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NEEDLE ROLLER BEARINGS

PRODUCT BREADTH

A complete line of needle roller bearing designs ranging from 3 to
160 mm bore (/8 to 6 1/4in.) is offered.

DRAWN CUP NEEDLE ROLLER BEARINGS, available in 3 mm to
140 mm bore (/8 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 30 mm bore (/8 to 1'/4in.), 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.

ROLLER AND CAGE ASSEMBLIES, available in 3 mm to 165 mm
bore (1/8to 6'/2in.), consist of a complement of needle rollers held
inplace by a cage. With noinner 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.

THRUST BEARING ASSEMBLIES AND WASHERS, available in 5 mm
to 160 mm (3/16 to 6 /4 in.) bore, consist of a complement of needle
rollers held in place by a cage.

Needle roller and cage thrust assemblies 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 and cage thrust assemblies 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.
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HEAVY-DUTY NEEDLE ROLLER BEARINGS, available in 5 mm to 100
mm bore (3/16 to 4 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.

TRACK ROLLERS/CAM FOLLOWERS, available in 10 mm to 110 mm
0.D. (3/s to 4'/4 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, outhoard 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/IS09000/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.



NEEDLE ROLLER BEARINGS
Toidentify:  NEEDLE ROLLER AND
CAGE RADIAL ASSEMBLY

As a generalrule, there are noidentifiable markings on needle roller
and cage radial assemblies to indicate the bearing part number.
Parts are specified by bore diameter, outside diameter and width
(e.g. K24x28x10H).

To identify: ~ STUD-TYPE TRACK ROLLERS

The complete bearing part number is marked on the stud face or
stamped on the face of the outer ring (e.g. KRE22.2RS). Yoke-type
track rollers (without stud, not shown) have the part stamped on
the face of the inner or outer ring.

To identify: ~ NEEDLE ROLLER THRUST BEARINGS

Asageneralrule, there are no identifiable markings on needle roller
and cage radial assemblies to indicate the bearing part number.
Parts are specified by bore diameter and outside diameter (e.g.
AXK1024).

To identify: COMBINATION BEARINGS

As a generalrule, there are no identifiable markings on combination
bearings to indicate the bearing part number. Parts are specified
by the product series and bore diameter (e.g. RAXZ510).

To identify: DRAWN CUP NEEDLE ROLLER BEARINGS
AND DRAWN CUP ROLLER CLUTCHES

The complete bearing part number is stamped on the face of the
outer ring (e.g. HK1412, FCL-10-K). Also, on clutch assemblies, the
mounted clutch assembly engages when the housing is rotated
relative to the shaftin the direction of the arrow and the word LOCK
stamped on the outer ring.

To identify: ~ NEEDLE/CYLINDRICAL ROLLERS

Asageneral rule, there are noidentifiable markings on loose rollers
to indicate the part number. They are packaged in bulk orin strips.
Loose rollers are specified by the product series, end geometry,
diameter and nominal length (e.g. NRO.B 1.5x11.8 G2).
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ENGINEERING

INTRODUCTION

Where more complex bearing applications are involved, your representative
should be consulted. The following topics are covered within this section:

Bearing types. ® |oad ratings and life calculations.
Cages. ® |Lubrication.

® Materials.

°

Speed ratings.

°
°
® |nternal clearances.
® Tolerances.

°

Shaft and housing fits and shoulders.

NEEDLE ROLLER BEARING SELECTION

Because of the possible combinations of roller complement consideration for roller bearing applications selection. The table
orientation, bearing cross section thickness and raceway below should be used as a general guideline for the application of
construction needle roller bearings should be given extra needle roller bearings.

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

Bearing type/ Radial needle Drawn cup Drawn cup Need_le roller Thrust needle Combin_ation
design capability roller and cage needle roller roller bearing b_earlng‘and Track roller roller and cage Needle rollers blearlng
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(2 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 "Low" for full complement track rollers
(2)"Moderate" for full complement track rollers

Radial needle roller Drawn cup needle roller
and cage assembly

o N W A
\" =

—1 =)

A 'ﬂﬁnnw;u

Track roller Thrust needle roller Combined radial/thrust Drawn cup roller clutch
and cage assembly

NEEDLE ROLLER BEARINGS A-3



ENGINEERING

BEARING TYPES AND CAGES
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 inch and metric nominal bearings in popular designs
such as: drawn cups, radial caged needle rollers, 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 (Machined) 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.
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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
ontrack-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 Bearings

Thrust needle 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.

BEARING REACTIONS,
DYNAMIC EQUIVALENT LOADS AND
BEARING LIFE

DEFINITION OF LOAD RATINGS
Basic Dynamic Load Rating

The "basic dynamic load rating" (C) 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 thrust roller bearing (C) 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 chosenfor 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 (Co) 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 Lig 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.

Pr = XFr + YFa
Where:

Pr = Dynamic equivalent radial load

Fr = Applied radial load
Fa = Applied axial load
X = Radial load factor
Y = Axialload 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
(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).

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 radial cylindrical, spherical and full complement
needle roller bearings is: 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:

Co/2200 kN
0.1C0/2200 kN

(needle rollers) Fa min
(cylindrical rollers) Famin

ENGINEERING

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
G0 =4000x (E) MPa
Co

"
oo =580x (E) ksi
Co

Needle Roller Bearings

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)
Py = 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... 2.5 for particularly smooth operation
fo = 1.0... 1.5 for smooth operation
fo = 0.7 ... 1.0 for less smooth operation

For drawn cup needle roller bearings, f should be >3.

NEEDLE ROLLER BEARINGS A-5
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BEARING LIFE

Many different performance criteria exist that dictate how a
bearing should be selected. These include bearing fatigue life,
rotational precision, power requirements, temperature limits,
speed capabilities, sound, etc. This publication deals primarily with
bearing life as related to material-associated fatigue. Bearing life
is defined here as the length of time, or number of revolutions, until
a fatigue spall of 6 mm2 (0.0100 in.2) develops. Since metal fatigue
is a statistical phenomenon, the life of an individual bearing is
impossible to precisely predetermine. Bearings that may appear to
be identical can exhibit considerable life scatter when tested under
identical conditions. Thus, it is necessary to base life predictions
on a statistical evaluation of a large number of bearings operating
under similar conditions. The Weibull distribution function is
commonly used to predict the life of a population of bearings at
any given reliability level.

RATING LIFE

Rating life, L1, is the life that 90 percent of a group of apparently
identical bearings will complete or exceed before a fatigue spall
develops. The Lig life also is associated with 90 percent reliability
for a single bearing under a certain load.

BEARING LIFE EQUATIONS

Traditionally, the Lig life has been calculated as follows for bearings
under radial or combined loading where the dynamic equivalent
radial load, Py, has been determined:

c \103 _
Lo = (—) (1x106) revolutions
Pr

or,

10/3 6
Lio= (i) (ﬂ)hours
Pr 60n
Where:

n = speed (min)

For thrust bearings, the above equations change to the following:

C, \103 _
Lio= |— (1x106) revolutions

a

or,

10/3 6
Ly = (&) (_1)(10 )hours
Pa 60n
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As the first set of equations for radial bearings with dynamic ratings
based on one million revolutions is the most common form of the
equations, this will be used through the rest of this section. The
equivalent dynamic load equations and the life adjustment factors
are applicable to all forms of the life equation.

Withincreased emphasis onthe relationship between the reference
conditions and the actual environmentin which the bearing operates
in the machine, the traditional life equations were expanded to
include certain additional variables that affect bearing performance.
The approach whereby these factors are considered in the bearing
analysis and selection has been termed Bearing Systems Analysis
(BSA).

The ISO/ABMA expanded bearing life equation is:
Lna = a,a,a3L10
Where:

QO
I

= Reliability life factor
a, = Material life factor
Operating condition life factor

Qo
w
1

(to be specified by the manufacturer)

The expanded bearing life equation is:
C \103
Lha = a,8,83,353533,33, (_) (1x108)
Pr

Where:

a, = Reliability life factor

a, = Material life factor

ag, = Hardness life factor

ag = Load zone life factor

ay = Lubrication life factor

as,, = Misalignment life factor

ag, = Low load life factor

¢ = Dynamic radial load rating

Pr = Dynamic equivalent radial load



Reliability Life Factor (a1)

The equation for the life adjustment factor for reliability is:

2/3
ar= 4.26x (In 1—20) +0.05

In = natural logarithm (base e)

To adjustthe calculated Lig life for reliability, multiply by the a1 factor.
190 (90 percent reliability) is substituted for R in the above equation,
ar=1.ForR=99(99 percent reliability), a; = 0.25. The following table
lists the reliability factor for commonly used reliability values.

Table A-2. Reliability factors

ENGINEERING

Hardness Life Factor (asnh)

Both the dynamic and static load ratings of bearings are bhased ona
minimum raceway hardness equivalentto 58 on the Rockwell C scale
(HRC) [ASTM E-18]. If the raceway hardness must be decreased,
these load ratings also will be decreased. For bearings supplied as
a full assembly, the hardness life factor will be unity. For bearing
applications designed to use the shaft or housing surfaces as
raceways, this factor can be used to estimate performance when
the required 58 HRC minimum hardness cannot be achieved.

The effective raceway hardness affects the life of a bearing applica-
tion as shown in the following table. If values for raceway hardness
below 45 HRC are required, consult your representative.

R (percent) Ly a1

90 Lio 1.00 Table A-3. Raceway hardness factor for life equation
95 Ls 0.64 Raceway hardness (HRC) ash
9% Ls 0.55 58 1.00
97 Ls 047 57 0.81
98 L 0.37 56 0.66
99 L 0.25 55 053
995 Los 0.175 54 0.43
999 Lo 0.093 53 0.35
52 0.28
Note that the equation for reliability adjustment assumes there is a 51 0.22
short minimum life below which the probability of bearing damage is 5 018
. . . . 49 0.14
minimal (e.g., zero probability of bearing damage producing a short 8 o
life). Extensive bearing fatigue life testing has shown the minimum 7 0.09
life, below which the probability of bearing damage is negligible, 4 0.07
to be larger than shown. For a more accurate prediction of bearing 4 0.06

lives at high levels of reliability, consult your representative.

Material Life Factor (a2)

The life adjustment factor for bearing material (a2) for standard
bearings manufactured from bearing quality steel, is 1.0. Bearings
also are manufactured from premium steels, containing fewer and
smaller inclusion impurities than standard steels and providing
the benefit of extending bearing fatigue life. Application of the
material life factor requires that fatigue life is limited by nonmetallic
inclusions, that contact stresses are approximately less than 2400
MPa (350 ksi), and adequate lubrication is provided. It is important
to note thatimprovements in material cannot offset poor lubrication
in an operating bearing system. Consult your representative for
applicability of the material factor.

Table A-4. Hardness factors to modify basic static load rating

(Co/HFs)

Raceway hardness (HRC) Hardness factor (HFs)
58 1.00
57 1.06
56 1.13
55 1.21
54 1.29
53 1.37
52 1.46
51 1.55
50 1.65
49 1.76
48 1.88
47 2.00
46 2.13
45 2.27
44 2.4
43 257
42 274
4 2.92
40 3.10
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Load Zone Life Factor (a3sk)

The fatigue life of a bearing is a function of the stresses in rollers and
raceways and the number of stress cycles that the loaded bearing
surfaces experience in one bearing revolution. The stresses depend
on applied load and on how many rollers support that load. The
number of stress cycles depends on bearing geometry and, again, on
how many rollers supportthe load. Therefore, life for a given external
load is related to the loaded arc, or load zone, of the bearing.

The load zone in a bearing is dominated by the internal clearance,
either radial or axial depending on the bearing type. Without
considering preload, less clearance in a bearing results in a larger
load zone and subsequently longer bearing life.

Fig. A-1. Bearing load zones
and roller-raceway
contact loading

If a more accurate assessment of the load zone adjusted life is
necessary (e.g., including the effects of internal clearance or fitting
practice), consult your representative.

Lubrication Life Factor (a31)

The influence of lubrication film due to elastohydrodynamic (EHL)
lubrication on bearing performance is related to the reduction or
prevention of asperity (metal-metal) contact between the bearing
surfaces. It has been found that the roller and raceway surface
finish, relative to lubricant film thickness, has the most notable
effect on improving bearing performance. Factors such as bearing
geometry, material, loads and load zones also play an importantrole
in bearing performance.

The following equation provides a method to calculate the lubrication
factor for a more accurate prediction of the influence of lubrication
on bearing life (L1pa).

a3 =Cg x C,x Cjx Cs x Cy x Cgr

Where:
Cqy = Geometry factor
C. = Load factor
C; = Load zone factor
Cs = Speed factor

Cv = Viscosity factor

Cqr = Grease lubrication factor
Where:
Cqr= 0.79for grease

1.00 for oil
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Please note that the az maximum is 2.88 for all bearings. The a3
minimum is 0.200 for case-hardened bearings and 0.126 for through
hardened bearings.

A lubricant contamination factor is not included in the lubrication
factor because endurance tests are typically run with a 0.040 mm
(0.00157 in.) filter to provide a realistic level of lubricant cleanness
for most applications.

Geometry Factor (Cq)

Cq is given for most part numbers in the bearing tables. The
geometry factor also includes the material effects and load zone
considerations for non-tapered roller bearings, as these also are
inherentto the bearing design. However, it should be noted that the
primary effect of the load zone is on roller load distributions and
contact stresses within the bearing, which are not quantified within
the lubrication factor. Refer to the previous section, Load Zone Life
Factor, a3k, for more information.

Load Factor (C,)

The C, factor is obtained from the following figure. Note that the
factor is different based on the type of bearing utilized. P is the
equivalentload applied to the bearing in Newtons and is determined
in the Equivalent Bearing Loads (P;) section.

1.0

= Ball Bearings

09 = Needle Roller Bearings

0.8
0.7
0.6
S 05
04
0.3
0.2

0.1

0.0

1 10 100 1000 10000 100000 1000000 10000000
Pr(Newtons)

Fig. A-2. Load factor (C,) vs. equivalent bearing load (Py)

Load Zone Factor (C;)

For all non-tapered roller bearings, the load zone factor is unity.



Speed Factor (Cs)

Csis determined from the following figure, where rev/min (min-1) is
the rotational speed of the inner ring relative to the outer ring.

1000

= Ball Bearings
= Needle Roller Bearings

100

Cs

1 10 100 1000 10000
Rotational Speed (min"')

Fig. A-3. Speed factor (Cs) vs. rotational speed

Viscosity Factor (Cy)

The lubricant kinematic viscosity [centistokes (cSt)] is taken at the
operating temperature of the bearing. The operating viscosity can
be estimated by using the figure in the Lubricant and Seals section.

The viscosity factor (Cy) can then be determined from the following
figure.

10000
5 N\
G 1000
AR\
‘B
[=}
3 100 \&
=
g \ ISOVG
© 680
e 10 460
[} 30
o 220
z i
6
1 46
0 50 100 150 200

Temperature (°C)

Fig. A-4. Kinematic viscosity vs. temperature

1000

= Ball Bearings
= Needle Roller Bearings

100

Cy

1 10 100 1000 10000
Kinematic Viscosity (cSt)

Fig. A-5. Viscosity factor (Cy) vs. kinematic viscosity

ENGINEERING

Misalignment Life Factor (a3m)

The effect of bearing life depends on the magnitude of the angle
of misalignment, on the internal bearing geometry, and on the
applied loads.

For needle roller bearings, the following table gives the misalignment
limitations based on bearing width.

Table A-5. Misalignment limitations based on bearing width

Bearing width Maximum slope
mm in. Caged Full complement
>50.8 >2 0.0005 0.0005
25.4-50.8 1-2 0.0010 0.0005
<25.4 <1 0.0015 0.0010

Performance of all bearings under various levels of misalignment,
radial and axial load can be predicted using sophisticated computer
programs. Using these programs, engineers can design special
bearing contact profiles to accommodate the conditions of radial
load, axial load and/or bearing misalignment in your application.
Consult your representative for more information.

0 21 40
Fig. A-6. Roller-inner raceway contact stress
without misalignment

0 21 40

Fig. A-7. Roller-inner raceway contact stress
with high misalignment and special
profile
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BEARING REACTIONS, DYNAMIC EQUIVALENT LOADS AND BEARING LIFE - continued

Needle Rollers With Relieved Ends

Needle roller bearing life is affected by the distribution of contact
stress between roller and raceways. Even when non-profiled needle
rollers are loaded under conditions of ideal alignment, the contact
stress is not uniform along the length of the rollers, but rather is
concentrated toward the ends. Misalignment causes even greater
roller contact stress. This effect is illustrated below.

Needle Roller — Relieved Ends
(exaggerated for clarity)

Needle Roller - Cylindrical

Megapascals
Megapascals

Fig. A-8. Comparative Stress Patterns

The use of needle rollers with relieved ends helps to reduce stress
concentration at the ends of rollers, both under misalignment or
ideal alignment, and results in more uniform stress distribution and
optimum bearings performance.

Low Load Life Factor (a3p)

Bearing life tests have shown greatly extended bearing fatigue
life performance is achievable when the bearing contact stresses
are low and the lubricant film is sufficient to fully separate the
micro-scale textures of the contacting surfaces. Mating the test
data with sophisticated computer programs for predicting bearing
performance, engineers developed a low load factor for use in the
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catalog to predict the life increase expected when operating under
low bearing loads. The following figure shows the low load factor
(a3p) as a function of the lubricant life factor (a3)) and the ratio of
bearing dynamic rating to the bearing equivalent load.

6.5

5 | 3B

CapP=2.50. [ CoplP=2.00 // Cag/P=1.75 Cog/Pi=1.50
55
5 Ceo/P=1:33
45
4 Coo/P,=1.25
35
3
25
) Too/P=1.10
15 Too/P=1.00
1 Co/P=90
CoolPr=80

05

0 05 1 15 2 25 3

as|

Fig. A-9. Low-load factor (a3p) vs. lubricant life factor (a3|) and
Coo/P; ratio

APPLIED DYNAMIC LOAD
Maximum Bearing Load

Whenthe applied load is greater than one-third of the basic dynamic
load rating, the above load-life relationship is no longer valid.
Therefore, for most applications, it should be the maximum load
applied on a bearing when calculating the basic rating life.

Equivalent Bearing Load Under Variable Loads
and Speeds
When a bearing constant is subjected to varying loads and speeds,

the equivalent (constant) load (P) on the bearing can be determined
using the following formula:

P_(P11°/3 XMmXt+P 0B xmxty+P310B x n3 xt3+.. )3/"J
N

Where Py, P,, and Psrepresent loads acting at speeds n, n2 and 13
and ,  and 3representthe decimal portion of the total time that P,
is acting at m, P,is acting at np and Psis acting at n3. The weighted
min-! N is the numerical summation of & ny plus & n2 plus ...ty .

Equivalent Bearing Load Under Variable Loads,
but Constant Speed

P= ( P1 10/3 X t1 + P210/3 X tZ + .. )3/10



SYSTEM LIFE AND WEIGHTED AVERAGE
LIFE

SYSTEM LIFE

System reliability is the probability that all of several bearings ina
system will attain or exceed some required life. Systems reliability
is the product of the individual bearing reliablities in the syste:

R(system) = Ra Re Rc ... Rn

Inan application, the Lig system life for a number of bearings each
having a different Lyg life is:

1 \32 1 \32 1 \32 |-23
LIO(system) = (—) +(—) + ... +( )
L1oa L1oB L1on

WEIGHTED AVERAGE LIFE

To allow for varying lubrication conditions in a load cycle it is
necessary to perform the weighted average life calculation:

Weighted average life:
1

L I B |
(Lot (L1o)2 (L1ohn

Liowt =

Where, during a load cycle:
T = Proportion of total time
L1o = Calculated Lig bearing life for each condition

ENGINEERING
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ENGINEERING

BEARING TOLERANCES, INCH AND METRIC
TOLERANCES OF NEEDLE ROLLER BEARINGS

The tolerances given in the following table apply to inner rings of
metric series needle roller radial bearing types in which their rings
are precision-finished.

Inner ring (or shaft washer) axis: Axis of the cylinder inscribed in
a basically cylindrical bore. The inner ring (or shaft washer) axis
also is the bearing axis.

Outer ring (or housing washer) axis: Axis of the cylinder
circumscribed around a basically cylindrical outside surface.

Radial plane: Plane perpendicular to the bearing or ring axis.
It is, however, acceptable to consider radial planes referred to
in the definitions as being parallel with the plane tangential to
the reference face of a ring or the back face of a thrust bearing
washer.

Radial direction: Direction through the bearing or ring axis in a
radial plane.

Axial plane: Plane containing the bearing or ring axis.

Axial direction: Direction parallel with the bearing or ring axis. It
is, however, acceptable to consider axial directions referred to in
the definitions as being perpendicular to the plane tangential to the
reference face of a ring or back face of a thrust bearing washer.

Reference face: Face designated by the manufacturer of the
bearings and which may be the datum for measurements.

The reference face for measurement is generally taken as the unmarked face. In
case of symmetrical rings, when it is not possible to identify the reference face, the
tolerances are deemed to comply relative to either face, but not both. The reference
face of a shaft and housing washer as a thrust bearing is that face intended to support
axial load and is generally opposite the raceway face.

Outer ring flange back face: That side of an outer ring flange which
is intended to support axial load.

Middle of raceway: Point or line on a raceway surface, halfway
between the two edges of the raceway.

Raceway contact diameter: Diameter of the theoretical circle
through the nominal points of contact between the rolling elements
and raceway.

NOTE: For roller bearings, the nominal point of contact is generally at the middle of
the roller.

Diameter deviation nearring faces: In radial planes, nearer the face
of a ring than 1.2 times the maximum (axial direction) ring chamfer,
only the maximum material limits apply.

ONLY THE MAXIMUM MATERIAL LIMITS APPLY
TO SINGLE DIAMETERS IN THESE AREAS

1.2 TIMES THE MAXIMUM .

‘
‘ (AXIALDIRECTION ) RING CHAMFER ‘
— ™~
N _
1.2 TIMES THE MAXIMUM ‘
' (AXIALDIRECTION ) RING CHAMFER !

d
D ONLY THE MAXIMUM MATERIAL LIMITS APPLY J

TO SINGLE DIAMETERS IN THESE AREAS

ABMA /IS0 Symbols - Inner Ring

Admp Single plane mean bore diameter deviation from basic bore
diameter, e.g., bore tolerance for a basically tapered bore,
Admp refers only to the theoretical small bore end of the bore.

Vgsp Difference between the largest and the smallest of the single
bore diameters in a single radial plane.

Vamp Difference between the largest and smallest of the mean
bore diameters in a single radial plane of an individual ring.

ABMA /IS0 Symbols - Outer Ring

ADmp Single plane mean outside diameter deviation from basic
outside diameter, e.g., 0.D. tolerance.

