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Today’s technology-based society, in order to utilize the earth’s lim-
ited resources effectively and protect the environment, must strive to
develop new technologies and alternate energy sources, and in that
connection it continues to pursue new targets in various fields. To
achieve such targets, technically advanced and highly functional rolling
bearings with significantly greater compactness, lighter weight, longer
life and lower friction as well as higher reliability during use in special
environments are sought.

This new-edition catalog is based on the results of wide-ranging tech-
nical studies and extensive R&D efforts and will enable the reader to
select the optimal bearing for each application. In addition to standard
bearings, this catalog provides information on a variety of bearings for
specific purposes, such as ball bearing units, plummer blocks, and
JTEKT EXSEV bearing series (bearings for extreme special environ-
ments).

JTEKT is confident that you will find this new catalog useful in the
selection and use of rolling bearings. JTEKT is grateful for your patron-
age 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 ‘
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1. Rolling bearing structures and types

1-1 Structure

Rolling bearings (bearings hereinafter) nor-
mally comprise bearing rings, rolling elements
and a cage. (see Fig. 1-1)

Rolling elements are arranged between inner
and outer rings with a cage, which retains the
rolling elements in correct relative position, so
they do not touch one another. With this struc-
ture, a smooth rolling motion is realized during
operation.

Bearings are classified as follows, by the
number of rows of rolling elements :
single-row, double-row, or multi-row (triple- or
four-row) bearings.

Outer ring
Roller
Inner ring

Deep groove ball bearing Tapered roller bearing

Thrust ball bearing

Note) In thrust bearings inner and outer rings and also

called “shaft race” and “housing race” respectively.
The race indicates the washer specified in JIS.

Fig.1-1 Bearing structure

1) Bearing rings

The path of the rolling elements is called the
raceway; and, the section of the bearing rings
where the elements roll is called the raceway
surface. In the case of ball bearings, since
grooves are provided for the balls, they are also
referred to as raceway grooves.

The inner ring is normally engaged with a
shaft; and, the outer ring with a housing.

Al

2) Rolling element

Rolling elements may be either balls or roll-
ers. Many types of bearings with various
shapes of rollers are available.

QO Ball
@@ Cylindrical roller (Lw=3 Dw)*

@ Long cylindrical roller (3Dw = L= 10Dy, Dy>6 mm)*
a= Needle roller (3Dw=Lw=10Dy, Dy =6 mm)*
@ Tapered roller (tapered trapezoid)

@ Convex roller (barrel shape)

*( Ly : roller length  (mm)

Dy, : roller diameter (mm)

3) Cage

The cage guides the rolling elements along
the bearing rings, retaining the rolling elements
in correct relative position. There are various
types of cages including pressed, machined,
molded, and pin type cages.

Due to lower friction resistance than that
found in full complement roller and ball bear-
ings, bearings with a cage are more suitable for
use under high speed rotation.

1-2 Type

The contact angle («) is the angle formed by
the direction of the load applied to the bearing
rings and rolling elements, and a plan perpen-
dicular to the shaft center, when the bearing is
loaded.

ol

| [ | |
e L]

a=0° o

Bearings are classified into two types in
accordance with the contact angle ().

- Radial bearings (0° = o = 45°)
... designed to accommodate mainly
radial load.
- Thrust bearings (45° < oo = 90°)
... designed to accommodate mainly
axial load.

Rolling bearings are classified in Fig. 1-2, and
characteristics of each bearing type are
described in Tables 1-1 to 1-13.
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{

%

Radial
ball bearing

Radial bearing

Radial
roller bearing

‘ Rolling bearing ‘

{

Thrust
ball bearing

Thrust bearing

Thrust
roller bearing

— Deep groove
ball bearing

—Angular contact
ball bearing

— Four-point
contact
ball bearing

— Self-aligning
ball bearing

— Cylindrical
roller bearing

—Needle
roller bearing

—Tapered
roller bearing

—Spherical
roller bearing

Thrust
ball bearing

Angular contact
thrust
ball bearing

— Cylindrical roller
thrust bearing

—Needle roller
thrust bearing

—Tapered roller
thrust bearing

— Spherical thrust
roller bearing

Fig. 1-2(1)

A2

=

Single-row

1B

Single-row

B 1B £

=

Double-row

L]

Matched pair
or stack

=

1!

Double-row

o

Four-row

NN

Single-row Double-row
— —

Single-row Double-row

Single-row Double-row
7

Four-row

= E E &

Single
direction

i

Single
direction

c
==

=

with aligning Double with aligning
seat race direction |seat races
Double
direction

E=

Single
direction

=

Double
direction

Rolling bearings

‘ Bearings classified by use ‘

[Automobile] Wheel
hub unit
Clutch
release
bearing
Universal
joint cross
bearing
Railway Axle journal
rolling bearing
stock
Electric Integral
equipment bearing
) unit
Business
equipment
Construction | Crane
equipment sheave
Industrial bearing
equipment
Steel industry Split
equipment bearing for
P i continuous
apermanuiac- | cagfing
turing equipment
[Aircraft] Jet
engine
bearing
Ball bearing
unit
Stud type
track roller

(cam follower)

Water pump
bearing

Tensioner
bearing unit

Plastic
pulley unit

Slewing rim
bearing

Back-up roll
unit for hot
leveler

Koyo

e[

Swimming
roll triple
ring bearing

Fig. 1-2(2)

Yoke type
track roller
(roller follower)

A3

Rolling bearings

Plummer
block

0N,

Linear ball

bearing
(linear motion
bearing)
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Table 1-1 Deep groove ball bearings

Single-row Double-row
Open type | Shielded | Non-contact Contact sealed Extremely With locating | Flanged
type sealed type type light contact | snap ring type
sealed type F
Suitable forJ
extra-small
or miniature
yv4 2RU 2RS 2RK 2RD NR bearing
680, 690, 600, 620, 630, (ML) ---Extra-small, miniature bearing 4200
6800, 6900, 16000, 6000, 6200, 6300, 6400 4300

M The most popular types among rolling bearings,
widely used in a variety of industries.

I Bearings with a flange or locating snap ring attached
on the outer ring are easily mounted in housings for

I Radial load and axial load in both directions can simple positioning of housing location.

be accommodated.

M Suitable for operation at high speed, with low
noise and low vibration.

W Sealed bearings employing steel shields or rubber
seals are filled with the appropriate volume of
grease when manufactured.

[Recommended cages] Pressed steel cage (ribbon type, snap type - single-row, S type --- double-row),
copper alloy or phenolic resin machined cage, synthetic resin molded cage

Automobile : front and rear wheels, transmissions, electric devices
Electric equipment : standard motors, electric appliances for domestic use
Others : measuring instruments, internal combustion engines, construction
equipment, railway rolling stock, cargo transport equipment, agricultural
equipment, equipment for other industrial uses

[Main applications]

Bearing
. width i ;
Outer ring Ber?nng outside
chamfer ‘ Seal Ghroolve surface
, shoulder Filling slot
Outer ring—_
raceway ﬂ Face
Inner ring — ‘
racewa T3 ) Pressed
y . s o % Machined cage
Inner ring ? © £ cage (S type)
chamfer E Ex O Beari
4 .1 8 830 earing bore C:)
T T_ o surface
O c®w B
o L9 n
n Fw 5
s
Pressed cage : \ o
(ribbon type) \ﬂ
Bearing size (Reference) Unit : mm
Connotation |Bore diameter|Outside diameter
Locating snap ring
Miniature - Under 9
Snap ring groove Extra-small Under 10 9 or more
Small size 10 or more 80 or less
Medium size - 80 - 180
Large size - 180 — 800
Extra-large size - Over 800

A4

Table 1-2 Angular contact ball bearings

Koyo

Single-row Matched pair Double-row
For high- | Back-to-back Face-to-face Tandem
speed use| arrangement arrangement arrangement
w1 N |
prlessed cage} [mgghined cage} HAR DB DF DT (With filling slot)
7000, 7200, 7300, 7400 oo Contact angle 30° 3200 5200
7000B, 72008, 7300B, 7400B ---:wvoeeveeevee 40° 3300 5300
7900C, 7000C, 7200C, 7300C 159 Contact Contact
HAR900C, HAR000C angle 32° | angle 24°

M Bearing rings and balls possess their own contact angle which is normally

15°, 30° or 40°.
Larger contact angle - higher resistance against axial load

Smaller contact angle - more advantageous for high-speed rotation

M Single-row bearings can accommodate radial load and axial load in one

direction.

