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Bearing Size Chart

Metric Series Inch Series

Single-Row, Double-Row---B-1-8 Single-Row:--B-1-58 Assemblies for Crank Pin End Assemblies for Wrist Pin End

Radial Needle Roller Applications---B--47 Applications-+-B-1-52
and Cage Assemblies F—T ﬁ H
K, RF, RFN RS,R,RP  RV,V,VS K...ZW, WRF WR, WRS WJ, WJC BE, GS VE, VS P RE,URP
Metric Series (Caged) (Full Complement) Inch Series (Full Complement) Inner Rings

Drawn Cup Open Ends, Closed One End---B-2-14 Sealed---B-2-24 Open Ends, Closed One End---B-2-38 Open Ends, Closed One End---B-2-66 Sealed--B-2-72 Open Ends, Closed One End--B-2-54  Extra-Procision  Metic Series--B-2:28 Péﬁﬁ”ccofneprlig; ont)oBodS o onos
Needle Roller 7 O
ot 1 I I = ] ™=
BKM, BK BTM, BHTM HK RS BKRS BKM UU, : BM, BHM, DLF ™M JJH MJ-1,MJH-1 BT JT JTT B,BH M-1, MH-1 Y GB,GBH JRIM..P JR.JST, M, IRA,
BSM, HK BHM#SU. : DL : JRZ.JS1 IM...R6 IR (4 digit or less)
Metric Series Inch Series
Clutches---B-3-10 Clutch and Bearing Assemblies---B-3-12 For Use in Plastic Housings:--B-3-19 Clutches:--B-3-14 Clutch and Bearing Assemblies:--B-3-16
Drawn Cup Roller
Clutches | l I
FC FCS FCBL-K DF, FCP, FCPC RC RCB
FCL-K FCBN-K RC-FS RCB-FS
FC-K
(Caged, With Inner Ring) (Without Inner Ring) (Full Complement) Inch Series(Without Inner Ring) Inner Rings
Heavy-Duty Unsealed:--B-4-13 Sealed:-B-4-30 Y}{iéh_ogtsglanges Unsealed---B-4-20 Sealed:--B-4-31 Without Flanges---B -4-35 Wit mer Ring - Without s ing Unsealed Sealed:+B-4-52 !I?f:él_i_esr‘iles
Needle Roller — = =3 = % W —_— H ﬂ:ﬂ T T ‘:IH W W
n e @ i il
NKJ Nal m/liisN“I;JBSg NAG9 NA49RS  NA49.2RS NAD  +SNSH Qm\zﬁ 050 RNAG9 NKTN ANAGSRS  RNA49.2RS RANAO LSNSH RNAO HJ-RS HJ-2RS R

Metric Series (Caged) (Full Complement)

Unsealed---B-5-16 Sealed---B-5-18 Unsealed:--B-5-20 Standard Series---B-5-24,B-5-28 Small Series:--B-5-22 Light Series---B-5-26,B-5-30 Cylindrical Rollers---B-5-20
|§ ‘ Eccentric Eccentric
.z = ﬂ ] [ s : H:p [
KR .2RS KR.DZ.2RS GC16-90/GCL16-90 GCR, GCRL GC10-15/GCL10-15 GCU,GCUL GCUR,GCURL

Track Rollers
(Caged, With End Washers) (Full Complement, With End Washers) (Full Complement, With Metal Seals)

(Caged, Without End Washers)

Metric Series

* Small Series

Unsealed, Without Inner Ring---B-5-32 Unsealed, With Inner Ring:--B -5-33 Sealed, Without Inner Ring---B-5-34 Sealed, With Inner Ring:--B-5-35 With Inner Ring---B-5-36 Non-Separable - Without nner Ring Wit_h In{ner Ring, : Non-Sepa'rabIe, Light Series,
: ---B-5-38 -+-B-5-39 Unsealed CyllndrlcalRullers---B-5-37; Heavy Series---B-5-41
] A A &~ M e HEERER B B AR &5 =
RSTO RST0.DZ STO ST0.DZ RNA22.2RS RNA22.2RS.DZ NA22.2RS NA22.2RS.DZ NATR NATR.DZ S§T0.Z2Z  ST0.ZZ.DZ FPFPL FG,FGL RNA...B6 NUTR NUTR.DZ FGU,FGUL
RNAB
RNAL

Metric Series Inch Series

) Thrust Needle Roler and Cage Assemblies and Thrust Washers.---B 6 12 Unitized Thrust Unitized Thrust Unitized Thrust Unitized Thrust Bearing Assembly AX Series --B -6-26 Thrust Cylindrical Roller and Cage Needle Rollers, === Unitized Cylindrical Thrust Needle Roller and Thrust Cylindrical Roller  Cylindrical Roller Thrust J
Thrust Bearlngs, Bearing Assemblies Bearing Assemblies Bearing Assemblies Assemblies and Thrust Washers---B -6-38  Cylindrical Rollers- --B -6-42 . Rollers Cage Assemblies and Thrust and Cage Assembly Bearing---B-6-64
Assemblies. Washers (Double Washer) (Slngle -Washer) (Slngle -Washer) H PO == Ee=—= pou Washers:-B -6-52 --B- s 62 i
' cor—f—m 7 ~B-6-20 ~B-6-22 ~B-6-24 ' ol o
! AS, LS, ws 811, AX AX cP cP ‘ === T ——U7 TRA, TRB, TRC,
FNT, AXK, TP, TV WF  WSF  GS.81 ENTKF, TPK JL, TVK JL ENTK, TPK J, TVK J FNTF, TPK L, TVK L Thin Thick Thin Thick m K811, K812 AXZ, ARZ AR NTA TRD, TRE, TRF NTH NTHA
ric Series (Heavy-Duty, Without Inner Ring) (Drawn Cup, Without Inner Ring)
Ball Thrust Series---B—7-6 Cylindrical RollerThrust Series-~-B-7-1D Needle Roller and Cylindrical Roller Thrust Series---B-7-14 Needle Roller Thrust Series---B-7-18
Combined Needle Separable N parable No Washer No Washer Open Ends Closed One End
M BmE Emn Db
NAXK NAXK.Z RAXZ500 NAXR NAXR.Z RAX500 RAX400 RAX700 RAXF700
Inner Rings (Caged) (Full Complement) End Washer
<Metric Series> ) ) _ . ) ) ) — . e .
For Drawn Cup Needle Roller Bearings:--B-8-32 For Machine-Tool Quality Precision-Combined Bearings For RNA Bearings (With Qil Holes, Extra Wide) For Metric Series NAO and RNAO Bearings:--B-8-39