Vpsp Difference between the largest and smallest of the single
outside diameters in a single radial plane.
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The following tables provide standard ISO tolerance information.
They are provided for general use and are referenced throughout

this catalog.
IS0 Tolerances for Holes — Metric
Diameters mm Deviations mm Deviations mm
B10 B11 B12 c9 c10 ctn
> < Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.
3 6 0.188 0.140 0.215 0.140 0.260 0.140 0.100 0.070 0.118 0.070 0.145 0.070
6 10 0.208 0.150 0.240 0.150 0.300 0.150 0.116 0.080 0.138 0.080 0.170 0.080
10 18 0.220 0.150 0.260 0.150 0.330 0.150 0.138 0.095 0.165 0.095 0.205 0.095
18 30 0.244 0.160 0.290 0.160 0.370 0.160 0.162 0.110 0.194 0.110 0.240 0.110
30 40 0.270 0.170 0.330 0.170 0.420 0.170 0.182 0.120 0.220 0.120 0.280 0.120
40 50 0.280 0.180 0.340 0.180 0.430 0.180 0.192 0.130 0.230 0.130 0.290 0.130
50 65 0.310 0.190 0.380 0.190 0.490 0.190 0214 0.140 0.260 0.140 0.330 0.140
65 80 0.320 0.200 0.390 0.200 0.500 0.200 0.224 0.150 0.270 0.150 0.340 0.150
80 100 0.360 0.220 0.440 0.220 0.570 0.220 0.257 0.170 0.310 0.170 0.390 0.170
100 120 0.380 0.240 0.460 0.240 0.590 0.240 0.267 0.180 0.320 0.180 0.400 0.180
120 140 0.420 0.260 0510 0.260 0.660 0.260 0.300 0.200 0.360 0.200 0.450 0.200
140 160 0.440 0.280 0.530 0.280 0.680 0.280 0.310 0.210 0.370 0.210 0.460 0.210
160 180 0.470 0.310 0.560 0.310 0.710 0.310 0.330 0.230 0.390 0.230 0.480 0.230
180 200 0.525 0.340 0.630 0.340 0.800 0.340 0.355 0.240 0.425 0.240 0.530 0.240
200 225 0.565 0.380 0.670 0.380 0.840 0.380 0.375 0.260 0.445 0.260 0.550 0.260
225 250 0.605 0.420 0.710 0.420 0.880 0.420 0.395 0.280 0.465 0.280 0.570 0.280
250 280 0.690 0.480 0.800 0.480 1.000 0.480 0.430 0.300 0.510 0.300 0.620 0.300
280 315 0.750 0.540 0.860 0.540 1.060 0.540 0.460 0.330 0.540 0.330 0.650 0.330
315 355 0.830 0.600 0.960 0.600 1.170 0.600 0.500 0.360 0.590 0.360 0.720 0.360
355 400 0.910 0.680 1.040 0.680 1.250 0.680 0.540 0.400 0.630 0.400 0.760 0.400
400 450 1.010 0.760 1.160 0.760 1.390 0.760 0.595 0.440 0.690 0.440 0.840 0.440
450 500 1.090 0.840 1.240 0.840 1.470 0.840 0.635 0.480 0.730 0.480 0.880 0.480
Diameters mm Deviations mm
E9 E10 ET1 E12 E13
> = Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.
B 6 0.050 0.020 0.068 0.020 0.095 0.020 0.140 0.020 0.200 0.020
6 10 0.061 0.025 0.083 0.025 0.115 0.025 0.175 0.025 0.245 0.025
10 18 0.075 0.032 0.102 0.032 0.142 0.032 0.212 0.032 0.302 0.032
18 30 0.092 0.040 0.124 0.040 0.170 0.040 0.250 0.040 0.370 0.040
30 50 0.112 0.050 0.150 0.050 0.210 0.050 0.300 0.050 0.440 0.050
50 80 0.134 0.060 0.180 0.060 0.250 0.060 0.360 0.060 0.520 0.060
80 120 0.159 0.072 0.212 0.072 0.292 0.072 0.422 0.072 0.612 0.072
120 180 0.185 0.085 0.245 0.085 0.335 0.085 0.485 0.085 0.7115 0.085
180 250 0.215 0.100 0.285 0.100 0.390 0.100 0.560 0.100 0.820 0.100
250 315 0.240 0.110 0.320 0.110 0.430 0.110 0.630 0.110 0.920 0.110
315 400 0.265 0.125 0.355 0.125 0.485 0.125 0.695 0.125 1.015 0.125
400 500 0.290 0.135 0.385 0.135 0.535 0.135 0.765 0.135 1.105 0.135
Diameters mm Deviations mm
F5 F6 F7 F8
> = Max Min Max Min. Max Min Max. Min
3 6 0.015 0.010 0.018 0.010 0.022 0.010 0.028 0.010
6 10 0.019 0.013 0.022 0.013 0.028 0.013 0.035 0.013
10 18 0.024 0.016 0.027 0.016 0.034 0.016 0.043 0.016
18 30 0.029 0.020 0.033 0.020 0.041 0.020 0.053 0.020
30 50 0.036 0.025 0.041 0.025 0.050 0.025 0.064 0.025
50 80 0.043 0.030 0.049 0.030 0.060 0.030 0.076 0.030
80 120 0.051 0.036 0.058 0.036 0.07 0.036 0.090 0.036
120 180 0.061 0.043 0.068 0.043 0.083 0.043 0.106 0.043
180 250 0.070 0.050 0.079 0.050 0.096 0.050 0.122 0.050
250 315 0.079 0.056 0.088 0.056 0.108 0.056 0.137 0.056
315 400 0.087 0.062 0.098 0.062 0.119 0.062 0.151 0.062
400 500 0.095 0.068 0.108 0.068 0.131 0.068 0.165 0.068
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1S0 Tolerances for Holes — Metric

Diameter mm Deviations mm
G5 G6 G7
> Max Min Max. Min Max Min
3 6 0.009 0.004 0.012 0.004 0.016 0.004
6 10 0.011 0.005 0.014 0.005 0.020 0.005
10 18 0.014 0.006 0.017 0.006 0.024 0.006
18 30 0.016 0.007 0.020 0.007 0.028 0.007
30 50 0.020 0.009 0.025 0.009 0.034 0.009
50 80 0.023 0.010 0.029 0.010 0.040 0.010
80 120 0.027 0.012 0.034 0.012 0.047 0.012
120 180 0.032 0.014 0.039 0.014 0.054 0.014
180 250 0.035 0.015 0.044 0.015 0.061 0.015
250 315 0.040 0.017 0.049 0.017 0.069 0.017
315 400 0.043 0.018 0.054 0.018 0.075 0.018
400 500 0.047 0.020 0.060 0.020 0.083 0.020
Diameters mm Deviations mm
H4 H5 H6 H7 H8
> = Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.
3 6 0.004 0.000 0.005 0.000 0.008 0.000 0.012 0.000 0.018 0.000
6 10 0.004 0.000 0.006 0.000 0.009 0.000 0.015 0.000 0.022 0.000
10 18 0.005 0.000 0.008 0.000 0.011 0.000 0.018 0.000 0.027 0.000
18 30 0.006 0.000 0.009 0.000 0.013 0.000 0.021 0.000 0.033 0.000
30 50 0.007 0.000 0.01 0.000 0.016 0.000 0.025 0.000 0.039 0.000
50 80 0.008 0.000 0.013 0.000 0.019 0.000 0.030 0.000 0.046 0.000
80 120 0.010 0.000 0.015 0.000 0.022 0.000 0.035 0.000 0.054 0.000
120 180 0.012 0.000 0.018 0.000 0.025 0.000 0.040 0.000 0.063 0.000
180 250 0.014 0.000 0.020 0.000 0.029 0.000 0.046 0.000 0.072 0.000
250 315 0.016 0.000 0.023 0.000 0.032 0.000 0.052 0.000 0.081 0.000
315 400 0.018 0.000 0.025 0.000 0.036 0.000 0.057 0.000 0.089 0.000
400 500 0.020 0.000 0.027 0.000 0.040 0.000 0.063 0.000 0.097 0.000
Diameters mm Deviations mm
H9 H10 H11 H12
> = Max. Min Max Min Max. Min Max. Min
3 6 0.030 0.000 0.048 0.000 0.075 0.000 0.120 0.000
6 10 0.036 0.000 0.058 0.000 0.090 0.000 0.150 0.000
10 18 0.043 0.000 0.070 0.000 0.110 0.000 0.180 0.000
18 30 0.052 0.000 0.084 0.000 0.130 0.000 0.210 0.000
30 50 0.062 0.000 0.100 0.000 0.160 0.000 0.250 0.000
50 80 0.074 0.000 0.120 0.000 0.190 0.000 0.300 0.000
80 120 0.087 0.000 0.140 0.000 0.220 0.000 0.350 0.000
120 180 0.100 0.000 0.160 0.000 0.250 0.000 0.400 0.000
180 250 0.115 0.000 0.185 0.000 0.290 0.000 0.460 0.000
250 315 0.130 0.000 0.210 0.000 0.320 0.000 0.520 0.000
315 400 0.140 0.000 0.230 0.000 0.360 0.000 0.570 0.000
400 500 0.155 0.000 0.250 0.000 0.400 0.000 0.630 0.000
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1S0 Tolerances for Holes — Metric

Diameters mm Deviations mm Deviations mm
J6 J7 J8 K6 K7 K8
> = Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.
3 6 0.005 -0.003 0.006 -0.006 0.010 -0.008 0.002 -0.006 0.003 -0.009 0.005 -0.013
6 10 0.005 -0.004 0.008 -0.007 0.012 -0.010 0.002 -0.007 0.005 -0.010 0.006 -0.016
10 18 0.006 -0.005 0.010 -0.008 0.015 -0.012 0.002 -0.009 0.006 -0.012 0.008 -0.019
18 30 0.008 -0.005 0.012 -0.009 0.020 -0.013 0.002 -0.01 0.006 -0.015 0.010 -0.023
30 50 0.010 -0.006 0.014 -0.01 0.024 -0.015 0.003 -0.013 0.007 -0.018 0.012 -0.027
50 80 0.013 -0.006 0.018 -0.012 0.028 -0.018 0.004 -0.015 0.009 -0.021 0.014 -0.032
80 120 0.016 -0.006 0.022 -0.013 0.034 -0.020 0.004 -0.018 0.010 -0.025 0.016 -0.038
120 180 0.018 -0.007 0.026 -0.014 0.041 -0.022 0.004 -0.021 0.012 -0.028 0.020 -0.043
180 250 0.022 -0.007 0.030 -0.016 0.047 -0.025 0.005 -0.024 0.013 -0.033 0.022 -0.050
250 315 0.025 -0.007 0.036 -0.016 0.055 -0.026 0.005 -0.027 0.016 -0.036 0.025 -0.056
315 400 0.029 -0.007 0.039 -0.018 0.060 -0.029 0.007 -0.029 0.017 -0.040 0.028 -0.061
400 500 0.033 -0.007 0.043 -0.020 0.066 -0.031 0.008 -0.032 0.018 -0.045 0.029 -0.068
Diameters mm Deviations mm Deviations mm
M5 M6 M7 N6 N7 N8
> = Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.
3 6 -0.003 -0.008 -0.001 -0.009 0.000 -0.012 -0.005 -0.013 -0.004 -0.016 -0.002 -0.020
6 10 -0.004 -0.010 -0.003 -0.012 0.000 -0.015 -0.007 -0.016 -0.004 -0.019 -0.003 -0.025
10 18 -0.004 -0.012 -0.004 -0.015 0.000 -0.018 -0.009 -0.020 -0.005 -0.023 -0.003 -0.030
18 30 -0.005 -0.014 -0.004 -0.017 0.000 -0.021 -0.011 -0.024 -0.007 -0.028 -0.003 -0.036
30 50 -0.005 -0.016 -0.004 -0.020 0.000 -0.025 -0.012 -0.028 -0.008 -0.033 -0.003 -0.042
50 80 -0.006 -0.019 -0.005 -0.024 0.000 -0.030 -0.014 -0.033 -0.009 -0.039 -0.004 -0.050
80 120 -0.008 -0.023 -0.006 -0.028 0.000 -0.035 -0.016 -0.038 -0.010 -0.045 -0.004 -0.058
120 180 -0.009 -0.027 -0.008 -0.033 0.000 -0.040 -0.020 -0.045 -0.012 -0.052 -0.004 -0.067
180 250 -0.011 -0.031 -0.008 -0.037 0.000 -0.046 -0.022 -0.051 -0.014 -0.060 -0.005 -0.077
250 315 -0.013 -0.036 -0.009 -0.041 0.000 -0.052 -0.025 -0.057 -0.014 -0.066 -0.005 -0.086
315 400 -0.014 -0.039 -0.010 -0.046 0.000 -0.057 -0.026 -0.062 -0.016 -0.073 -0.005 -0.094
400 500 -0.016 -0.043 -0.010 -0.050 0.000 -0.063 -0.027 -0.067 -0.017 -0.080 -0.006 -0.103
Diameters mm Deviations mm Deviations mm
P6 P7 R6 R7 R8
> < Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.
3 6 -0.009 -0.017 -0.008 -0.020 -0.012 -0.020 -0.011 -0.023 -0.015 -0.033
6 10 -0.012 -0.021 -0.009 -0.024 -0.016 -0.025 -0.013 -0.028 -0.019 -0.041
10 18 -0.015 -0.026 -0.011 -0.029 -0.020 -0.031 -0.016 -0.034 -0.023 -0.050
18 30 -0.018 -0.031 -0.014 -0.035 -0.024 -0.037 -0.020 -0.041 -0.028 -0.061
30 50 -0.021 -0.037 -0.017 -0.042 -0.029 -0.045 -0.025 -0.050 -0.034 -0.073
50 65 -0.026 -0.045 -0.021 -0.051 -0.035 -0.054 -0.030 -0.060 -0.041 -0.087
65 80 -0.026 -0.045 -0.021 -0.051 -0.037 -0.056 -0.032 -0.062 -0.043 -0.089
80 100 -0.030 -0.052 -0.024 -0.059 -0.044 -0.066 -0.038 -0.073 -0.051 -0.105
100 120 -0.030 -0.052 -0.024 -0.059 -0.047 -0.069 -0.041 -0.076 -0.054 -0.108
120 140 -0.037 -0.061 -0.028 -0.068 -0.056 -0.081 -0.048 -0.088 -0.063 -0.126
140 160 -0.036 -0.061 -0.028 -0.068 -0.058 -0.083 -0.050 -0.090 -0.065 -0.128
160 180 -0.036 -0.061 -0.028 -0.068 -0.061 -0.086 -0.053 -0.093 -0.068 -0.131
180 200 -0.041 -0.070 -0.033 -0.079 -0.068 -0.097 -0.060 -0.106 -0.077 -0.149
200 225 -0.041 -0.070 -0.033 -0.079 -0.07 -0.100 -0.063 -0.109 -0.080 -0.152
225 250 -0.041 -0.070 -0.033 -0.079 -0.075 -0.104 -0.067 -0.113 -0.084 -0.156
250 280 -0.047 -0.079 -0.036 -0.088 -0.085 -0.117 -0.074 -0.126 -0.094 -0.175
280 315 -0.047 -0.079 -0.036 -0.088 -0.089 -0.121 -0.078 -0.130 -0.098 -0.179
315 355 -0.051 -0.087 -0.041 -0.098 -0.097 -0.133 -0.087 -0.144 -0.108 -0.197
355 400 -0.051 -0.087 -0.041 -0.098 -0.103 -0.139 -0.093 -0.150 -0.114 -0.203
400 450 -0.055 -0.095 -0.045 -0.108 -0.113 -0.153 -0.103 -0.166 -0.126 -0.223
450 500 -0.055 -0.095 -0.045 -0.108 -0.119 -0.159 -0.109 -0.172 -0.132 -0.229
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IS0 Tolerances for Shafts — Metric

Diameters mm Deviations mm
all all al2 al3
> = Max. Min. Max. Min. Max. Min. Max. Min.
— 3 -0.270 -0.310 -0.270 -0.330 -0.270 -0.370 -0.270 -0.410
3 6 -0.270 -0.318 -0.270 -0.345 -0.270 -0.390 -0.270 -0.450
6 10 -0.280 -0.338 -0.280 -0.370 -0.280 -0.430 -0.280 -0.500
10 18 -0.290 -0.360 -0.290 -0.400 -0.290 -0.470 -0.290 -0.560
18 30 -0.300 -0.384 -0.300 -0.430 -0.300 -0.510 -0.300 -0.630
30 40 -0.310 -0.410 -0.310 -0.470 -0.310 -0.560 -0.310 -0.700
40 50 -0.320 -0.420 -0.320 -0.480 -0.320 -0.570 -0.320 -0.7110
50 65 -0.340 -0.460 -0.340 -0.530 -0.340 -0.640 -0.340 -0.800
65 80 -0.360 -0.480 -0.360 -0.550 -0.360 -0.660 -0.360 -0.820
80 100 -0.380 -0.520 -0.380 -0.600 -0.380 -0.730 -0.380 -0.920
100 120 -0.410 -0.550 -0.410 -0.630 -0.410 -0.760 -0.410 -0.950
120 140 -0.460 -0.620 -0.460 -0.710 -0.460 -0.860 -0.460 -1.090
140 160 -0.520 -0.680 -0.520 -0.770 -0.520 -0.920 -0.520 -1.150
160 180 -0.580 -0.740 -0.580 -0.830 -0.580 -0.980 -0.580 -1.210
180 200 -0.660 -0.845 -0.660 -0.950 -0.660 -1.120 -0.660 -1.380
200 225 -0.740 -0.925 -0.740 -1.030 -0.740 -1.200 -0.740 -1.460
225 250 -0.820 -1.005 -0.820 -1.110 -0.820 -1.280 -0.820 -1.540
250 280 -0.920 -1.130 -0.920 -1.240 -0.920 -1.440 -0.920 -1.730
280 315 -1.050 -1.260 -1.050 -1.370 -1.050 -1.570 -1.050 -1.860
315 355 -1.200 -1.430 -1.200 -1.560 -1.200 -1.770 -1.200 -2.090
355 400 -1.350 -1.580 -1.350 -1.7110 -1.350 -1.920 -1.350 -2.240
Diameters mm Deviations mm Deviations mm
cl c12 c13 ell el2 el3
> = Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.
— 3 -0.060 -0.120 -0.060 -0.160 -0.060 -0.200 -0.014 -0.074 -0.014 -0.114 -0.014 -0.154
3 6 -0.070 -0.145 -0.070 -0.190 -0.070 -0.250 -0.020 -0.095 -0.020 -0.140 -0.020 -0.200
6 10 -0.080 -0.170 -0.080 -0.230 -0.080 -0.300 -0.025 -0.115 -0.025 -0.175 -0.025 -0.245
10 18 -0.095 -0.205 -0.095 -0.275 -0.095 -0.365 -0.032 -0.142 -0.032 -0.212 -0.032 -0.302
18 30 -0.110 -0.240 -0.110 -0.320 -0.110 -0.440 -0.040 -0.170 -0.040 -0.250 -0.040 -0.370
30 40 -0.120 -0.280 -0.120 -0.370 -0.120 -0.510 -0.050 -0.210 -0.050 -0.300 -0.050 -0.440
40 50 -0.130 -0.290 -0.130 -0.380 -0.130 -0.520 -0.050 -0.210 -0.050 -0.300 -0.050 -0.440
50 65 -0.140 -0.330 -0.140 -0.440 -0.140 -0.600 -0.060 -0.250 -0.060 -0.360 -0.060 -0.520
65 80 -0.150 -0.340 -0.150 -0.450 -0.150 -0.610 -0.060 -0.250 -0.060 -0.360 -0.060 -0.520
80 100 -0.170 -0.390 -0.170 -0.520 -0.170 -0.710 -0.072 -0.292 -0.072 -0.422 -0.072 -0.612
100 120 -0.180 -0.400 -0.180 -0.530 -0.180 -0.720 -0.072 -0.292 -0.072 -0.422 -0.072 -0.612
120 140 -0.200 -0.450 -0.200 -0.600 -0.200 -0.830 -0.085 -0.335 -0.085 -0.485 -0.085 -0.715
140 160 -0.210 -0.460 -0.210 -0.610 -0.210 -0.840 -0.085 -0.335 -0.085 -0.485 -0.085 -0.715
160 180 -0.230 -0.480 -0.230 -0.630 -0.230 -0.860 -0.085 -0.335 -0.085 -0.485 -0.085 -0.7115
180 200 -0.240 -0.530 -0.240 -0.700 -0.240 -0.960 -0.100 -0.390 -0.100 -0.560 -0.100 -0.820
200 225 -0.260 -0.550 -0.260 -0.720 -0.260 -0.980 -0.100 -0.390 -0.100 -0.560 -0.100 -0.820
225 250 -0.280 -0.570 -0.280 -0.740 -0.280 -1.000 -0.100 -0.390 -0.100 -0.560 -0.100 -0.820
250 280 -0.300 -0.620 -0.300 -0.820 -0.300 -1.110 -0.110 -0.430 -0.110 -0.630 -0.110 -0.920
280 315 -0.330 -0.650 -0.330 -0.850 -0.330 -1.140 -0.110 -0.430 -0.110 -0.630 -0.110 -0.920
315 355 -0.360 -0.720 -0.360 -0.930 -0.360 -1.250 -0.125 -0.485 -0.125 -0.695 -0.125 -1.015
355 400 -0.400 -0.760 -0.400 -0.970 -0.400 -1.290 -0.125 -0.485 -0.125 -0.695 -0.125 -1.015
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Diameters mm

