390 505 | 505 620 | 620 735 | - - 560 630 0 110 110 230 230 350 350 480 4380 660
630 710 | - - 130 260 | 260 390 | 435 565 | 565 695 | 695 825 | - - 630 710 0 130 130 260 260 400 400 540 540 740
710 800 | - - 145 290 | 290 435 | 485 630 | 630 775 | 775 920 | - - 710 800 0 140 140 290 290 450 450 610 610 830
800 900 | - - 160 320 | 320 480 | 540 700 | 700 860 | 80 1020| - - 800 900 0 160 160 330 330 500 500 670 670 920
900 1000, - - 180 360 | 360 540 | 600 780 | 780 960 | 960 1140| - - 900 1000 0 180 180 370 370 550 550 730 730 990
[Note] 1) Clearance CONA should be applied to tapered cylindrical roller bearings of JIS tolerance classes 5 and 4. 1000 1250 0 200 200 420 420 610 610 790 790 1050
1250 1600 0 220 220 460 460 650 650 850 850 1100
1600 2000 0 240 240 480 480 680 680 900 900 1150
(2) Tapered bore bearings Unit : pm
Nominal bore Clearance
diameter
d, mm Cc1 c2 CN c3 c4
over up to min. max. min. max. min. max. min. max. min. max.
80 100 20 45 45 70 70 100 100 130 130 170
100 120 25 50 50 80 80 110 110 150 150 200
120 140 30 60 60 90 90 120 120 170 170 230
140 160 30 65 65 100 100 140 140 190 190 260
160 180 35 70 70 110 110 150 150 210 210 280
180 200 40 80 80 120 120 170 170 230 230 310
200 225 40 90 90 140 140 190 190 260 260 340
225 250 50 100 100 150 150 210 210 290 290 380
250 280 50 110 110 170 170 230 230 320 320 420
280 315 60 120 120 180 180 250 250 350 350 460
315 355 70 140 140 210 210 280 280 390 390 510
355 400 70 150 150 230 230 310 310 440 440 580
400 450 80 170 170 260 260 350 350 490 490 650
450 500 90 190 190 290 290 390 390 540 540 720
500 560 100 210 210 320 320 430 430 590 590 790
560 630 110 230 230 350 350 480 480 660 660 880
630 710 130 260 260 400 400 540 540 740 740 990
710 800 140 290 290 450 450 610 610 830 830 1100
800 900 160 330 330 500 500 670 670 920 920 1240
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4. Internal clearance

Koyo

Table 4-6 Radial internal clearance of spherical roller bearings

(1) Cylindrical bore bearings Unit : um (2) Tapered bore bearings Unit : pm
Nominal bore Clearance Nominal bore Clearance
diameter diameter
d, mm Cc2 CN C3 C4 C5 d, mm c2 CN C3 C4 C5
over up to min. max. min. max. min. max. min. max. min. max. over up to min. max. min. | max. min. max. min. max. min. max.
80 100 35 60 60 100 100 135 135 180 180 225 80 100 55 80 80 110 110 140 140 180 180 230
100 120 40 75 75 120 120 160 160 210 210 260 100 120 65 100 100 135 135 170 170 220 220 280
120 140 50 9% 9% 145 145 190 190 240 240 300 120 140 80 120 120 160 160 200 200 260 260 330
140 160 60 110 110 170 170 220 220 280 280 350 140 160 90 130 130 180 180 230 230 300 300 380
160 180 65 120 120 180 180 240 240 310 310 390 160 180 100 140 140 200 200 260 260 340 340 430
180 200 70 130 130 200 200 260 260 340 340 430 180 200 110 160 160 220 220 290 290 370 370 470
200 225 80 140 140 220 220 290 290 380 380 470 200 225 120 180 180 250 250 320 320 410 410 520
225 250 90 150 150 240 240 320 320 420 420 520 225 250 140 200 200 270 270 350 350 450 450 570
250 280 100 170 170 260 260 350 350 460 460 570 250 280 150 220 220 300 300 390 390 490 490 620
280 315 110 190 190 280 280 370 370 500 500 630 280 315 170 240 240 330 330 430 430 540 540 680
315 855 120 200 200 310 310 410 410 550 550 690 315 355 190 270 270 360 360 470 470 590 590 740
355 400 130 220 220 340 340 450 450 600 600 750 355 400 210 300 300 400 400 520 520 650 650 820
400 450 140 240 240 370 370 500 500 660 660 820 400 450 230 330 330 440 440 570 570 720 720 910
450 500 140 260 260 410 410 550 550 720 720 900 450 500 260 370 370 490 490 630 630 790 790 1000
500 560 150 280 280 440 440 600 600 780 780 1000 500 560 290 410 410 540 540 680 680 870 870 1100
560 630 170 310 310 480 480 650 650 850 850 1100 560 630 320 460 460 600 600 760 760 980 980 1230
630 710 190 350 350 530 530 700 700 920 920 1190 630 710 350 510 510 670 670 850 850 1090 1090 1360
710 800 210 390 390 580 580 770 770 1010 1010 1300 710 800 390 570 570 750 750 960 960 1220 1220 1500
800 900 230 430 430 650 650 860 860 1120 1120 1440 800 900 440 640 640 840 840 1070 1070 1370 1370 1690
900 1000 260 480 480 710 710 930 930 1220 1220 1570 900 1000 490 710 710 930 930 1190 1190 1520 1520 1860
1000 1120 290 530 530 780 780 1020 1020 1330 1330 1720 1000 1120 530 770 770 1030 1030 1300 1300 1670 1670 2050
1120 1250 320 580 580 860 860 1120 1120 1460 1460 1870 1120 1250 570 830 830 1120 1120 1420 1420 1830 1830 2250
1250 1400 350 640 640 950 950 1240 1240 1620 1620 2060 1250 1400 620 910 910 1230 1230 1560 1560 2000 | 2000 2450
1400 1600 400 720 720 1060 1060 1380 1380 1800 1800 2300 1400 1600 680 1000 1000 1350 1350 1720 1720 2200 | 2200 2700
1600 1800 450 810 810 1180 1180 1550 1550 2 000 2000 2550 1600 1800 750 1110 1110 1500 1500 1920 1920 2 400 2 400 2950
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5. Lubrication