Needle Rollers,
Accessories

For Drawn Cup Needle Roller Bearings, Heavy-Duty- - -B -8-22 ...B-8-35
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% 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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Corporate

History

Bearing Trends
and
Market Needs

Transition of
Products

1866 1900

1930

1960 1990 2010 2013

1866 Torrington is founded

#1867 Diirkopp-Werke

Bielefeld is founded

1921 Koyo Seiko Co., Ltd. is founded

*1930 Nadella is founded

2001 Torrington purchases
Nadella business from SNR

*1962 FAG purchases
Diirkopp-Werke AG

2003 The Timken Company
purchases Torrington

*1963 New needle bearing plant is built in Tokyo

1962 Utsunomiya Kiki Co., Ltd. joins the group L.
2006 JTEKT Corporation is born
1984 SNR (Nadella business partner)

. . 2010 JTEKT purchases needle bearing business
and Torrington commence joint venture

from The Timken Company

#1993 Torrington purchases

2013 JTEKT is integrated into
needle bearing business from FAG

the Koyo brand

Improvementin

Smaller seizure resistance Longer life Reduced torque and noise, compact and lightweight, usability with less diluted lubricant
1866 1920 1957 1968 1996
80% market share L B Development of caged drawn cup needle bearing Development of thick-wall drawn cup bearing Development of controlled stress thick-wall drawn cup

Foundation of Torrington

Founded as manufacturer of
sewing machine needles and
machinery to produce same

b
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Early model of the swaging
machine, designed o produce

straight and wniform needle
Blanks.

Early model swaging machine
for uniform needle blanks

Invention

'No. U.S.43.772
(1864)
Hopson & Brooks

IMPROVEMENT IN
POINTING WIRE

This invention is the origin
of the extra-precision rollers
now produced by JTEKT.

of automobile wire
wheel parts

Cadillas put cet its entire line on dressy wire wheels.
Packard and a few other major producers followed suit, a5
eventually did most manufscturers {except Chevrollet). At
the height of the trend, over 60% of U.S. passenger cars
had wire wheels. and 80°% of the spokes and mipples to build
them were supplied by The Torringios Company. Effec-
tively, every other passenger car made in America had Tor-
ringion spokes and nipples in the wheels.

More than 60% of automobiles,
including those made by
Cadillac, adopt wire wheels.
Torrington acquires 80% market
share of wire wheel spokes and

nipples.

As a result, one in every two
U.S.-manufactured automobiles
use Torrington spokes and
nipples.

.
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1932
Development of the world's first drawn cup needle bearing

< Space-saving and lightweight >
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g = invention

] No. U.S.2,038,474
(1932)

E. K. Brown

ANTIFRICTION

BEARING AND
METHOD OF

World’s First

needle bearing < Longer life > Cup bore is profiled.

' Crowned ' l Controlled .

roller stress type

< Improved lubrication and support for higher speeds > < High capacity >

Applications in axles, transmissions,
Increased lubricant pumps and motors

retention capability

Separated rollers
using cages T 1 I 1
e ———
Thrust Needle Bearings Reduced contact pressure on cup and shaft

1955
Development of the world’s first thrust needle bearing: contribution to the progress of AT development
< Lower torque and improved durability >

< Higher speed, lower torque, and supports thin film lubricant >
Optimization of washer and cage shapes

| W0r|d's FiI’St %‘\“nﬂfé High-speed,Inwenorqug,suppnm

§, ‘é‘ 2008 Standard low amounts of lubrication

a [}

- %@n“‘\@ Development of \ Y

thrust needle hearing Improved lubriclty
W for high-speed applications Reduced roller end wear
(1955)
R. H. White Development of the
thrust needle bearing
NEEDLE ROLLER solved problems in 2011
early automatic ¥
LRLSTEEARNS transmissions. Development of noise-reduced
thrust needle bearing »
. . Vibration-resistant
< Noise reduction > Custom-shaped resin is
Planetary Gear Shafts installed on the back side
of the thrust washer.

1971 2001
Development of Cold forging hole processing
induction-hardened of planetary gear shaft

planetary gear shaft

1

< Improved installation capability >

< Weight savings, material waste
reduction, and cost effective >




Regarding the Publishing of this Needle Roller Bearing Catalog

Thank you very much for your patronage of Koyo brand products.

Interms of environmental friendliness, there has been a rapidly increasing demand for smaller,
lighter products, as well as lower friction, higher reliability, and higher functionality in many
different industrial fields.

Our needle roller bearings are the optimal solution to all such requirements.

In 2010, as part of JTEKT's continual process for improvement in the needle roller bearing
business, we integrated the technology of Torrington, a company with a long history in the
United States and Europe, into the Koyo brand of traditional needle roller bearings.

In 2013, the Koyo brand will take the next step in this line of business to pursue stronger
distribution and production structures and further technological development with the aim to
accommodate our customers' needs on a global scale.

Onthis occasion, JTEKT has fully renewed its needle roller bearing catalog, which we present
here.

We believe that this new catalog will prove useful in your selection and use of our needle
roller bearings.

We look forward to your continued patronage.
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NEEDLE ROLLER BEARINGS

PRODUCT BREADTH

DRAWN CUP NEEDLE ROLLER BEARINGS, available in 3 mm to
139.7 mm bore (/s to 5 /2 in), are designed to support radial loads
and reduce friction between rotating components. The low cross
section of the drawn cup bearing provides maximum load-carrying
capability with minimum space required.

DRAWN CUP ROLLER CLUTCHES AND BEARING ASSEMBLIES,
available in 3to 35 mm bore (/8 to 13/sin), are designed to transmit
torque between the shaft and housing in one direction and allow
free overrun in the opposite direction. When transmitting torque,
either the shaft or the housing can be the input member.

RADIAL NEEDLE ROLLER AND CAGE ASSEMBLIES, available in 3
mm to 165 mm bore (1/8to 61/2in), consist of a complement of needle
rollers held in place by a cage. With no inner or outer ring, the low
cross section provides maximum load-carrying capability within
the smallest envelope. The mating shaft and housing are normally
used as inner and outer raceways.