M DB and DF matched pair bearings and double-row bearings can accommodate

radial load and axial load in both directions.
DT matched pair bearings are used for applications where axial load in one
direction is too large for one bearing to accept.

W HAR type high speed bearings were designed to contain more balls than
standard bearings by minimizing the ball diameter, to offer improved
performance in machine tools.

M Angular contact ball bearings are used for high accuracy and high-speed

operation

M Axial load in both direc-
tions and radial load
can be accommodated
by adapting a structure
pairing two single-row
angular contact ball
bearings back to back.

M For bearings with no
filling slot, the sealed
type is available.

Y74 2RS
(Shielded)  (Sealed)

[Recommended cages] Pressed steel cage (conical type - single-row : S type, snap type -+ double-row),
copper alloy or phenolic resin machined cage, synthetic resin molded cage

[Main applic:

ations] Single-row : machine tool spindles, high frequency motors, gas turbines, centrifugal separa-
tors, front wheels of small size automobiles, differential pinion shafts

Double-row : hydraulic pumps, roots blowers, air-compressors, transmissions, fuel injection

pumps, printing equipment

’ Outer ring
bo:;ﬁrfggg — _— front face
. Inner ring
;?;ﬁrfggg \ﬁ/ back face
v Contact
angle
W} Load
center

Pressed cage
Ki/ (conical type)

Stepped
inner ring

}—Machined

Stand-out(2)

N\~ Counterbored
outer ring

cage Ball and bearing ring
are not separable.

A5

+— Stand-out( d1)

Contact angles (Reference)

Supplementar
Contact angle Ppco de y
15° C
20° CA
25° AC
30° A (Omitted)
35° E
40° B

"G type" bearings are process-
ed (with flush ground) such
that the stand-out turns out to
be 61 = do.

The matched pair DB, DF, and
DT, or stack are available.
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Table 1-3 Four-point contact ball bearings

One-piece type |Two-piece inner ring| Two-piece outer ring

6200BI (6200B0)
6300BI (6300BO)

M Radial load and axial load in both directions
can be accommodated.

M A four-point contact ball bearing can substitute
for a face-to-face or back-to-back arrangement
of angular contact ball bearings.

W Suitable for use under pure axial load or com-
bined radial and axial load with heavy axial
load.

M This type of bearing possesses a contact angle
() determined in accordance with the axial
load direction. This means that the bearing
ring and balls contact each other at two points
on the lines forming the contact angle.

[Recommended cage] Copper alloy machined
cage

[Main applications]
Motorcycle : Transmission, driveshaft pinion-side
Automobile : Steering, transmission

Table 1-4 Self-aligning ball bearings

Table 1-5 Cylindrical roller bearings

Koyo

Single-row

Double-row Four-row

Cylindrical bore | Tapered bore Sealed
K 2RS
(Taper 1:12)
120, 130 (11200, 11300-- 2200 2RS
1200, 1300 [extended inner ring type 2300 2RS
2200, 2300

mhalidnisla:

= =

IE=EiE=m

M Spherical outer ring raceway allows self-
alignment, accommaodating shaft or housing
deflection and misaligned mounting conditions.

M Tapered bore design can be mounted readily
using an adapter.

NU1000, NU200 (R), NU300 (R), NU400
NU2200 (R), NU2300 (R)
NU3200,  NU3300

NN NNU Mainly use on
rolling mill roll neck
Cylindrical bore  Tapered bore
NNU4900 NNU4900K (FC), (4CR)
NN3000 NN3000K

Pressed steel cage ( staggered type--12, 13,
22..2RS, 23..2RS
snap type 22, 23

W Since the design allowing linear contact of cylindrical
rollers with the raceway provides strong resistance to
radial load, this type is suitable for use under heavy
radial load and impact load, as well as at high speed.

M N and NU types are ideal for use on the free side:
they are movable in the shaft direction in response to
changes in bearing position relative to the shaft or
housing, which are caused by heat expansion of the
shaft or improper mounting.

B NJ and NF types can accommodate axial load in
one direction; and NH and NUP types can accom-
modate partial axial load in both directions.

Bl With separable inner and outer ring, this type
ensures easy mounting.

M Due to their high rigidity, NNU and NN types are
widely used in machine tool spindles.

Power transmission shaft of wood working and
spinning machines, plummer blocks

[Recommended cages] Pressed steel cage (Z type), copper alloy machined cage, pin type cage,

synthetic resin molded cage

Bearing
width
(B)
Pressed cage
(staggered type)
\
Contact m % : 71:7
a'(]g)le o Two-pi(_ace [ [
AV Wﬂ innerring o Large end of Small end of
) A | ._ | taperedbore | __ | tapered bore
Load Two-piece diameter diameter diameter
center outer ring (¢d) (¢ dv) (¢ d)

Pressed cage

(snap type)

A6

— 1
(dl—d+ﬁB)

/ Lockwasher
Locknut

Adapter assembly

Adapter
sleeve

[Main applications] Large and medium size motors, traction motors, generators,
internal combustion engines, gas turbines, machine tool spindles,
speed reducers, cargo transport equipment, and other industrial equipment

Rib Grinding )
E:E’ undercut E [
— N
5 Rib 2
@ €
= e ©
+——1 o8 T— T 8%
3o 58
S5 - s2
@ o Grinding g3
| undercut & \
Machined Pressedcage (U J
cage (Z type)

Loose rib Thrust collar

A7

Lubrication groove

\ _ Lubrication hole

Machined
cage
Center rib
Rib Rib
=]y
Center rib
Looserib  Spacer Guide ring

Pin type cage (suitable
for large size bearings)

Removal groove
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Table 1-6 Machined ring needle roller bearings Table 1-7 Tapered roller bearings
Single-row Double-row Single-row Double-row Four-row
r ‘
- ' Flanged type TDO type TDI type Mainl d
With inner ring Without inner ring Sealed With inner ring Without inner ring v yP roﬁ;gg#,ﬁ?roﬁ%ecks
NA4800 RNA4800 _ NAB900 RNA6900 {Standard ] [ Inter mediate ] [ Steep ] 46200 45200 37200
A 45300 47200
NA4 RNA4900 NA4 contact angle) | contact angle J | contact angle 46200,
N Asggg RNA5900 QPOUU 32900JR 30200JR 30200CR 30300DJ 46300 (45T) 47300
NQL NQIS NQ. NQS 32000JR 32200JR 32200CR 30300DJR 46300A 47T7)
(NQI, NQIS) (NQ, NQS) 33000JR 33200JR 30300CR 31300JR (46T) (4TR)
I In spite of their basic structure, which is the same as that of NU type cylindrical roller bearings, bearings with 33100JR gggggjg 52300CR
minimum ring sections offer space savings and greater resistance to radial load, by using needle rollers. - - - — - -
W Bearings with no inner rings function using heat treated and ground shafts as their raceway surface. = Ta_pered roller§ assembled in the bganngs are ¥ Bearings are C|aS$Ierd into standa_rd, |ntgrmed|ate
guided by the inner ring back face rib. and steep types, in accordance with their contact
[Recommended cage] Pressed steel cage W The raceway surfaces of inner ring and outer ring angle ().
[Main applications] Automobile engines, transmissions, pumps, power shovel wheel drums, hoists, and the rolling contact surface of rollers are The larger the contact angle is, the greater the
overhead traveling cranes, compressors designed so that the respective apexes converge at bearing resistance to axial load.
- a point on the bearing center line. W Since outer ring and inner ring assembly can be
(Reference) Many needle roller bearings other than those with M Single-row bearings can accommodate radial load separated from each other, mounting is easy.
machined ring are available. ) and axial load in one direction, and double-row bear- W Bearings designated by the suffix "J" and "JR" are
o EOT further d‘?f‘_a"sg fefe';):olfhe section, "needle roller ings can accommodate radial load and axial load in interchangeable internationally.
~ Lubrication groove earing specification table". both directions. M Items sized in inches are still widely used.
Outer ring Lubrication hole M This type of bearing is suitable for use under heavy

load or impact load.

| — Pressed cage

[Recommended cages] Pressed steel cage, synthetic resin molded cage, pin type cage
. [Main applications] Automobile : front and rear wheels, transmissions, differential pinion
Inner ring Others : machine tool spindles, construction equipment, large size agricultural

equipment, railway rolling stock speed reduction gears, rolling mill roll necks
and speed reducers, etc