Deviations mm

IS0 Tolerances for Shafts — Metric

Deviations mm

ENGINEERING

5 6 7 g5 g6 g7
> = Max Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.
— 3 -0.006 -0.010 -0.006 -0.012 -0.006 -0.016 -0.002 -0.006 -0.002 -0.008 -0.002 -0.012
3 6 -0.010 -0.015 -0.010 -0.018 -0.010 -0.022 -0.004 -0.009 -0.004 -0.012 -0.004 -0.016
6 10 -0.013 -0.019 -0.013 -0.022 -0.013 -0.028 -0.005 -0.01 -0.005 -0.014 -0.005 -0.020
10 18 -0.016 -0.024 -0.016 -0.027 -0.016 -0.034 -0.006 -0.014 -0.006 -0.017 -0.006 -0.024
18 30 -0.020 -0.029 -0.020 -0.033 -0.020 -0.041 -0.007 -0.016 -0.007 -0.020 -0.007 -0.028
30 50 -0.025 -0.036 -0.025 -0.041 -0.025 -0.050 -0.009 -0.020 -0.009 -0.025 -0.009 -0.034
50 80 -0.030 -0.043 -0.030 -0.049 -0.030 -0.060 -0.010 -0.023 -0.010 -0.029 -0.010 -0.040
80 120 -0.036 -0.051 -0.036 -0.058 -0.036 -0.07 -0.012 -0.027 -0.012 -0.034 -0.012 -0.047
120 180 -0.043 -0.061 -0.043 -0.068 -0.043 -0.083 -0.014 -0.032 -0.014 -0.039 -0.014 -0.054
180 250 -0.050 -0.070 -0.050 -0.079 -0.050 -0.096 -0.015 -0.035 -0.015 -0.044 -0.015 -0.061
250 315 -0.056 -0.079 -0.056 -0.088 -0.056 -0.108 -0.017 -0.040 -0.017 -0.049 -0.017 -0.069
315 400 -0.062 -0.087 -0.062 -0.098 -0.062 -0.119 -0.018 -0.043 -0.018 -0.054 -0.018 -0.075
Diameters mm Deviations mm
h4 h5 hé h7 h8
> = Max Min. Max. Min. Max. Min. Max Min. Max. Min.
— 3 0.000 -0.003 0.000 -0.004 0.000 -0.006 0.000 -0.010 0.000 -0.014
3 6 0.000 -0.004 0.000 -0.005 0.000 -0.008 0.000 -0.012 0.000 -0.018
6 10 0.000 -0.004 0.000 -0.006 0.000 -0.009 0.000 -0.015 0.000 -0.022
10 18 0.000 -0.005 0.000 -0.008 0.000 -0.01 0.000 -0.018 0.000 -0.027
18 30 0.000 -0.006 0.000 -0.009 0.000 -0.013 0.000 -0.021 0.000 -0.033
30 50 0.000 -0.007 0.000 -0.011 0.000 -0.016 0.000 -0.025 0.000 -0.039
50 80 0.000 -0.008 0.000 -0.013 0.000 -0.019 0.000 -0.030 0.000 -0.046
80 120 0.000 -0.010 0.000 -0.015 0.000 -0.022 0.000 -0.035 0.000 -0.054
120 180 0.000 -0.012 0.000 -0.018 0.000 -0.025 0.000 -0.040 0.000 -0.063
180 250 0.000 -0.014 0.000 -0.020 0.000 -0.029 0.000 -0.046 0.000 -0.072
250 315 0.000 -0.016 0.000 -0.023 0.000 -0.032 0.000 -0.052 0.000 -0.081
315 400 0.000 -0.018 0.000 -0.025 0.000 -0.036 0.000 -0.057 0.000 -0.089
Diameters mm Deviations mm
h9 h10 h11 h12 h13
> = Max Min. Max. Min. Max. Min. Max Min. Max. Min.
— 3 0.000 -0.025 0.000 -0.040 0.000 -0.060 0.000 -0.100 0.000 -0.140
3 6 0.000 -0.030 0.000 -0.048 0.000 -0.075 0.000 -0.120 0.000 -0.180
6 10 0.000 -0.036 0.000 -0.058 0.000 -0.090 0.000 -0.150 0.000 -0.220
10 18 0.000 -0.043 0.000 -0.070 0.000 -0.110 0.000 -0.180 0.000 -0.270
18 30 0.000 -0.052 0.000 -0.084 0.000 -0.130 0.000 -0.210 0.000 -0.330
30 50 0.000 -0.062 0.000 -0.100 0.000 -0.160 0.000 -0.250 0.000 -0.390
50 80 0.000 -0.074 0.000 -0.120 0.000 -0.190 0.000 -0.300 0.000 -0.460
80 120 0.000 -0.087 0.000 -0.140 0.000 -0.220 0.000 -0.350 0.000 -0.540
120 180 0.000 -0.100 0.000 -0.160 0.000 -0.250 0.000 -0.400 0.000 -0.630
180 250 0.000 -0.115 0.000 -0.185 0.000 -0.290 0.000 -0.460 0.000 -0.720
250 315 0.000 -0.130 0.000 -0.210 0.000 -0.320 0.000 -0.520 0.000 -0.810
315 400 0.000 -0.140 0.000 -0.230 0.000 -0.360 0.000 -0.570 0.000 -0.890
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ENGINEERING

1S0 Tolerances for Shafts — Metric

Diameter mm Deviations mm Deviations mm
i5 i6 i7 k5 k6 k7

> = Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.
— 3 0.002 -0.002 0.004 -0.002 0.006 -0.004 0.004 0.000 0.006 0.000 0.010 0.000
3 6 0.003 -0.002 0.006 -0.002 0.008 -0.004 0.006 0.001 0.009 0.001 0.013 0.001
6 10 0.004 -0.002 0.007 -0.002 0.010 -0.005 0.007 0.001 0.010 0.001 0.016 0.001
10 18 0.005 -0.003 0.008 -0.003 0.012 -0.006 0.009 0.001 0.012 0.001 0.019 0.001
18 30 0.005 -0.004 0.009 -0.004 0.013 -0.008 0.011 0.002 0.015 0.002 0.023 0.002
30 50 0.006 -0.005 0.011 -0.005 0.015 -0.010 0.013 0.002 0.018 0.002 0.027 0.002
50 80 0.006 -0.007 0.012 -0.007 0.018 -0.012 0.015 0.002 0.021 0.002 0.032 0.002
80 120 0.006 -0.009 0.013 -0.009 0.020 -0.015 0.018 0.003 0.025 0.003 0.038 0.003
120 180 0.007 -0.011 0.014 -0.011 0.022 -0.018 0.021 0.003 0.028 0.003 0.043 0.003
180 250 0.007 -0.013 0.016 -0.013 0.025 -0.021 0.024 0.004 0.033 0.004 0.050 0.004
250 315 0.007 -0.016 0.016 -0.016 0.026 -0.026 0.027 0.004 0.036 0.004 0.056 0.004
315 400 0.007 -0.018 0.018 -0.018 0.029 -0.028 0.029 0.004 0.040 0.004 0.061 0.004

Diameter mm Deviations mm Deviations mm

m5 m6 m7 n5 né n7

> < Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.
— 3 0.006 0.002 0.008 0.002 0.012 0.002 0.008 0.004 0.010 0.004 0.014 0.004
3 6 0.009 0.004 0.012 0.004 0.016 0.004 0.013 0.008 0.016 0.008 0.020 0.008
6 10 0.012 0.006 0.015 0.006 0.021 0.006 0.016 0.010 0.019 0.010 0.025 0.010
10 18 0.015 0.007 0.018 0.007 0.025 0.007 0.020 0.012 0.023 0.012 0.030 0.012
18 30 0.017 0.008 0.021 0.008 0.029 0.008 0.024 0.015 0.028 0.015 0.036 0.015
30 50 0.020 0.009 0.025 0.009 0.034 0.009 0.028 0.017 0.033 0.017 0.042 0.017
50 80 0.024 0.011 0.030 0.011 0.041 0.011 0.033 0.020 0.039 0.020 0.050 0.020
80 120 0.028 0.013 0.035 0.013 0.048 0.013 0.038 0.023 0.045 0.023 0.058 0.023
120 180 0.033 0.015 0.040 0.015 0.055 0.015 0.045 0.027 0.052 0.027 0.067 0.027
180 250 0.037 0.017 0.046 0.017 0.063 0.017 0.051 0.031 0.060 0.031 0.077 0.031
250 315 0.043 0.020 0.052 0.020 0.072 0.020 0.057 0.034 0.066 0.034 0.086 0.034
315 400 0.046 0.021 0.057 0.021 0.078 0.021 0.062 0.037 0.073 0.037 0.094 0.037

Diameter mm Deviations mm
p6 r6 r7

> = Max Min. Max. Min. Max. Min.

80 100 0.059 0.037 - - - -

100 120 0.059 0.037 - - - -

120 140 0.068 0.043 0.090 0.065 - -

140 160 0.068 0.043 0.090 0.065 - -

160 180 0.068 0.043 0.090 0.065 - -

180 200 0.079 0.050 0.106 0.077 - -

200 225 0.079 0.050 0.109 0.080 0.126 0.080

225 250 0.079 0.050 0.113 0.084 0.130 0.084

250 280 0.088 0.056 0.126 0.094 0.146 0.094

280 315 0.088 0.056 0.130 0.098 0.150 0.098

315 355 0.098 0.062 0.144 0.108 0.165 0.108

355 400 0.098 0.062 0.150 0.114 0171 0.114

400 450 0.108 0.068 0.166 0.126 0.189 0.126

450 500 0.108 0.068 0.172 0.132 0.195 0.132
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IS0 Tolerances for Holes — In.

ENGINEERING

Diameter in. Deviations in. Deviations in.
B10 B11 B12 C9 C10 C11
> = Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.
0.1181 0.2362 +0.0074 +0.0055 +0.0085 +0.0055 +0.0102 +0.0055 +0.0039 +0.0028 +0.0046 +0.0028 +0.0057 +0.0028
0.2362 0.3937 +0.0082 +0.0059 +0.0094 +0.0059 +0.0118 +0.0059 +0.0046 +0.0031 +0.0054 +0.0031 +0.0067 +0.0031
0.3937 0.7087 +0.0087 +0.0059 +0.0102 +0.0059 +0.0130 +0.0059 +0.0054 +0.0037 +0.0065 +0.0037 +0.0081 +0.0037
0.7087 1.1811 +0.0096 +0.0063 +0.0114 +0.0063 +0.0146 +0.0063 +0.0064 +0.0043 +0.0076 +0.0043 +0.0094 +0.0043
1.1811 1.5748 +0.0106 +0.0067 +0.0130 +0.0067 +0.0165 +0.0067 +0.0072 +0.0047 +0.0087 +0.0047 +0.0110 +0.0047
1.5748 1.9685 +0.0110 +0.0071 +0.0134 +0.0071 +0.0169 +0.0071 +0.0076 +0.0051 +0.0091 +0.0051 +0.0114 +0.0051
1.9685 2.5591 +0.0122 +0.0075 +0.0150 +0.0075 +0.0193 +0.0075 +0.0084 +0.0055 +0.0102 +0.0055 +0.0120 +0.0055
2.5591 3.1496 +0.0126 +0.0079 +0.0154 +0.0079 +0.0197 +0.0079 +0.0088 +0.0059 +0.0106 +0.0059 +0.0134 +0.0059
3.1496 3.9370 +0.0142 +0.0087 +0.0173 +0.0087 +0.0224 +0.0087 +0.0101 +0.0067 +0.0122 +0.0067 +0.0154 +0.0067
3.9370 47244 +0.0150 +0.0094 +0.0181 +0.0094 +0.0232 +0.0094 +0.0105 +0.0071 +0.0126 +0.0071 +0.0157 +0.0071
47244 55118 +0.0165 +0.0102 +0.0201 +0.0102 +0.0260 +0.0102 +0.0118 +0.0079 +0.0142 +0.0079 +0.0177 +0.0079
55118 6.2992 +0.0173 +0.0110 +0.0209 +0.0110 +0.0268 +0.0110 +0.0122 +0.0083 +0.0146 +0.0083 +0.0181 +0.0083
6.2992 7.0866 +0.0185 +0.0122 +0.0220 +0.0122 +0.0280 +0.0122 +0.0130 +0.0091 +0.0154 +0.0091 +0.0189 +0.0091
7.0866 7.8740 +0.0207 +0.0134 +0.0248 +0.0134 +0.0315 +0.0134 +0.0140 +0.0094 +0.0167 +0.0094 +0.0209 +0.0094
7.8740 8.8583 +0.0222 +0.0150 +0.0264 +0.0150 +0.0331 +0.0150 +0.0148 +0.0102 +0.0175 +0.0102 +0.0217 +0.0102
8.8583 9.8425 +0.0238 +0.0165 +0.0280 +0.0165 +0.0346 +0.0165 +0.0156 +0.0110 +0.0183 +0.0110 +0.0224 +0.0110
9.8425 11.0236 +0.0272 +0.0189 +0.0315 +0.0189 +0.039%4 +0.0189 +0.0169 +0.0118 +0.0201 +0.0118 +0.0244 +0.0118
11.0236 12.4016 +0.0295 +0.0213 +0.0339 +0.0213 +0.0417 +0.0213 +0.0181 +0.0130 +0.0213 +0.0130 +0.0256 +0.0130
12.4016 13.9764 +0.0327 +0.0236 +0.0378 +0.0236 +0.0461 +0.0236 +0.0197 +0.0142 +0.0232 +0.0142 +0.0283 +0.0142
13.9764 15.7480 +0.0358 +0.0268 +0.0409 +0.0268 +0.0492 +0.0268 +0.0213 +0.0157 +0.0248 +0.0157 +0.0299 +0.0157
15.7480 17.7165 +0.0398 +0.0299 +0.0457 +0.0299 +0.0547 +0.0299 +0.0234 +0.0173 +0.0272 +0.0173 +0.0331 +0.0173
17.71654 19.6850 +0.0429 +0.0331 +0.0488 +0.0331 +0.0579 +0.0331 +0.0250 +0.0189 +0.0287 +0.0189 +0.0346 +0.0189
Diameter in. Deviations in.
E9 E10 ET E12 E13
> = Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.
0.1181 0.2362 +0.0020 +0.0008 +0.0027 +0.0008 +0.0037 +0.0008 +0.0055 +0.0008 +0.0079 +0.0008
0.2362 0.3937 +0.0024 +0.0010 +0.0033 +0.0010 +0.0045 +0.0010 +0.0069 +0.0010 +0.0096 +0.0010
0.3937 0.7087 +0.0030 +0.0013 +0.0040 +0.0013 +0.0056 +0.0013 +0.0083 +0.0013 +0.0119 +0.0013
0.7087 1.1811 +0.0036 +0.0016 +0.0049 +0.0016 +0.0067 +0.0016 +0.0098 +0.0016 +0.0146 +0.0016
1.1811 1.9685 +0.0044 +0.0020 +0.0059 +0.0020 +0.0083 +0.0020 +0.0118 +0.0020 +0.0173 +0.0020
1.9685 3.1496 +0.0053 +0.0024 +0.0071 +0.0024 +0.0098 +0.0024 +0.0142 +0.0024 +0.0205 +0.0024
3.1496 4.7244 +0.0063 +0.0028 +0.0083 +0.0028 +0.0115 +0.0028 +0.0166 +0.0028 +0.0241 +0.0028
4.7244 7.0866 +0.0073 +0.0033 +0.0096 +0.0033 +0.0132 +0.0033 +0.0191 +0.0033 +0.0281 +0.0033
7.0866 9.8425 +0.0085 +0.0039 +0.0112 +0.0039 +0.0154 +0.0039 +0.0220 +0.0039 +0.0323 +0.0039
9.8425 12.4016 +0.0094 +0.0043 +0.0126 +0.0043 +0.0169 +0.0043 +0.0248 +0.0043 +0.0362 +0.0043
12.4016 15.7480 +0.0104 +0.0049 +0.0140 +0.0049 +0.0191 +0.0049 +0.0274 +0.0049 +0.0400 +0.0049
15.7480 19.6850 +0.0114 +0.0053 +0.0152 +0.0053 +0.0211 +0.0053 +0.0301 +0.0053 +0.0435 +0.0053
Diameter in. Deviations in.
F5 F6 F7 F8
> Max. Min. Max. Min. Max. Min. Max. Min.
0.1181 0.2362 +0.0006 +0.0004 +0.0007 +0.0004 +0.0009 +0.0004 +0.0011 +0.0004
0.2362 0.3937 +0.0007 +0.0005 +0.0009 +0.0005 +0.0011 +0.0005 +0.0014 +0.0005
0.3937 0.7087 +0.0009 +0.0006 +0.0011 +0.0006 +0.0013 +0.0006 +0.0017 +0.0006
0.7087 1.1811 +0.0011 +0.0008 +0.0013 +0.0008 +0.0016 +0.0008 +0.0021 +0.0008
1.1811 1.9685 +0.0014 +0.0010 +0.0016 +0.0010 +0.0020 +0.0010 +0.0025 +0.0010
1.9685 3.1496 +0.0017 +0.0012 +0.0019 +0.0012 +0.0024 +0.0012 +0.0030 +0.0012
3.1496 47244 +0.0020 +0.0014 +0.0023 +0.0014 +0.0028 +0.0014 +0.0035 +0.0014
4.7244 7.0866 +0.0024 +0.0017 +0.0027 +0.0017 +0.0033 +0.0017 +0.0042 +0.0017
7.0866 9.8425 +0.0028 +0.0020 +0.0031 +0.0020 +0.0038 +0.0020 +0.0048 +0.0020
9.8425 12.4016 +0.0031 +0.0022 +0.0035 +0.0022 +0.0043 +0.0022 +0.0054 +0.0022
12.4016 15.7480 +0.0034 +0.0024 +0.0039 +0.0024 +0.0047 +0.0024 +0.0059 +0.0024
15.7480 19.6850 +0.0037 +0.0027 +0.0043 +0.0027 +0.0052 +0.0027 +0.0065 +0.0027
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ENGINEERING

IS0 Tolerances for Holes — In.

Diameter in. Deviations in.
G5 G6 G7
> = Max. Min. Max. Min. Max. Min.
0.1181 0.2362 +0.0004 +0.0002 +0.0005 +0.0002 +0.0006 +0.0002
0.2362 0.3937 +0.0004 +0.0002 +0.0006 +0.0002 +0.0008 +0.0002
0.3937 0.7087 +0.0006 +0.0002 +0.0007 +0.0002 +0.0009 +0.0002
0.7087 1.1811 +0.0006 +0.0003 +0.0008 +0.0003 +0.0011 +0.0003
1.1811 1.9685 +0.0008 +0.0004 +0.0010 +0.0004 +0.0013 +0.0004
1.9685 3.1496 +0.0009 +0.0004 +0.0011 +0.0004 +0.0016 +0.0004
3.1496 4.7244 +0.0011 +0.0005 +0.0013 +0.0005 +0.0019 +0.0005
4.7244 7.0866 +0.0013 +0.0006 +0.0015 +0.0006 +0.0021 +0.0006
7.0866 9.8425 +0.0014 +0.0006 +0.0017 +0.0006 +0.0024 +0.0006
9.8425 12.4016 +0.0016 +0.0007 +0.0019 +0.0007 +0.0027 +0.0007
12.4016 15.7480 +0.0017 +0.0007 +0.0021 +0.0007 +0.0030 +0.0007
15.7480 19.6850 +0.0019 +0.0008 +0.0024 +0.0008 +0.0033 +0.0008
Diameter in. Deviations in.
H4 H5 H6 H7 H8
> = Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.
0.1181 0.2362 +0.0002 0 +0.0002 0 +0.0003 0 +0.0005 0 +0.0007 0
0.2362 0.3937 +0.0002 0 +0.0002 0 +0.0004 0 +0.0006 0 +0.0009 0
0.3937 0.7087 +0.0002 0 +0.0003 0 +0.0004 0 +0.0007 0 +0.0011 0
0.7087 1.1811 +0.0002 0 +0.0004 0 +0.0005 0 +0.0008 0 +0.0013 0
1.1811 1.9685 +0.0003 0 +0.0004 0 +0.0006 0 +0.0010 0 +0.0015 0
1.9685 3.1496 +0.0003 0 +0.0005 0 +0.0007 0 +0.0012 0 +0.0018 0
3.1496 4.7244 +0.0004 0 +0.0006 0 +0.0009 0 +0.0014 0 +0.0021 0
4.7244 7.0866 +0.0005 0 +0.0007 0 +0.0010 0 +0.0016 0 +0.0025 0
7.0866 9.8425 +0.0006 0 +0.0008 0 +0.0011 0 +0.0018 0 +0.0028 0
9.8425 12.4016 +0.0006 0 +0.0009 0 +0.0013 0 +0.0020 0 +0.0032 0
12.4016 15.7480 +0.0007 0 +0.0010 0 +0.0014 0 +0.0022 0 +0.0035 0
15.7480 19.6850 +0.0008 0 +0.0011 0 +0.0016 0 +0.0025 0 +0.0038 0
Diameter in. Deviations in.
H9 H10 H1 H12
> = Max. Min. Max. Min. Max. Min. Max. Min.
0.1181 0.2362 +0.0012 0 +0.0019 0 +0.0030 0 +0.0047 0
0.2362 0.3937 +0.0014 0 +0.0023 0 +0.0035 0 +0.0059 0
0.3937 0.7087 +0.0017 0 +0.0028 0 +0.0043 0 +0.0071 0
0.7087 1.1811 +0.0020 0 +0.0033 0 +0.0051 0 +0.0083 0
1.1811 1.9685 +0.0024 0 +0.0039 0 +0.0063 0 +0.0098 0
1.9685 3.1496 +0.0029 0 +0.0047 0 +0.0075 0 +0.0118 0
3.1496 4.7244 +0.0034 0 +0.0055 0 +0.0087 0 +0.0138 0
4.7244 7.0866 +0.0039 0 +0.0063 0 +0.0098 0 +0.0157 0
7.0866 9.8425 +0.0045 0 +0.0073 0 +0.0114 0 +0.0181 0
9.8425 12.4016 +0.0051 0 +0.0083 0 +0.0126 0 +0.0205 0
12.4016 15.7480 +0.0055 0 +0.0091 0 +0.0142 0 +0.0224 0
15.7480 19.6850 +0.0061 0 +0.0098 0 +0.0157 0 +0.0248 0

A-20 NEEDLE ROLLER BEARINGS




ENGINEERING

IS0 Tolerances for Holes — In.