NEEDLE ROLLER THRUST BEALINGS, available in 5 mm to 160 mm
(3/16to 61/2in) bore, consist of a complement of needle rollers held
in place by a cage.

Needle roller thrust bealings are complements of small diameter
needle rollers arranged in a spoke-like configuration. Needle
rollers are equally spaced by means of a cage whose web section
separates the rollers and provides guidance to keep them tracking
in an orbital path. The purpose of these assemblies is to transmit
a thrust load between two relatively rotating objects while greatly
reducing friction.

Needle roller thrust bealings also can be unitized with lipped
washers which service as raceway surfaces for the needle rollers.
Washers can be supplied separately or can be mechanically unitized
to the needle roller thrust assemblies for ease of handling.

HEAVY-DUTY NEEDLE ROLLER BEARINGS, available in 5 mm to
335 mm bore (3/16 to 13 3/16 in), consist of a machined and ground
channel-shaped outer ring with a complement of needle rollers
retained and guided by a cage. The thick outer ring provides
maximum load capacity and shock resistance with a relatively small
radial cross section.

6 NEEDLE ROLLER BEARINGS

TRACK ROLLERS/CAM FOLLOWERS, available in 10 mm to 300 mm
0.D. (3/8to 1113/16 in), are characterized by their thick-walled outer
rings that run directly on a track. The thick outer rings permit high
load-carrying capability while minimizing distortion and bending
stresses.

ENGINE BEARINGS include a full line of advanced bearing
assemblies for automotive engine valve trains. These assemblies
help reduce friction and optimize performance in both overhead
valve and overhead cam engines. They include roller rocker arms
for overhead valve (pushrod) engines, roller finger followers for
overhead cam engines, valve lifter rollers for overhead valve and
overhead cam engines.

PRECISION NEEDLE ROLLERS have multiple uses in a variety of
industries including automotive, truck, farm and construction
equipment, two-cycle engines, outboard engines and consumer
durables. Needle rollers are mainly used as bearing rolling elements
to transmit torque and reduce friction. They also can serve as
precision shafts or as precision locating pins.

PLANETARY GEAR SHAFTS have multiple uses in a variety of
industries including automotive, truck and farm and construction
equipment. The shafts are used in planetary gear sets, differentials
and engine valve trains.

PRECISION PINS AND SHAFTS are crafted from the highest quality
steel within a TS16949/1S09000/AS9100-certified manufacturing
facility. Pins and shafts come in a larger variety of configurations
and materials and flexible product volumes. These pins and shafts
are found in applications such as gasoline fuel systems components,
diesel systems components, aerospace rollers and precision rollers
(DFAR-compliant), planet pins, racing applications, rollers for
bearing assemblies, gear shafts and steering column pins.
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JTEKT Supports Driving and the Environment .

Steering system

Engine accessory
compressor

Transmission

Drive-line

8 NEEDLE ROLLER BEARINGS

Automobile Field

Along with the market demand for eco-friendly automobiles, the demand
for system downsizing, weight reduction, higher power output, and
reliability is on the rise, with the final goal being to develop energy-saving
automotive applications.

JTEKT offers solutions that accommodate such needs with its rich lineup
of high-performance products in the field of needle roller bearings.

NEEDLE ROLLER BEARINGS 9




Balance Shaft JTE!(Ts. needle roller bearmg§ f9r balan.ce shafts C(.mtl.'l.bUte to |m'pr0\{ed
lubrication methods, reduced friction, and improved reliability under vibration ol o
conditions. High reliability

®Vibration resistance

Bearing Features

Components

JTEKT's needle roller bearings for rocker arms contribute to reductions in Bearing Features
energy used by engines and to improvements in engine reliability.

® | ow torque

®\\Vear resistance

Heavy-duty needle roller bearings

e TN

Roller finger
follower assemblies

Piston and Crank JTEKT's needle roller bearings for connecting rod applications respond to the
need for reductions in energy used by engines and to demanding lubrication oD i
requirements, contributing to greater reliability. urability

Bearing Features

ENGINE ACCESSORIES

Components

® |mprovement in seizure resistance

@ Supports higher loads Compressor JTEKT's needle roller bearings for compressors contribute to support for thin Bearing Features
Components film lubricants, improved efficiency, and improved reliability.

®\Vear resistance

® | ow torque
® Improved lubricity

\ 4

=Ho

\j

™

Thrust bearings

Engines for motorcycles and boats Radial needle roller and
cage assemblies

10 NEEDLE ROLLER BEARINGS
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TRANSMISSION

JTEKT's needle roller bearings for transmissions contribute to reductions in the size and .
) o . T Bearing Features

weight of the transmission, improved power and fuel efficiency, support for low-viscosity

lubricants, and improved reliability.

® Supports higher loads
® Longer life in oil with foreign material
® Low torque

Automatic Transmissions

Thrust bearings

Radial needle roller and
cage assemblies

Split polymer caged radial assemblies

12 NEEDLE ROLLER BEARINGS

STEERING SYSTEMS

JTEKT's needle roller bearings for steering systems realize smooth steering
capability with high reliability and quiet running by drawing on our experience
in producing safe steering system components.

Intermediate Steering Shafts

Bearing Features

® High reliability
®Reduced noise
® High rigidity

Drawn cup needle roller bearings

Bearing Features

® High reliability
®Reduced noise

v

Drawn cup needle roller bearings

NEEDLE ROLLER BEARINGS 13



DRIVE-LINES

INDUSTRIAL MACHINERY FIELD

Torque Sensing JTEKT’s needle roller bearings for torque sensing LSDs contribute Bearing Features Construction equipment and agricultural machinery are used in dimanding environments and therefore require high durability.
LSD to downsizing and weight reduction, higher efficiency, and improved ° . A JTEKT offers high-performance needle roller bearings that respond to energy-saving requirements and high reliability needs.
reliability. Alleviates misalignment

® Supports higher loads
Construction Bearing Features
Equipment @ High reliability

Drawn cup needle roller bearings

Planetary Gear Reducer

Wheel Drum

Radial needle roller and cage assemblies

Thrust bearings Heavy-duty needle roller bearings

14 NEEDLE ROLLER BEARINGS NEEDLE ROLLER BEARINGS 15



WIND POWER GENERATION

Bearings used in wind power generators require long service lives.
JTEKT offers high-performance needle roller bearings that support high reliability and demanding environmental conditions.