Lubrication is one of the most important fac-
tors determining bearing performance. The suit-
ability of the lubricant and lubrication method
have a dominant influence on bearing life.

Functions of lubrication :

® To lubricate each part of the bearing, and
to reduce friction and wear

® To carry away heat generated inside bear-
ing due to friction and other causes

® To cover rolling contact surface with the
proper oil film in order to prolong bearing
fatigue life

® To prevent corrosion and contamination by
dirt

Bearing lubrication is classified broadly into
two categories: grease lubrication and oil lubri-
cation. Table 5-1 makes a general comparison
between the two.

Table 5-1 Comparison between grease
and oil lubrication

Item Grease Oil

- Sealing Easy Slightly complicated and
device special care required for
maintenance

- Lubricating Good Excellent
ability
- Rotation Low/medium | Applicable at high
speed speed speed as well
- Replacement | Slightly Easy
of lubricant troublesome
- Life of Relatively Long
lubricant short
- Cooling effect | No cooling Good (circulation is
effect necessary)
- Filtration of Difficult Easy
dirt

5-1 Grease lubrication

Grease lubrication is widely applied since
there is no need for replenishment over a long
period once grease is filled, and a relatively
simple structure can suffice for the lubricant
sealing device.

There are two methods of grease lubrication.
One is the closed lubrication method, in which
grease is filled in advance into shielded/sealed
bearing; the other is the feeding method, in
which the bearing and housing are filled with
grease in proper quantities at first, and refilled
at a regular interval via replenishment or
replacement.
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Devices with numerous grease inlets some-
times employ the centralized lubricating
method, in which the inlets are connected via
piping and supplied with grease collectively.

1) Amount of grease

In general, grease should fill approximately
one-third to one-half the inside space, though
this varies according to structure and inside
space of housing.

It must be borne in mind that excessive
grease will generate heat when churned, and
will consequently alter, deteriorate, or soften.

When the bearing is operated at low speed,
however, the inside space is sometimes filled
with grease to two-thirds to full, in order to pre-
clude infiltration of contaminants.

2) Replenishment/replacement of grease

The method of replenishing/replacing grease
depends largely on the lubrication method.
Whichever method may be utilized, care should
be taken to use clean grease and to keep dirt or
other foreign matter out of the housing.

In addition, it is desirable to refill with grease
of the same brand as that filled at the start.

When grease is refilled, new grease must be
injected inside bearing.

Fig. 5-1 gives one example of a feeding
method.

Grease sector

(Inside of housing A)

Fig. 5-1 Example of grease feeding method
(using grease sector)

In the example, the inside of the housing is
divided by grease sectors. Grease fills one sec-
tor, then flows into the bearing.

On the other hand, grease flowing back from
the inside is forced out of the bearing by the
centrifugal force of the grease valve.

When the grease valve is not used, it is nec-

essary to enlarge the housing space on the dis-

charge side to store old grease.
The housing is uncovered and the stored old
grease is removed at regular intervals.

Koyo

3) Grease feeding interval

In normal operation, grease life should be
regarded roughly as shown in Fig. 5-2, and
replenishment/replacement should be carried out

accordingly.
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[Notes] 1) [A]: radial ball bearing
B

: cylindrical roller bearing,
needle roller bearing

[C

: tapered roller bearing,
spherical roller bearing,
thrust ball bearing

0i8I 0|.6 0.5 0.4 | 0.I3

Rotational speed, min™

2) Temperature correction

When the bearing operating temperature exceeds 70 °C, #',
obtained by multiplying s by correction coefficient a, found
on the scale below, should be applied as the feeding interval.