Needle roller and cage assemblies

Bearing width

Outer ring Outer ring Stand-out
Same as contact angle ; _Inner ring width Roller large

— : @ end face
Drawn cup needle roller bearings Contactangle | Roller small .
Rib (o) end face inner | Inner ring back
Inner ring ring face rib
/ Load front face rib | [-Width
center . H—-—
i = ! Outer ring small
St || }:: Outer ring angle inside diameter
Pressed cage Front M |_-Back face
window type
.( . ype) t_ face | Front face
: . Lubrication Back face —1
Anti-rotation
Stud type track roller Yoke type track roller : groove 0 Il width
(cam follower) (roller follower) pin hole Double outer ring ofv(?&?ervl\,liln S .
Lubrication . “—g- Outer ring spacer
hole _ Pintype cage with lubrication
holes and lubrication
groove
|
Overallm\ Inner ring Double inner I ing front f ib
ofinnerrings | spacer fring Sgnter nner ring front face ri
[l

A8 A9
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Table 1-8 Spherical roller bearings

Cylindrical bore

Tapered bore

Convex asymmetrical roller type

Convex symmetrical roller type

R, RR RH, RHR

=S B F

K or K30

23900R, 23000R (RH, RHA), 23100R (RH, RHA), 22200R (RH, RHA), 21300R (RH)
24000R (RH, RHA), 24100R (RH, RHA), 23200R (RH, RHA), 22300R (RH, RHA)

W Spherical roller bearings comprising barrel-shaped
convex rollers, double-row inner ring and outer ring
are classified into three types : R(RR), RH(RHR) and sleeve.
RHA, according to their internal structure.

l With the bearing designed such that the circular arc

center of the outer ring raceway matches with the -1:30
bearing center, the bearing is self-aligning, insensitive [
to errors of alignment of the shaft relative to the hous- 1012
ing, and to shaft bending. [

code K30

supplementary}
code K

M The tapered bore type can be easily mounted/
dismounted by using an adapter or withdrawal

There are two types of tapered bores
(tapered ratio) :
supplementary) - Suitable for

series 240 and 241.
Suitable for series
other than 240 and 241.

[ This type can accommodate radial load and axial load g |_ybrication holes, a lubrication groove and anti-

in both directions, which makes it especially suitable
for applications in which heavy load or impact load is

rotation pin hole can be provided on the outer
ring. Lubrication holes and a lubrication groove

applied. can be provided on the inner ring, too.

[Recommended cages] Copper alloy machined cage, pressed steel cage, pin type cage

[Main applications] Paper manufacturing equipment, speed reducers, railway rolling stock axle journals,
rolling mill pinion stands, table rollers, crushers, shaker screens, printing equipment,
wood working equipment, speed reducers for various industrial uses, plummer blocks

Convex symmetrical
roller roller

Outeraﬁ/
ring \ @

Convex asymmetrical roller

. | Guide ring
AP F G \ Guide R |
rib 2 Large end of Small end of
Inner’ +—- — +—-— fing 1T—-— tapered bore T—-— tapered bore
ring diameter (¢ d1) diameter (¢ d)
Machined cage - Pressed Machined l —l
= [separable J cage [ F= cage %
prong type (prong type) \
R, RR type RH, RHR type RHA type Lubncatlon/ Lubrication
groove hole
Lockwasher Locknut
Locknut
 Lock plate Outer ring
Adapter Adapter guided
sleeve sleeve \S/Yét\?éawal machined
cage

(Shaft diameter = 180 mm) (Shaft diameter = 200 mm)

A 10

Convex symmetrical

Anti-rotation pin hole

=

(For shaker screen)

Koyo

Table 1-9 Thrust ball bearings

Single direction Double direction
With flat With spherical | With aligning With flat back faces With spherical With aligning
back faces | back face seat race back faces seat races
51100 - = - - -
51200 53200 53200U 52200 54200 54200U
51300 53300 53300U 52300 54300 54300U
51400 53400 53400U 52400 54400 54400U

I Single direction bearings accommodate axial
load in one direction, and double direction bear-
ings accommodate axial load in both directions.
(Both of these bearings cannot accommodate
radial loads.)

Il This type of bearing comprises washer-shaped rings
with raceway groove and ball and cage assembly.

M Races to be mounted on shafts are called shaft races
(or inner rings); and, races to be mounted into hous-
ings are housing races (or outer rings).

Central races of double direction bearings are
mounted on the shafts.

I Since bearings with a spherical back face are
self- aligning, it helps to compensate for mount-
ing errors.

[Recommended cages] Pressed steel cage, copper alloy or phenolic resin machined cage,
synthetic resin molded cage

[Main applications] Automobile king pins, machine tool spindles

Aligning surface radius
Aligning surface

Bore diameter (¢ d) center height

2 Shaft race

\ f.
) ‘ ( ) ‘ Y pen
Machined - | ‘ e'Ql
cage ‘ T Housing race Pressed cage i
Aligning housing race
Outside diameter (¢ D) gning g
Raceway contact diameter | Aligning
Aligning ‘ ' seat race
Shaft race fS;r;aeftcLa:nz:fZ?ck housing ‘ ; c
back face \ | / ‘ L race ] | [ entral race
\ j
. {
) ! @ Race Aligni
gning
‘ height 1 1 seat race

Housing race Housing race back face

back face chamfer

[Remark] The race indicates the washer specified in JIS.

All



——\ 1. Rolling bearing structures and types \

Table 1-10 Cylindrical roller thrust bearings

Single direction

W This type of bearing comprises washer-shaped
rings (shaft and housing race) and cylindrical
roller and cage assembly.

Crowned cylindrical rollers produce uniform
pressure distribution on roller/raceway contact
surface.

W Axial load can be accommodated in one
direction.

W Great axial load resistance and high axial rigid-
ity are provided.

[Recommended cages] Copper alloy machined

cage
[Main applications] Oil excavators, iron and steel
equipment
Shaft race
( I |
il 0\ P
Machined ( ] I Housing
cage race

Cylindrical roller

A12

Table 1-11 Needle roller thrust bearings

Separable Non-separable
(TPW) (TPK)
(TPWS) (TVK)
(TPWWS)

Table 1-12 Tapered roller thrust bearings

Koyo

Table 1-13 Spherical thrust roller bearings

Single direction Double direction

(M) (2THR)
(THR)

29200
29300
29400

M The separable type, comprising needle roller
and cage thrust assembly and a race, can be
matched with a pressed thin race (W) or
machined thick race (WS).

M The non-separable type comprises needle roller
and cage thrust assembly and a precision
pressed race.

M Axial load can be accommodated in one
direction.

W Due to the very small installation space
required, this type contributes greatly to size
reduction of application equipment.

M In many cases, needle roller and cage thrust
assembly function by using the mounting sur-
face of the application equipment, including
shafts and housings, as its raceway surface.

W This type of bearing comprises tapered rollers
(with spherical large end), which are uniformly
guided by ribs of the shaft and housing
races.

M Both shaft and housing races and rollers have
tapered surfaces whose apexes converge at a
point on the bearing axis.

M Single direction bearings can accommodate
axial load in one direction; and, double direc-
tion bearings can accommodate axial load in
both directions.

M Double direction bearings are to be mounted
such that their central race is placed on the
shaft shoulder. Since this type is treated with a
clearance fit, the central race must be fixed
with a sleeve, etc.

M This type of bearing, comprising barrel-shaped
convex rollers arranged at an angle with the
axis, is self-aligning due to spherical housing
race raceway; therefore, shaft inclination can
be compensated for to a certain degree.

W Great axial load resistance is provided.

This type can accommodate a small amount of
radial load as well as heavy axial load.

B Normally, oil lubrication is employed.

Pressed steel cage, synthetic resin molded cage

[Recommended cages] Copper alloy machined
cage

Transmissions for automobiles, cultivators and
machine tools

T f T
/:ﬂ b ‘ i ﬁ:> Race

Pressed
cage Needle roller

Race
Lﬁmﬁﬂ/

Ea
Molded ‘

cage

[Remark] The race indicates the thrust washer or
washer specified in JIS.