Bearing Features Wind Power Bearing Features
® High reliability Generation ®ong service life

®Reduced noise

Agricultural
Machinery

Transmission

i ‘ i Planetary Gear Reducer
T H ‘HJ

—

I

Radial needle roller and cage assemblies .
g Heavy-duty needle roller bearings

Radial needle roller and
cage assemblies

16 NEEDLE ROLLER BEARINGS NEEDLE ROLLER BEARINGS 17



NOTES
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BEARING TYPES
NEEDLE ROLLER BEARINGS

Needle roller bearings are an economical alternative for applications
requiring minimal space to carry a given load at a desired speed.
Needle roller bearings can be an ideal choice because of their
ability to handle a given level of speed and load capacity, yet have
the smallest cross section of all roller bearing types.

We offer both metric and inch nominal bearings in popular designs
such as: radial caged needle rollers, drawn cup needle roller
bearings, machined ring, track rollers, thrust bearings, combined
bearings, and drawn cup roller clutches.

Most of these bearing types can be operated directly on a machined
shaft of suitable quality, or with a matching inner ring where this
requirement cannot be conventionally satisfied.

Radial Needle Roller and Cage Assemblies

Radial needle roller and cage assemblies have a steel cage that
provides both inward and outward retention for the needle rollers.
The designs provide maximum cage strength consistent with the
inherently high load ratings of needle roller bearings. Accurate
guidance of the needle rollers by the cage bars allows for operation
athigh speeds. Also available are needle roller and cage assemblies
using molded, one-piece glass-reinforced engineered polymer
cages. Needle roller and cage assemblies are manufactured with
either one or two rows of needle rollers.

Drawn Cup Bearings

The outer ring in the form of a cup is accurately drawn and no
subsequent machining is performed to build the outer raceway.
Drawn cup needle roller bearings are available in open ends or
single, closed-end designs. They also are available with one or
two integral seals. Other options include a single lubricating hole
and matching inner ring.

Heavy-Duty Needle Roller Bearings

These bearings are available in a wide range of inch and metric
sizes plus an array of design features including: integral seals, side
flanges (or separate end washers), inner rings, oil holes and single
or double caged sets (or full complement) of rollers.

ENGINEERING

Track Rollers

Track rollers listed in this catalog are designed with outer rings of
large radial cross section to withstand heavy rolling and shock loads
on track-type or cam-controlled equipment. The outside diameters
of the outer rings are either profiled or cylindrical. Profiled track
rollers are designed to alleviate uneven bearing loading resulting
from deflection, bending or misalignment in mounting. Stud-type
track rollers are available with or without lip contact seals, or with
shields. Yoke-type track rollers are designed for straddle mounting.
Each yoke-type is available with either radial needle roller and
cage assemblies, or with a single (or double) full complement row
of cylindrical or needle rollers.

Thrust Bearing Assemblies And Washers

Thrustneedle roller and cage assemblies are available in a variety of
inch or metric sizes. All types have very small cross sections. If the
back up surfaces cannot be used as raceways, hardened washers
are available. Thrust bearings are available with needle rollers or
heavier cylindrical rollers for high load-carrying capacity.

Combined (Radial and Thrust) Bearings

Combined bearings consist of a radial bearing (needle roller
bearing) and a thrust bearing (ball or roller bearing). Some combined
bearings are constructed similar to drawn cups, but with an added
thrust bearing component. Like other needle roller bearings, these
combined bearings can be matched with an optional inner ring or
thrust washer as the opposing raceway.

NEEDLE ROLLER BEARINGS A-3




ENGINEERING

NEEDLE ROLLER BEARING SELECTION

Because of the possible combinations of roller complement
orientation, bearing cross section thickness and raceway
construction needle roller bearings should be given extra

Table A-1. Needle roller bearing capability comparison based on suitable oil lubrication

consideration for roller bearing applications selection. The table
below should be used as a general guideline for the application of
needle roller bearings.

Bearing type/ Radial needle Drawn cup Drawn cup Need_le roller Thrust needle Combin_ation
design capability roller and cage nee_dle roller roller bearing b_earlng_and Track roller roller and cage Needle rollers b_eanng
assembly bearing caged full complement inner ring assembly radial/thrust
Radial load High Moderate High High Moderate None Very high High
Axial load None None None None Low Very high None High
Limiting speed Very high High Moderate Very high Moderate High Moderate Moderate
Slope tolerance Moderate Moderate Very low Moderate Moderate(" Low Very low Low
Grease life High High Low High Moderate Low Low Low
Friction Very low Very low High Very low Low!? Moderate High Moderate
Precision Very high Moderate Moderate High High High Very high High
Cross section Very low Low Low Moderate High Very low Very low High
Cost Low Low Low High High Moderate Very low Very high
(1 "Moderate" for full complement track rollers
(2)"Low" for full complement track rollers
Radial needle roller Drawn cup needle roller
and cage assembly
TSN L L

A-4 NEEDLE ROLLER BEARINGS

Track roller

Thrust needle roller
and cage assembly

Combined radial/thrust

Drawn cup roller clutch



BEARING REACTIONS, EQUIVALENT LOADS
AND BEARING LIFE

DEFINITION OF LOAD RATINGS

Basic Dynamic Load Rating

The "basic dynamic load rating" (Cr) for a radial roller bearing is
that calculated, constant, radial load, which a group of apparently
identical bearings with stationary outer ring can theoretically
endure for a rating life of one million revolutions of the inner ring.
For a thrustroller bearing (Ca) is that calculated, constant, centric
thrust load, which a group of apparently identical bearings can
theoretically endure for a rating life of one million revolutions of
one of the bearing washers. The basic dynamic load rating is a
reference value only, the base value of one million revolutions has
been chosen for ease of calculation. Since applied loading as great
as the basic dynamic load tends to cause local plastic deformation
of the rolling surfaces, it is not anticipated that such heavy loading
would normally be applied.

Basic Static Load Rating

Basic static load rating for a radial roller bearing suitably
manufactured from a good quality hardened alloy steel, the static
radial load rating (Cor) is that uniformly distributed static radial
bearing load, which produces a maximum contact stress of 4000
megapascals (580,000 psi) acting at the center of contact of the most
heavily loaded rolling element. The static axial load rating (Coa) is
that uniformly distributed static centric axial load, which produces
amaximum contact stress of 4000 megapascals (580,000 psi) acting
at the center of contact of each rolling element.