Diameter in. Deviations in. Deviations in.
J6 J7 J8 K6 K7 K8
> = Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.
0.1181 0.2362 +0.00020 -0.00012 +0.00024 -0.00024 +0.00039 -0.00031 +0.00008 -0.00024 +0.00012 -0.00035 +0.00020 -0.00051
0.2362 0.3937 +0.00020 -0.00016 +0.00031 -0.00028 +0.00047 -0.00039 +0.00008 -0.00028 +0.00020 -0.00039 +0.00024 -0.00063
0.3937 0.7087 +0.00024 -0.00020 +0.00039 -0.00031 +0.00059 -0.00047 +0.00008 -0.00035 +0.00024 -0.00047 +0.00031 -0.00075
0.7087 1.1811 +0.00031 -0.00020 +0.00047 -0.00035 +0.00079 -0.00051 +0.00008 -0.00043 +0.00024 -0.00059 +0.00039 -0.00091
1.1811 1.9685 +0.00039 -0.00024 +0.00055 -0.00043 +0.00094 -0.00059 +0.00012 -0.00051 +0.00028 -0.00071 +0.00047 -0.00106
1.9685 3.1496 +0.00051 -0.00024 +0.00071 -0.00047 +0.00110 -0.00071 +0.00016 -0.00059 +0.00035 -0.00083 +0.00055 -0.00126
3.1496 4.7244 +0.00063 -0.00024 +0.00087 -0.00051 +0.00134 -0.00079 +0.00016 -0.00071 +0.00039 -0.00098 +0.00063 -0.00150
4.7244 7.0866 +0.00071 -0.00028 +0.00102 -0.00055 +0.00161 -0.00087 +0.00016 -0.00083 +0.00047 -0.00110 +0.00079 -0.00169
7.0866 9.8425 +0.00087 -0.00028 +0.00118 -0.00063 +0.00185 -0.00098 +0.00020 -0.00094 +0.00051 -0.00130 +0.00087 -0.00197
9.8425 12.4016 +0.00098 -0.00028 +0.00142 -0.00063 +0.00217 -0.00102 +0.00020 -0.00106 +0.00063 -0.00142 +0.00098 -0.00220
12.4016 15.7480 +0.00114 -0.00028 +0.00154 -0.00071 +0.00236 -0.00114 +0.00028 -0.00114 +0.00067 -0.00157 +0.00110 -0.00240
15.7480 19.6850 +0.00130 -0.00028 +0.00169 -0.00079 +0.00259 -0.00122 +0.00031 -0.00126 +0.00071 -0.00177 +0.00114 -0.00268
Diameter in. Deviations in. Deviations in.
M5 M6 M7 N6 N7 N8
> = Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.
0.1181 0.2362 -0.00012 -0.00031 -0.00004 -0.00035 0 -0.00047 -0.0002 -0.0005 -0.0002 -0.0006 -0.0001 -0.0008
0.2362 0.3937 -0.00016 -0.00039 -0.00012 -0.00047 0 -0.00059 -0.0003 -0.0006 -0.0002 -0.0007 -0.0001 -0.0010
0.3937 0.7087 -0.00016 -0.00047 -0.00016 -0.00059 0 -0.00071 -0.0004 -0.0008 -0.0002 -0.0009 -0.0001 -0.0012
0.7087 1.1811 -0.00020 -0.00055 -0.00016 -0.00067 0 -0.00083 -0.0004 -0.0009 -0.0003 -0.0011 -0.0001 -0.0014
1.1811 1.9685 -0.00020 -0.00063 -0.00016 -0.00079 0 -0.00098 -0.0005 -0.0011 -0.0003 -0.0013 -0.0001 -0.0017
1.9685 3.1496 -0.00024 -0.00075 -0.00020 -0.00094 0 -0.00118 -0.0006 -0.0013 -0.0004 -0.0015 -0.0002 -0.0020
3.1496 4.7244 -0.00031 -0.00091 -0.00024 -0.00110 0 -0.00138 -0.0006 -0.0015 -0.0004 -0.0018 -0.0002 -0.0023
47244 7.0866 -0.00035 -0.00106 -0.00031 -0.00130 0 -0.00157 -0.0008 -0.0018 -0.0005 -0.0020 -0.0002 -0.0026
7.0866 9.8425 -0.00043 -0.00122 -0.00031 -0.00146 0 -0.00181 -0.0009 -0.0020 -0.0006 -0.0024 -0.0002 -0.0030
9.8425 12.4016 -0.00051 -0.00142 -0.00035 -0.00161 0 -0.00205 -0.0000 -0.0022 -0.0006 -0.0026 -0.0002 -0.0034
12.4016 15.7480 -0.00055 -0.00154 -0.00039 -0.00181 0 -0.00224 -0.0010 -0.0024 -0.0006 -0.0029 -0.0002 -0.0037
15.7480 19.6850 -0.00063 -0.00169 -0.00039 -0.00197 0 -0.00248 -0.0011 -0.0026 -0.0007 -0.0031 -0.0002 -0.0041
Diameter in. Deviations in. Deviations in.
P6 P7 R6 R7 R8
> = Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.
0.1181 0.2362 -0.0004 -0.0007 -0.0003 -0.0008 -0.0005 -0.0008 -0.0004 -0.0009 -0.0006 -0.0013
0.2362 0.3937 -0.0005 -0.0008 -0.0004 -0.0009 -0.0006 -0.0010 -0.0005 -0.0011 -0.0007 -0.0016
0.3937 0.7087 -0.0006 -0.0010 -0.0004 -0.0011 -0.0008 -0.0012 -0.0006 -0.0013 -0.0009 -0.0020
0.7087 1.1811 -0.0007 -0.0012 -0.0006 -0.0014 -0.0009 -0.0015 -0.0008 -0.0016 -0.0011 -0.0024
1.1811 1.9685 -0.0008 -0.0015 -0.0007 -0.0017 -0.0011 -0.0018 -0.0010 -0.0020 -0.0013 -0.0029
1.9685 2.5591 -0.0010 -0.0018 -0.0008 -0.0020 -0.0014 -0.0021 -0.0012 -0.0024 -0.0016 -0.0034
2.5591 3.1496 -0.0010 -0.0018 -0.0008 -0.0020 -0.0015 -0.0022 -0.0013 -0.0024 -0.0017 -0.0035
3.1496 3.9370 -0.0012 -0.0020 -0.0009 -0.0023 -0.0017 -0.0026 -0.0015 -0.0029 -0.0020 -0.0041
3.9370 4.7244 -0.0012 -0.0020 -0.0009 -0.0023 -0.0019 -0.0027 -0.0016 -0.0030 -0.0021 -0.0043
4.7244 55118 -0.0014 -0.0024 -0.0011 -0.0027 -0.0022 -0.0032 -0.0019 -0.0035 -0.0025 -0.0050
55118 6.2992 -0.0014 -0.0024 -0.0011 -0.0027 -0.0023 -0.0033 -0.0020 -0.0035 -0.0026 -0.0050
6.2992 7.0866 -0.0014 -0.0024 -0.0011 -0.0027 0.0024 -0.0034 -0.0021 -0.0037 -0.0027 -0.0052
7.0866 7.8740 -0.0016 -0.0028 -0.0013 -0.0031 -0.0027 -0.0038 -0.0024 -0.0042 -0.0030 -0.0059
7.8740 8.8583 -0.0016 -0.0028 -0.0013 -0.0031 0.0028 -0.0039 -0.0025 -0.0043 -0.0031 -0.0060
8.8583 9.8425 -0.0016 -0.0028 -0.0013 -0.0031 -0.0030 -0.0041 -0.0026 -0.0044 -0.0033 -0.0061
9.8425 11.0236 -0.0019 -0.0031 -0.0014 -0.0035 -0.0033 -0.0046 -0.0029 -0.0050 -0.0037 -0.0069
11.0236 12.4016 -0.0019 -0.0031 -0.0014 -0.0035 -0.0035 -0.0048 -0.0031 -0.0051 -0.0039 -0.0070
12.4016 13.9764 -0.0020 -0.0034 -0.0016 -0.0039 -0.0038 -0.0052 -0.0034 -0.0057 -0.0043 -0.0078
13.9764 15.7480 -0.0020 -0.0034 -0.0016 -0.0039 -0.0041 -0.0055 -0.0037 -0.0059 -0.0045 -0.0080
15.7480 17.7165 -0.0022 -0.0037 -0.0018 -0.0043 -0.0044 -0.0060 -0.0041 -0.0065 -0.0050 -0.0088
17.7165 19.6850 -0.0022 -0.0037 -0.0018 -0.0043 -0.0047 -0.0063 -0.0043 -0.0068 -0.0052 -0.0090

NEEDLE ROLLER BEARINGS A-21



ENGINEERING

IS0 Tolerances for Holes — In.

Diameter in. Deviations in.
all all al2 al3

> = Max. Min. Max. Min. Max. Min. Max. Min.

- 0.1181 -0.0106 -0.0122 -0.0106 -0.0130 -0.0106 -0.0146 -0.0106 -0.0161
0.1181 0.2362 -0.0106 -0.0125 -0.0106 -0.0136 -0.0106 -0.0154 -0.0106 -0.0177
0.2362 0.3937 -0.0110 -0.0133 -0.0110 -0.0146 -0.0110 -0.0169 -0.0110 -0.0197
0.3937 0.7087 -0.0114 -0.0142 -0.0114 -0.0157 -0.0114 -0.0185 -0.0114 -0.0220
0.7087 1.1811 -0.0118 -0.0151 -0.0118 -0.0169 -0.0118 -0.0201 -0.0118 -0.0248
1.1811 1.5748 -0.0122 -0.0161 -0.0122 -0.0185 -0.0122 -0.0220 -0.0122 -0.0276
1.5748 1.9685 -0.0126 -0.0165 -0.0126 -0.0189 -0.0126 -0.0224 -0.0126 -0.0280
1.9685 2.5591 -0.0134 -0.0181 -0.0134 -0.0209 -0.0134 -0.0252 -0.0134 -0.0315
2.5591 3.1496 -0.0142 -0.0189 -0.0142 -0.0217 -0.0142 -0.0260 -0.0142 -0.0323
3.1496 3.9370 -0.0150 -0.0205 -0.0150 -0.0236 -0.0150 -0.0287 -0.0150 -0.0362
3.9370 47244 -0.0161 -0.0217 -0.0161 -0.0248 -0.0161 -0.0299 -0.0161 -0.0374
47244 55118 -0.0181 -0.0244 -0.0181 -0.0280 -0.0181 -0.0339 -0.0181 -0.0429
55118 6.2992 -0.0205 -0.0268 -0.0205 -0.0303 -0.0205 -0.0362 -0.0205 -0.0453
6.2992 7.0866 -0.0228 -0.0291 -0.0228 -0.0327 -0.0228 -0.0386 -0.0228 -0.0476
7.0866 7.8740 -0.0260 -0.0333 -0.0260 -0.0374 -0.0260 -0.0441 -0.0260 -0.0543
7.8740 8.8583 -0.0291 -0.0364 -0.0291 -0.0406 -0.0291 -0.0472 -0.0291 -0.0575
8.8583 9.8425 -0.0323 -0.0396 -0.0323 -0.0437 -0.0323 -0.0504 -0.0323 -0.0606
9.8425 11.0236 -0.0362 -0.0445 -0.0362 -0.0488 -0.0362 -0.0567 -0.0362 -0.0681
11.0236 12.4016 -0.0413 -0.0496 -0.0413 -0.0539 -0.0413 -0.0618 -0.0413 -0.0732
12.4016 13.9764 -0.0472 -0.0563 -0.0472 -0.0614 -0.0472 -0.0697 -0.0472 -0.0823
13.9764 15.7480 -0.0531 -0.0622 -0.0531 -0.0673 -0.0531 -0.0756 -0.0531 -0.0882

Diameter in. Deviations in. Deviations in.
cl1 c12 c13 ell el2 el3
> = Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.

— 0.1181 -0.0024 -0.0047 -0.0024 -0.0063 -0.0024 -0.0079 -0.0006 -0.0029 -0.0006 -0.0045 -0.0006 -0.0061
0.1181 0.2362 -0.0028 -0.0057 -0.0028 -0.0075 -0.0028 -0.0098 -0.0008 -0.0037 -0.0008 -0.0055 -0.0008 -0.0079
0.2362 0.3937 -0.0031 -0.0067 -0.0031 -0.0091 -0.0031 -0.0118 -0.0010 -0.0045 -0.0010 -0.0069 -0.0010 -0.0096
0.3937 0.7087 -0.0037 -0.0081 -0.0037 -0.0108 -0.0037 -0.0144 -0.0013 -0.0056 -0.0013 -0.0083 -0.0013 -0.0119
0.7087 1.1811 -0.0043 -0.0094 -0.0043 -0.0126 -0.0043 -0.0173 -0.0016 -0.0067 -0.0016 -0.0098 -0.0016 -0.0146
1.1811 1.5748 -0.0047 -0.0110 -0.0047 -0.0146 -0.0047 -0.0201 -0.0020 -0.0083 -0.0020 -0.0118 -0.0020 -0.0173
1.5748 1.9685 -0.0051 -0.0114 -0.0051 -0.0150 -0.0051 -0.0205 -0.0020 -0.0083 -0.0020 -0.0118 -0.0020 -0.0173
1.9685 2.5591 -0.0055 -0.0130 -0.0055 -0.0173 -0.0055 -0.0236 -0.0024 -0.0098 -0.0024 -0.0142 -0.0024 -0.0205
2.5591 3.1496 -0.0059 -0.0134 -0.0059 -0.0177 -0.0059 -0.0240 -0.0024 -0.0098 -0.0024 -0.0142 -0.0024 -0.0205
3.1496 3.9370 -0.0067 -0.0154 -0.0067 -0.0205 -0.0067 -0.0280 -0.0028 -0.0115 -0.0028 -0.0166 -0.0028 -0.0241
3.9370 4.7244 -0.0071 -0.0157 -0.0071 -0.0209 -0.0071 -0.0283 -0.0028 -0.0115 -0.0028 -0.0166 -0.0028 -0.0241
4.7244 55118 -0.0079 -0.0177 -0.0079 -0.0236 -0.0079 -0.0327 -0.0033 -0.0132 -0.0033 -0.0191 -0.0033 -0.0281
55118 6.2992 -0.0083 -0.0181 -0.0083 -0.0240 -0.0083 -0.0331 -0.0033 -0.0132 -0.0033 -0.0191 -0.0033 -0.0281
6.2992 7.0866 -0.0091 -0.0189 -0.0091 -0.0248 -0.0091 -0.0339 -0.0033 -0.0132 -0.0033 -0.0191 -0.0033 -0.0281
7.0866 7.8740 -0.0094 -0.0209 -0.0094 -0.0276 -0.0094 -0.0378 -0.0039 -0.0154 -0.0039 -0.0220 -0.0039 -0.0323
7.8740 8.8583 -0.0102 -0.0217 -0.0102 -0.0283 -0.0102 -0.0386 -0.0039 -0.0154 -0.0039 -0.0220 -0.0039 -0.0323
8.8583 9.8425 -0.0110 -0.0224 -0.0110 -0.0291 -0.0110 -0.0394 -0.0039 -0.0154 -0.0039 -0.0220 -0.0039 -0.0323
9.8425 11.0236 -0.0118 -0.0244 -0.0118 -0.0323 -0.0118 -0.0437 -0.0043 -0.0169 -0.0043 -0.0248 -0.0043 -0.0362
11.0236 12.4016 -0.0130 -0.0256 -0.0130 -0.0335 -0.0130 -0.0449 -0.0043 -0.0169 -0.0043 -0.0248 -0.0043 -0.0362
12.4016 13.9764 -0.0142 -0.0283 -0.0142 -0.0366 -0.0142 -0.0492 -0.0049 -0.0191 -0.0049 -0.0274 -0.0049 -0.0400
13.9764 15.7480 -0.0157 -0.0299 -0.0157 -0.0382 -0.0157 -0.0508 -0.0049 -0.0191 -0.0049 -0.0274 -0.0049 -0.0400

A-22 NEEDLE ROLLER BEARINGS




IS0 Tolerances for Shafts — In.

ENGINEERING

Diameter in. Deviations in. Deviations in.
5 6 7 g5 g6 g7

> = Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.
— 0.1181 -0.0002 -0.0004 -0.0002 -0.0005 -0.0002 -0.0006 -0.0001 -0.0002 -0.0001 -0.0003 -0.0001 -0.0005
0.1181 0.2362 -0.0004 -0.0006 -0.0004 -0.0007 -0.0004 -0.0009 -0.0002 -0.0004 -0.0002 -0.0005 -0.0002 -0.0006
0.2362 0.3937 -0.0005 -0.0007 -0.0005 -0.0009 -0.0005 -0.0011 -0.0002 -0.0004 -0.0002 -0.0006 -0.0002 -0.0008
0.3937 0.7087 -0.0006 -0.0009 -0.0006 -0.0011 -0.0006 -0.0013 -0.0002 -0.0006 -0.0002 -0.0007 -0.0002 -0.0009
0.7087 1.1811 -0.0008 -0.0011 -0.0008 -0.0013 -0.0008 -0.0016 -0.0003 -0.0006 -0.0003 -0.0008 -0.0003 -0.0011
1.1811 1.9685 -0.0010 -0.0014 -0.0010 -0.0016 -0.0010 -0.0020 -0.0004 -0.0008 -0.0004 -0.0010 -0.0004 -0.0013
1.9685 3.1496 -0.0012 -0.0017 -0.0012 -0.0019 -0.0012 -0.0024 -0.0004 -0.0009 -0.0004 -0.0011 -0.0004 -0.0016
3.1496 47244 -0.0014 -0.0020 -0.0014 -0.0023 -0.0014 -0.0028 -0.0005 -0.0011 -0.0005 -0.0013 -0.0005 -0.0019
4.7244 7.0866 -0.0017 -0.0024 -0.0017 -0.0027 -0.0017 -0.0033 -0.0006 -0.0013 -0.0006 -0.0015 -0.0006 -0.0021
7.0866 9.8425 -0.0020 -0.0028 -0.0020 -0.0031 -0.0020 -0.0038 -0.0006 -0.0014 -0.0006 -0.0017 -0.0006 -0.0024
9.8425 12.4016 -0.0022 -0.0031 -0.0022 -0.0035 -0.0022 -0.0043 -0.0007 -0.0016 -0.0007 -0.0019 -0.0007 -0.0027
12.4016 15.7480 -0.0024 -0.0034 -0.0024 -0.0039 -0.0024 -0.0047 -0.0007 -0.0017 -0.0007 -0.0021 -0.0007 -0.0030

Diameter in. Deviations in.
h4 h5 hé h7 h8
> = Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.

— 0.1181 0 -0.00012 0 -0.00016 0 -0.00024 0 -0.0004 0 -0.0006

0.1181 0.2362 0 -0.00016 0 -0.00020 0 -0.00031 0 -0.0005 0 -0.0007

0.2362 0.3937 0 -0.0002 0 -0.00024 0 -0.0004 0 -0.0006 0 -0.0009

0.3937 0.7087 0 -0.0002 0 -0.00031 0 -0.0004 0 -0.0007 0 -0.0011

0.7087 1.1811 0 -0.0002 0 -0.0004 0 -0.0005 0 -0.0008 0 -0.0013

1.1811 1.9685 0 -0.0003 0 -0.0004 0 -0.0006 0 -0.0010 0 -0.0015

1.9685 3.1496 0 -0.0003 0 -0.0005 0 -0.0007 0 -0.0012 0 -0.0018

3.1496 47244 0 -0.0004 0 -0.0006 0 -0.0009 0 -0.0014 0 -0.0021

47244 7.0866 0 -0.0005 0 -0.0007 0 -0.0010 0 -0.0016 0 -0.0025

7.0866 9.8425 0 -0.0006 0 -0.0008 0 -0.0011 0 -0.0018 0 -0.0028

9.8425 12.4016 0 -0.0006 0 -0.0009 0 -0.0013 0 -0.0020 0 -0.0032

12.4016 15.7480 0 -0.0007 0 -0.0010 0 -0.0014 0 -0.0022 0 -0.0035

Diameter in. Deviations in.
h9 h10 h11 h12 h13
> = Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.

— 0.1181 0 -0.0010 0 -0.0016 0 -0.0024 0 -0.0039 0 -0.0055

0.1181 0.2362 0 -0.0012 0 -0.0019 0 -0.0030 0 -0.0047 0 -0.0071

0.2362 0.3937 0 -0.0014 0 -0.0023 0 -0.0035 0 -0.0059 0 -0.0087

0.3937 0.7087 0 -0.0017 0 -0.0028 0 -0.0043 0 -0.0071 0 -0.0106

0.7087 1.1811 0 -0.0020 0 -0.0033 0 -0.0051 0 -0.0083 0 -0.0130

1.1811 1.9685 0 -0.0024 0 -0.0039 0 -0.0063 0 -0.0098 0 -0.0154

1.9685 3.1496 0 -0.0029 0 -0.0047 0 -0.0075 0 -0.0118 0 -0.0181

3.1496 4.7244 0 -0.0034 0 -0.0055 0 -0.0087 0 -0.0138 0 -0.0213

4.7244 7.0866 0 -0.0039 0 -0.0063 0 -0.0098 0 -0.0157 0 -0.0248

7.0866 9.8425 0 -0.0045 0 -0.0073 0 -0.0114 0 -0.0181 0 -0.0283

9.8425 12.4016 0 -0.0051 0 -0.0083 0 -0.0126 0 -0.0205 0 -0.0319

12.4016 15.7480 0 -0.0055 0 -0.0091 0 -0.0142 0 -0.0224 0 -0.0350

NEEDLE ROLLER BEARINGS A-23




ENGINEERING

IS0 Tolerances for Shafts — In.

Diameter in. Deviations in. Deviations in.
i5 i6 i7 k5 k6 k7
> = Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.
— 0.1181 +0.00008 -0.00008 +0.00016 -0.00008 +0.00024 -0.00016 +0.00016 0 +0.00024 0 +0.00039 0
0.1181 0.2362 +0.00012 -0.00008 +0.00024 -0.00008 +0.00031 -0.00016 +0.00024 +0.00004 +0.00035 +0.00004 +0.00051 +0.00004
0.2362 0.3937 +0.00016 -0.00008 +0.00028 -0.00008 +0.00039 -0.00020 +0.00028 +0.00004 +0.00039 +0.00004 +0.00063 +0.00004
0.3937 0.7087 +0.00020 -0.00012 +0.00031 -0.00012 +0.00047 -0.00024 +0.00035 +0.00004 +0.00047 +0.00004 +0.00075 +0.00004
0.7087 1.1811 +0.00020 -0.00016 +0.00035 -0.00016 +0.00051 -0.00031 +0.00043 +0.00008 +0.00059 +0.00008 +0.00091 +0.00008
1.1811 1.9685 +0.00024 -0.00020 +0.00043 -0.00020 +0.00059 -0.00039 +0.00051 +0.00008 +0.00071 +0.00008 +0.00106 +0.00008
1.9685 3.1496 +0.00024 -0.00028 +0.00047 -0.00028 +0.00071 -0.00047 +0.00059 +0.00008 +0.00083 +0.00008 +0.00126 +0.00008
3.1496 47244 +0.00024 -0.00035 +0.00051 -0.00035 +0.00079 -0.00059 +0.00071 +0.00012 +0.00098 +0.00012 +0.00150 +0.00012
4.7244 7.0866 +0.00028 -0.00043 +0.00055 -0.00043 +0.00087 -0.00071 +0.00083 +0.00012 +0.00110 +0.00012 +0.00169 +0.00012
7.0866 9.8425 +0.00028 -0.00051 +0.00063 -0.00051 +0.00098 -0.00083 +0.00094 +0.00016 +0.00130 +0.00016 +0.00197 +0.00016
9.8425 12.4016 +0.00028 -0.00063 +0.00063 -0.00063 +0.00102 -0.00102 +0.00106 +0.00016 +0.00142 +0.00016 +0.00220 +0.00016
12.4016 15.7480 +0.00028 -0.00071 +0.00071 -0.00071 +0.00114 -0.00110 +0.00114 +0.00016 +0.00157 +0.00016 +0.00240 +0.00016
Diameter in. Deviations in. Deviations in.
m5 m6 m7 n5 né n7
> = Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.
— 0.1181 +0.00024 +0.00008 +0.00031 +0.00008 +0.00047 +0.00008 +0.0003 +0.0002 +0.0004 +0.0002 +0.0006 +0.0002
0.1181 0.2362 +0.00035 +0.00016 +0.00047 +0.00016 +0.00063 +0.00016 +0.0005 +0.0003 +0.0006 +0.0003 +0.0008 +0.0003
0.2362 0.3937 +0.00047 +0.00024 +0.00059 +0.00024 +0.00083 +0.00024 +0.0006 +0.0004 +0.0007 +0.0004 +0.0010 +0.0004
0.3937 0.7087 +0.00059 +0.00028 +0.00071 +0.00028 +0.00098 +0.00028 +0.0008 +0.0005 +0.0009 +0.0005 +0.0012 +0.0005
0.7087 1.1811 +0.00067 +0.00031 +0.00083 +0.00031 +0.00114 +0.00031 +0.0009 +0.0006 +0.0011 +0.0006 +0.0014 +0.0006
1.1811 1.9685 +0.00079 +0.00035 +0.00098 +0.00035 +0.00134 +0.00035 +0.0011 +0.0007 +0.0013 +0.0007 +0.0017 +0.0007
1.9685 3.1496 +0.00094 +0.00043 +0.00118 +0.00043 +0.00161 +0.00043 +0.0013 +0.0008 +0.0015 +0.0008 +0.0020 +0.0008
3.1496 47244 +0.00110 +0.00051 +0.00138 +0.00051 +0.00189 +0.00051 +0.0015 +0.0009 +0.0018 +0.0009 +0.0023 +0.0009
47244 7.0866 +0.00130 +0.00059 +0.00157 +0.00059 +0.00217 +0.00059 +0.0018 +0.0011 +0.0020 +0.0011 +0.0026 +0.0011
7.0866 9.8425 +0.00146 +0.00067 +0.00181 +0.00067 +0.00248 +0.00067 +0.0020 +0.0012 +0.0024 +0.0012 +0.0030 +0.0012
9.8425 12.4016 +0.00169 +0.00079 +0.00205 +0.00079 +0.00283 +0.00079 +0.0022 +0.0013 +0.0026 +0.0013 +0.0034 +0.0013
12.4016 15.7480 +0.00181 +0.00083 +0.00224 +0.00083 +0.00307 +0.00083 +0.0024 +0.0015 +0.0029 +0.0015 +0.0037 +0.0015
Diameter in. Deviations in.
p6 r6 r1
> < Max. Min. Max. Min. Max. Min.
3.1496 3.9370 +0.0023 +0.0015 - - - -
3.9370 4.7244 +0.0023 +0.0015 - - - -
47244 55118 +0.0027 +0.0017 +0.0035 +0.0026 - -
55118 6.2992 +0.0027 +0.0017 +0.0035 +0.0026 - -
6.2992 7.0866 +0.0027 +0.0017 +0.0035 +0.0026 - -
7.0866 7.8740 +0.0031 +0.0020 +0.0042 +0.0030 - -
7.8740 8.8583 +0.0031 +0.0020 +0.0043 +0.0031 +0.0050 +0.0031
8.8583 9.8425 +0.0031 +0.0020 +0.0044 +0.0033 +0.0051 +0.0033
9.8425 11.0236 +0.0035 +0.0022 +0.0050 +0.0037 +0.0057 +0.0037
11.0236 12.4016 +0.0035 +0.0022 +0.0051 +0.0039 +0.0059 +0.0039
12.4016 13.9764 +0.0039 +0.0024 +0.0057 +0.0043 +0.0065 +0.0043
13.9764 15.7480 +0.0039 +0.0024 +0.0059 +0.0045 +0.0067 +0.0045
15.7480 17.7165 +0.0043 +0.0027 +0.0065 +0.0050 +0.0074 +0.0050
17.7165 19.6850 +0.0043 +0.0027 +0.0068 +0.0052 +0.0077 +0.0052
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MOUNTING DESIGNS
METRIC SERIES NEEDLE ROLLER BEARINGS