[Main applications]
Single direction : crane hooks, oil excavator
swivels
Double direction : rolling mill roll necks

Copper alloy machined cage

Hydroelectric generators, vertical motors, propel-
ler shafts for ships, screw down speed reducers,
jib cranes, coal mills, pushing machines, molding
machines

Shaft race

7
E%I:§> Rib
AN

Housing race

Roller small end
Roller

Tapered roller

Machined
cage

large
end
Housing race
Machined
cage Central

race
Housing race

Shaft race

Convex Housing
roller race

Machined cage

Cage guide sleeve
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2. Outline of bearing selection

Currently, as bearing design has become
diversified, their application range is being
increasingly extended. In order to select the
most suitable bearings for an application, it is
necessary to conduct a comprehensive study
on both bearings and the equipment in which
the bearings will be installed, including operat-
ing conditions, the performance required of the

®

bearings, specifications of the other compo-
nents to be installed along with the bearings,
marketability, and cost performance, etc.

In selecting bearings, since the shaft diam-
eter is usually determined beforehand, the pro-
spective bearing type is chosen based upon
installation space, intended arrangement, and
according to the bore diameter required.

@

Next, from the bearing specifications are
determined the service life required when com-
pared to that of the equipment in which it is
used, along with a calculation of the actual ser-
vice life from operational loads.

Internal specifications including bearing accu-
racy, internal clearance, cage, and lubricant are
also selected, depending on the application.

®

Bearing type, arrangement /|

Bearing

>

Tolerance class

dimension

. . . {Reference}
(® Operating conditions to be considered)
. pageNo. J o Specifications for installation
® Installation space ® Recommended service life — A 28
® L oad magnitude, types and
direction of application ® Dynamic equivalent load —— A 34
® Rotational speed ® Static equivalent load, safety coefficient — A 38
@ Running accuracy A6 ® Rotational speed
® Rigidity
® Misalignment ) . )
e Mounting ease ® Bearing boundary dimensions — A 46
 Bearing arrangement A 20 ® Basic dynamic load rating —— A 24
® Noise characteristics, friction torque ® Basic static load rating A 38
® Marketability, cost performance ® Allowable axial load —— A 40
(for cylindrical roller bearing with rib)
(® Other data)
® Comparison of performance of bearing types —— A 18
® Example of bearing arrangement A21

® Running accuracy (runout)
® Noise characteristics, friction torque
® Rotational speed

® Bearing tolerances ——— A 52

>

For reference, general selection procedure
and operating conditions are described in Fig.
2-1. There is no need to follow a specific order,
since the goal is to select the right bearing to
achieve optimum performance.

@

)

Fit and internal clearance

® | oad magnitude, types

® Operational temperature distribution

® Materials, size and tolerances of shaft and housing
o Fit A 80
o Difference in temperature of inner and outer rings

@ Rotational speed

® Preload A 106
® Bearing tolerances —— A 52
® Bearing internal clearance —— A 93

Cage type, material

® Rotational speed
® Noise characteristics

®
:> Countermeasure for special |
environmental condition

@
> Lubrication, lubricant,

® Conditions of application site
abnormal temperature, sea water, vacuum,
[chemical solution, dust, gas, magnetism
® Lubrication

® Special bearing materials A 122

® Special heat treatment —— A 26
(dimension stabilizing treatment)

® Special surface treatment

® Lubricant A 118

(Reference) ceramic & EXSEW/ bearing series — C 1

Fig. 2-1(1) Bearing selection procedure
A1l4

sealing device

Final

Mounting and dismounting, E>
determination

mounting dimension

® Operating temperature

of bearing and
associated

® Mounting and dismounting — A 133

® Rotational speed

® Lubrication ————— A 111
® | ubricant A 118
® Sealing device ——— A 129
® Limiting speed —————— A 78
® Grease service life —— A 113

aspect

® Mounting dimensions — A 126

Fig. 2-1(2) Bearing selection procedure

A 15




3. Selection of bearing type

The main factors to be considered are listed
in Table 3-1, while bearing types are listed in

In selecting bearings, the most important
thing is to fully understand the operating

conditions of the bearings.

Table 3-1 (1)

Table 3-2.

Selection of bearing type

Table 3-1 (2)

Selection of bearing type

Koyo

. . Reference
Items to be considered Selection method page No.
1) Installation | Bearing can be installed in ® When a shaft is designed, its rigidity and A 46
space target equipment strength are considered essential; therefore, the
shaft diameter, i.e., bore diameter, is deter-
mined at start.
For rolling bearings, since wide variety with dif-
ferent dimensions are available, the most suit-
able bearing type should be selected.
(Fig. 3-1)
2) Load Load magnitude, type and ® Since various types of load are applied to bear- | A 18
direction which applied ings, load magnitude, types (radial or axial) and | (Table 3-2)
direction of application (both directions or single
Load resistance of bearing direction in the case of axial load), as well as A 81
is specified in terms of the vibration and impact must be considered in
basic load rating, and its order to select the proper bearing.
\éggjr?nlg :sggillfilggtilcr)]ntTSble. ® The following is the general order for radial
resistance ;
deep groove ball bearings < angular contact
ball bearings < cylindrical roller bearings <
tapered roller bearings < spherical roller
bearings
3) Rotational | Response to rotational speed of | ® Since the allowable speed differs greatly A18
speed equipment in which bearings will depend-ing not only upon bearing type but on (Table 3-2)
be installed bearing size, cage, accuracy, load and lubrica-
tion, all factors must be considered in selecting | A 78
The limiting speed for bear- bearings.
g‘lgéssg)é‘ég%:ﬁg t%iss%g)lnve is || ®In general, the following bearings are the most
specified in the bearing widely used for high speed operation.
specification table deep groove ball bearings, angular contact
’ ball bearings, cylindrical roller bearings
4) Running Accurate rotation delivering ® Performance required differs depending on A18
accuracy required performance equipment in which bearings are installed : for | (Table 3-2)
instance, machine tool spindles require high
Dimension accuracy and running accuracy, gas turbines require high A 52
running accuracy of speed rotation, and control equipment requires
bearings are provided by low friction. In such cases, bearings of tolerance
JIS, etc. class 5 or higher are required.
® The following are the most widely used bear-
ings.
deep groove ball bearings, angular contact
ball bearings, cylindrical roller bearings
5) Rigidity Rigidity that delivers the bear- ® In machine tool spindles and automobile final A18
ing performance required drives, bearing rigidity as well as rigidity of (Table 3-2)
When load is applied to a equipment itself must be enhanced.
bearing, elastic deformation | | e Elastic deformation occurs less in roller bear-
occurs at the pOlnt where its ings than in ball bearings_
rolling elements contact the o L
raceway surface. ® Rigidity can be enhanced by providing preload. | A 106
The higher the rigidity that This method is suitable for use with angular con-
bearings possess, the better tact ball bearings and tapered roller bearings.
they control elastic deforma-
tion.

A 16

Items to be considered Selection method ’F)!ae;zr%r;ce
6) Misalign- Operating conditions which ® Internal load caused by excessive misalign- A 18
ment cause misalignment (shaft ment damages bearings. Bearings designed to | (Table 3-2)
(aligning deflection caused by load, inac- absorb such misalignment should be selected.
Sl %j(;ﬁﬁlt/lr?é 22%?5%12%%%&9’ ® The higher the self-aligning capability that
bearing performance bearings possess, the larger the angular mis-
- ) alignment that can be absorbed. The following
Allowable misalignment (in is the general order of bearings when compar-
_an(gj;le) fgg eda?htﬁea””gt’. type ing allowable angular misalignment :
Itfefgr?actnheebelgring zggé%%a_ cylindrical roller bearings < tapered roller-
tion table. to facilitate deter- bearings < deep groove ball bearings, angu-
mination of the self-aligning lar contact ball bearings < spherical roller-
capability of bearings. bearings, self-aligning ball bearings
7) Mounting | Methods and frequency of ® Cylindrical roller bearings, needle roller bear- A18
and mounting and dismounting ings and tapered roller bearings, with separable | (Table 3-2)
dismounting | required for periodic inspection inner and outer rings, are recommended for
applications in which mounting and dismounting
is conducted frequently.
® Use of sleeve eases the mounting of self-align-
ing ball bearings and spherical roller bearings
with tapered bore.
Width series — 0 1 2 3 4 5 6
4
Diameter 3
series 12
9 0 o Y —
8 ] i = =u 1NN [ |
N N |
Sé’r‘?gsns'on i 08090001020304 181910 282920212223 3839 30313233 48 494041 59 69

Deep groove ball bearing

Angular contact ball bearing
Self-aligning ball bearing

Cylindrical roller bearing

Needle roller bearing
Tapered roller bearing

Spherical roller bearing

Fig. 3-1 Radial bearing dimension series
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Table 3-2 Performance comparison of bearing type