Note: For a contact stress of 4000 megapascals (580,000 psi) a total
permanent deformation of roller and raceway occurs, which is
appoximately 0.0001 of the roller diameter.

EQUIVALENT DYNAMIC RADIAL BEARING LOADS (Pg)

To calculate the Ly life, it is necessary to calculate a dynamic
equivalent radial load, designated by P.. The dynamic equivalent
radial load is defined as a single radial load that, if applied to the
bearing, will result in the same life as the combined loading under
which the bearing operates.

Py =XFr + YFa
Where:
P = Dynamic equivalent radial load
Fr Applied radial load
Fa = Applied axial load

X = Radial load factor
Y = Axial load factor

Radial needle roller bearings are designed to carry radial load with
zero thrustload under normal conditions. With the thrust load equal
to zero, equivalent radial load (P;) is equal to the design radial load

ENGINEERING

(Fr). Your representative should be consulted on any applications
where thrust load is involved (as the resulting increase in internal
friction may require cooling to prevent increased operating
temperatures).

STATIC RADIAL AND/OR AXIAL
EQUIVALENT LOADS

The static equivalent radial and/or axial loading is dependent on
the bearing type selected. For bearings designed to accommodate
only radial or thrust loading, the static equivalent load is equal to
the applied load.

For all bearings, the maximum contact stress can be approximated
using the static equivalent load and the static rating.

For roller bearings:
12
00 = 4000 x ( Po ) MPa

Co

12
00 =580 x (E ) ksi
Co

Because radial needle roller bearings are not designed to accept
thrust loading, their equation to determine static radial equivalent
load is:

Por= Fr

Thrust needle roller bearings are not designed to accept radial
loading, so their equation to determine static thrust equivalent
load is:

Poa= Fa

The determination of the static load safety factor (fy) serves to
ascertain that a bearing with adequate static load rating has been
selected.

C
fo=
Po

Where:

fo = Static load safety factor
Co = Basic static load rating (kN or Ibf)
Po = Maximum applied static load (kN or Ibf)

fois a safety factor against permanent deformation of the contact
areas of the rolling elements and raceways. Higher fy values are
required for particulary smooth operation. The following values are
generally suggested.

fo = 1.5... 3.0 for smooth operation
fo = 1.0 ... 2.0 for less smooth operation

For drawn cup needle roller bearings, fy should be >3.
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MINIMUM BEARING LOAD

Slippage can occur if loads are too light and, if accompanied
by inadequate lubrication, can cause damage to the bearings.
The minimum load for bearings with cage is P/C = 0.02, for full-
complement bearings P/C = 0.04 (P is the dynamic load and C is the
basic dynamic load rating).

Thrustneedle roller bearings also have an added design requirement
such that the minimum thrust load is satisfied to prevent the rollers
from skidding on the raceway. The equation for the thrust loading
force is different for needle rollers versus cylindrical rollers as
noted:

(Needle rollers) Famin = Co/2200 kN
(Cylindrical rollers) Famin = 0.1C/2200 kN

MEAN DYNAMIC EQUIVALENT LOAD

When load magnitude or direction varies, itis necessary to calculate
the mean dynamic equivalentload, which provides the same length
of bearing service life as that under the actual load fluctuation. If
the load and the rotational speed change in levels, as shown in
Fig. A-1, the following equation can be used to calculate the mean
dynamic equivalent load.

p = 10/3/ P1'% ity + P2 %oty + - + P nitn
" nty +naty + e + npty

In this equation,

Pm: Mean dynamic equivalent load N

P1: The load applied at rotational speed ny and for t; hours

Pn: The load applied at rotational speed ny and for t, hours N

What's more, the following equation can be used to calculate the
mean rotational speed nm.

ho= mt + matp + - + Nty
" tt tn

When the load changes steadily, as shown in Fig. A-2, the following
equation can be used to calculate an approximation of the mean
dynamic equivalent load.

Pmin +2 Pmax

Pn = 3

In this equation,

Pmin: The minimum dynamic equivalent load N

Pmax: The maximum dynamic equivalent load N
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When the load changes like a sine wave between 0 and Pmax, as
shown in Fig. A-3, the following equation can be used to calculate
an approximation of the mean dynamic equivalent load.

Pm = 0.68 Pmax

When the load changes between 0 and Pmax in only the upper
half of the sine wave, as shown in Fig. A-4, the following equation
can be used to calculate an approximation of the mean dynamic
equivalent load.

Pm = 0.75 Pmax



BEARING LIFE

Even if rolling bearings are rotated under ideal conditions, contact
stress is continuously and repeatedly applied to the raceway
surfaces of inner and outer rings or rolling contact surfaces of
rolling elements, and material flakes from the raceway surfaces and
rolling contact surfaces due to fatigue of material. The total number
of bearing rotations (or total operating period at a constant speed)
until flaking occurs is regarded as the bearing service life.

Even if bearings of the same dimensions, structure, material,
and processing method are operated under the same rotating
conditions, their service lives are considerably varied.

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. Or in operating at a constant speed,
it can be expressed by the total number of bearing rotations.

In practical service, however, a bearing fails not only because of
fatigue, but other coefficients as well, such as wear, seizure, creep,
fretting, brinelling, cracking etc. These bearing failures can be
minimized by selecting the proper mounting method and lubricant,
as well as the bearing most suitable for the application.

BEARING LIFE EQUATIONS
Basic Rating Life

Generally, the relationship between the basic dynamic load rating,
dynamic equivalent load, and basic rating life of needle roller
bearings is expressed as follows.

c \ 13
- ()

Where,
Lio: Basic rating life 108 rotations
C: Basic dynamic load rating N
P : Dynamic equivalent load N

Itis common for the life being expressed in terms of time to be useful
when the bearing is rotating at a constant speed.

In this situation, the life can be obtained with the following
equation.

c \103 106
Lion = (—)

P 60n
Where,
L1on : Basic rating life h
n: Rotational speed min-!

Accordingly, where the dynamic equivalentload is P and rotational
speed is n, the following equation can be used to calculate the basic
dynamic load rating C, which is required to meet the design life.
The bearing size most suitable for a specified purpose can then be
selected by referring to the bearing specification table.