Table A-6. Metric series needle roller bearing radial internal clearance limits

c2 co c3 ca
(EXCEPT DRAWN CUP BEARINGS) B T

Metric series needle roller bearings are available over incl. Max. Min. Max. Min. Max. Min. Max. Min
with Radial Internal Clearance (RIC) designations e e e e e e e mm mm mm
pereltherojthefollowmgtables. per “IS0/ ABMA C - 30000 | 0025 0.000 0.045 0.020 0.060 0.035 0.075 0.050
Clearance.” Non-standard values also are available - 11811 | 00010 00000 | 00018 00008 | 00024 00014 | 00030 00020
by special request. Standard radial internal clearance 30000 40000 | 0030  0.005 0050 0025 0070 0045 0085 0060
values are listed in the following tables based on bore 11811 15748 | 00012 00002 | 00020 00010 | 00028 00018 | 00033 0002
size. The clearance required for a given application 40000 50000 | 0035 0005 | 0060 0030 | 0080 005 | 0100 0070
depends onthe desired operating precision, rotational 15748 19685 | 00014 00002 | 00024 00012 | 00031 00020 | 00033  0.0028
speed of the bearing and the fitting practice used. 50000  65.000 0.040 0.010 0.070 0.040 0.090 0.060 0.110 0.080
Most applications use a normal or CO clearance. 19685 ~ 25591 | 00016 00004 | 00028 00016 | 00035 00024 | 00043 00031
Typically, larger clearance reduces the operating 65000  80.000 | 0045 0.010 0.075 0.040 0.100 0.065 0.125 0.090

zone of the bearing, increases the maximum roller 2.5591 3.1496 0.0018 0.0004 0.0030 0.0016 0.0039 0.0026 0.0049 0.0035

load and reduces the bearing’s expected life. 80.000 100000 | 0050 0015 0085  0.050 0110 0075 0140 0.105
3149% 39370 | 00020 00006 | 00033 00020 | 00043 00030 | 00055 00041

100.000 120.000 0.055 0.015 0.090 0.050 0.125 0.085 0.165 0.125
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
47244 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
7.0866 7.8740 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
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Table A-7. Chamfer dimensions of radial bearings metric series Table A-8. Chamfer dimensions of thrust
d bearings metric series
I's mi I [
s Nominal bore dia. fo max omax )
T's min s max 2smax
mm mm mm mm
in. in. in. in. mm mm mm
0.150 all 0.300 0.600 n. n. n-
0.0059 all 0.0118 0.0236 0.300 0.800 0.800
0.0118 0.0315 0.0315
0.200 all 0.500 0.800
0.0079 all 0.0197 0.0315 0.600 1.500 1.500
0.0236 0.0591 0.0591
0300 <40.000 0.600 1.000
) >40.000 0.800 1.000 1.000 2200 2200
00118 <1.5748 0.0236 0.0394 0.0394 0.0866 0.0866
>1.5748 0.0315 0.0394 1100 2700 2700
0,600 <40.000 1.000 2.000 0.0433 0.1063 0.1063
>40.000 1.300 2.000 1500 2500 2500
00236 <1.5748 0.0394 0.0787 0.0591 0.1378 0.1378
: >1.5748 0.0512 0.0787 : : :
1200 <5000 1500 2000 oore e hpeer
’ >50.000 1.900 3.000 : : :
<1.9685 0.0591 0.1181
00394 >1.9685 0.0748 0.1181
1100 <120.000 2.000 3500
: >120.000 2500 4.000
47244 0.0787 01378
00433 47244 0.0984 0.1575
1500 <120.000 2300 4.000
: >120.000 3.000 5.000
47244 0.09055 0.1575
00591 47244 0.1181 0.19685
<80.000 3.000 4500
2.000 >80.000 <220.000 3500 5.000
>220.000 3.800 6.000
<3.1496 0.1181 01772
0.0787 >3.1496 <8.6614 0.1378 0.19685
>8.6614 0.1496 0.2362
2100 <280.000 4.000 6.500
) >280.000 4500 7.000
11.0236 0.1575 0.2559
00827 11.0236 01772 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.
ras max Largest permissible single chamfer dimension in an axial direction.
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SHAFT DESIGNS
BEARINGS WITHOUT INNER RINGS

When the shaft is used as the inner raceway for needle roller
bearings it must have a hardness between 58 and 64 HRC and a
wave-free finish in order to realize the full load-carrying capability
of the bearing.

1. Metallurgy — either case-hardening or through-hardening
grades of good bearing-quality steel are satisfactory for
raceways. Steels that are modified for free machining,
such as those high in sulfur content and particularly those
containing lead, are seldom satisfactory for raceways.

To realize full bearing capacity, the raceway area must be

at least surface hard with a reasonable core strength. Itis
preferred that the case depth be not less than 0.38 mm

(0.0150 in.). The preferred surface hardness is equivalent

to 58 HRC. If the raceway is of lesser hardness, see the
modification factors shown in Tables A-3 and A-4 on page A-7.

The minimum effective case depth of hardened and ground
raceways, for use with all types of needle roller bearings,
depends on the applied load, the diameter of the rolling
elements and the core strength of the steel used. To calculate
the approximate case depth the following formula may be
used:

Min case depth = (0.07 t0 0.12) x Dw
Dw is the diameter of the rolling element.

The high value should apply to a low core-strength material
and/or heavy loads.

The effective case is defined as the distance from the surface,
after final grind, to the 50 HRC hardness level.

2. Strength —the shaft must be of sufficient strength to keep the
operating deflections within the limits outlined.

3. Tolerance — the suggested shaft diameter tolerances for each
type of needle roller bearing are indicated in the appropriate
section of this catalog.

4. Variation of mean shaft diameter — within the length of the
bearing raceway should not exceed 0.008 mm (0.0003 in.), or
one-half the diameter tolerance (whichever is smaller).

5. Deviation from circular form — the radial deviation from true
circular form of the raceway should not exceed 0.0025 mm
(0.0001 in.) for diameters up to and including 25.000 mm
(1.0000 in.). For raceways greater than 25.000 mm (1.0000 in.),
the allowable radial deviation should not exceed 0.0025 mm
(0.0001 in.) multiplied by a factor of the raceway diameter
divided by 25.000 for mm (1.0000 for in.).

6. High frequency lobing — the lobing which occurs 10 or
more times around the circumference of a shaft and exceeds
0.0004 mm (0.000015 in.) peak-to-valley is defined as chatter.
Chatter usually causes undesirable noise and reduces
fatigue life.

ENGINEERING

1. Surface finish — In addition to a wave-free finish, the raceway
surface roughness of Ra < 0.2 ym (8.0 pin.) 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.

8. End chamfer —for the most effective assembly of the shaft into
a bearing, the end of the shaft should have a large chamfer or
rounding. This should help in preventing damage to the roller
complement, scratching of the raceway surface, and nicking
of the shaft end.

9. Sealing surface —in some instances, bearings have integral
or immediately adjacent seals that operate on the surface
ground for the bearing raceway. Here, particular attention
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.

BEARINGS WITH INNER RINGS

When it is undesirable or impractical to prepare the shaft to be
used as araceway, inner rings are available as listed in the tabular
pages. If the shaft is not used directly as a raceway, the following
design specifications must be met:

1. Strength — the shaft must be of sufficient strength to keep the
operating deflections within the limits outlined.

2. Tolerance —the suggested shaft diameter tolerances for each
type of needle roller bearing are indicated in the appropriate
section of the catalog.

3. Variation of mean shaft raceway diameter and deviation from
circular form of the raceway — should not exceed one-half the
shaft diameter tolerance.

4. Surface finish — the surface finish should not exceed Ra
1.6 pm (63 pin.).

5. Locating shoulders or steps — locating shoulders or steps in
the shaft must be held to close concentricity with the bearing
seat to preventimbalance and resultant vibrations.
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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 — within the length of the
outer ring should not exceed 0.013 mm (0.0005 in.).

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 (63 pin.).

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
outerring may be a clearance fitin the housing when itis 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 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 a raceway, the housing bore
must have a hardness between 58 and 64 HRC and a roughness
Ra < 0.2 pm (8.0 pin.), 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 and deviation
from circular form of the raceway — the raceway out-of-
roundness and taper should not exceed 0.008 mm (0.0003 in.)
or one-half the bore tolerance, whichever is smaller. In
addition, the bore diameter must never be smaller at both
ends than in the center [sway-back].

4. Surface finish — In addition to a wave-free finish, the raceway
surface roughness of Ra <0.2 pm (8.0 pin.) 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.

5. Grind reliefs — care must be exercised to ensure that grind
reliefs, fillets, etc., do not extend to the raceway. Oil holes
in the raceway area are permissible, but the edges must be
blended smoothly with the raceway and, if possible, the hole
should be located in the unloaded zone of the raceway.



LUBRICATION AND SEALS

To help maintain a rolling bearing’s anti-friction characteristics,
lubrication is needed to:
® Minimize rolling resistance due to deformation of the rolling

elements and raceway under load by separating the mating
surfaces.

® Minimize sliding friction occurring between rolling
elements, raceways and cage.

® Transfer heat (with oil lubrication).

Protect from corrosion and, with grease lubrication,
from contaminant ingress.

Modern lubricants do this very effectively. Although in many
applications, the means by which they accomplish this are extremely
complex and not completely understood. Because the principles
involved with lubricating rolling element bearings are complex;
and do not have to be known to employ lubricants successfully,
this discussion will stress the practical rather than the theoretical
aspects of lubrication.

LUBRICATION SELECTION

The wide range of bearing types and operating conditions
precludes any simple, all-inclusive statement or guideline allowing
the selection of the proper lubricant. At the design level, the first
consideration is whether oil or grease is best for the particular
operation. The advantages of oil and grease are outlined in the
table below. When heat must be carried away from the bearing,
oil must be used. It is nearly always preferred for very high-speed
applications. For limiting speeds of grease and oil-lubricated
bearings, refer to the section entitled Torque.

Table A-9. Advantages of oil and grease

0il

Grease

Carries heat away
from the bearings

Simplifies seal design
and acts as a sealant

Carries away moisture
and particulate matter

Permits prelubrication of sealed
or shielded bearings

Easily controlled lubrication

Generally requires less

frequent lubrication

LUBRICANT ADDITIVES

Additives are materials, usually chemicals, that improve specific
properties when added to lubricants. Additives, when properly
formulated into a lubricant, can increase lubricant life, provide
greater resistance to corrosion, increase load-carrying capacity
and enhance other properties. Additives are very complex and
should not be added indiscriminately to lubricants as a cure-all for
all lubrication problems.
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The more common lubricant additives include:

® (xidation inhibitors for increasing lubricant service life.
® Rust or corrosion inhibitors to protect surfaces.

® Demulsifiers to promote oil and water separation.
°

Viscosity-index improvers to decrease viscosity sensitivity
to temperature change.

® Pour-point depressants to lower the pouring point
at low temperatures.

® |ubricity agents to modify friction.
® Anti-wear agents to retard wear.

® Extreme pressure (EP) additives to prevent scoring under
boundary-lubrication conditions.

® Detergents and dispersants to maintain cleanliness.
® Anti-foam agents to reduce foam.

® Tackiness agents to improve adhesive properties.

Inorganic additives such as molybdenum disulphide, graphite and
zinc oxide are sometimes included in lubricants. In most roller
bearing applications, inorganic additives are of no significant
benefit. Conversely, as long as the concentration is low and the
particle size small, they are not harmful.

Recently, the effects of lubricant chemistry on bearing life (as
opposed to the purely physical characteristics) have received much
emphasis. Rust, oxidation, extreme pressure and anti-wear additive
packages are widely used in engine and gear oils. Fatigue testing
has shown these additives may — depending on their chemical
formulation, concentration and operating temperature — have a
positive or negative impact on bearing life.

GUIDANCE FOR OIL/GREASE SELECTION
0il Lubrication

Oils used for bearing lubrication should be high-quality, non-
oxidizing mineral oils or synthetic oils with similar properties.
Selection of the proper type of oils depends on bearing speed, load,
operating temperature and method of lubrication. Some features
and advantages of oil lubrication, in addition to the above, are as
follows:

® (il is a better lubricant for high speeds or high temperatures.
It can be cooled to help reduce bearing temperature.

® \Vith oil, it is easier to handle and control the amount of
lubricant reaching the bearing. It is harder to retain in the
bearing. Lubricant losses may be higher than with grease.

® Asaliquid, oil can be introduced to the bearing in many
ways, such as drip-feed, wick-feed, pressurized circulating
systems, oil bath or air-oil mist. Each is suited for certain types
of applications.

® (il is easier to keep clean for recirculating systems.
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Oil may be introduced to the bearing housing in many ways. The
most common systems are:

® (il bath. The housing is designed to provide a sump through
which the rolling elements of the bearing will pass. Generally,
the oil level should be no higher than the center point of the
lowest rolling element. If speed is high, lower oil levels should
be used to reduce churning. Gages or controlled elevation
drains are used to achieve and maintain the proper oil level.

® (irculating system. This system has the advantages of:
e An adequate supply of oil for both cooling and lubrication.

e Metered control of the quantity of oil delivered to each
bearing.

e Removal of contaminants and moisture from the bearing
by flushing action.

e Suitability for multiple bearing installations.

e Large reservoir, which reduces deterioration. Increased
lubricant life provides economical efficiency.

e Incorporation of oil-filtering devices.
e Positive control to deliver the lubricant where needed.

A typical circulating oil system consists of an oil
reservoir, pump, piping and filter. A cooler may be
required.

® Qil-mist lubrication. Oil-mist lubrication systems are used
in high-speed, continuous operation applications. This
system permits close control of the amount of lubricant
reaching the bearings. The oil may be metered, atomized
by compressed air and mixed with air, or it may be picked
up from a reservoir using a venturi effect. In either case,
the air is filtered and supplied under sufficient pressure to
assure adequate lubrication of the bearings. Control of this
type of lubrication system is accomplished by monitoring the
operating temperatures of the bearings being lubricated. The
continuous passage of the pressurized air and oil, through
the labyrinth seals used in the system, prevents the entrance
of contaminants from the atmosphere to the system. The
successful operation of this type of system is based upon
the following factors: proper location of the lubricant entry
ports in relation to the bearings being lubricated, avoidance
of excessive pressure drops across void spaces within the
system, proper air pressure and oil quantity ratio to suit the
particular application, and adequate exhaust of the air-oil mist
after lubrication has been accomplished. To ensure “wetting”
of the bearings, and to prevent possible damage to the rolling
elements and races, it is imperative that the oil-mist system be
turned on for several minutes before the equipment is started.
The importance of “wetting” the bearing before starting
cannot be overstated, and it also has particular significance
for equipment that has been idled for extended periods of
time.
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OIL LUBRICATION GUIDELINES
0il Lubrication

Lubricating oils are commercially available in many forms for
automotive, industrial, aircraft and other uses. Qils are classified
as either petroleum types (refined from crude oil) or synthetic types
(produced by chemical synthesis).

Petroleum Oils

Petroleum oils are used for nearly all oil-lubricated applications of
bearings. These oils have physical and chemical properties that can
help in the selection of the correct oil for any bearing application.

Synthetic Oils

Synthetic oils cover a broad range of categories and include
polyalphaolefins, silicones, polyglycols and various esters. In
general, synthetic oils are less prone to oxidation and can operate
at extreme hot or cold temperatures. Physical properties, such as
pressure-viscosity coefficients, tend to vary between oil types and
caution should be used when making oil selections.

The polyalphaolefins (PAO) have a hydrocarbon chemistry, which
parallel petroleum oil both in their chemical structures and pressure-
viscosity coefficients. Therefore, PAQ oil is mostly used in the
oil-lubricated applications of bearings when severe temperature
environments (hot and cold) are encountered or when extended
lubricantlife is required. The silicone, ester and polyglycol oils have
an oxygen-based chemistry that is structurally quite different from
petroleum oils and PAOQ oils. This difference has a profound effect
onits physical properties where pressure- viscosity coefficients can
be lower compared to mineral and PAO oils. This means that these
types of synthetic oils may actually generate a smaller EHD film
thickness than a mineral or PAO oil of equal viscosity at operating
temperature. Reductions in bearing fatigue life and increases in
bearing wear could result from this reduction of lubricant film
thickness.
Table A-10. Approximate temperature limits for oils

il type °C °F
Petroleum 149° 300°
Super refined petroleum 177° 350°
Synthetic hydrocarbon 204° 400°
Synthetic esters 204° 400°
Silicones 260° 500°
Polyphenylether 288° 550°
Perfluorinated 316° 600°




CLASSIFICATION

There are several classifications of oils based on viscosity grades.
The most familiar are the Society of Automotive Engineers (SAE)
classifications for automotive engine and gear oils. The American
Society for Testing and Materials (ASTM) and the International
Organization for Standardization (ISO) have adopted standard
viscosity grades for industrial fluids. Fig. A-10 shows the viscosity
comparisons of ISO/ASTM with SAE classification systems at 40°
C (104° F).
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Fig. A-10. Viscosity classification comparison hetween ISO/ASTM
grades (IS0 3448/ASTM D2442) and SAE grades (SAE J
300-80 for crankcase oils, SAE J 306-81 for axle and
manual transmission oils)

The figure below can be used to predict the oil's kinematic viscosity
versus temperature (use base oil for grease).
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Fig. A-11. Temperature vs. kinematic viscosity
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TYPICAL OIL LUBRICATION GUIDELINES

In this section, the properties and characteristics of lubricants for
typical needle roller bearing applications are listed. These general
characteristics have resulted from long, successful performance
in these applications.

General Purpose Rust and Oxidation Lubricating Qil

General purpose rust and oxidation (R&0) inhibited oils are the most
common type of industrial lubricant.

Table A-11. Suggested general purpose R&O0 lubricating
oil properties

Properties
Base stock: Solvent refined, high viscosity-index petroleum oil
Additives: Corrosion and oxidation inhibitors
Viscosity index: 80 min.
Pour point: -10° C max. (14°F)
Viscosity grades: 1S0/ ASTM 32 through 220

Some low-speed and/or high-ambient temperature applications
require the higher viscosity grades. And high-speed and/or low-
temperature applications require the lower viscosity grades.

Industrial Extreme Pressure (EP) Gear 0il

Extreme pressure gear oils are usedto lubricate bearings in all types
of heavily loaded industrial equipment. They should be capable of
withstanding heavy loads including abnormal shock loads common
in heavy-duty equipment.

Table A-12. Suggested industrial EP gear oil properties

Properties
Base stock: Solvent refined, high viscosity-index petroleum oil
Additives: Corrosion and oxidation inhibitors

Extreme pressure (EP) additive(!) - 15.8 kg (35 Ib) min.

80 min.

Viscosity index:

Pour point: -10° C max. (14°F)

Viscosity grades: | 1SO/ ASTM 100, 150, 220, 320, 460

(1 ASTM D 2782

Industrial EP gear oils should be composed of a highly refined
petroleum oil-based stock plus appropriate inhibitors and additives.
They should not contain materials that are corrosive or abrasive to
bearings. The inhibitors should provide long-term protection from
oxidation and protect the bearing from corrosion in the presence
of moisture. The oils should resist foaming in service and have
good water separation properties. An EP additive protects against
scoring under boundary-lubrication conditions. The viscosity
grades suggested represent a wide range. High-temperature and/
or slow-speed applications generally require the higher viscosity
grades. Low temperatures and/or high speeds require the use of
lower viscosity grades.
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LUBRICATING GREASES

Definition

According to the ASTM definition, lubricating grease is a “solid to
semi-fluid product of the dispersion of a thickening agentin a liquid
lubricant; other ingredients imparting special properties may be
included.” If this definition were applied in the manner a chemist

would use to illustrate a chemical reaction, the composition of a
grease could be described by the formula below.

Table A-13. Composition of grease

Fluids +Thickening +Special = Lubricating
agents ingredients grease
Mineral oils Soaps Oxidation inhibitors
Esters Lithium, codium Rust inhibitors
Organic Barium, calcium Vlimprover
esters Strontium Tackiness
Glycols Non-soap (inorganic) Perfumes
Silicones Microgel (clay) Dyes
Carbon black Metal deactivator
Silica-gel
Non-soap (organic)
Urea compounds
Terepthlamate
Organic dyes

At this time, there is no known universal anti-friction bearing
grease. Each individual grease has certain limiting properties and
characteristics.

Synthetic lubricating fluids, such as esters, organic esters and
silicones are used with conventional thickeners or chemical
additives to provide greases capable of performing over an
extremely wide range of temperatures, from as low as -73° C
(-100° F) to a high of 288° C (550° F).

The successful use of lubricating grease in roller bearings depends
on the physical and chemical properties of the lubricant pertaining
tothe bearing, its application, installation and general environmental
factors. Because the choice of a lubricating grease for a particular
bearing under certain service conditions is often difficult to make,
your representative should be consulted for proper suggestions.

Grease Lubrication

The simplest lubrication system for any bearing application is
grease. Conventionally, greases used in bearing applications are
petroleum oils of some specific viscosity that are thickened to the
desired consistency by some form of metallic soap. Greases are
available in many soap types such as sodium, calcium, lithium,
calcium-complex and aluminium-complex. Organic and inorganic
type non-soap thickeners also are used in some products.
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Soap Type

Calcium greases have good water resistance. Sodium greases
generally have good stability and will operate at higher temperatures,
but they absorb water and cannot be used where moisture is
present. Lithium, calcium-complex and aluminium-complex greases
generally combine the higher temperature properties and stability
of sodium grease with the water resistance of calcium grease.
These greases are often referred to as multi-purpose greases
since they combine the two most important lubricant advantages
into one product.