Deep Angular contact ball bearing | Four-point | Self- Cylindrical roller bearing Needle roller | Tapered roller bearing | Spherical | Thrust ball bearing | Double Cylindrical | Needle | Tapered |Spherical
groove ball| Single- | Matched | Double- | contact ball | aligningball | . N | NJ-NF | NUP - NH | NN - NNU beariﬂgd Single- | Double-row, | foller With | With direc}ion roller thrust| roller  [roller  |thrust | Reference
bearing | row pairor | row bearing | bearing ﬁmgctyg]ee) row four-row | bearing LI:L . ggg?lng gg‘t’h%gfn' bearing | thrust |thrust roller page No.
stack faces |race |ball bearing bearing | bearing |bearing
LT [ ==
o | T 8| = B BE B | | & | e
Radial load O O O O O @) O O @) @) © O X X X X X X A —
3|, O @ O A A A @) @) A O O @) @) @) O O
é haizllaze - - - | | - - X - - X X - > > - - > - - - - -
‘®
(o}
- | Combined load
JAN YAN —
§ vl and aa O O (@) (@) O A X JAN VAN X X O O X X X X X X
Vibrati
ol alalalalala|o|o|o]|o S e e B B B I e S A A
High speed A16
i O O @) O ©) A O O @) ©) O O O O A A O A A A A
adaptability A78
High o| o | o © o o O O o 16,92
accuracy A1
Low noise
level/low (@) O A16
torque
Rigidity O O O O O @) O O (©) O @) O O Al6
Al7
Description
Misalignment O A X X X O A A A A A A A (@) X (@) X X X X ©  |before
specification
table
Inner and
outer ring X X X X K X | | [ | [ | | | | X | | | | W= | | —
separability
S | Fixed side| ™ | | | | | X | [ | X % | | | A0
e - < <= - = g <= - <= L <—p
S
£| Freeside | [] O O O O m | O O [ [ O O A20
Apairof  |*DTarrange- |*Filingslot | *Non- " A pair of *Double direction *Non-sep-
bearings ment is typeis separable bearings i
Remarks mounted | effective for | effective for | type is also moumgd bearlr]gs are grable type —
facing one direction| one direction| avalable. facing effective for Islso
each other. | only. only. each other. both directions. available.
Reference A4 A5 A6 A6 A7 A8 A9 A10 A1 - A12 | A12 A13 A13 _
page No. B4 B52 B52 B134 B154 B374 B200 B302 B348 C47 - B374 — B366
©Excellent O Good A Fair xUnacceptable <= Both directions <= One direction only [ Acceptable [] Acceptable, but shaft shrinkage must be compensated for.

A18 A19



4. Selection of bearing arrangement

As bearing operational conditions vary
depending on devices in which bearings are

In many cases, in order to locate shaft
positions in the axial direction, one bearing is
mounted on the fixed side first, then the other

Table 4-2 (1)

Example bearing arrangements

Koyo

mounted, different performances are de-
manded of bearings. Normally, two or more

bearings are used on one shaft.

bearing is mounted on the free side.

Table 4-1 Bearings on fixed and free sides

Features Recommended bearing type Ex?\ln;ple
® This bearing determines shaft axial position. Deep groove ball bearing
Fixed side | o This bearing can accommodate both radial and axial Matched pair or stack )
bearing loads. angular contact ball bearing
Double-row angular contact
® Since axial load in both directions is imposed on this ball bearing
bearing, strength must be considered in selecting Self-aligning ball bearing
the bearing for this side. Cylindrical roller bearing with rib
(NUP and NH types)
Double-row tapered roller bearing
Spherical roller bearing
® This bearing is employed to compensate for expan- | ® Separable types
Free side sion or shrinkage caused by operating temperature Cylindrical roller bearing
bearing change and to allow ajustment of bearing position. (NU and N types) 1EX$:“P|93
® Bearings which accommodate radial load only and Needie roller be:lz\ng
whose inner and outer rings are separable are oN | (NA type, etc.)
recommended as free side bearings. on-separable types .
Deep groove ball bearing
® In general, if non-separable bearings are used on Matched pair angular contact
free side, clearance fit is provided between outer ball bearing
ring and housing to compensate for shaft movement (Back-to-back arrangement)
through bearings. Double-row angular contact
In some cases, clearance fit between shaft and ball bearing
inner ring is utilized. Self-aligning ball bearing
Double-row tapered roller bearing
(TDO type)
Spherical roller bearing
® When bearing intervals are short and shaft shrink- | Deep groove ball bearing
When fixed age does not greatly affect bearing operation, a pair | Angular contact ball bearing
and free of angular contact ball bearings or tapered roller Self-aligning ball bearing
sides are bearings is used in paired mounting to Cylindrical roller bearing Examples
not distin- accommodate axial load. (NJ and NF types) 1916
guished o After mountin . . . . Tapered roller bearing
g, the axial clearance is adjusted using s ) .
B pherical roller bearing
nuts or shims.
® Bearings which can accommodate both radial and ® Fixed side
Bearings axial loads should be used on fixed side. Matched pair angular contact
for verti- Heavy axial load can be accommodated using thrust ball bearing
cal shafts bearings together with radial bearings. (Back-to-back arrangement) | Examples
® Bearings which can accommodate radial load only Double-row tapered ro_lll_(la:;getarmg 17 and 18
are used on free side, compensating for shaft Th . .( _ype)
rust bearing + radial bearing
movement.

A 20

Example - Beal:lng arrangemen? Recommended application Application
Fixed side Free side example
O Suitable for high-speed operation; used for Medium size
— various types of applications. motors,
Ex. 1 © Not recommended for applications that have air blowers
center displacement between bearings or shaft
deflection.
O More suitable than Ex. 1 for operation under heavy | Traction
load or impact load. Suitable also for high-speed | motors for rail-
) way rolling
— — — — operation. stock
Ex. 2 :D: j:t O Due to separability, suitable for applications requiring
— _‘ ’_ = interference of both inner and outer rings.
i ‘ O Not recommended for applications that have center
T displacement between bearings or shaft deflection.
© Recommended for applications under heavier or | Steel manufac-
greater impact load than those in Ex. 2. turing table
O This arrangement requires high rigidity from fixed | rollers,
Ex. 3 B side bearings mounted back to back, with preload | |5ihe spindles
| ’_ provided.
j | O Shaft and housing of accurate dimensions should
be selected and mounted properly.
O This is recommended for operation at high speed | Motors
or axial load lighter than in Ex. 3.
O This is recommended for applications requiring
Ex. 4 interference of both inner and outer rings.
(I O Some applications use double-row angular con-
‘ ‘ tact ball bearings on fixed side instead of matched
| pair angular contact ball bearings.
O This is recommended for operations under rela- Paper manufac-
tively small axial load. turing calender
Ex.5 O This is recommended for applications requiring rollers,
interference of both inner and outer rings. diesel
locomotive axle
journals
O This is recommended for operations at high speed | Diesel
and heavy radial load, as well as normal axial locomotive
transmissions
- load.
Ex. 6 O When deep groove ball bearings are used, clear-
_! ! ance must be provided between outside diameter
| | and housing, to prevent application of radial load.
O This arrangement is most widely employed. Pumps,
_U_ — O This arrangement c.an accommodate partial axial | 5 ;tomobile
Ex. 7 I load as well as radial load.

transmissions

A21
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Table 4-2 (2)

Example bearing arrangements

Table 4-2 (3)

Example bearing arrangements

Koyo

Arrangement in which fixi n L Application
Example freea sgieeszre not diZtingSiiﬁeg Recommended application e)?apm;?e °
O This is recommended for operation under impact | Speed reducers,
:E— load or axial load heavier than in Ex. 13. automobile
o ﬁ OThis is suitable for applications in which rigidity is | 1 eels
i ‘ ‘ enhanced by preloading.
T ' O Back-to-back arrangement is suitable for applications in
Ex 14 Back-to-back which moment load affects operation.
’ O When interference is required between inner ring
and shaft, face-to-face arrangement simplifies
—lﬂ-ﬁ f__hi_ mounting. This arrangement is effective for appli-
[ cations in which mounting error is possible.
1 ‘ O When preloading is required, care should be taken
Face-to-face in preload adjustment.
O This is recommended for applications requiring high Machine tool
" B speed and high accuracy of rotation under light load. spindles
_lI I I I AL ;I_ O This is suitable for applications in which rigidity is
Ex.15 T f_ enhanced by prelaniF;\g. s
| © Tandem arrangement and face-to-face arrangement are
o possible, as is back-to-back arrangement.
O This arrangement provides resistance against Construction
heavy radial and impact loads. equipment
Ex 16 :lj:l,‘]:‘ ’:h:d: O This .is a.pplicable when both inner and outer rings | final drive
Lo require interference.
1 ‘ © Care should be taken not to reduce axial internal
C clearance a critical amount during operation.
Application to vertical shafts Recommended application eAf;;:;?:on