tf' = tf X a
Temperature correction coefficient a

0.2 0.16 0.120.1 0.08 0.06
I Y I | | |

1
|
I I T
70 80

| | |
I I I I I I I I 1
90 100 110 120 130

Bearing operating temperature T °C

Fig. 5-2 Grease feeding interval
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5. Lubrication
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5-2  Oil lubrication e This method employs a circulation-type oil supply sys-
) o ) @) tem. Supplied oil lubricates inside of the bearing, is
Oil lubrication is usable even at high speed ) cooled and sent back to the tank through an oil escape
rotation and somewhat high temperature, and is Forced oil pipe.
effective in reducing bearing vibration and circulation The oil, after filtering and cooling, is pumped back.
noise. ® Widely used at high speeds and high temperature con- ‘ -
Thus oil lubrication is used in many cases ditions. : ‘ ‘
where grease lubrication does not work. e |t is better to use an oil escape pipe approximately \ \
Table 5-2 shows major types and methods of twice as thick as the oil supply pipe in order to prevent WQM : i
oil lubrication. too much lubricant from gathering in housing.
® Required amount of oil : see Remark 1 (on page 56).
Table 5-2 Type and method of oil lubrication ® This method uses a nozzle to jet oil at a constant pres-
) sure (0.1 to 0.5 MPa), and is highly effective in cooling.
e Simplest method of bearing immersion in oil for oper- - ® Suitable for high speed and heavy load.
ation. Oil jet ® Generally, the nozzle (diameter 0.5 to 2 mm) is located
) e Suitable for low/medium speed. lubrication 5 to 10 mm from the side of a bearing.
Oil bath ® Oil level gauge should be furnished to adjustthe  ~ JOT L When a large amount of heat is generated, 2 to 4 noz-
amount of oil. Zles should be used.
(In the case of horizontal shaft) ® Since a large amount of oil is supplied in the jet lubri-
About 50 % of the lowest rolling element should be cation method, old should be discharged with an oil
immersed. pump to prevent excessive residual oil.
(In the case of vertical shaft) ® Required amount of oil : see Remark 1 (on page 56).
About 70 to 80 % of the bearing should be )
immersed. a magnetic
® |t is better to use a magnetic plug to prevent wear iron plug
particles from dispersing in oil.
¢ %L'ﬁg&gﬁg?ﬂ;}gg&gwgﬁ ?ne,;;cgy ?hn:;'gﬁolgs(')??o?;t_ ® This method employs an oil mist gen- ® This method provides and sustains the
(2) ing parts. This method has a cooling effect. ©6) erator to produce dry mist (air contain- smallest amount of oil film necessary for
Oil drip o Applicable at relatively high speed and up to medium L ing oil in the form of mist). The dry lubrication, and has the advantages of
load Oil mist mist is continuously sent to the oil sup- preventing oil contamination, simplifying
oln géneral, 5 to 6 drops of oil are utilized per minute. lubrication plier, v_vhere_ the mist is turned into a _bearin_g ma_intenance_, pro_longing bea_lr-
(It is difficult to adjust the dripping in 1 mL/h or smaller (spray wet mist (sticky oil ‘drops) by a nozzle ing fatigue life, reducing oil consumption
amounts.) lubricati set up on the housing or bearing, and etc.
® |t is necessary to prevent too much oil from being ubrication) ° llqs the_n sdprayed c:ntfo b-ef.””g' R K
accumulated at the bottom of housing. equired amount of mist : see Remar
2 (on page 57).
(Example of grinding machine) (Example of rolling mill)
® This type of lubrication method makes use of a gear or
simple flinger attached to shaft in order to splash oil. ) ———4= Supply of ail
@ This method can supply oil for bearings located away Supply of oil . ‘ — Supoly of o
Oil splash from the oil tank. upply ot ol
® Usable up to relatively high speed. L] ] 1 L
e Itis necessary to keep oil level within a certain range. 5 %QM ‘
e |t is better to use a magnetic plug to prevent wear iron _ L . . .
particles from dispersing in oil. i %Dﬁﬂﬁ _J_
It is also advisable to set up a shield or baffle board to - \,7}
prevent contaminants from entering the bearing. 1 = Discharge
— Discharge of oil
of oil i
! - = Discharge
of oil
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5. Lubrication

(7)
Oil / air
lubrication

Qil / air inlet
]

® A proportioning pump sends forth a
small quantity of oil, which is mixed with

compressed air by a mixing valve.

The admixture is supplied continuously

and stably to the bearing.

® This method enables quantitative control

of oil in extremely small amounts,

always supplying new lubricating oil.

® Compressed air and lubricating oil are
supplied to the spindle, increasing the
internal pressure and helping prevent
dirt, cutting-liquid, etc. from entering.
As well, this method allows the lubricat-
ing oil to flow through a feeding pipe,
minimizing atmospheric pollution.

It is thus suitable for machine tools and

other applications requiring high speed.

Qil / air inlet
Qil / air can be (5 points)

Oil / air inlet Supplied here.

L]

)
Qil / air outlet

(Example of spindle unit incorporating oil / air lubrication system)

Qil / air outlet (2 points)

Qil / air distributor

| S

(Example of rolling mill roll neck bearing)

Required oil supply in forced oil circulation ; oil jet lubrication methods

_1.88x10* ¢ d.n-P

G 60 c-r-Ar

where :

G
Y2
d
n
P
c

r.
Ar:

required oil supply

friction coefficient (see table at right)
nominal bore diameter

rotational speed

dynamic equivalent load of bearing
specific heat of oil
density of oil
temperature rise of oil

1.88-2.09kJ/kg K

Values of friction coefficient 1

L/min
Bearing type Y23
mm Deep groove ball bearing 0.0010-0.0015
in”! Angular contact ball bearing | 0.001 2 - 0.002 0

N Cylindrical roller bearing 0.000 8 -0.0012

Tapered roller bearing 0.0017-0.002 5

g/cm3 Spherical roller bearing 0.002 0-0.002 5
K

The values obtained by the above equation
show quantities of oil required to carry away all
the generated heat, with heat release not taken
into consideration.

In reality, the oil supplied is generally half to
two-thirds of the calculated value.

Heat release varies widely according to the
application and operating conditions.
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To determine the optimum oil supply, it is
advised to start operating with two-thirds of the
calculated value, and then reduce the oil gradu-
ally while measuring the operating temperature
of bearing, as well as the supplied and dis-
charged oil.