CHARACTERISTICS AND OPERATING ENVIRONMENTS

Listed below are the general characteristics of prominent rolling
bearing greases.

Table A-14. General characteristics of prominent rolling bearing

greases
Thickener Dn;r;g:zglPT Telrjns:ebrlst(::re WaterT\F{Tgiasltance
°c °F °c °F

Sodium Soap 260+ 500+ 121 250 Poor
Lithium Soap 193 380 104 220 Good
Polyurea 238 460 149 300 Excellent
Lithium Complex 260+ 500+ 163 325 Good

Soap

(1) Continuous operation with no relubrication. Depending upon the formulation the

service limits may vary. The usable limit can be extended significantly with relubrication.
Polyurea as a thickener for lubricating fluids is one of the most
significant lubrication developments in more than 30 years. Polyurea
grease performance in a wide range of bearing applications is
outstanding and in a relatively short time it has gained acceptance
as a factory-packed lubricant for ball bearings.

Consistency

Greases may vary in consistency from semi-fluids, hardly thicker
than a viscous oil, to solid grades almost as hard as a soft wood.

Consistency is measured by a penetrometer in which a standard
weighted cone is dropped into the grease. The distance the cone
penetrates (measured in tenths of a millimeter in a specific time) is
the penetration number.

The National Lubricating Grease Institute (N.L.G..) classification of
grease consistency is shown below:

Table A-15. NLGI Classifications

NLGI grease grades Penetration number

0 355-385
1 310-340
265-295

220-250

175-205

130-160

o ol &l W N

85-115




Low Temperatures

Starting torque in a grease-lubricated bearing at low temperatures
can be critical. Some greases may function adequately as long as the
bearing is operating, but resistance to initial movement is such that
the starting torque is excessive. In certain smaller machines starting
isimpossibile when very cold. Under such operating circumstances,
the greases containing low-temperature characteristic oils are
generally required.

If the operating temperature range is wide, synthetic fluid greases
offer definite advantages. Greases are available to provide very
low starting and running torque at temperatures as low as -73° C
(-100° F). In certain instances, these greases perform better in this
respect than oil.

An important point concerning lubricating greases is that the
starting torque is not necessarily a function of the consistency or the
channel properties of the grease. It appears to be more a function
of the individual properties of the particular grease and is difficult
to measure. Experience alone will indicate whether one grease is
superior to another.

High Temperatures

The hightemperature limit for modern grease is generally a function
of the thermal and oxidation stability of the fluid and the effectiveness
of the oxidation inhibitors. The graph to the right was prepared using
military-specification greases to illustrate the thermal limitations of
mineral oil, ester, silicone, and fluorinated ether greases. The limits
as shown, apply only to prelubricated bearings or to applications
where relubrication is not possible. Where provisions have been
made for relubrication, the temperature limits may be extended,
provided the interval between cycles is reduced accordingly.

A rule of thumb, developed from years of testing grease-lubricated
bearings, indicates that grease life is halved for every 10° C (18°
F) increase in temperature. For example, if a particular grease
is providing 2000 hours of life at 90° C (194° F), by raising the
temperature to 100° C (212° F), reduction in life to approximately
1000 hours would result. On the other hand, 4000 hours could be
expected by lowering the temperature to 80° C (176° F).

ENGINEERING

Itbecomes obvious thatthe reactions started by the normal reaction
of lubricant with oxygen increases rapidly at higher temperatures.
The lubricants undergo a series of chemical reactions that ultimately
resultin the development of viscous or hard residues that interfere
with the operation of the bearing.

Thermal stability, oxidation resistance and temperature limitations
must be considered when selecting greases for high-temperature
applications. In non-relubricatable applications, highly refined
mineral oils or chemically stable synthetic fluids are required as
the oil component of greases for operation at temperatures above
121° C (250° F).

Table A-16. Approximate temperature limits for

grease thickeners
Grease thickener °C °F
Soaps 121° 250°
Complexes 177° 350°
Polyureas 177° 350°
Non-soap >260° >500°

Petroleum
Ester

Ester + MoS2 |

Synthetic hydrocarbon

Silicone

Perfluoroalkylpolether

-13°C -18°C 38°C  93°C  149°C 204°C  260°C
-100°F  -0°F  100°F  200°F  300°F  400°F  500°F

Temperature range

Fig. A-12. Lubrication grease temperature ranges

Proper maintenance and handling practices are critical.
Failure to follow installation instructions and to maintain
proper lubrication can result in equipment failure.

Never spin a bearing with compressed air. The rolling
elements may be forcefully expelled.
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M = Best Choice
1 = Compatible

= Borderline
M = Incompatible

Aluminum Complex

Barium Complex

Mixing grease types can cause
the lubricant to become ineffective,

Calcium Stearate

Calcium 12 Hydroxy

which can result in equipment failure,

creating a risk of serious bodily harm.

Calcium Complex

Calcium Sulfonate

Clay Non-Soap

Lithium Stearate

Lithium 12 Hydroxy

Lithium Complex

Polyurea Conventional

Polyurea Shear Stable

Table A-17. Grease compatibility chart

Al Complex
Ba Complex
Ca Stearate
Ca 12 Hydroxy
Ca Complex
Ca Sulfonate
Clay Non-Soap
Li Stearate

Li 12 Hydroxy
Li Complex
Polyurea
Polyurea S S

WET CONDITIONS

Water and moisture can be particularly conducive to bearing
damage. Lubricating greases may provide a measure of protection
from this contamination. Certain greases, the calcium, lithium and
non-soap type, for example, are highly water-resistant. However,
these greases exhibit poor rust-preventative characteristics unless
properly inhibited.

Sodium-soap greases emulsify with small amounts of moisture that
may be present and prevent the moisture from coming in contact
with the bearing surfaces. In certain applications, this characteristic
may be advantageous; however, emulsions are generally considered
undesirable.

Many bearing applications require lubricants with special properties
or lubricants formulated specifically for certain environments,
such as:

Friction oxidation (fretting corrosion).
Chemical and solvent resistance.
Food handling.

Quiet running.

Space and/or vacuum.

Electrical conductivity.

For assistance with these or other areas requiring special lubricants,
consult your representative.
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CONTAMINATION
Abrasive Particles

When needle roller bearings operate in a clean environment, the
primary cause of damage is the eventual fatigue of the surfaces
where rolling contact occurs. However, when particle contamination
enters the bearing system, it is likely to cause damage such as
bruising, which can shorten bearing life.

When dirt from the environment or metallic wear debris from
some component in the application is allowed to contaminate the
lubricant, wear can become the predominant cause of bearing
damage. If, due to particle contamination of the lubricant, bearing
wear becomes significant, changes will occur to critical bearing
dimensions that could adversely affect machine operation.

Bearings operating in a contaminated lubricant exhibit a higher
initial rate of wear than those running in an uncontaminated
lubricant. With no further contaminantingress, this wear rate quickly
diminishes. The contamination particles are reduced in size as they
pass through the bearing contact area during normal operation.



Water

Either dissolved or suspended water in lubricating oils can exert
a detrimental influence on bearing fatigue life. Water can cause
bearing etching that also can reduce bearing fatigue life. The
exact mechanism by which water lowers fatigue life is not fully
understood. It has been suggested that water enters micro-cracks
in the bearing races that are caused by repeated stress cycles.
This leads to corrosion and hydrogen embrittlement in the micro-
cracks, reducing the time required for these cracks to propagate
to an unacceptable-sized spall.

Water-base fluids such as water, glycol and invert emulsions also
have shown a reduction in bearing fatigue life. Although water
from these sources is not the same as contamination, the results
support the previous discussion concerning water-contaminated
lubricants.

GREASES - APPLICATIONS AND LUBRICATING METHODS

Grease lubrication is generally applicable to the following conditions,
and features low-to-moderate speed applications within operating
temperature limits of the grease:

® Easily confined in the housing. This is important in the food,
textile and chemical industries.

® Bearing enclosure and seal design simplified.

® |mproves the efficiency of external mechanical seals to
give better protection to the bearing.

® Successfully used for integrally-sealed, prelubricated ball
bearings.

Advantages of Prelubricated Bearings

Prelubricated shielded and sealed bearings are extensively used
with much success in applications where:

® (rease might be injurious to other parts of the
mechanism.

® (Cost and space limitations preclude the use of a grease filled
housing.

® Housings cannot be kept free of dirt and grit, water or other
contaminants.

® Relubrication is impossible or would be a hazard
to satisfactory use.

Prelubricated bearings are pre-packed with greases that have
chemical and mechanical stability, and have demonstrated long-life
characteristics in rotating bearings. Greases are filtered several
times to remove all harmful material, and accurately metered so
that each bearing receives the proper amount of grease.

ENGINEERING

LIMITING SPEEDS

In addition to the bearing load ratings, the tabular pages also list
the limiting speed values which are the maximum speeds at which
the bearings may operate. These speeds have been calculated for
unsealed and sealed bearings of conventional design, tolerances
and internal clearances, properly mounted with low applied loads
using normal splash, drip feed or other methods of lubrication which
will provide adequate cooling of the bearings. A bearing may operate
at a speed higher than the listed limiting speed with the use of a
clean, good quality oil and after prior consultation with Torrington’s
Engineering Department. With high speeds and high acceleration
rates, the ratio of P/C should not fall below 0.02 to prevent skidding
of the rolling elements.

Also the bearing should not be subjected to uneven stress
distribution due to the effects of misalignment between the bearing
housings, deformation of the shaft or housing.

Speeds Inadequate for
Elastohydrodynamic Lubricating Film

International Standard 1SO 281 which covers calculation of dynamic
load ratings and rating life states that at exceptionally low rotational
speeds (i.e. the product of speed and pitch diameter (Dpw) in mm
is less than 10000) the generated lubricant film is unlikely to be
adequate to separate the rolling element/raceway contacts. At
such operating conditions it may be inappropriate to calculate the
bearing life although practicalimprovementin life, may be achieved
with the use of lubricants of higher kinematic viscosity or containing
EP additives.
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TORQUE
NEEDLE ROLLER BEARINGS

Empirical torque equations for radial and thrust needle roller
bearings were developed:

M = dm(4.5x 107 v03n064 0.12F04)

v = Lubricant kinematic viscosity ¢St
n = Rotational speed, min-!
F- = Radial load

dm = Mean diameter

Testing also showed that full complement radial needle roller
bearings operate at 1.5 to 2 times the torque determined for caged
radial needle roller bearings. Similarly, the running torque of thrust
needle roller bearings is given:

M = 45x107v03n06dy, + 0.016F,!
Fa = Axial load
| = Roller length

In both equations, the mean diameter dm is the average of the bore
and 0.D. of the bearings, while the length (l) in the thrust bearing
torque equation can be approximated using the bearing’s radial
section (e.g., | = 1/2 [Ea - Ep]).

Ea is raceway contact dimensions, outer.

Ep is raceway contact dimensions, inner.

The viscosity is in units of centistokes. A typical conversion factor
for mineral oil is 1cSt = 0.875 cP.

Both of the aforementioned equations were determined for
circulating oil lubrication systems. For grease lubrication, the
viscosity of the base oil should be used to estimate the running
torque.
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RADIAL NEEDLE ROLLER AND CAGE ASSEMBLIES

Overview: Needle roller and cage assemblies feature a complement of needles held in place by a cage
with no inner or outer raing. The minimal cross section provides maximum load-carrying capability within
the smallest envelope.

® Sizes: 3 mm—165mm (0.1181 —6.4961 in.) bore.

® Markets: Automotive and truck transmissions, agricultural and construction equipment,
two-cycle engines, pumps and compressors.

® Features and Benefits:

e Unitized design simplifies handling and installation while allowing for increased lube flow.

e Split and segmented designs allow mounting at difficult positions on crankshafts and
gear shafts.

e Controlled contour rollers optimize contact stress distribution.

e Special manufacturing processes help increase roller fatigue resistance and minimize
axial drift effects in critical applications.

e QOptimized cage piloting geometry minimizes pressure velocity effects.
e Steel or polymer cages are available to suit your application requirements.

e Coatings are available to help avoid corrosion and improve wear resistance.
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Radial Needle Roller and Cage Assemblies —

Metric Nominal Dimensions

Prefix

28 =28 mm

K needle roller and cage assembly 65 = 65 mm

Outer diameter

K

24 x 28 x

10/ |H

Bore diameter
24 =24 mm
49 = 49 mm

10 =10 mm
38=38mm

Width Suffix

BE hardened steel cage (for crank pin position)
H hardened steel cage
SE hardened steel cage (for wrist pin position)
TN molded cage of reinforced engineered polymer
ZW double-row
F machined cage
FH machined cage, case hardened
VH machined cage, hardened and tempered

Radial Needle Roller and Cage Assemblies —
Inch Nominal Dimensions

Prefixes
WJ needle roller and cage assembly Width
WJC needle roller and cage assembly 16 =184 =11in.

WJ | -

20/ |26, |16

Bore
20 =206 =

Outer Diameter
1 Vain. 26 = 2616 =19 in.




Radial Needle
Roller and Cage
Assemblies
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RADIAL NEEDLE ROLLER AND CAGE
ASSEMBLIES

METRIC SERIES

Metric series radial needle roller and cage assemblies are available
in a variety of sizes and designs. This catalog includes the most
popular, standardized designs.

REFERENCE STANDARDS ARE:

® [S0 3030 — needle roller bearings — radial needle roller and
cage assemblies — boundary dimensions and tolerances.

® DIN 5405 Part 1 —rolling bearings — needle roller bearings —
radial needle roller and cage assemblies.

©® ANSI/ABMA 18.1 — needle roller bearings — radial, metric
design.

Before selecting specific metric series radial needle roller and cage
assemblies, the engineering section should be reviewed.

Fig. B-1. Types of Metric Series Radial Needle Roller and Cage Assemblies

Suffixes

TN molded cage of reinforced engineered polymer

yA') double-row

TNZW molded cage of reinforced engineered polymer — double-row

H hardened steel cage

F machined cage

FH machined cage, case hardened

FV machined cage, hardened and tempered
CONSTRUCTION

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
inherent high load-ratings of needle roller bearings. Accurate
guidance of the needle rollers by the cage bars allows for operation
athigh speeds. Needle roller and cage assemblies have either one
or two rows of needle rollers.

Also listed are metric series needle roller and cage assemblies
using molded, one-piece glass-reinforced engineered polymer
cages (suffix TN). These operate well at temperatures up to
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120° C (250° F) over extended periods. However, care should
be exercised when these assemblies are lubricated with oils
containing additives as service life may be reduced if the operating
temperature exceeds 100° C (212° F). At such high temperatures
oil can deteriorate with time and it is suggested that oil change
intervals are observed.

Needle rollers with relieved ends used in these assemblies are made
of high-carbon chrome steel, through-hardened, ground and lapped
to close tolerances for diameter and roundness. See the engineering
section for further discussion of relieved end rollers.



DIMENSIONAL ACCURACY
NEEDLE ROLLER GROUPS (GAGES)

Metric series radial needle roller and cage assemblies are supplied
with needle roller complements subdivided into groups (gages) shown
in Table B-1. This is in accordance with Grade G2 specified in 1ISO
3096 standard (see needle rollers, page B-357). The group limits of the
needle rollers are indicated on the package. Labels of identifying colors
show the group limits of the needle rollers. The needle roller and cage
assemblies of one shipment usually contain needle rollers with group
limits of between 0.000 to -0.002 mm (0.0000 to -0.00008 in.) and -0.005
to -0.007 mm (-0.0002 to -0.0003 in.) [colors red, blue and white]. For
additional information on needle roller and cage assemblies with needle
rollers of different group limits contact your representative.

Table B-1. Needle roller group limits (Grade G2)

Group tolerance Marking gage Identi;\r/igg ::(I;T(;Zg label

mm mm

in. in.

v | -vaoos pow2 Red
oonm | oo M Red
ooms | oo Mzt Bl
-o.-[::ig?: 0‘},332 M3M5 Blue
0”0332 D%ggg M4MB White (gray)
0"0332 Ouogg; M5M7 White (gray)
0”0332 ol:)ggg MEMS Green
s | oo Wi Green
0"0332 0':13:12 M8M10 Yellow
oooggz 000331 MIM11 Yellow

In the marking of the gages, P identifies zero (0) or plus (+), M identifies minus (-).

MOUNTING DIMENSIONS
DESIGN OF RACEWAYS

Radial needle roller and cage assemblies use the housing bore as
the outer raceway and the shaft as the inner raceway. To realize full
bearing load rating and life, the housing bore and the shaft raceways
must have the correct geometric and metallurgical characteristics.
The housing should be of sufficient cross section to maintain adequate
roundness and running clearance under load. Additional design details
for housings and shafts used as outer and inner raceways can be
found inthe engineering section. The only limitto precision of the radial
clearance of a mounted assembly is the capability of the user to hold
closetolerances onthe innerand outer raceways. The suggested shaft
tolerances listed in Table B-2 are based on housing bore tolerance G6
and apply to metric series radial needle roller and cage assemblies with
needle rollers of group limits between POM2 and M5M7.

Radial Needle Roller and Cage Assemblies

Table B-2. Suggested shaft tolerances for housing bores machined
to G6

Nominal shaft diameter in mm <80 | >80

Radial clearance Shaft tolerance

Smaller than normal i5 h5
Normal h5 g5
Larger than normal g6 6

AXIAL GUIDANCE REQUIREMENTS

Radial needle roller and cage assembly must be axially guided
by shoulders or other suitable means. The end guiding surfaces
should be hardened to minimize wear and must provide sufficient
axial clearance to prevent end-locking of the assembly. Length
tolerance H11 is suggested.

If end guidance is provided by a housing shoulder atone end and by a
shaftshoulder atthe other end, the shaft must be axially positioned to
prevent end-locking of needle roller and cage assembly. The housing
and shaft shoulder heights should be 70 percent to 90 percent of the
needle roller diameter to provide proper axial guidance.

A

Guidance in the housing Guidance in the shaft

Fig. B-2. Axial guidance requirements

MOUNTING IN SETS

Radial needle roller and cage assemblies that are mounted side by
side must have needle rollers of the same group limits to ensure
uniform load distribution.

LUBRICATION

0il is the preferred lubricant for most applications. In critical
applications involving high speeds, ample oil flow must be provided.
Where assemblies are subjected to high centrifugal forces—suchasin
epicyclic gearing, orinertia forces, as in the small end of a connecting
rod —the contact pressure between the cage and the raceway guiding
surface becomes critical. The allowable contact pressure depends on
a combination of the induced force and the relative velocity between
the cage and raceway and the rate of lubricant flow. Consult your
representative when cages will be subjected to high induced forces.

SPECIAL DESIGNS

Radial needle roller and cage assemblies made to special
dimensions or configurations — such as those which are split to
assemble around a one-piece crankshaft — can be made available
on special order. Special coated or plated cages to enhance life,
under conditions of marginal lubrication and high induced forces,
also can be made available.
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SINGLE-ROW.,

o A\ N\ A
ASSEMBLIES
METRIC SERIES

-
i

raceway surfaces to be
58 HRC or equivalent

B¢ C ‘ Co S ‘ H
Speed Rating
Shaft Assembly . . .
Dia. Fw Ew -0.20-0.008 S Lond R Cq Mounting Dimension Wt.
-0.55 0,022 B i ; ; :
Grease 0il Max. Min. Max. Min.
mm mm mm mm kN - mm mm mm mm kg
b ) b : min . : : :
in. in. in. in. Ibf. in. in. in. in. Ibs.
3 3 5 7 1.56 1.29 3.000 2.996 5.004 5.012 0.0002
4 74 —
0.1181 0.1181 0.1969 0.2756 KIXSATN 351 290 8000 000 0.1181 0.1180 0.1970 0.1973 0.0004
3 5 9 K3X5x9TN 1.74 1.48 48000 74000 o 3.000 2.996 5.004 5.012 0.0003
0.1181 0.1969 0.3543 391 333 0.1181 0.1180 0.1970 0.1973 0.0007
4 4 7 7 1.83 1.32 _ 4.000 3.995 1.014 7.005 0.0005
0.1575 0.1575 0.2756 0.276 KEXTXTTN amn 297 34000 52000 0.1575 0.1573 0.2761 0.2758 0.001
5 5 8 8 218 1.1 o 5.000 4.995 8.014 8.005 0.0007
0.1969 0.1969 0.3150 0.315 KSXBXETN 490 384 31000 47000 0.1969 0.1967 0.3155 0.3152 0.002
5 8 10 KBXBXT0TN 3.04 263 31000 47000 - 5.000 4.995 8.014 8.005 0.0008
0.1969 0.3150 0.394 683 591 0.1969 0.1967 0.3155 0.3152 0.002
5 9 13 429 3.55 o 5.000 4.995 9.014 9.005 0.002
0.1969 0.3543 0.512 KSXSXISTN 964 798 26000 40000 0.1969 0.1967 0.3549 0.3545 0.004
6 6 9 8 3.19 2.90 6.000 5.995 9.014 9.005 0.0008
0.2362 0.2362 0.3543 0.315 KEX9X8 ) 652 29000 44000 0.0116 0.2362 0.2360 0.3549 0.3545 0.002
6 9 8 241 2.07 6.000 5.995 9.014 9.005 0.001
2 44 —
0.2362 0.3543 0.315 KEXIXBTN 555 465 9000 000 0.2362 0.2360 0.3549 0.3545 0.002
6 9 10 K6X9X10TN 3.07 2.74 29000 44000 o 6.000 5.995 9.014 9.005 0.001
0.2362 0.3543 0.394 690 616 0.2362 0.2360 0.3549 0.3545 0.002
7 7 10 8 2.74 244 . 7.000 6.994 10.014 10.005 0.001
0.2756 0.2756 0.3937 0.315 KTX10X6TN 616 549 28000 42000 0.2756 0.2754 0.3943 0.3939 0.002
7 10 10 3.40 3.22 o 7.000 6.994 10.014 10.005 0.001
0.2756 0.3937 0.394 K7X10X10TN 764 724 28000 2000 0.2756 0.2754 0.3943 0.3939 0.002
7 1 15 KIX11X15TN 6.44 6.24 23000 35000 o 7.000 6.994 11.017 11.006 0.003
0.2756 0.4331 0.591 1450 1400 0.2756 0.2754 0.4337 0.4333 0.007
8 8 1 8 323 n 8.000 7.994 11.017 11.006 0.002
0.3150 0.3150 0.4331 0.315 KEXTIXBFV 726 699 26000 #1000 0.0132 0.3150 0.3147 0.4337 0.4333 0.004
8 1 8 2.34 2.05 _ 8.000 7.994 11.017 11.006 0.001
0.3150 0.4331 0.315 KEXTTXETN 526 461 26000 41000 0.3150 0.3147 0.4337 0.4333 0.002
8 1 10 4.57 4.89 8.000 7.994 11.017 11.006 0.002
2 4 .014
0.3150 0.4331 0.394 KexTIXio 1030 1100 6000 000 0.0148 0.3150 0.3147 0.4337 0.4333 0.004
8 1 10 K8X11X10FV 40 an 26000 41000 0.0142 8.000 7.994 11.017 11.006 0.002
0.3150 0.4331 0.394 901 924 03150 | 03147 | 04337 | 04333 0.004
8 1 10 3.84 3.91 . 8.000 7.994 11.006 11.017 0.001
0.3150 0.4331 0.394 K& 0N 864 880 26000 #1000 0.3150 0.3147 0.4333 0.4337 0.002
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Radial Needle Roller and Cage Assemblies