Example - Bealimg arrangemen? Recommended application Application
Fixed side Free side example
O This is recommended for operations with relatively | Worm gear
~ ] heavy axial load in both directions. speed reducers
Ex. 8 —‘ ’— O Some applications use matched pair angular con-
: ; tact ball bearings on fixed side instead of double-
| | row angular contact ball bearings.
O This is the optimum arrangement for applications | Steel manufac-
I with possible mounting errors or shaft deflection. | turing table
) . roller speed
Ex. 9 O Bearings in this arrangement can accommodate reducers,
! ! partial axial load, as well as heavy radial load. overhead crane
[ || wheels
O This is optimum arrangement for applications with | General
possible mounting errors or shaft deflection. industrial
O Ease of mounting and dismounting, ensured by equipment
’ counter shafts
Ex. 10 @_ —r@ﬁ_ use of adaptor, makes this arrangement suitable
for long shafts which are neither stepped nor
threaded.
O This arrangement is not recommended for applica-
tions requiring axial load capability.
O This is the optimum arrangement for applications | Steel
with possible mounting errors or shaft deflection. | manufactur-
@'— O This is recommended for operations under impact g}% table roll-
Ex. 11| | i —%‘ load or radial load heavier than that in Ex. 10.
‘ ‘ ‘ ‘ O This arrangement can accommodate partial axial
load as well as radial load.
Arrangement in whi'ch_ fixe'd and Recommended application Application
free sides are not distinguished example

O This arrangement is most popular when applied to

Small motors,

= — small equipment operating under light load. small speed
Ex. 12 O When used with light preloading, thickness- reducers,
adjusted shim or spring is mounted on one side of | small pumps
\ \ outer ring.
— | O This is suitable for applications in which rigidity is | Machine tool
:@_ - enhanced by preloading. spindles
_‘ This is frequently employed in applications
: requiring high speed operation under relatively
| large axial load.
Ex. 13 Back-to-back 0 Back-to-back arrangement is suitable for

o @b

Face-to-face

applications in which moment load affects
operation.

© When preloading is required, care should be taken
in preload adjustment.

A 22

occurs.

O This arrangement, using matched pair angular Vertical motors,
] cqntact ball bearlings on the fixed .side-and‘cylin- vertical pumps
Fixed drical roller bearings on the free side, is suitable
side for high speed operation.
Ex. 17 | L i |
! 1
Free
side
O This is recommended for operation at low speed | Crane center
Free and heavy load, in which axial load is heavier than | shatts,
side radial load. vertical pumps
O Due to self-aligning capability, this is suitable for
Ex. 18 applications in which shaft runout or deflection
X. -
—

Fixed
side

A 23
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5. Selection of bearing dimensions

5-1 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 (ref. A 144).

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,
differences in bearing service life should be
statistically 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 (ref. A 144, 16. Examples of
bearing failures).

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

5-2 Calculation of service life
5-2-1 Basic dynamic load rating

The basic dynamic load rating 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
(C,) for thrust bearings. These load ratings are
listed in the specification table.

These values are prescribed by 1ISO 281/
1990, and are subject to change by conform-
ance to the latest ISO standards.

5-2-2 Basic rating life

The basic rating life in relation to the basic
dynamic load rating and dynamic equivalent
load can be expressed using equation (5-1).

It is convenient to express the basic rating life
in terms of time, using equation (5-2), when a
bearing is used for operation at a constant
speed; and, in terms of traveling distance (km),
using equation (5-3), when a bearing is used in
railway rolling stock or automobiles.

C\p
<;'reovtgllutions> Ly = <F> ................ (5-1)
6
(Time) Lion= % (%)p .......... (5-2)
<§{ilsj?anr:22> Lige = DLy wooeeeeeeeoeee (5-3)
where :

Ly : basic rating life 10° revolutions
Lo : basic rating life h
Lo : basic rating life km

P : dynamic equivalent load N
(referto p. A 34.)
C : basic dynamic load rating N
n : rotational speed min?
p :forball bearings:--- p=3
for roller bearings -+ p =10/3
D : wheel or tire diameter mm
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Accordingly, where the dynamic equivalent
load is P, and rotational speed is n, equation (5-
4) can be used to calculate the basic dynamic
load rating C; the bearing size most suitable for
a specified purpose can then be selected,
referring to the bearing specification table.

The recommended bearing service life differs
depending on the machines with which the
bearing is used, as shown in Table 5-4, p. A 28.

[Reference]

The equations using a service life coefficient
(/i) and rotational speed coefficient (f,)
respectively, based on equation (5-2), are as
follows :

Lign=500fif  -rrreeeeererrsmsrissrsienins (5-5)

Coefficient of service life :

C
= i e, 5-6
60n\1/p S fﬂp (5-6)
C=P Lion % 1_06 """""""" (5-4)
Coefficient of rotational speed :
1 _< 106 )1/17
" 500 x 60n
-1/p
=(0.03n) e (5-7)
For reference, the values of f;, fi, and Lion
can be easily obtained by employing the
nomograph attached to this catalog, as an
abbreviated method.
[Ball bearing]

. f“ 15 1.0 09 0.8 0.7 0.6 0.5 0.4 0.35 0.3 0.25 02 0.190.18 0.17 0.16 0.15
otational it b eth oy paa L
Speed n 10 20 30 40 50 70 100 200 300 500 1000 2000 3000 5000 10 000

. fh 0.6 0.7 0.8 09 1.0 15 2.0 25 3.0 3.5 4.0 5.0 6.0
Basic rat- SR I Y IR A A AP P I P I PN RPN RPN IR TN R R
ing life AR Ay Ly i L s L Ui L L e L L L i e R

Lyop 100 200 300 400 500 700 1000 2000 3000 5000 10 000 20000 30000 50000 100 000
[Roller bearing]
: j“ 1.4 1.3 12 1.1 1.0 0.9 0.8 0.7 06 055 05 0.45 0.4 0.35 0.3
UL
speed n 10 20 40 5 70 100 200 300 500 1000 2000 3000 5000 10000

H fh 0.62 0.7 0.8 0.9 10 11 12 13 14 1516 17181920 25 3.0 35 4.0 45 49
Basic rat- | | | | V...l | [ O o ot o o I T T P I N N A [
ing life A R A b L s L e i i s s s e i L

Lth 100 200 300 400 500 700 1000 2000 3000 5000 10 000 20000 30000 50 000 100 000

[Reference] Rotational speed (n) and its coefficients ( f;,), and

service life coefficient (fi,) and basic rating life (L)
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5-2-3 Correction of basic dynamic load
rating for high temperature use and
dimension stabilizing treatment

In high temperature operation, bearing
material hardness deteriorates, as material
compositions 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 5-1.

Table 5-1 Temperature coefficient values

Bearing o

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

coefficient 1| 1 |095/0.90|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 5-2.

Since dimension stabilizing treatment
diminishes material hardness, the basic
dynamic load rating may be reduced for some
types of bearings.

Table 5-2 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
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5-2-4 Corrected rating life

The basic rating life (L10), expressed using
equation (5-1), 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 (5-8).

e T T S (5-8)

where :

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

L, : basic rating life 108 revolutions

(estimated reliability 90 %)
a; : reliability coefficient
--------------- refer to section (1)
as : bearing characteristic coefficient
--------------- refer to section (2)
as : 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 considered.

(1) Reliability coefficient «a,

Table 5-3 describes reliability coefficient, a4,
which is necessary to obtain the corrected
rating life of reliability greater than 90 %.

Table 5-3 Reliability coefficient a;

Reliability, % Ly, &
90 L 10a 1
95 L 5, 0.62
96 L 4 0.53
97 L3, 0.44
98 L 3, 0.33
99 L, 0.21

(2) Bearing characteristic coefficient a,

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 as.

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 laboratory.

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
ag = 1.

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

(3) Operating condition coefficient a;

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 as.

Under normal lubrication, the calculation can
be performed with a3 = 1; and, under favorable
lubrication, with az > 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 J
® Operation at very slow rotational speed
Product of rolling element pitch diameter J
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 calculation
must be corrected (ref. Table 5-1).