Notes on oil mist lubrication

1) Required amount of mist
(mist pressure : 5 kPa)

. 0.11dR
(In the case of a bearing) Q= 1000
<In the case of two oil> Q= 0.0284
seals combined 1000
where :
@ : required amount of mist L/min
d : nominal bore diameter mm
R : number of rolling element rows
d; : inside diameter of oil seal mm

In the case of high speed (dmn = 400 x 10°),
it is necessary to increase the amount of oil and
heighten the mist pressure.

2) Piping diameter and design of lubrication
hole/groove

When the flow rate of mist in piping exceeds
5 m/s, oil mist suddenly condenses into an oil
liquid.

Consequently, the piping diameter and
dimensions of the lubrication hole/groove in the
housing should be designed to keep the flow
rate of mist, obtained by the following equation,
from exceeding 5 m/s.

0.167Q
V= —a =5
where :
V : flow rate of mist m/s
Q@ : amount of mist L/min
A : sectional area of piping or
lubrication groove cm?
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3) Mist oil

Oil used in oil mist lubrication should meet the
following requirements.

® ability to turn into mist

® has high extreme pressure resistance

® good heat/oxidation stability

o rust-resistant

e unlikely to generate sludge

® superior demulsifier

Oil mist lubrication has a number of advan-
tages for high speed rotation bearings. Its
performance, however, is largely affected by
surrounding structures and bearing operating
conditions.

If contemplating the use of this method,
please contact with JTEKT for advice based
on JTEKT long experience with oil mist lubri-
cation.

Required oil supply

in oil / air lubrication
(Rolling mill roll neck bearing)

Horizontal roll Q :0.0?«%SdR
Vertical roll Q :0'1:%(”12
where :
Q : Required oil supply cm/h
d : Nominal bore diameter mm
R : Number of rolling element rows
A : Coefficient (low speed : 10,

high speed : 5)
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5. Lubrication

5-3 Lubricant

5-3-1 Grease

Grease is made by mixing and dispersing a
solid of high oil-affinity (called a thickener) with
lubricant oil (as a base), and transforming it into
a semi-solid state.

As well, a variety of additives can be added to
improve specific performance.

(1) Base oil

Mineral oil is usually used as the base oil for
grease. When low temperature fluidity, high
temperature stability, or other special perfor-
mance is required, diester oil, silicon oil, polyg-
lycolic oil, fluorinated oil, or other synthetic oil is
often used.

Generally, grease with a low viscosity base
oil is suitable for applications at low temperature
or high rotation speed; grease with high viscos-
ity base oils are suitable for applications at high
temperature or under heavy load.

(2) Thickener

Most greases use a metallic soap base such
as lithium, sodium, or calcium as thickeners.
For some applications, however, non-soap
base thickeners (inorganic substances such as
bentone, silica gel, and organic substances
such as urea compounds, fluorine compounds)
are also used.

In general, the mechanical stability, bearing
operating temperature range, water resistance,
and other characteristics of grease are deter-
mined by the thickener.

(Lithium soap base grease)

Superior in heat resistance, water resistance

and mechanical stability.
(Calcium soap base grease)

Superior in water resistance; inferior in heat

resistance.

(Sodium soap base grease)

Superior in heat resistance; inferior in water

resistance.

(3) Additives

Various additives are selectively used to
serve the respective purposes of grease
applications.
® Extreme pressure agents

When bearings must tolerate heavy or impact

loads.
® Oxidation inhibitors

When grease is not refilled for a long period.

Structure stabilizers, rust preventives, and cor-

rosion inhibitors are also used.

(4) Consistency

Consistency, which indicates grease hard-
ness, is expressed as a figure obtained, in
accordance with ASTM (JIS), by multiplication
by 10 the depth (in mm) to which the cone-
shaped metallic plunger penetrates into the
grease at 25 °C by deadweight in 5 seconds.
The softer the grease, the higher the figure.
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Table 5-4 Grease consistency

ASTM (JIS)
NLGI | penetration index Service conditions/
scale |(25 °C, 60 mixing applications
operations
0 355 - 385 For centralized lubricating
For centralized lubricating,
1 310-340 at low temperature
2 265 - 295 For general use
For general use, at high
3 220-250 temperature
4 175 - 205 For special applications

(5) Mixing of different greases

Since mixing of different greases changes
their properties, greases of different brands
should not be mixed.

If mixing cannot be avoided, greases contain-
ing the same thickener should be used. Even if
the mixed greases contain the same thickener,

(Non-soap base grease)

Superior in heat resistance.

Table 5-3 Characteristics of respective greases

Table 5-4 shows the relationships between
the NLGI scales and ASTM (JIS) penetration
indexes, service conditions of grease.

(NLGI : National Lubricating Grease Institute)

however, mixing may still produce adverse
effects, due to difference in additives or other

factors.

Thus it is necessary to check the effects of a
mixture in advance, through testing or other

methods.