L 60n \3/10
C:P( 10h% 106

ENGINEERING

Corrected Rating Life

Generally, the basic rating life of a bearing (L1o) is regarded as
a standard when its reliability is 90%, but certain applications
require a service life whose reliability is more than 90%. The
service life may be extended if special material is used, or it may
be affected by operating conditions (installation, lubrication, dust
prevention, and operating temperature). In such cases, the basic
rating life (L19) is corrected using the reliability coefficient (a1), the
bearing characteristic coefficient (az), and the operating condition
coefficient (a3). The corrected life is known as the corrected rating
life (Lna) and can be expressed using the equation below.

Lna=a1'62°63'|-10

Where,

Lna: Corrected rating life 108 rotations
Estimated reliability (100 - n|%:the probability of failure s expressed by nwith the
bearing characteristics and operating conditions taken into consideration

Lio: Basic rating life 108 rotations (estimated reliability 90%)

a1 Reliability coefficient -« evevenenns Refer to section (1)
az: Bearing characteristic coefficient ------ Refer to section (2)
az: Operating condition coefficient ------ Refer to section (3)

(1) Reliability coefficient (a1)

Table A-2 describes the reliability coefficient a1, which is used to
obtain the corrected rating life Lna for the reliability shown.

Table A-2. Reliability coefficient values a1

Reliability, % Lna al
90 Lioa 1.00
95 Lsa 0.62
96 Lsa 0.53
97 L3a 0.44
98 L2a 0.33
99 Lia 0.21

(2) Bearing characteristic coefficient (az)

The life may be affected by characteristics such as the bearing
material (steel types and their quality), the production process,
and the design.

Insuch cases, the bearing characteristic coefficientaz can be used
to correct the bearing life calculation.

JTEKT employs vacuum-degassed bearing steel as our standard
bearing material. This material has a significant affect on extending
the bearing life, as verified though studies at the JTEKT research
and development center. Vacuum-degassed steel bearings are
listed in the bearing tables and use az = 1.

For bearings made of special materials to extend the bearing's life,
the bearing characteristic coefficient may be az > 1.
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(3) Operating condition coefficient (a3)

Operating conditions, such as lubrication, affect the service life
of bearings. Under normal lubrication, the calculation can be
performed with a3 =1; and under exceptional lubrication, with az>1.
When the lubricating condition is not adequate, such as when the
lubricant has a low viscosity (20 mm?Z/s or less) or when the rotational
speed is very slow (the product of the rotational speed in min-!
and the rolling element pitch diameter in mm is 10,000 or less), the
operating condition coefficient is treated as az < 1.

If the lubricating condition is not adequate and a3 < 1, the bearing
character coefficient az is usually less than 1.
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Basic Dynamic Load Rating Correction Due to
Temperature

During high-temperature operation, the bearing metal hardness
deteriorates as the material compositions are altered. As a result,
the basic dynamic load rating is diminished. Once altered, material
composition does notrecover, even if the operating temperature is
returned to normal. Therefore, for bearings used in high temperature
operations, the basic dynamic load rating must be corrected by
multiplying the basic dynamic load rating values specified in the
bearing specification table by the temperature coefficient values
in Table A-3.
Table A-3. Temperature coefficient values

125 ‘ 150 ‘ 175 ‘ 200 ‘ 250
Temperature coefficient ‘ 1 ‘ 1 ‘ 0.95 ‘ 0.90 ‘ 0.75

Bearing temperature, °C
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MOUNTING DESIGNS
METRIC SERIES NEEDLE ROLLER BEARINGS

Table A-4. Metric series needle roller bearing radial internal clearance limits

(EXCEPT DRAWN CUP NEEDLE ROLLER Bore & 0 Standar) e ¢
BEARINGS) RIC

over incl. Max. Min. Max. Min. Max. Min. Max. Min.
Metric series needle roller bearings are available o o o o m o m mm mm mm

in in in in in in in in in in

with Radial Internal Clearance (RIC) designations
per either Of the following tables: per "|SO/ABMA - 30.000 0.025 0.000 0.045 0.020 0.060 0.035 0.075 0.050
s " - 1.1811 0.0010 0.0000 0.0018 0.0008 0.0024 0.0014 0.0030 0.0020
C' Clearance.” Non-standard values also are
available by special request. Standard radial internal
clearance values are listed in the following tables
based on bore size. The clearance required for a
given application depends on the desired operating

50.000 65.000 0.040 0.010 0.070 0.040 0.090 0.060 0.110 0.080

precision, rotational speed of the bearing and 19685  2.5591 00016 00004 | 00028 00016 | 00035 00024 | 00043  0.0031
the fitting practice used. Most applications use a

30.000 40.000 0.030 0.005 0.050 0.025 0.070 0.045 0.085 0.060
1181 1.5748 0.0012 0.0002 0.0020 0.0010 0.0028 0.0018 0.0033 0.0024

40.000 50.000 0.035 0.005 0.060 0.030 0.080 0.050 0.100 0.070
1.5748 1.9685 0.0014 0.0002 0.0024 0.0012 0.0031 0.0020 0.0039 0.0028

i 65000  80.000 0.045 0.010 0.075 0.040 0.100 0.065 0.125 0.090
normal or CO (Standard) clearance. Typically, larger 25591 3.149% | 00018 00004 | 00030 00016 | 00039 00026 | 00049  0.0035
clearance reduces the operating zone of the bearing, 80000 100000 | 0.050 0.015 0.085 0.050 0.110 0.075 0.140 0.105
increases the maximum roller load and reduces the 3.1496 3.9370 0.0020 0.0006 0.0033 0.0020 0.0043 0.0030 0.0055 0.0041
bearing's expected life. 100000 120000 | 005 0015 0090 0050 0125 0085 0165 0125

3.9370 4.7244 0.0022 0.0006 0.0035 0.0020 0.0049 0.0033 0.0065 0.0049

120.000 140.000 0.060 0.015 0.105 0.060 0.145 0.100 0.190 0.145
4.7244 55118 0.0024 0.0006 0.0041 0.0024 0.0057 0.0039 0.0075 0.0057

140.000 160.000 0.070 0.020 0.120 0.070 0.165 0.115 0.215 0.165
55118 6.2992 0.0028 0.0008 0.0047 0.0028 0.0065 0.0045 0.0085 0.0065