5-2-5 Service life of bearing system
comprising two or more bearings

Even for systems which comprise two or
more bearings, if one bearing is damaged, the
entire system malfunctions.

Where all bearings used in an application are
regarded as one system, the service life of the
bearing system can be calculated using the
following equation,

1 1 1 1

TP Le "L T Ly

4o (5.9)

where :
L : rating life of system
Ly, Ly, Ls--- : rating life of each bearing
e :constant
e =10/9------ball bearing
e = 9/8----roller bearing
The mean value is for a system
using both ball and roller bearings.

[Example]

When a shaft is supported by two roller
bearings whose service lives are 50 000 hours
and 30 000 hours respectively, the rating life of
the bearing system supporting this shaft is
calculated as follows, using equation (5-9) :

r__ 1 . _1
L9 ~ 500009 ' 30 0009

L =20000 h

The equation suggests that the rating life of
these bearings as a system becomes shorter
than that of the bearing with the shorter life.

This fact is very important in estimating
bearing service life for applications using two or
more bearings.

[Remark]

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

As the above explanation shows, since as and a3
are inter-dependent, some calculations treat them as
one coefficient, ags .
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5-2-6 Applications and recommended
bearing service life

Since longer service life does not always
contribute to economical operation, the most
suitable service life for each application and
operating conditions should be determined.

For reference, Table 5-4 describes recom-
mended service life in accordance with the
application, as empirically determined.

Table 5-4 Recommended bearing service life (reference)

Operating condition

Application

Recommended h
service life (h)

Short or intermittent
operation

Household electric appliance, electric tools,
agricultural equipment, heavy cargo hoisting equipment

4000~ 8000

Not extended duration, but
stable operation required

Household air conditioner motors,
construction equipment, conveyers, elevators

8000 - 12000

Intermittent but extended

operation

Rolling mill roll necks, small motors, cranes

8000~ 12000

Motors used in factories, general gears

12 000 — 20 000

Machine tools, shaker screens, crushers

20 000 - 30 000

Compressors, pumps, gears for essential use

40 000 - 60 000

Daily operation more than

8 hr. or continuous
extended operation

Escalators

12 000 - 20 000

Centrifugal separators, air conditioners, air blowers,
woodworking equipment, passenger coach axle journals

20 000 - 30 000

Large motors, mine hoists, locomotive axle journals,
railway rolling stock traction motors

40 000 - 60 000

Paper manufacturing equipment

100 000 - 200 000

24 hr. operation
(no failure allowed)

Water supply facilities, power stations,
mine water discharge facilities

100 000 - 200 000

A28

5-3 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.

5-3-1 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.

Table 5-5 Values of load coefficient f,

Application fr

Operating condition | ¥ ample

Motors
Operation with little | Machine tools
vibration or impact Measuring
instrument

1.0-1.2

Railway rolling
stock
Automobiles
Paper
manufacturing
equipment

Air blowers
Compressors
Agricultural
equipment

Normal operation

(slight impact) 1.2-2.0

Rolling mills
Operation with Crushers
severe vibration or | Construction 2.0-3.0
impact equipment
Shaker screens
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where :
F : measured load
F. : calculated load
fw :load coefficient (ref. Table 5-5)

z 2z

5-3-2 Load generated through belt or
chain transmission

In the case of belt transmission, the theoreti-
cal value of the load affecting the pulley shafts
can be determined by obtaining the effective
transmission force of the belt.

For actual operation, the load is obtained by
multiplying this effective transmission force by
the load coefficient ( f,,) considering vibration
and impact generated during operation, and the
belt coefficient ( fi,) considering belt tension.

In the case of chain transmission, the load is
determined using a coefficient equivalent to the
belt coefficient.

This equation (5-11) is as follows ;

2M
F,= 52 - f-
b= D, S Jo

19.1x105W

= "D Sefe e (5-11)

where :
F, : estimated load affecting pulley shaft or
sprocket shaft N
M : torque affecting pulley or sprocket

mN - m

W : transmission force kW
D, : pitch circle diameter of pulley or

sprocket mm

n :rotational speed min!

fw :load coefficient (ref. Table 5-5)
fv 1 belt coefficient (ref. Table 5-6)

Table 5-6 Values of belt coefficient f;

Belt type o
Timing belt (with teeth) 1.3-20
V-belt 20-25
Flat belt (with tension pulley) 25-3.0
Flat belt 4.0-50
Chain 12-15
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5-3-3 Load generated under gear transmission

(1) Loads affecting gear and gear coefficient

In the case of gear transmission, loads trans-
mitted by gearing are theoretically classified into
three types: tangential load (K ), radial load (K;)
and axial load (K,).

Those loads can be calculated dynamically
(using equations @, ® and (©, described in
section (2)).

To determine the actual gear loads, these
theoretical loads must be multiplied by
coefficients considering vibration and impact
during operation ( f,;) (ref. Table 5-5) and the
gear coefficient (f,) (ref. Table 5-7) considering
the finish treatment of gears.

Table 5-7 Values of gear coefficient f,

Gear type I

Precision gears (both pitch error and

tooth shape error less than 0.02 mm) 1.0-11

Normal gears (both pitch error and

tooth shape error less than 0.1 mm) 11-13

Driven sidej
Kt

Fig.5-1 Load on spur gears

(2) Calculation of load on gears

(@ Tangential load (tangential force) K (® Radial load (separating force) K, (© Axial load (axial force) K,
Spur gears, helical gears, double-helical gears, Spur gears Ky = Kptanor e (5-13) 0
straight bevel gears, spiral bevel gears ] tanao
X - 2M . 191x108 W 512) Helical gears K, = K, Gog (5-14) | Ky = KtanfB - (5-20)
D, Dyn Double-helical _ tana
gears K, = K, Gog (5-15) 0
@~© where Straight”’ gg‘ée Koy= K, 8N e COSSy oo (5-16) | Kur= Kotanar Sin @y (5-21)
oo m T T T T T T >~ bevel -
, K. : gear tangential load N “ gears gg‘e’e” Kip= K, tanor COS Gy croevvvvroerrssne (5-17) | Kup= Kitanor Sin§geeeoeeeeesssooeeeen (5-22)
I K, : gear radial load N | id id
| K, : gear axial load N ! 1 |Diive | Kn=goos (tana cosdixsinBsing) | Ku= cosp (tana sin gy sin B cos & )
| M :torque affecting gears mN - m : Spiral "~ |side | G18) | (5-23)
: D, : gear pitch circle diameter ~ mm | bevel _ o K. <t o ) e K (t R )
, W : transmitting force kW : gears Sig‘ée” 2= Cos g \1aN & COS &% sinfsin 52 = Gos p \tBN@ SindyE sin B cos &2
I n :rotational speed 0% W G619/ 000000 o (5-24)
I o : gear pressure angle deg | [Notes] 1) nges with subscript 1 and 2 shown in equations are respectively applicable to drive side gears and [
‘ ) ) I driven side gears.
| B :gear helix (spiral) angle deg I 2) Symbols (+) and (-) denote the following ;
‘\ 0 : bevel gear pitch angle deg ‘ Symbols in upper row : clockwise rotation accompanied by right-handed spiral

~ o ______ or counterclockwise rotation with left-handed spiral
Symbols in lower row : counterclockwise rotation with right-handed spiral or
clockwise rotation with left-handed spiral
[Remark] Rotating directions are described as viewed at the back of the apex of the pitch angle.