. Calcium grease Sodium grease
Lithium grease (cup grease) (fiber grease) Complex base grease Non-soap base grease
Thickener Lithium soap Calcium soap Sodium soap Lithium complex soap | Calcium complex soap Bentone Urea compounds | Fluorine compounds | Thickener
Base oil Mineral oil S(é'ggtztri%ﬁ)" S(g”gg:i%"o)il Mineral oil Mineral oil Mineral oil Mineral oil Mineral oil sy'\nlltiﬂgtri?:lgil Synthetic oil Base oil
Dropping h B ] ] Dropping
point (°C) 1700 190 170 to 230 220 to 260 80 to 100 160 to 180 250 or higher 200 to 280 240 or higher 250 or higher point )
Operating Operating
temperature -30to+120 -50to+ 130 -50to+ 180 -10t0o+70 Oto+ 110 —-30to+ 150 -10to+ 130 -10to + 150 -30to+ 150 - 40 to + 250 temperature
range  (°C) range  (°C)
fa%‘ggm speed | pregium to high High Lowto medium |  Low to medium Low to high Low to high Lowto medium | Medium to high Low to high Low to medium rﬂa?]tggm speed
pechiapical Excellent Good to excellent Good Fair to good Good to excellent Good to excellent Good Good Good to excellent Good Mccnanical
stability stability
Water Water
RS Good Good Good Good Bad Good to excellent Good Good Good to excellent Good e
Pressure ; " ! Pressure
e Good Fair Bad to fair Fair Good to excellent Good Good Good to excellent Good to excellent Good SRS
Remarks Most widely usable | Superior low tem- | Superior high and | Suitable for applica- | Liable to emulsify in Superior mechani- | Superior pressure | Suitable for Superior water Superior chemical | Remarks
for various rolling perature and fric- low temperature tions at low rotation | the presence of cal stability and heat | resistance when applications at high | resistance, resistance and
bearings. tion characteristics. | characteristics. speed and under water. resistance. extreme pressure temperature and oxidation stability, solvent resistance.

Suitable for bear- light load. Used at relatively Used at relatively agent is added. under relatively and heat stability. Usable at up to

ings for measuring Not applicable at high temperature. high temperature. | Used in bearings for | heavy load. Suitable for 250 °C.

instruments and high temperature. rolling mills. applications at high

extra-small ball temperature and

bearings for small high speed.

electric motors.
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5. Lubrication

These synthetic oils contain various additives
(oxidation inhibitors, rust preventives, antifoam-
ing agents, etc.) to improve specific properties.
Table 5-5 shows the characteristics of lubricat-
ing oils.

Mineral lubricating oils are classified by appli-
cations in JIS and MIL.

5-3-2 Lubricating oil

For lubrication, bearings usually employ
highly refined mineral oils, which have superior
oxidation stability, rust-preventive effect, and
high film strength.

With bearing diversification, however, various
synthetic oils have been put into use.

Table 5-5 Characteristics of lubricating oils

Table 5-7 Proper kinematic viscosities by bearing operating conditions

T P Highly Major synthetic oils
ype o " - "

L . refined . . . . | Polyglycolic | Polyphenyl | Fluorinated

lubricating oil . .

9 mineral oil plesegell SllEmmel] oil ether oil oil

g‘:]egrea“”g te’“perat“([,ec) 40104220 | ~ 55104150 | ~70t0+350 | —30t04150 | Oto +330 | —20to +300
Lubricity Excellent Excellent Fair Good Good Excellent
Oxidation stability Good Good Fair Fair Excellent Excellent
Radioactivity Bad Bad Bad to fair Bad Excellent -
resistance

Table 5-6 Proper kinematic viscosity

[Selection of lubricating oil]
by bearing type

The most important criterion in selecting a lubri-

cating oil is whether the oil provides proper viscos-
ity at the bearing operating temperature.

Proper kinematic viscosity

R e at operating temperature

Standard values of proper kinematic viscosity ]
can be obtained through selection by bearing type Ball bearing ) 13 mm2s or higher
according to Table 5-6 first, then through selection Cylindrical roller bearing 9

by bearing operating conditions according to
Table 5-7. Tapered roller bearing )
Spherical roller bearing 20 mm?s or higher

When lubricating oil viscosity is too low, the oil
film will be insufficient. On the other hand, when
the viscosity is too high, heat will be generated

Spherical thrust roller
bgaring 32 mm?s or higher

due to viscous resistance.

In general, the heavier the load and the higher
the operating temperature, the higher the lubricat-
ing oil viscosity should be ; whereas, the higher
the rotation speed, the lower the viscosity should
be.

Fig. 5-3 illustrates the relationship between
lubricating oil viscosity and temperature.
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Operating don value Proper kinematic viscosity (expressed in the ISO viscosity grade or the SAE No.)
n
temperature " Light/normal load Heavy/impact load
30~0°C | Al otation speeds | SO VG 15, 22, 46 Ref”g.era“.”gJ -
machine ol
Bearing oil ISO VG 68 Bearing oil
300000 orlower | 1SO VG 46 Turbine oil J SAE 30 Turbine oil ]
0~60°C ing oi ing oi
300000 t0 600 000 | ISO VG 32 {Bea’.'”g ol } ISO VG 68 {Bear.'”g ol ]
Turbine oil Turbine oil
600 000 or higher | ISO VG 7, 10, 22 (Bearing oil) -
) . ISO VG 68, 100 . )
300 000 or lower | ISO VG 68 (Bearing oil) SAE 30 (Bearing oil)
Bearing oil Bearing oil
60~ 100°C 300 000 to 600 000 | ISO VG 32, 46 Turbine oil J ISO VG 68 {Turbine oil ]
Bearing oil
600 000 or higher | ISO VG 22, 32, 46 Turbine oil -
Machine oil
ISO VG 68, 100 ) ) Bearing oil
300 000 or lower SAE 30, 40 (Bearing oil) | 1SO VG 100 ~ 460 Gear ol ]
100-130° ISO VG 68 Bearing oil ISO VG 68, 100
earing oi \ . .
300 000 to 600 000 SAE 30 {Turbine oil } SAE 30, 40 (Bearing oil)
[Remarks] 1. dmn = D; d X Peeeeens {D : nominal outside diameter (mm), d : nominal bore diameter (mm),

n : rotational speed (min™')}
2. Refer to refrigerating machine oil (JIS K 2211), turbine oil (JIS K 2213), gear oil (JIS K 2219),
machine oil (JIS K 2238) and bearing oil (JIS K 2239).
3. Please contact with JTEKT if the bearing operating temperature is under —30 °C or over 150 °C .