160.000 180.000 0.075 0.025 0.125 0.075 0.170 0.120 0.220 0.170
6.2992 7.0866 0.0030 0.0010 0.0049 0.0030 0.0067 0.0047 0.0087 0.0067

180.000 200.000 0.090 0.035 0.145 0.090 0.195 0.140 0.250 0.195
1.0866 1.8740 0.0035 0.0014 0.0057 0.0035 0.0077 0.0055 0.0098 0.0077

200.000 225.000 0.105 0.045 0.165 0.105 0.220 0.160 0.280 0.220
7.8740 8.8583 0.0041 0.0018 0.0065 0.0041 0.0087 0.0063 0.0110 0.0087

225.000 250.000 0.110 0.045 0.175 0.110 0.235 0.170 0.300 0.235
8.8583 9.8425 0.0043 0.0018 0.0069 0.0043 0.0093 0.0067 0.0118 0.0093

250.000 280.000 0.125 0.055 0.195 0.125 0.260 0.190 0.330 0.260
9.8425 11.0236 0.0049 0.0022 0.0077 0.0049 0.0102 0.0075 0.0130 0.0102

280.000 315.000 0.130 0.055 0.205 0.130 0.275 0.200 0.350 0.275
11.0236 12.4016 0.0051 0.0022 0.0081 0.0051 0.0108 0.0079 0.0138 0.0108

315.000 355.000 0.145 0.065 0.225 0.145 0.305 0.225 0.385 0.305
12.4016 13.9764 0.0057 0.0026 0.0089 0.0057 0.0120 0.0089 0.0152 0.0120

355.000 400.000 0.190 0.100 0.280 0.190 0.370 0.280 0.460 0.370
13.9764 15.7480 0.0075 0.0039 0.0110 0.0075 0.0146 0.0110 0.0181 0.0146

400.000 450.000 0.210 0.110 0.310 0.210 0.410 0.310 0.510 0.410
15.7480 17.7165 0.0083 0.0043 0.0122 0.0083 0.0161 0.0122 0.0201 0.0161

450.000 500.000 0.220 0.110 0.330 0.220 0.440 0.330 0.550 0.440
17.7165 19.6850 0.0087 0.0043 0.0130 0.0087 0.0173 0.0130 0.0217 0.0173
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METRIC SERIES BEARING CHAMFER DIMENSIONS

M2smax = M2smax ~
lyg —> Mo =
Fsmin— smin =1
by (R

N
N4
I
J

\
* | T1smin Ms Msmax r ! rl [ T1smin Ms Msmax
Msmax s Msmin * 1smax '1s ' 1smin )
- D \ )=
D " )= 2
T ‘ bt T ‘ bttt

d ~—"smin d le— "smin
l-— rzs | ~ rZS
| == T2smax ~—T'smax
Radial Bearings Thrust Bearings
Table A-5. Chamfer dimensions of radial bearings metric series Table A-6. Chamfer dimensions of thrust
. bearings metric series
I's min Nominal bore dia. s max I2smax
I's min s max 2smax
> =
mm mm mm mm mm mm mm
in in in in n n in
0.150 all 0.300 0.600 0.300 0.800 0.800
0.0059 all 0.0118 0.0236 0.0118 0.0315 0.0315
0.200 all 0.500 0.800 0.600 1.500 1.500
0.0079 all 0.0197 0.0315 0.0236 0.0591 0.0591
0.300 40.000 0.600 1.000 1.000 2.200 2.200
" 1.5748 0.0236 0.0394 0.0394 0.0866 0.0866
00118 40.000 _ 0.800 1.000
: 1.5748 0.0315 0.0394 1.100 2,700 2.700
0.0433 0.1063 0.1063
0.600 _ 40.000 1.000 2.000
. 1.5748 0.0394 0.0787 1.500 3.500 3.500
0.0236 40.000 _ 1.300 2.000 0.0591 01378 01378
: 1.5748 0.0512 0.0787
2.000 4.000 4.000
1.000 _ 50.000 1.500 3.000 0.0787 0.1575 0.1575
: 1.9685 0.0591 0.1181
50.000 1.900 3.000
00334 19685 0.0748 0.1181
1100 _ 120000 2,000 3.500
: 4.7244 0.0787 0.1378
120.000 2.500 4,000
00433 a704 " 0.0984 0.1575
120.000 2.300 4,000
1.500 - 4.7244 0.09055 0.1575
0.0591 120000 3.000 5.000
: 47244 0.1181 0.19685
_ 80.000 3.000 4.500
2,000 3.149 0.1181 01772
’ 80.000 220.000 3.500 5.000
0.0787 31496  8.6614 0.1378 0.19685
: 220000 3.800 6.000
8.6614 0.1496 0.2362
280.000 4.000 6.500
2100 110236 0.1575 0.2559
280.000 4.500 7.000
00827 110236 0.1772 0.2756
ABMA /IS0 Symbols
d Bearing bore diameter, nominal and shaft-piloted washer bore diameter, nominal.
D Bearing outside diameter, nominal and housing-piloted washer outside diameter, nominal.

rsmin Smallest permissible single chamfer dimension (minimum limit).
rismax Largest permissible single chamfer dimension in a radial direction.
rasmax Largest permissible single chamfer dimension in an axial direction.
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SHAFT DESIGNS
BEARINGS WITHOUT INNER RINGS 9. End chamfer — for the most effective assembly of the shaft into
When the shaft is used as the inner raceway for needle roller a bearing, the end of the shaft should have a large chamfer or
bearings it must have a hardness of 58 HRC or higher and a wave- rounding. This should help in preventing damage to the roller
o . . o complement, scratching of the raceway surface, and nicking
free finish in order to realize the full load-carrying capability of the
beari of the shaft end.
earing.
g 10. Sealing surface — in some instances, bearings have integral
1. Metallurgy — either case-hardening or through-hardening or immediately adja_cent seals that operate_on the surfa.ce
grades of good bearing-quality steel are satisfactory for ground for the bearing raceway. Here, particular attention
raceways. should be paid to the pattern of the shaft finish. In no instance

should there be a “lead,” or spiral effect, as often occurs with
through-feed centerless grinding. Such a “lead” may pump

lubricant past the seal.