Clockwise rotation

Counterclockwise
rotation

B Driven side
(left-handed helix) K
Driven side

{counterclockwise rotation}
with right-handed spiral

Driven side
(counterclockwise rotation)

Drive side
(clockwise rotation)

Drive side

clockwise rotation
with left-handed

spiral
Drive side
(left-handed helix)
Fig. 5-2 Load on helical gears Fig. 5-3 Load on straight bevel gears Fig. 5-4 Load on spiral bevel gears

A 30 A3l
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5-3-4 Load distribution on bearings Description of signs in Examples 1 to 5

[Remark]
The load distribution affecting bearings can Bearings shown in Exs. 3 to 5 are affected by e e e e e e m o — 2

be calculated as follows: first, radial force com-

components of axial force when these bearings ,  Fua:radial load on bearing A N D, : gear pitch circle diameter mm |

ponents are calculated, then, the sum of vectors accommodate radial load, and axial load (K,) which \ . . o |
of the components is obtained in accordance is transferred externally, i.e. from gears. | Fyp: radial load on bearing B N (©) : denotes load direction (upward |
with the load direction. For calculation of the axial load in this case, refer | K : shaft load N perpendicular to paper surface) |
alculation examples of radial load distribu- N |
tiog are described ir?the following section. to page A 34. : K, K., K, : gear load N () : denotes load direction (downward |
| (ref. A 30) perpendicular to paper surface) /'

Example 5 Simultaneous application of gear load and other load

Example 1 Fundamental calculation (1)

Example 3 Gear load distribution (1)

Gear1_ K,
Gear 1 i - i
Bearing A Bearing B Pitch circle Bearing A ear 9l K Bearing B Pitch circle \/-’\ Bearing A ‘mz < F MBearmg B
Eﬂ Eﬂ of gear 1 9 a 9 of gear 1 — 7 m juE a @j
™
Fia Fip K t,,,,% D = M s 0 ¢ D, 0 o
a N
93 i ah PR Pl JEa
a b \
N = £ S e
. \ 7L Eg\ Gear 2 F] ==
y _A/ a b e m
Pitch circle ¢ a b
_ 0 of gear 2 Pitch circle c
Fa=7¢K of gear 2
...... (5-25) 7 —\/<£K>Z+ <£K —&’Kf
Fu= 2K we ot [ P { Gears 1 and 2 are engaged with each other at angle 6. External load J
S — (5-27) F, moment M, are applied to these gears at angles &1 and 6 2.

2 D 2
Fip = /(%KJ + (%Kr+2—é’1{a)

Example 2 Fundamental calculation (2)

Example 4 Gear load distribution (2)

Bearing A Bearing B

O I
K FrB
FrA
o
a | c
)
Fia= FbK
...... (5-26)
Fa=2K

’ K,
Pitch circle Gear 1~ ‘Bearing A Bearing B

" o B s
o S s
WTIQ P Fea

4 SLA EISEEE wS I %

\. g ;_ a c
/\—-/ Gear 2 b
Pitch circle
of gear 2

b\ b Dy . \?
FrA=\/<?Kt> +<7 r—2—é3K3>

2 2
Fup = \/(%Kt) + <7‘7‘Kr —%’K,)
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® Perpendicular radial component force (upward and

downward along diagram)

. D
Foav = %(K,cos& +K;sin@) — 2—cpKacos6' + % Fcosf 1 — A?lcosﬁz

) D
Fapy = %(Krcosﬁ +K,sinf) + ﬁKacose + % Fcosf1 + ]Lclcos G2

® Horizontal radial component force (upward and downward perpendicular to diagram)

Foan = %(Krsin 0 —K,cosf) — % K,sin@ + %1 Fsin@:1 — A—clsinaz

Fgy = %(K,sin 0 —K,cosf) + g—cp K,sin@ + % Fsin@1 + %sin G

W Combined radial force

Fip=VFiav? + Fran 2
Fig=VFpy?+ Fpu?

A 33

............ (5-29) <

When 6, F, and M are zero, the same >
result as in Ex. 3 is obtained
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M For single-row angular contact ball bearings
and tapered roller bearings, axial component
forces (F'.) are generated as shown in
Fig. 5-5, 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.

5-4 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 F
applied to the shaft center with one of a con- Foe= Gy o (5-31)
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).

Table 5-8 describes the calculation of the
dynamic equivalent load when radial loads
and external axial loads (K,) are applied to
bearings.

5-4-1 Calculation of dynamic equivalent load

Dynamic equivalent loads for radial bearings

Fac
J Load
center

Load center position is listed in
the bearing specification table.

Load
r center

Fig.5-5 Axial component force

M For thrust ball bearings with contact angle
a=90°, to which an axial load is applied,
P,=F..

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

P, =F, + 1.2F, i, (5.32)
where : F,/F, = 0.55

Table 5-8 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.

and thrust bearings (o = 90°) which receive a

combined load of a constant magnitude in a Paired mounting . - . . . .
e . . Loading condition Bearing Axial load Dynamic equivalent load
specific direction can be calculated using the Back-to-back arrangement ‘ Face-to-face arrangement
following equation, 7
A B B A - 1B
Bearing A 57]3 K Py = XFp +Ya |5yt Ko
P=XF, + YF, oo, (5-30) ’_m Fi ke P B Py = Fyp, Where Py < Fyp
! . ‘ 2Y; a=2y, ([~~~ |~~~ “~"~“"“"[-~"~"“"“"“"“"“"“"“""“"“">"™""=>"">"">"=>"=“"="77°7
| K % K 1 ’ * _
where : j . FrBl FrBl lF Bearing B _ Pp=Fap
P : dynamic equivalent load N A A
for radial bearings, A B B A
P, : dynamic equivalent radial load Bearing A _ Pa=Foa
for thrust bearings, Fg Fia
P, : dynamic equivalent axial load ‘ K, N K. I oYz + K, < D7 T, N
F, : radial load N ‘ T ? Py = XFip + 1 K}
3 . Fr B B B a
F, : axial load N l F, P b ral FrAl BearingB| A _ K, 2Y.
X :radial load factor Py = F\p, where Pg < Fip
Y :axial load factor
X A B B A
(values of X and Y are listed in the | Bearing A _ Pa=Fu
bearing specification table.) m
— \ ‘ Fip gF;A +K, |f--- |- - ____L_ - ______
; K, L K, ! 2Yg — 2Y4 o
T j FBl t - l J t Bearing B Foa ‘K, Pg =XF3 +Yp m*— KBJ
B When F, /F, < e for single-row radial bear- Fea ' B Fra 2Ya B = P where Pa< F
ings, it is taken that X =1, and Y = 0. 3= 2 xP
Hence, the dynamic equivalent load rating is A B B A _ Fip J
Pr :Fr- Bearing A 2F'§B _K, Py = XFip + YA 2YB K,
i i L FrB > FrA B PA=F,A, wherePA<FrA
Values of e, which designates the limit of K b K. ‘ e oy, K - e e e e e
F,/F,, are listed in the bearing specifica- 1 = l F i )
tion table. l 7 F.p FrBl lF N Bearing B _ Pg=F.g

A 34

[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

5-8.

A 35
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5-4-2 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 (P,,)
under different load fluctuations is described
using Graphs (1) to (4).

As shown in Graph (5), the mean dynamic
equivalent load under stationary and rotating
load applied simultaneously, can be obtained
using equation (5-37).

Symbols for Graphs (1) to (4)

[
[
[
[
[
[
[
[
[
[
[
[
[
I p :forball bearings, p=3
[

[

for roller bearings, p = 10/3

m =

P, :mean dynamic equivalent load

: minimum dynamic equivalent load
: maximum dynamic equivalent load
Xnt; : total rotation in (¢; to ¢;) hours

P, :dynamic equivalent load applied for ¢; hours at rotational speed n;
P, :dynamic equivalent load applied for ¢, hours at rotational speed ny

P, :dynamic equivalent load applied for ¢, hours at rotational speed n,,

. . ) . . (4) Fluctuation forming sine curve
(1) Staged fluctuation (2) Stageless fluctuation (8) Fluctuation forming sine curve (upper half of sine curve)
P
P Pryax Pmax
T Pm
___Iim__ — - -7 -
0 0
‘ nity nate Nnln S nit; ‘ Ynit; Init;
Pm:p P1Pn1t1+P2pnzt2+ ----- +Pnpnntn Prin + 2 Prax
TR Prap— T it Pp = =BRTSSDE ... (5-34) | Pp=0.68Ppay - (5-35) Pu=075Ppa o (5-36)
------ (5-33)
(5) Stationary load and rotating
load acting simultaneously
N | K
I .
N | P '
[ K
N I //' TS 1
‘ 5 \ /
. / A \ ;
N : / Y 0.9
N | \ N ) Jin
I P, .
I . A// 0.8
I N
I
| 0.7
| 0 02 04 06 08 1
J Po=fn(P+Pd) (5-37) P(P+Py)
Fig. 5-6 Coefficient f,
where :
P,, : mean dynamic equivalent load N

fm : coefficient (refer. Fig. 5-6)

P : stationary load

P, : rotating load

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

5-5-1 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
® Other ball bearings - 4200 MPa
® Roller bearings «----weeeees 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 rating,
and for thrust bearings, as the basic static axial
load rating. These load ratings are listed in the
bearing specification table, using Cy, and Co,
respectively.

These values are prescribed by ISO 78/1987
and are subject to change by