I1SO viscosity grade
2 eSS A: VG10 G:VG100
50 000 PN B: VG15 H:VG 150
0 00 NS NN : :
5000 AN R C: VG22 | : VG220
S NSNS D: VG32 J:VG320
AR N AN NN . .
N AN NNNANAN E: VG46 K: VG 460
NN F: VG68 L:VG680
500 SN \\\ SN
N\ A EAN SN\ SO (N
& 200 A VA AN :\\ :\\
E 10 DN \\\\\ \\‘\\\‘
= 50 \\\\\ NI\ \\\ %\
G 10 N \‘ N\ \\ NN N ‘\\
8 30 AR N N AN
2 AN N ORDPRELFLELHE TN
A RN R
10 \\\\\\\\‘\§§
N\ N SOS \\\
NN\ SN NN
NN N NN
5 < \\\\:\\\ ~N
4 \‘ Q\\\\\‘ =
3 \\ N \\\
—40 20 0 20 40 60 80 100 120 140

Temperature °C

Fig. 5-3 Relationship between lubricating oil viscosity and temperature (viscosity index : 100)
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6. Bearing materials

Bearing materials include steel for bearing
rings and rolling elements, as well as steel
sheet, steel, copper alloy and synthetic resins
for cages.

These bearing materials should possess the
following characteristics :

1) High elasticity, durable under

high partial contact stress. Bearing
2) High strength against rolling rings
contact fatigue due to large )
repetitive contact load. Rolling
3) Strong hardness elements
4) High abrasion resistance Bearing
5) High toughness against rings
impact load Rolling <
6) Excellent dimensional stability ] cages

6-1 Bearing rings and rolling
elements materials

1) High carbon chromium bearing steel

High carbon chromium bearing steel speci-
fied in JIS is used as a general material in bear-
ing rings (inner rings, outer rings) and rolling
elements (balls, rollers).

Their chemical composition classified by steel
type is given in Table 6-1.

Among these steel types, SUJ 2 is generally
used. SUJ 3, which contains additional Mn and
Si, possesses high hardenability and is com-
monly used for thick section bearings.

SUJ 5 has increased hardenability, because it
was developed by adding Mo to SUJ 3.

For small and medium size bearings, SUJ 2
and SUJ 3 are used, and for large size and
extra-large size bearings with thick sections,
SUJ 5 is widely used.

Generally, these materials are processed into
the specified shape and then undergo harden-
ing and annealing treatment until they attain a
hardness of 57 to 64 HRC.

2) Case carburizing bearing steel
(case hardened steel)

When a bearing receives heavy impact loads,
the surface of the bearing should be hard and
the inside soft.

Such materials should possess a proper
amount of carbon, dense structure, and carbur-
izing case depth on their surface, while having
proper hardness and fine structure internally.

For this purpose, chromium steel and
nickel-chromium-molybdenum steel are used as
materials.

Typical steel materials are shown in Table
6-2.

These materials also undergo vacuum
degassing in order to reduce non-metallic inclu-
sions and oxygen content which leads to higher
reliability.

3) Others

For special applications, the following materi-
als are used, according to operational condi-
tions.

(When very high reliability is required)
- high refining steel --- developed by JTEKT
- vacuum arc remelted steel
- electro slag remelted steel

(When heat resistance is required)
- high speed steel for high temperature
bearings - refer to Table 6-3

(When high corrosion resistance is required)
- stainless steel - refer to Table 6-4

(When high heat, corrosion, and chemical
resistance are required)
- ceramics

Table 6-2 Chemical composition of case carburizing bearing steel
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Table 6-1 Chemical composition of high carbon chromium bearing steel

Chemical composition (%)
Standard Code
C Si Mn P S Cr Mo
Not more Not more
SuJ2 0.15~035 | 4han0.50 1.30~1.60 | 4han 0.08
Not more Not more
JISG4805 | gyyg | 0-95~110 1440070 | 0.90~1.15 | than 0.025 | than 0.025 | 0.90 ~1.20 | Notmore
than 0.08
SUJ 5 0.40~0.70 | 0.90~1.15 0.90~1.20 | 0.10~0.25
Not more Not more Not more
SAE J 404 52100 | 0.98~1.10 | 0.15~0.35 | 0.25~0.45 than 0.025 | than 0.025 1.30 ~ 1.60 than 0.06