To realize full bearing capacity, the raceway area must be at
least surface hard with a reasonable core strength. During
the carburizing or induction-hardening of case hardened
steel, not only must the surface hardness requirement of 58
HRC or higher be met, but the case depth to HV 550 (52.3 HRC) BEARINGS WITH INNER RINGS

must be met in the range of 0.08w to 0.10Dw mm. (Dw: roller When it is undesirable or impractical to prepare the shaft to be
diameter) used as araceway, innerrings are available as listed in the tabular

(Conforms to JIS G0557 and IS0 2639.) , , :
o pages. If the shaft is not used directly as a raceway, the following
2. Strength — the shaft must be of sufficient strength to keep the design specifications must be met:

operating deflections within the limits outlined.

3. Tolerance — the suggested shaft diameter tolerances for each 1. Strength —the shaft must be of sufficient strength to keep the
type of needle roller bearing are indicated in the appropriate operating deflections within the limits outlined.
section of this catalog. 2. Tolerance — the suggested shaft diameter tolerances for each
4. Variation of mean shaft diameter (taper) — within the range type of needle roller bearing are indicated in the appropriate
of the bearing width, 5 ym or less per 25 mm or one-half the section of the catalog.
diameter tolerance or less (whichever is smaller). 3. Variation of mean shaft raceway diameter (taper) and
5. Deviation from circular form — the radial deviation from true deviation from circular form of the raceway — should not
circular form of the raceway should not exceed 2.5 ym for exceed one-half the shaft diameter tolerance.
diameters up to and including 25 mm. For raceways greater 4. Surface finish — the surface finish should not exceed a
than 25 mm, the allowable radial deviation should not exceed roughness of Ra 0.8 pm.
2.5 ym multiplied by a factor of the raceway diameter divided . . .
by 25. 5. Locating shoulders or steps — locating shoulders or steps in
] . ] the shaft must be held to close concentricity with the bearing
6. High frequency lobing — the lobing that occurs 10 or more seat to prevent imbalance and resultant vibrations.

times around the circumference of a shaft and exceeds 0.4 pm
from peak to valley is called chatter. Chatter usually causes
undesirable noise and reduces fatigue life.

1. Shaft slope —for shafts that are used as bearing raceways,
the slant precision must be 13 pm or less per 25 mm of
raceway surface axial measurement length.

8. Surface finish — In addition to a wave-free finish, the raceway
surface roughness of Ra < 0.2 ym must be maintained for the
bearing to utilize its full load rating. The raceway area also
must be free of nicks, burrs, scratches and dents. Qil holes
are permissible in the raceway area, but care must be taken
to blend the edges gently into the raceway, and if possible, the
hole should be located in the unloaded zone of the raceway.

Care also must be taken to prevent grind reliefs, fillets, etc.,
from extending into the raceway area. If the rollers overhang
a grind relief or step on the shaft, there will be high stress
concentration with resultant early damage.
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HOUSING DESIGNS
BEARINGS WITH OUTER RINGS

For bearings with outer rings, the function of the housing is to
locate and support the outer ring. The following specifications
must be met:

1. Strength — housings should be designed so that the radial

loads placed on the bearings will cause a minimum of
deflection or distortion of the housing.

2. Variation of mean housing diameter (taper) — within the length
of the outer ring, 13 pm or one-half the diameter tolerance
(whichever is smaller) or less.

3. Deviation from circular form — the housing bore should be
round within one-half the housing bore tolerance.

4. Parallelism — when possible, line bore housings that are
common to one shaft to obtain parallelism of the housing
bores and the shaft axis.

5. Surface finish — The surface finish should not exceed
Ra 1.6 pm.

6. End chamfer — to permit easy introduction of the bearing into
the housing, the end of the housing should have a generous
chamfer.

Only heavy-duty needle roller bearings can be installed into housings
with a transition fit or a clearance fit. The outer ring should be a
transition fit in the housing when it rotates relative to the load. The
outer ring may be a clearance fitin the housing when it is stationary
relative to the load. In either case, locate the bearings by shoulders,
or other locating devices, to prevent axial movement.

Since only the heavy-duty needle roller bearing does not require an
interference fit in the housing to round and size it properly, a split
housing may be used if desired. Dowels should be used to maintain
proper register of the housing sections.

Drawn cup needle roller bearings have a thin case-hardened
outer ring that is out-of-round from the hardening operation. For
proper mounting it must always be pressed into the housing. Split
housings will not round and size a drawn cup bearing. When split
housings must be used, the bearing should first be mounted in a
cylindrical sleeve.

The housing should be of sufficient tensile strength and section
to round and size the bearing. It must be designed for minimum
distortion under load. Steel or cast iron housings are preferred.
Housing bores in low tensile strength materials such as aluminum,
magnesium, phenolics, etc., should be reduced to provide more
interference fit. Thin section castiron and steel housings may also
require reduced bores. Consult your representative for suggestions
when working with these lower strength housings.
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The housing should be through-bored if possible. When shouldered
housing bores are unavoidable, the bearing should be located far
enough from the shoulder to avoid the danger of crushing the end
of the drawn cup during installation.

When the drawn cup bearing is mounted close to the housing
face, care should be taken to mount the bearing at least 0.250 mm
(0.0100 in) within the housing face to protect the bearing lip.

BEARINGS WITHOUT OUTER RINGS

In many cases, such as with gear bores, itis desirable to have the
housing bore serve as the outer raceway for radial needle roller
and cage assemblies or loose needle roller complements. In those
instances, as for shafts used as raceways, the housing bore must
have a hardness of 58 HRC or harder and a surface roughness
Ra < 0.2 pm so that the full load-carrying capacity of the bearing
is realized.

1. Strength — the housing must be of sufficient cross section
to maintain proper roundness and running clearance under
maximum load.

2. Metallurgical — material selection, hardness and case
depth should be consistent with the requirements for inner
raceways given in the shaft design.

3. Variation of mean housing raceway diameter (taper) — within
the range of the bearing width, 5 pm or less per 25 mm or one-
half the housing bore diameter tolerance or less (whichever is
smaller). In addition, the bore diameter must never be smaller
at both ends than in the center [sway-back].

4. Deviation from circular form — the raceway out-of-roundness
should not exceed one-half the bore tolerance.

5. Surface finish — In addition to a wave-free finish, the raceway
surface roughness of Ra < 0.2 ym must be maintained for the
bea