Bc © Co ) S ‘ H
e Fu Bv | 020-0.008 D/:zis:rﬂlt)ilgn . e Co RloupthnDimersion Wi
-0.55 -0.022 peaCHatos . . .
Grease 0il Max. Min. Max. Min.
mm mm mm mm kN ifi mm mm mm mm kg
in. in. in. in. Ibf. in. in. in. in. Ibs.
oo | ozt | o | osp | BTSN fon b | s — R o | s | oksr | oo
wis | oemi o512 KEXTIXI3H 70 o | 00 | a0 | oomss || | oww | osms | oow
v | oeme | ogm | NKIIOF G | 20| om0 | oous | RS S | oos | oo | oo
o | osses | owm | oses | KOO G g | w0 | omss RS e | st | o | oo %
vy | owm | asse | NIV g | om0 e oo | RS e ot | e | o
v | o | ose | CKIE B g | B0 w0 00w RS e | oom | oo | oo
vy | oeme | osie | KB g | B0 w000 RO e | oom | o | oom
v | owms | ash | KRV G0k | meo | e oo | RS e | oms | o | oo
v | osus | aas | KIS g | S | oo |owow oo | RO e | ostes | osim | oo
v | osm | osis | oses | MO0 LB g | B0 om0 00w el e | oss | oso | oo
v | osue | ases | NOKSIOH O s | B0 | s oo | el | e | ostas | osim | oo
vse | osts | asee | NOCSKON S Doy | om0 | s el | ok | osts | osim | oo
v | osuis | ast | KOS gy | B0 | S0 00| en | e | ostas | osm | oo
v | osis | osw | NS e g | B0 W0 00| el e | oss | oso | oum
v | osie | asee | KON Lo | R0 | st oo | el | ok | oseis | ossie | oo
v | osie | asn | KON DUy | w0 | s oo | el | e | oseis | osee | oo
v | amss | owe | NI Rel |l | 0| M0 00| Rl e | omoes | omer | 0013
v | omwe | awp | NOCSKIEN LRl |0 | 2w e | o | osws | sz | ool
ooz | oo | oses | ose | NI D e | o | o oo PR R | osnz | osos | oo
vt | osws | ast | KPS0 | e | 0 | s oo | RO i | ossi | osam | oo
v | amss | ose | NI Gl g | 10 w0 oo ERT 0 | awes | oser | o0is
v | oses | ash | KIS | g | o0 | s oo | RPL R | oo | osess | oois
ve | oaom | oy | KX ep | g | e |20 ootst | Rl | odoss | ormes | oo
osis | osia | omss | oses | NN G0 g | e | omeo oo R e | b | oas | oo

Continued on next page.
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NEEDLE ROLLER BEARINGS

SINGLE-ROW,
DOUBLE-ROW

s

o n O 1 i O 9
ASSEMBLIES - raceway surfaces to be
. 58 HRC or equivalent
continued
METRIC SERIES Fo dlo ] S| S A | A - N H
77777777777 ﬁj
\ ‘ |
|
|
|1
|
| |
X R | | !
: S H —E
BC ‘ BC L‘ J
% K KzW
Bc C ‘ CD S ‘
Speed Rating
Shaft Assembly . . .
Dia. Fw Ew -0.20-0.008 S Load Ratings Cq Mounting Dimension Wt.
a2 Grease oil Max. Min. Max. Min.
mm mm mm mm kN ifieed mm mm mm mm kg
in. in. in. in. Ibf. in. in. in. in. Ibs.
13 13 18 15 10.8 121 13.000 12.992 18.017 18.006 0.008
1 2 .021
0.5118 0.5118 0.7087 0.591 K1SX18X15F 2430 2720 6000 5000 0.0213 0.5118 0.5115 0.7093 0.7089 0.01
14 14 18 8 5.39 5.82 14.000 13.992 18.017 18.006 0.004
K14X18X 1 2 .01
0.5512 0.5512 0.7087 0.315 8X8 1210 1310 9000 9000 0.0188 0.5512 0.5509 0.7093 0.7089 0.009
14 18 10 1417 8.41 14.000 13.992 18.017 18.006 0.005
0.5512 0.7087 0.394 K14X18X10 1610 1890 19000 29000 0.0206 0.5512 0.5509 0.7093 0.7089 0.01
14 18 13 9.73 125 14.000 13.992 18.017 18.006 0.006
0.5512 0.7087 0.512 K14XT8X13 2190 2810 19000 29000 0.0221 0.5512 0.5509 0.7093 0.7089 0.013
14 18 15 105 138 14.000 13.992 18.017 18.006 0.007
K14X18X1 1 2 .02
0.5512 0.7087 0.591 8X15 2360 3100 9000 9000 0.0233 0.5512 0.5509 0.7093 0.7089 0.015
14 18 17 124 171 14.000 13.992 18.017 18.006 0.008
0.5512 0.7087 0.669 K14X18x17H 2790 3840 19000 29000 0.0246 0.5512 0.5509 0.7093 0.7089 0.018
14 19 13 10.2 114 14.000 13.992 19.020 19.007 0.008
0.5512 0.7480 0.512 K14X19K13H 2290 2560 16000 24000 00217 0.5512 0.5509 0.7488 0.7483 0.018
14 19 18 13.2 16.0 14.000 13.992 19.020 19.007 0.011
0.5512 0.7480 0.709 KI4XT9XT8F 2970 3600 16000 24000 0.0236 0.5512 0.5509 0.7488 0.7483 0.024
14 20 12 K14X20X12 105 106 1000 | 21000 | ooz0g | 14000 | 13992 | 20020 | 20007 | 0009
0.5512 0.7874 0.472 2360 2380 0.5512 0.5509 0.7882 0.7877 0.020
15 15 18 14 7.92 119 _ 15.000 14.992 18.017 18.006 0.003
0.5906 0.5906 0.7087 0.551 KISXIBXTATN 1780 2680 13000 23000 0.5906 0.5902 0.7093 0.7089 0.007
15 18 16 8.36 12.6 15.000 14.992 18.017 18.006 0.005
0.5906 0.7087 0.630 KISXTBXT6F 1880 2830 13000 23000 0.0244 0.5906 0.5902 0.7093 0.7089 0.01
15 18 17 8.08 121 15.000 14.992 18.017 18.006 0.005
K15X18X17 2 .0241
0.5906 0.7087 0.669 5X18 1820 2720 3000 36000 00 0.5906 0.5902 0.7093 0.7089 0.011
15 19 10 1.81 9.69 15.000 14.992 19.020 19.007 0.005
K15X19X1 18000 28000 0.0220
0.5906 0.7480 0.394 SX19X10 1770 2180 0.5906 0.5902 0.7488 0.7483 0.01m
15 19 13 9.66 126 15.000 14.992 19.020 19.007 0.007
K15X19X13 18000 28000 0.0235
0.5906 0.7480 0.512 2170 2830 0.5906 0.5902 0.7488 0.7483 0.015
15 19 17 123 17.2 15.000 14.992 19.020 19.007 0.009
K15X19X17 18000 28000 0.0254
0.5906 0.7480 0.669 2770 3870 0.5906 0.5902 0.7488 0.7483 0.020
15 19 17 123 17.2 15.000 14.992 19.020 19.007 0.009
K15X19X17H 1 2 .0254
0.5906 0.7480 0.669 519 2710 3870 8000 8000 0.025 0.5906 0.5902 0.7488 0.7483 0.020
15 19 22 122 17.0 15.000 14.992 19.020 19.007 0.010
K15X19X22ZW 18000 28000 0.0253
0.5906 0.7480 0.866 2740 3820 0.5906 0.5902 0.7488 0.7483 0.022
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Radial Needle Roller and Cage Assemblies

Bc (5 Co S ‘ H
Speed Rating
Shaft Assembly . .
Dia. Fw Ew -0.20-0.008 Designation Lo ratings Cq Mounting Dimension Wt.
W3-l Grease oil Max. Min. Max. Min.
mm mm mm mm kN et mm mm mm mm kg
in. in. in. in. Ibf. min in. in. in. in. Ibs.
15 15 20 13 9.93 13 15.000 14.992 20.020 20.007 0.008
0.5906 0.5906 0.7874 0.512 KIX20X13H 2230 2540 16000 24000 0.0222 0.5906 0.5902 0.7882 0.7877 0.018
15 21 15 134 14.8 15.000 14.992 21.020 21.007 0.013
0.5906 0.8268 0.591 KISX21X15 3010 3330 14000 21000 0.0233 0.5906 0.5902 0.8276 0.8270 0.029
15 21 21 18.0 211 15.000 14.992 21.020 21.007 0.018
14 21 .02
0.5906 0.8268 0.827 KISX21X21H 4050 4880 000 000 0.0256 0.5906 0.5902 0.8276 0.8270 0.040
16 16 20 8 K16X20X8F 6.37 151 18000 28000 0.0212 16.000 15.992 20.020 20.007 0.005 :
0.6299 0.6299 0.7874 0.315 1430 1690 0.6299 0.6296 0.7882 0.7877 0.011 %
16 20 10 1.82 9.76 16.000 15.992 20.020 20.007 0.006
0.6299 0.7874 0.394 K16x20X10 1760 2190 18000 28000 0.0226 0.6299 0.6296 0.7882 0.7877 0.013
16 20 10 1.82 9.76 16.000 15.992 20.020 20.007 0.006
0.6299 0.7874 0.394 K16X20X10K 1760 2190 18000 28000 0.0226 0.6299 0.6296 0.7882 0.7877 0.013
16 20 10.6 K16X20X10,6TN1 6.06 7.01 18000 28000 o 16.000 15.992 20.020 20.007 0.003
0.6299 0.7874 0.417 1360 1580 0.6299 0.6296 0.7882 0.7877 0.007
16 20 13 10.1 135 16.000 15.992 20.020 20.007 0.007
0.6299 0.7874 0.512 K16x20X13 2270 3030 18000 28000 0.0245 0.6299 0.6296 0.7882 0.7877 0.015
16 20 14 10.8 14.8 16.000 15.992 20.020 20.007 0.007
0.6299 0.7874 0.551 K16X20X14 2430 3330 18000 28000 0.0251 0.6299 0.6296 0.7882 0.7877 0.015
16 20 17 1.9 16.8 16.000 15.992 20.020 20.007 0.009
1 2 .02
0.6299 0.7874 0.669 K16X20X17F 2680 3780 8000 8000 0.0259 0.6299 0.6296 0.7882 0.7877 0.020
16 20 17 129 185 16.000 15.992 20.020 20.007 0.008
K16X20X17H 1 2 .02
0.6299 0.7874 0.669 6X20 2900 4160 8000 8000 0.0265 0.6299 0.6296 0.7882 0.7877 0.018
16 20 20 134 195 16.000 15.992 20.020 20.007 0.011
0.6299 0.7874 0.787 K16X20X20 3010 4380 18000 28000 0.0269 0.6299 0.6296 0.7882 0.7877 0.024
16 22 12 1.2 1.9 16.000 15.992 22.020 22.007 0.010
0.6299 0.8661 0.472 Ki6x2zx12 2520 2680 19000 29000 0.0z21 0.6299 0.6296 0.8669 0.8664 0.022
16 22 16 14.9 17.2 16.000 15.992 22.020 22.007 0.014
K16X22X1 1 2 .024
0.6299 0.8661 0.630 6 6 3350 3870 9000 9000 0.0248 0.6299 0.6296 0.8669 0.8664 0.031
16 22 16 14.9 172 16.000 15.992 22.020 22.007 0.014
K16X22X16H 19000 29000 0.0248
0.6299 0.8661 0.630 6 6 3350 3870 0.6299 0.6296 0.8669 0.8664 0.031
16 22 20 18.6 229 16.000 15.992 22.020 22.007 0.017
0.6299 0.8661 0.787 K16x22X20 4180 5150 19000 29000 0.0267 0.6299 0.6296 0.8669 0.8664 0.037
16 24 20 20.2 214 16.000 15.992 24.020 24.007 0.025
2 .02
0.6299 0.9449 0.787 K16X24X20 4540 4810 0000 30000 0.0255 0.6299 0.6296 0.9457 0.9452 0.055
17 17 20 10 K17X20X10 5.96 853 16000 25000 0.0234 17.000 16.992 20.020 20.007 0.004
0.6693 0.6693 0.7874 0.394 1340 1920 0.6693 0.6690 0.7882 0.7877 0.009
17 21 10 8.12 104 17.000 16.992 21.020 21.007 0.006
0.6693 0.8268 0.394 Ki7xzixio 1830 2340 17000 26000 0.0236 0.6693 0.6690 0.8276 0.8270 0.013
17 21 12.8 105 145 17.000 16.992 21.020 21.007 0.008
K17X21X13H 17000 26000 0.0256
0.6693 0.8268 0.504 2360 3260 0.6693 0.6690 0.8276 0.8270 0.018
17 21 13 K17X21X13 105 145 17000 26000 0.0256 17.000 16.992 21.020 21.007 0.008
0.6693 0.8268 0.512 2360 3260 0.6693 0.6690 0.8276 0.8270 0.018
17 2 15 14 16.1 17.000 16.992 21.020 21.007 0.008
K17X21X1 17000 26000 0.0263
0.6693 0.8268 0.591 > 2560 3620 0.6693 0.6690 0.8276 0.8270 0.018
17 21 17 134 19.8 17.000 16.992 21.020 21.007 0.011
0.6693 0.8268 0.669 KI7X2IX17H 3010 4450 17000 26000 0.0277 0.6693 0.6690 0.8276 0.8270 0.024
17 22 20 17.0 233 17.000 16.992 22.020 22.007 0.015
17 27 .02
0.6693 0.8661 0.787 KI7X22X20FH 3820 5240 000 000 0.0280 0.6693 0.6690 0.8669 0.8664 0.033

Continued on next page.
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NEEDLE ROLLER BEARINGS

SINGLE-ROW,

DOUBLE-ROW "E— " E—

s

- o — m—T =] 3
ASSEMBLIES - raceway surfaces to be
. 58 HRC or equivalent
continued
METRIC SERIES Fo dlo ] S| S A | A - N H
77777777777 ‘m s
il
|1
|
| |
v v 1y
I Il a AN o_ v 1 [:q T []j }
BC ‘ BC L‘ J
% K KzW
Bc C ‘ CD ‘
Speed Rating
Shaft Assembly . . .
Dia. Fw Ew -0.20-0.008 S Load R Cq Mounting Dimension Wt.
-055-0.022 oad Ratings : . .
Grease 0il Max. Min. Max. Min.
mm mm mm mm kN ifieed mm mm mm mm kg
in. in. in. in. Ibf. in. in. in. in. Ibs.
17 17 23 15 14.1 16.3 17.000 16.992 23.020 23.007 0.010
1 27 .0251
0.6693 0.6693 0.9055 0.591 KI7X23X15F 3170 3660 8000 000 0.025 0.6693 0.6690 0.9063 0.9058 0.022
18 18 2 8 K18X22X8F 6.32 .70 16000 | 20000 | oozo4 | 18000 | 17.992 | 22020 | 22007 | 0005
0.7087 0.7087 0.8661 0.315 1420 1730 ’ 0.7087 0.7083 0.8669 0.8664 0.011
18 22 10 8.41 1.1 18.000 17.992 22.020 22.007 0.006
K18X22X10 16000 24000 0.0246
0.7087 0.8661 0.394 1890 2500 0.7087 0.7083 0.8669 0.8664 0.013
18 22 10 8.41 1.1 18.000 17.992 22.020 22.007 0.006
K18X22X10H 16000 24000 0.0246
0.7087 0.8661 0.394 1890 2500 0.7087 0.7083 0.8669 0.8664 0.013
18 22 13 10.8 154 18.000 17.992 22.020 22.007 0.008
K18X22X13H 1 24 .02
0.7087 0.8661 0.512 8 3 2430 3460 6000 000 0.0266 0.7087 0.7083 0.8669 0.8664 0.018
18 22 14 116 16.8 18.000 17.992 22.020 22.007 0.009
0.7087 0.8661 0.551 K18X22X14 2610 3780 16000 24000 0.0272 0.7087 0.7083 0.8669 0.8664 0.020
18 22 14 13 16.3 18.000 17.992 22.020 22.007 0.009
0.7087 0.8661 0.551 K1BX22X14EV 2540 3660 16000 24000 0.0270 0.7087 0.7083 0.8669 0.8664 0.020
18 22 17 133 19.9 18.000 17.992 22.020 22.007 0.009
0.7087 0.8661 0.669 K18X22X17H 2990 4470 16000 24000 0.0284 0.7087 0.7083 0.8669 0.8664 0.020
18 22 20 15.0 234 18.000 17.992 22.020 22.007 0.011
K18X22X20F 1 24 .02
0.7087 0.8661 0.787 8 0 3370 5260 6000 000 0.029 0.7087 0.7083 0.8669 0.8664 0.024
18 24 12 11.8 131 18.000 17.992 24.020 24.007 0.01
0.7087 0.9449 0.472 K18X24X12 2650 2940 17000 25000 0.0243 0.7087 0.7083 0.9457 0.9452 0.024
18 24 20 194 24.9 18.000 17.992 24.020 24.007 0.019
0.7087 0.9449 0.787 K18X24X20H 4360 5600 16000 25000 0.0285 0.7087 0.7083 0.9457 0.9452 0.042
18 25 22 K18X25X22H 233 28.6 17000 26000 0.0291 18.000 17.992 25.020 25.007 0.025
0.7087 0.9843 0.866 5240 6430 ’ 0.7087 0.7083 0.9850 0.9845 0.055
18 26 12 138 135 18.000 17.992 26.020 26.007 0.020
0.7087 1.0236 0.472 K1BX26K126V 3100 3030 11000 17000 0.0238 0.7087 0.7083 1.0244 1.0239 0.044
18 26 20 21.7 241 18.000 17.992 26.020 26.007 0.027
0.7087 1.0236 0.787 K18X26X20F 4380 5420 17000 26000 0.0275 0.7087 0.7083 1.0244 1.0239 0.060
19 19 23 13 10.8 155 19.000 18.991 23.020 23.007 0.008
0.7480 0.7480 0.9055 0.512 K19K23X13 2430 3480 15000 23000 0.0273 0.7480 0.7471 0.9063 0.9058 0.018
19 23 17 134 20.6 19.000 18.991 23.020 23.007 0.011
K19X23X17 1 2 .02
0.7480 0.9055 0.669 23 3010 4630 5000 3000 0.0293 0.7480 0.7477 0.9063 0.9058 0.024
20 20 24 8 1.31 9.60 20.000 19.991 24.020 24.007 0.005
K20X24X8F 14000 22000 0.0248
0.7874 0.7874 0.9449 0.315 1640 2160 0.7874 0.7870 0.9457 0.9452 0.01
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Radial Needle Roller and Cage Assemblies

Bc c Co S ‘ H
Speed Rating
Shaft Assembly S A
Dia. o Ew | .020-0008|  Designation : Co Mounting Dimension W
-0.55 -0.022 scelltn s . . .
Grease oil Max. Min. Max. Min.
mm mm mm mm kN ifi mm mm mm mm kg
in. in. in. in. Ibf. in. in. in. in. Ibs.
20 20 24 10 8.97 125 20.000 19.991 24.020 24,007 0.006
0.7874 0.7874 0.9449 0.394 KaDx24xio 2020 2810 14000 22000 0.0265 0.7874 0.7870 0.9457 0.9452 0.013
20 24 10 8.97 125 20.000 19.991 24.020 24.007 0.006
0.7874 0.9449 0.394 K20K24X10H 2020 2810 14000 22000 0.0265 0.7874 0.7870 0.9457 0.9452 0.013
20 24 12 10.7 15.7 20.000 19.991 24.020 24.007 0.008
14 22 .02
0.7874 0.9449 0.472 Ka0xzex12 2410 3530 000 000 0.0280 0.7874 0.7870 0.9457 0.9452 0.018
20 24 13 K20X24X13 15 173 14000 22000 0.0287 20.000 19.991 24.020 24.007 0.008 :
0.7874 0.9449 0.512 2590 3890 0.7874 0.7870 0.9457 0.9452 0.018 %
20 24 13 15 113 20.000 19.991 24.020 24.007 0.009
0.7874 0.9449 0.512 K20K2AX13H 2590 3890 14000 22000 0.0287 0.7874 0.7870 0.9457 0.9452 0.020
20 24 14 124 18.9 20.000 19.991 24.020 24.007 0.009
0.7874 0.9449 0.551 KaoKzx1a 2790 4250 14000 22000 0.0293 0.7874 0.7870 0.9457 0.9452 0.020
20 24 17 K20X24X17H 1438 237 14000 22000 0.0310 20000 | 19.991 | 24.020 | 24.007 0.01
0.7874 0.9449 0.669 3330 5330 0.7874 0.7870 0.9457 0.9452 0.024
20 26 12 13.0 15.3 20.000 19.991 26.020 26.007 0.012
0.7874 1.0236 0.472 KaDxaex12 2920 3440 15000 23000 0.0264 0.7874 0.7870 1.0244 1.0239 0.026
20 26 13 134 15.9 20.000 19.991 26.020 26.007 0.014
0.7874 1.0236 0.512 K20X26X13H 3010 3570 15000 23000 0.0267 0.7874 0.7870 1.0244 1.0239 0.031
20 26 17 193 255 20.000 19.991 26.020 26.007 0.017
1 2 .
0.7874 1.0236 0.669 K2OK26X17H 4340 5730 5000 3000 0.0300 0.7874 0.7870 1.0244 1.0239 0.037
20 26 20 203 212 20.000 19.991 26.020 26.007 0.020
K20X26X2! 1 2 .
0.7874 1.0236 0.787 OX26X20 4560 6110 3000 3000 0.0305 0.7874 0.7870 1.0244 1.0239 0.044
20 28 20 246 29.0 20.000 19.991 28.020 28.007 0.028
0.7874 1.1024 0.787 K20X28X20H 5530 6520 15000 23000 0.0300 0.7874 0.7870 1.1031 1.1026 0.062
20 28 25 29.7 37.0 20.000 19.991 28.020 28.007 0.036
0.7874 1.1024 0.984 K20X28X25H 6680 8320 15000 23000 0.0319 0.7874 0.7870 1.1031 1.1026 0.079
20 30 30 389 45.8 20.000 19.991 30.020 30.007 0.055
K20X30X30H 1 24 032
0.7874 11811 1.181 OX30X30 8750 10300 6000 000 0.0329 0.7874 0.7870 1.1819 1.1814 0.121
20 32 36 499 57.0 20.000 19.991 32.025 32.009 0.082
0.7874 1.2598 1.417 K2DXS2X36H 11220 12810 16000 23000 0.0344 0.7874 0.7870 1.2608 1.2602 0.181
21 21 25 17 143 231 21.000 20.991 25.020 25.007 0.012
0.8268 0.8268 0.9843 0.669 K2X25XITE 3210 5190 14000 21000 0.0315 0.8268 0.8264 0.9850 0.9845 0.026
21 25 17 143 231 21.000 20.991 25.020 25.007 0.013
14 21 .031
0.8268 0.9843 0.669 K2TX25X17H 3210 5190 000 000 0.0315 0.8268 0.8264 0.9850 0.9845 0.029
22 22 26 10 K22X26X10H 9.81 145 13000 20000 0.0291 22.000 21.991 26.020 26.007 0.007
0.8661 0.8661 1.0236 0.394 2210 3260 0.8661 0.8658 1.0244 1.0239 0.015
22 26 13 1ns8 18.3 22,000 21.991 26.020 26.007 0.012
0.8661 1.0236 0.512 K2zKz6X13H 2650 4110 13000 20000 0.0303 0.8661 0.8658 1.0244 1.0239 0.026
22 26 17 15.6 26.3 22,000 21.991 26.020 26.007 0.015
0.8661 1.0236 0.669 Kazxa6x1T 3510 5910 13000 20000 0.0332 0.8661 0.8658 1.0244 1.0239 0.033
22 26 17 15.6 26.3 22,000 21.991 26.020 26.007 0.012
K22X26X17H 1 2 .0332
0.8661 1.0236 0.669 . 3510 5910 3000 0000 0.033 0.8661 0.8658 1.0244 1.0239 0.026
22 26 18 15.3 255 22.000 21.991 26.020 26.007 0.017
0.8661 1.0236 0.709 K2zX26x18H 3440 5730 13000 20000 0.0329 0.8661 0.8658 1.0244 1.0239 0.037
22 28 13 13.9 171 22,000 21.991 28.020 28.007 0.015
0.8661 1.1024 0.512 Kazxzgx1s 3120 3840 13000 20000 0.0283 0.8661 0.8658 1.1031 1.1026 0.033
22 28 17 18.2 24.2 22,000 21.991 28.020 28.007 0.020
1 2 I
0.8661 1.1024 0.669 K2ZX2BX1TH 4090 5440 3000 0000 0.0308 0.8661 0.8658 1.1031 1.1026 0.044