[Remark] As for bearings which are induction hardened, carbon steel with a high carbon content of 0.55 to 0.65 %

is used in addition to those listed in this table.
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hemical iti 9
Standard Code . Chemical composition (%) -
C Si Mn P S Ni Cr Mo
0.13~ 0.60 ~ 0.90 ~
SCrats | Toig 085 - 1.20 -
0.18 ~ 0.60 ~ 0.90 ~
SCra20 | “g03 085 - 1.20 -
o | L Bk
JIS G 4053 ) 0.15~ ) Not more | Not more ) '
047 0.35 0.60 than 0.030 | than 0.030 0.40 0.40 015
SNCM 220 Coa o Py e S
0.23 0.90 0.70 0.65 0.30
017 ~ 0.40 ~ 1.60 ~ 0.40 ~ 0.15~
SNCM 420 | " 93 0.70 2.0 0.65 030
0.12~ 0.30 ~ 4.00 ~ 0.70 ~ 0.15~
SNCM815 | "4 18 0.60 450 1.00 030
017 ~ 0.70 ~ 0.70 ~
5120 - -
022 0.15~ 090 Not more | Not more 090
e 018~ 0.35 070~ | than0.035 | than0.040 [~ 7 040~ 0.5~
0.23 0.90 0.70 0.60 0.25
4320 017 ~ 0.15~ 0.45~ Not more | Not more 1.65~ 0.40 ~ 0.20 ~
0.22 0.30 0.65 than 0.025 | than 0.025 2.00 0.60 0.30
Table 6-3 Chemical composition of high speed steel for high temperature bearings
Chemical composition (%)
Standard | Code
C Si Mn P S Cr Mo \' Ni Cu Co w
Not Not Not Not Not Not Not Not
AISI M 50 0.77~ | more | more | more | more | 3.75~|4.00~ | 0.90~ | more | more | more | more
0.85| than than than than 4.25 4.50 1.10 | than than than than
0.25 0.35 0.015 | 0.015 0.10 0.10 0.25 0.25
Table 6-4 Chemical composition of stainless steel
Chemical composition (%)
Standard Code
C Si Mn P S Cr Mo
0.95 ~ Not more Not more | Not more Not more 16.00 ~ Not more
JISG4303 |SUS440C|  "'50 | fhan1.00 | than1.00 |than 0.040 | than 0.030 18.00 | than 0.75
63



6. Bearing materials Koyo

6-2 Materials used for cages Typical materials used for metallic cages are
shown in Tables 6-5 and 6-6.

Since the characteristics of materials used for In addition, phenolic resin machined cages
cages greatly influence the performance and and other synthetic resin molded cages are
reliability of rolling bearings, the choice of mate- often used.
rials is of great importance. Materials typically used for molded cages are

It is necessary to select cage materials in polyacetal, polyamide (Nylon 6.6, Nylon 4.6),
accordance with required shape, ease of lubri- and polymer containing fluorine, which are
cation, strength, and abrasion resistance. strengthened with glass and carbon fibers.

Table 6-5 Chemical compositions of
pressed cage steel sheet (A) and machined cage carbon steel (B)

Chemical composition (%)

Standard | Code

Cc Si Mn P S Ni Cr
Not more Not more |Not more |Not more

JISG3141| SPCC than 0.12 B than 0.50 |than 0.040 |than 0.045 B B
Not more Not more |Not more |Not more

@ JISG3131| SPHC | 420 0.15 - than 0.60 |than 0.050 | than 0.050 - -
Not more Not more | Not more

than 0.04 | 925~ 0604121 0.030 | than 0.030 - -

Not more | Not more | Not more |Not more |Not more
than 0.08 | than 1.00 | than 2.00 |than 0.045 |than 0.030 |8-00~ 10-50/18.00~20.00

BAS 361 | SPB2 |0.13~0.20

JIS G 4305 | SUS 304

Not more | Not more
(B)|JISG4051| S25C |0.22~0.28|0.15 ~0.35|0.30 ~ 0.60 than 0.030 | than 0.035 - -

Table 6-6 Chemical composition of high-tensile brass casting of machined cages (%)
Standard| Code Cu Zn Mn Fe Al Sn Ni Impurity -
Pb Si
CAC 301 Notmore | Notmore | Notmore | Notmore
JISH 5120 (HBSCY) 55~ 60 33~42 | 01~15 | 05~15 | 05~15 than1.0 | than10 | than04 | than1.0

* : Material with HBsC is used.
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7. Examples of failures

Table 7-1 (1) Bearing failures, causes and countermeasures

Koyo

Failures

Characteristics

Damages

Causes

Countermeasures

(1) Flaking

Flaking caused by excessive
axial load

Inner ring of four-row tapered roller bearing

Flaking on bearing
raceway surface
generated on only
rows receiving axial
load

1) Crossed work rolls causing excessive axial load

- Roll neck diameter is smaller than the standard
one.

- Chock side liner is worn.

- Inaccuracy of mill stand.

- Rigidity of the chock is poor.

- Corrosion on liner or clearance generated
between the liner and the chock.

- Failure of the keeper plate.

1) Keep the correct locations of the chock and work roll.

Outer ring raceway of four-row tapered roller bearing

Flaking generated
and developed from
raceway end face

1) Looseness of chock cover/excessive axial clearance
As the axial clearance is increased, the loading
range becomes narrower, partial load acts, and
edge load is generated on the outer ring raceway.

2) Excessive axial clearance is generated because of

the mixed use of other bearing spacer or outer ring.

1) Adjust shims, select thickness of shims,
measure a gap, and tighten bolts correctly.

2) Use parts of the same number.

Flaking caused by improper mounting
Loading position (1)  Loading position (2)

1st row
2nd row
3rd row
4th row

(1) /

() (4)

(©)

Flaking on raceway
surface with slanted
contact

1) It occurs when the chock is fixed inappropriately and
slantingly.
- Failure of keeper plate
Removal, looseness, damage, deformation,
bend, unequal tightening, unequal wear,
improper parallelism
- Damaged, deformed, or bent chock flange

1) Find the cause of damage by periodic inspection of
the chock and stand.

Flaking at corroded start point

Outer ring raceway of four-row tapered roller bearing

Flaking on raceway
surface started from
corroded (rusted)
portion

1) After the bearing was used, it has been left for a
long period with moisture mixed in grease.

2) Improper rust preventive treatment after the bearing
was washed.

3) Worn or damaged seal lips

4) Corrosion on the raceway is generated due to the
clearance between the roll neck and the sleeve, and
flaking occurs with rust.

1) Improve seal maintenance and sealing method.
Periodically check for wear or damage on the seal lips.

2) Fit the “O” ring between the roll neck and the sleeve.

3) Immediately after the bearing is removed from the
chock, change grease.

4) After washing the bearing, remove kerosene and
water completely.
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7. Examples of failures

Table 7-1 (2) Bearing failures, causes and countermeasures

Koyo

Failures

Characteristics

Damages

Causes

Countermeasures

(1) Flaking

Flaking on nicks (scratch) start
point

Rolling contact surface of four-row cylindrical roller bearing

Flaking on rolling
contact surface with
nicks start point

1) Inappropriate handling
- Mounting / dismounting bearing to / from chock
- Replacing roll

1) Proper handling jig (use of a copper hammer)

2) Prevention of impact load when replacing roll
(use of soft material)

3) Improvement in mounting method

4) Change in raceway chamfering

Inner ring raceway of Inner ring raceway of
double-row cylindrical roller bearing double-row cylindrical roller bearing

Flaking on raceway
surface

1) Low viscosity lubrication (improper lubrication)
2) Ingress of dusts and foreign matters

1) Improvement in viscosity of oil and oil type

2) Improvement in seal maintenance and sealing method
Periodic check of wear or damage of seal lip

3) Check of oil filter

(2) Cracking

Chipping

Minute crack on inner
ring side face

1) Fix the inner ring and the roll with a fillet ring
(thrust collar).

2) Clearance between the fillet ring (thrust collar) and
the inner ring is excessively small.

3) Area of the side face of nut/slinger contacting the
inner ring side face is too small, the side face is
worn due to inner ring creep, causing heat.

1) Keep the clearance between the inner ring and
the fillet ring (thrust collar) (from 0.5 mm to 1.5 mm).
2) Keep the area of the side of fillet ring (thrust collar)
(to reduce pressure on the side face).
3) Apply and supply grease of adequate amount.

Rolling contact surface of four-row cylindrical roller bearing

Cracking on rolling
elements

1) Application of load greater than bearing load rating
(Load resistance of roller by use of pin type cage)
2) Secondary factor in case of damaged pin of cage
(For a reversible mill, pins are broken due to fatigue
caused by rapid acceleration and deceleration)
3) Other factors
- Ingress of water due to faulty sealing
- Increase of axial clearance of bearing,
causing application of partial and excessive load

1) Optimal design of bearing considering load and
operating conditions
(Examination of optimal cage type)

2) Reviewing sealing method and design of strength of
cover
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7. Examples of failures

Koyo

Table 7-1 (3) Bearing failures, causes and countermeasures

Countermeasures

Failures

Characteristics

Damages

Causes

(2) Cracking
Chipping

Outer ring outside surface of Outer ring side face of
double-row cylindrical roller bearing double-row cylindrical roller bearing

Crack on outer ring

1) Impact load acting due to accidents of rolling mill

(for example, plate being caught in, ingress of dusts)
2) Rolling load acting unevenly due to uneven overall
thickness of bearing in the shaft, causing excessive
load to a thick section bearing

(for multi-roll mill, BUR bearing)

1) Change to outer ring material or heat treated
material hard to be cracked.

2) Appropriate overall thickness control of bearings in
a shaft

Inner ring raceway of Inner ring raceway of
four-row cylindrical roller bearing  four-row cylindrical roller bearing

Grinding burn or crack
on inner ring raceway
surface

1) After fitting an inner ring into the roll neck, grinding
burn occurs during grinding with the inner ring and
the roll.

2) Crack occurs because rollers rolling on the raceway
surface of which strength (hardness) is decreased
due to grinding burn.

1) Reviewing grinding conditions
Grain size of grinding stone, grinding stone cutting
amount, cutting pressure, grinding fluid amount, etc.

Grinding burn or crack
on outer ring outside
surface

1) Grinding burn occurs when re-grinding the outer ring
of a multi-roll mill bearing.

2) Crack occurs because the outer ring of which
strength (hardness) is decreased by grinding burn
contacts with the intermediate roll.

Outer ring outside surface of double-row cylindrical roller bearing
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7. Examples of failures

Table 7-1 (4) Bearing failures, causes and countermeasures

Koyo

Failures

Characteristics

Damages Causes Countermeasures
(2) Cracking Axial crack occurs on 1) Excessive interference between inner ring and shaft | 1) Appropriate fit conditions of inner ring and shaft
Chipping bore surface of inner 2) Great fit stress due to excessive difference in

Inner ring of spherical roller bearing

ring and raceway
surface.

temperature of inner ring and that of shaft

2) Appropriate difference in temperature by checking
load, rotation, and temperature conditions.
(appropriate fit)

Inner ring bore surface of four-row tapered r