Continued on next page.
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NEEDLE ROLLER BEARINGS

SINGLE-ROW,
DOUBLE-ROW
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ASSEMBLIES - raceway surfaces to be
. 58 HRC or equivalent
continued
METRIC SERIES Fo dlo ] S| S A | A - N H
77777777777 ﬁj
il
|1
|
| |
v v 1y
(l Il a AN o_ v 1 [:q T []j }
BC ‘ BD L‘ J
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Bc C ‘ CD S ‘
Speed Rating
Shaft Assembly . . .
Dia. Fw Ew -0.20-0.008 S Load R Cq Mounting Dimension Wit.
-055-0.022 oad Ratings . . .
Grease 0il Max. Min. Max. Min.
mm mm mm mm kN ifieed mm mm mm mm kg
in. in. in. in. Ibf. in. in. in. in. Ibs.
22 22 30 15 19.7 223 22.000 21.991 30.020 30.007 0.023
14 21 .0292
0.8661 0.8661 1.1811 0.591 K22X30X15H 4430 5010 000 000 0.029 0.8661 0.8658 1.1819 1.1814 0.051
22 30 20 244 294 22.000 21.991 30.020 30.007 0.031
K22X30X20FV 14 21 .031
0.8661 1.1811 0.787 30X20 5490 6610 000 000 0.0313 0.8661 0.8658 1.1819 1.1814 0.068
22 32 24 331 379 22.000 21.991 32.025 32.009 0.046
0.8661 1.2598 0.945 K22XSZX24E 7440 8520 14000 22000 0.0326 0.8661 0.8658 1.2608 1.2602 0.101
22 32 30 M8 51.3 22.000 21.991 32.025 32.009 0.057
0.8661 1.2598 1.181 K22X32X30H 9400 11530 14000 22000 0.0351 0.8661 0.8658 1.2608 1.2602 0.126
23 23 28 24 224 36.2 23.000 22.991 28.020 28.007 0.023
K23X28X24F 12 1 .
0.9055 0.9055 1.1024 0.945 3X28 5040 8140 000 9000 0.0355 0.9055 0.9052 1.1031 1.1026 0.051
23 35 16 25.9 25.1 23.000 22.991 35.025 35.009 0.040
0.9055 1.3780 0.630 K28XSEKTGH 5820 5640 14000 21000 0.0294 0.9055 0.9052 1.3789 1.3783 0.088
23 35 16.2 291 29.3 23.000 22.991 35.025 35.009 0.040
K23X35X16,2H 14000 21000 0.0306
0.9055 1.3780 0.638 6540 6590 0.9055 0.9052 1.3789 1.3783 0.088
24 24 28 10 9.67 14.6 24.000 23.991 28.020 28.007 0.027
0.9449 0.9449 1.1024 0.394 K24X28X10H 2170 3280 12000 18000 0.0298 0.9449 0.9445 1.1031 1.1026 0.060
24 28 13 125 20.2 24.000 23.991 28.020 28.007 0.010
K24X28X13H 12 1 .032
0.9449 1.1024 0.512 8X13 2810 4540 000 8000 0.0323 0.9449 0.9445 1.1031 1.1026 0.022
24 28 16 24.000 23.991 28.020 28.007
K24X28X16F
0.9449 1.1024 0.630 0.9449 0.9445 1.1031 1.1026
24 28 17 154 26.4 24.000 23.991 28.020 28.007 0.013
K24X28X17H 12000 18000 0.0345
0.9449 1.1024 0.669 3460 5930 0.9449 0.9445 1.1031 1.1026 0.029
24 30 10 K24X30X10TN 13 135 12000 19000 o 24.000 23.991 30.020 30.007 0.008
0.9449 1.1811 0.394 2540 3030 0.9449 0.9445 1.1819 1.1814 0.018
24 30 17 198 21.1 24.000 23.991 30.020 30.007 0.020
K24X30X17H 12000 19000 0.0331
0.9449 1.181 0.669 30 4450 6230 0.9449 0.9445 1.1819 1.1814 0.044
24 30 22 25.0 313 24.000 23.991 30.020 30.007 0.024
K24X30X22 12000 19000 0.0356
0.9449 1.1811 0.866 5620 8390 0.9449 0.9445 1.1819 1.1814 0.053
24 36 23 311 40.1 24.000 23.991 36.025 36.009 0.070
K24X36X23H 13000 20000 0.0336
0.9449 1.4173 0.906 8340 9010 0.9449 0.9445 1.4183 1.4177 0.154
25 25 29 10 9.61 14.6 25.000 24.991 29.020 29.007 0.008
K25X29X10H n 17 .
0.9843 0.9843 1.1417 0.394 SX29K10 2160 3280 000 000 0.0303 0.9843 0.9839 1.1425 1.1420 0.018
25 29 13 12.8 211 25.000 24.991 29.020 29.007 0.010
K25X29X13H 11000 17000 0.0332
0.9843 1.1417 0.512 2880 4740 0.9843 0.9839 1.1425 1.1420 0.022
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Radial Needle Roller and Cage Assemblies

Bc © Co ) S ‘ H
E Fu Bv | 020-0.008 Dﬁzis:rgt)ilgn . e Co RloupthnlDimersion Wi
-0.55 -0.022 peaCHato . . .
Grease 0il Max. Min. Max. Min.

mm mm mm mm kN ifi mm mm mm mm kg

in. in. in. in. Ibf. in. in. in. in. Ibs.
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NEEDLE ROLLER BEARINGS

SINGLE-ROW,
DOUBLE-ROW

N WA

- T O = iy 9
ASSEMBLIES - raceway surfaces to be
. 58 HRC or equivalent
continued
METRIC SERIES Fo dlo ] S| S A | A - N H
77777777777 ﬁj
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Speed Rating
Shaft Assembly . . .
Dia. Fw Ew -0.20-0.008 S . } Cq Mounting Dimension Wit.
-0.55 -0.022 cadincs . . .
Grease 0il Max. Min. Max. Min.
mm mm mm mm kN ifieed mm mm mm mm kg
in. in. in. in. Ibf. in. in. in. in. Ibs.
26 26 30 10 9.46 145 26.000 25.991 30.020 30.007 0.007
" 1 .
1.0236 1.0236 1.1811 0.394 K26X30X10F 2130 3260 000 6000 0.0308 1.0236 1.0233 1.1819 1.1814 0.015
26 30 13 123 204 26.000 25.991 30.020 30.007 0.011
K26X30X1 1 1 .
1.0236 1.1811 0.512 BX30X13 2710 4590 0000 6000 0.0335 1.0236 1.0233 1.1819 1.1814 0.024
26 30 17 15.0 26.3 26.000 25.991 30.020 30.007 0.014
1.0236 1.181 0.669 K26X30XT7 3370 5910 10000 16000 0.0357 1.0236 1.0233 1.1819 1.1814 0.031
26 30 22 16.7 30.2 26.000 25.991 30.020 30.007 0.018
1.0236 1.1811 0.866 K26X30x222\ 3750 6790 10000 16000 0.070 1.0236 1.0233 1.1819 1.1814 0.040
28 28 32 21 18.7 35.7 28.000 27.991 32.025 32.009 0.018
K28X32X21F 1 .
1.1024 1.1024 1.2598 0.827 8X3 4200 8030 9900 5000 0.0398 1.1024 1.1020 1.2608 1.2602 0.040
28 33 13 141 214 28.000 27.991 33.025 33.009 0.015
1.1024 1.2992 0.512 K2BX33XTSE 3170 4810 10000 15000 0.0339 1.1024 1.1020 1.3002 1.2996 0.033
28 33 13 141 214 28.000 21.991 33.025 33.009 0.015
1.1024 1.2992 0.512 K28XSSX13FV 3170 4310 10000 15000 0.0339 1.1024 1.1020 1.3002 1.2996 0.033
28 33 17 19.8 33.0 28.000 21.991 33.025 33.009 0.018
1.1024 1.2992 0.669 K28XS3XI7H 4450 7420 10000 15000 0.078 1.1024 1.1020 1.3002 1.2996 0.040
28 33 21 29.0 53.8 28.000 27.991 33.025 33.009 0.027
K28X33X27 1 1 .0427
1.1024 1.2992 1.063 8X33 6520 12090 0000 5000 00 1.1024 1.1020 1.3002 1.2996 0.060
28 34 17 211 315 28.000 21.991 34.025 34.009 0.022
1.1024 1.3386 0.669 K2BX3IXTT 4740 7080 10000 16000 0.0364 1.1024 1.1020 1.3396 1.3389 0.049
28 34 20 24.4 378 28.000 21.991 34.025 34.009 0.025
1.1024 1.3386 0.787 K28X34X20H 5490 8500 10000 16000 0.0381 1.1024 1.1020 1.3396 1.3389 0.055
28 35 15 19.5 25.6 28.000 27.991 35.025 35.009 0.025
K28X35X15H 1 1 .
1.1024 1.3780 0.591 8X35X15 4380 5760 0000 6000 0.0339 1.1024 1.1020 1.3789 1.3783 0.055
28 35 16 215 29.1 28.000 27.991 35.025 35.009 0.026
1.1024 1.3780 0.630 K2BXSEKIGFH 4830 6540 10000 16000 0.0350 1.1024 1.1020 1.3789 1.3783 0.057
28 35 16 215 291 28.000 21.991 35.025 35.009 0.026
1.1024 1.3780 0.630 K28X35X16H 4330 6540 10000 16000 0.0350 1.1024 1.1020 1.3789 1.3783 0.057
28 35 27 35.2 54.7 28.000 27.991 35.025 35.009 0.042
1.1024 1.3780 1.063 K28X35X27H 7910 12300 10000 16000 0.0409 1.1024 1.1020 1.3789 1.3783 0.093
28 36 20 218 370 28.000 27.991 36.025 36.009 0.039
K28X36X20FV 1 1 .
1.1024 1.4173 0.787 8X36X20 6250 8320 0000 6000 0.0365 1.1024 1.1020 1.4183 1.4177 0.086
28 38 25 40.9 52.7 28.000 21.991 38.025 38.009 0.059
1.1024 1.4961 1.004 K2BX3BX25,5 9190 11850 11000 16000 0.0389 1.1024 1.1020 1.4970 1.4964 0.130
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Radial Needle Roller and Cage Assemblies

Bc © Co ) S ‘ H
E Fu Bv | 020-0.008 Dﬁzis:rgt)ilgn . e Co RloupthnlDimersion Wi
-0.55 -0.022 peaCHato . . .
Grease 0il Max. Min. Max. Min.
mm mm mm mm kN ifi mm mm mm mm kg
in. in. in. in. Ibf. in. in. in. in. Ibs.
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NEEDLE ROLLER BEARINGS

SINGLE-ROW,
DOUBLE-ROW
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ASSEMBLIES - raceway surfaces to be
. 58 HRC or equivalent
continued
METRIC SERIES Fo dlo ] S| S A | A - N H
77777777777 ﬁj
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Speed Rating
Shaft Assembly . . .
Dia. Fw Ew -0.20-0.008 S Load Ratings Cq Mounting Dimension Wt.
a2 Grease oil Max. Min. Max. Min.
mm mm mm mm kN ifieed mm mm mm mm kg
in. in. in. in. Ibf. in. in. in. in. Ibs.
32 32 38 26 33.2 58.8 32.000 31.989 38.025 38.009 0.037
14 .0451
1.2598 1.2598 1.4961 1.024 K32X38X26H 7460 13220 8800 000 0.045 1.2598 1.2594 1.4970 1.4964 0.082
32 39 16 23.0 33.0 32.000 31.989 39.025 39.009 0.030
K32X39X16H 14 .0382
1.2598 1.5354 0.630 S2X39K16 5170 7420 800 000 0.038 1.2598 1.2594 1.5364 1.5358 0.066
32 39 18 25.8 382 32.000 31.989 39.025 39.009 0.033
1.2598 1.5354 0.709 KS2X3IKTEH 5800 8590 8300 14000 0.0397 1.2598 1.2594 1.5364 1.5358 0.073
32 40 25 319 57.2 32.000 31.989 40.025 40.009 0.052
K32X40X25H 9000 14000 0.0431
1.2598 1.5748 0.984 8520 12860 1.2598 1.2594 1.5758 1.5752 0.115
32 40 36 52.3 86.4 32.000 31.989 40.025 40.009 0.080
K32X40X36H 14 .0477
1.2598 1.5748 1.417 S2X40X36 11760 19420 So00 000 00 1.2598 1.2594 1.5758 1.5752 0.176
32 42 42 69.2 108 32.000 31.989 42.025 42.009 0.110
K32X42X42H 9200 14000 0.0491
1.2598 1.6535 1.654 3 15560 24280 1.2598 1.2594 1.6545 1.6539 0.243
32 46 18 39.2 M9 32.000 31.989 46.025 46.009 0.075
1.2598 1.8110 0.709 Ka2X46X18H 8810 9420 9600 15000 0.0374 1.2598 1.25%4 1.8120 1.8114 0.165
32 46 32 67.0 83.4 32.000 31.989 46.025 46.009 0.140
1.2598 1.8110 1.260 K32X46X32H 15060 18750 9600 15000 0.0444 1.2598 1.2594 1.8120 1.8114 0.309
32 46 40 81.7 108 32.000 31.989 46.025 46.009 0.158
K32X46X40H 1 .047.
1.2598 1.8110 1.575 S2X46X40 18370 24280 9600 5000 0.0473 1.2598 1.2594 1.8120 1.8114 0.348
33 33 51 23 55.9 57.6 33.000 32.989 51.029 51.010 0.140
K33X51X23H 9600 15000 0.0401
1.2992 1.2992 2.0079 0.906 12570 12950 1.2992 1.2988 2.0090 2.0083 0.309
34 34 38 1 12.2 219 34.000 33.989 38.025 38.009 0.011
1.3386 1.3386 1.4961 0.433 K34X3BX11 2740 4920 8100 12000 0.0385 1.3386 1.3381 1.4970 1.4964 0.024
34 44 26 42.9 58.9 34.000 33.989 44.025 44.009 0.080
K34X44X26FH 1 .04,
1.3386 1.7323 1.024 3 6 9640 13240 8600 3000 0.0433 1.3386 1.3381 1.7333 1.7326 0.176
34 44 26 429 58.9 34.000 33.989 44.025 44.009 0.075
K34X44X26FV 8600 13000 0.0433
1.3386 1.7323 1.024 3 8 9640 13240 1.3386 1.3381 1.7333 1.7326 0.165
35 35 40 13 16.2 212 35.000 34.989 40.025 40.009 0.018
K35X40X13H 7900 12000 0.0398
1.3780 1.3780 1.5748 0.512 3640 6110 1.3780 1.3775 1.5758 1.5752 0.040
35 40 17 221 40.8 35.000 34.989 40.025 40.009 0.025
1.3780 1.5748 0.669 KIBXAOKTTH 4970 9170 7900 12000 0.0440 1.3780 1.3775 1.5758 1.5752 0.055
35 40 19 232 432 35.000 34.989 40.025 40.009 0.025
K35X40X19F 7 12 .044
1.3780 1.5748 0.748 35X40X19 5220 9710 900 000 0.0446 1.3780 1.3775 1.5758 1.5752 0.055
35 40 19 232 432 35.000 34.989 40.025 40.009 0.025
K35X40X19H 7900 12000 0.0446
1.3780 1.5748 0.748 5220 9710 1.3780 1.3775 1.5758 1.5752 0.055
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Radial Needle Roller and Cage Assemblies

Bc C Co S ‘ H
Speed Rating
Shaft Assembly S A
Dia. Fw Ew -0.20-0.008 Designation Lo ratings Cq Mounting Dimension Wt.
LD Grease 0il Max. Min. Max. Min.
mm mm mm mm kN et mm mm mm mm kg
in. in. in. in. Ibf. min in. in. in. in. Ibs.
35 35 40 25 284 56.2 35.000 34.989 40.025 40.009 0.035
1.3780 1.3780 1.5748 0.984 KS5XAOKZSH 6380 12630 700 12000 0.0476 1.3780 1.3775 1.5758 1.5752 0.077
35 40 21 29.8 59.6 35.000 34.989 40.025 40.009 0.037
1.3780 1.5748 1.063 K3sX4OK2TH 6700 13400 700 12000 0.0483 1.3780 1.3775 1.5758 1.5752 0.082
35 42 16 245 36.8 35.000 34.989 42.025 42.009 0.032
1 12 .04
1.3780 1.6535 0.630 K35X42X16 5510 8270 8100 000 0.0408 1.3780 1.3775 1.6545 1.6539 0.071
35 42 16 245 36.8 35.000 34.989 42.025 42.009 0.031
K35X42X16AH 1 12 .04/
1.3780 1.6535 0.630 3 6 5510 8270 8100 000 0.0408 1.3780 1.3775 1.6545 1.6539 0.068 %
35 42 18 215 42.6 35.000 34.989 42.025 42.009 0.035 7=
1.3780 1.6535 0.709 Kssxazxig 6180 9580 8100 12000 0.0423 1.3780 1.3775 1.6545 1.6539 0.077
35 42 20 30.4 48.5 35.000 34.989 42.025 42.009 0.037
K35X42X20H 8100 12000 0.0437
1.3780 1.6535 0.787 6830 10900 1.3780 1.3775 1.6545 1.6539 0.082
35 42 30 40.5 70.0 35.000 34.989 42.025 42.009 0.061
K35X42X30FH 1 12 .047!
1.3780 1.6535 1.181 % 30 9100 15740 8100 000 0.0479 1.3780 1.3775 1.6545 1.6539 0.134
35 45 20 36.5 499 35.000 34.989 45.025 45.009 0.059
1.3780 1777 0.787 KS5X4SK20FH 8210 11220 8400 13000 0.0421 1.3780 1.3775 1.7726 1.7720 0.130
35 45 30 51.2 745 35.000 34.989 45.025 45.009 0.100
1.3780 1117 1.181 K35X45X30F 11510 16750 8400 13000 0.0465 1.3780 1.3775 1.7726 1.7720 0.220
35 45 35 62.1 95.5 35.000 34.989 45.025 45.009 0.085
4 1 .0494
1.3780 1117 1.378 KI5XA5X35H 13960 21470 8400 3000 0.049 1.3780 1.3775 1.7726 1.7720 0.187
35 45 ] 708 13 35.000 34.989 45.025 45.009 0.120
K35X45X41 4 1 051
1.3780 17717 1.614 3545 15920 25400 8400 3000 0.0515 1.3780 1.3775 1.7726 1.7720 0.265
35 45 49 825 138 35.000 34.989 45.025 45.009 0.143
1.3780 1717 1.929 KI5XAEX4SH 18550 31020 8400 13000 0.0541 1.3780 1.3775 1.7726 1.7720 0.315
35 45 49 ns 115 35.000 34.989 45.025 45.009 0.143
1.3780 1117 1.929 KISXASXASHZW 16140 25850 8400 13000 0.0518 1.3780 1.3775 1.7726 1.7720 0.315
35 48 22.8 41.6 57.4 35.000 34.989 48.025 48.009 0.100
K35X48X22,8H 1 .042.
1.3780 1.8898 0.898 3X48x22,8 10700 12900 8600 3000 0.0423 1.3780 1.3775 1.8907 1.8901 0.220
35 50 40 797 102 35.000 34.989 50.025 50.009 0.200
K35X50X40F 8700 13000 0.0480
1.3780 1.9685 1.575 35X50%40 17920 22930 1.3780 1.3775 1.9695 1.9689 0.441
36 36 40 29 21.2 45.2 o 36.000 35.989 40.025 40.009 0.029
1.4173 1.4173 1.5748 1.142 KIEX40X29TN 4770 10160 7600 12000 1.4173 1.4169 1.5758 1.5752 0.064
36 42 16 22.8 311 36.000 35.989 42.025 42.009 0.027
7 121 .042!
1.4173 1.6535 0.630 K36X42X16 5130 8480 800 000 0.0425 1.4173 1.4169 1.6545 1.6539 0.060
36 a4 215 K36X44X27,5H 428 69.2 7900 12000 0.0475 36.000 35.989 44.025 44.009 0.064
1.4173 1.7323 1.083 9620 15560 1.4173 1.4169 1.7333 1.7326 0.140
37 37 42 13 16.9 294 37.000 36.989 42.025 42.009 0.017
1.4567 1.4567 1.6535 0.512 Ka7X42X13H 3800 6610 7500 11000 0.0416 1.4567 1.4563 1.6545 1.6539 0.037
37 42 17 219 4.0 37.000 36.989 42.025 42.009 0.025
1.4567 1.6535 0.669 KITXAZXITH 4920 9220 7500 11000 0.0451 1.4567 1.4563 1.6545 1.6539 0.055
37 42 27 K37X42X27F 321 66.9 7500 11000 0.0510 37.000 36.989 42.025 42.009 0.039
1.4567 1.6535 1.063 7220 15040 1.4567 1.4563 1.6545 1.6539 0.086
37 a4 19 297 48.0 37.000 36.989 44.025 44.009 0.039
1.4567 1.7323 0.748 KSTX44x19H 6680 10790 7600 12000 0.0447 1.4567 1.4563 1.7333 1.7326 0.086
38 38 L] 9 5.93 11.0 o 38.000 37.989 41.025 41.009 0.004
1.4961 1.4961 1.6142 0.354 KIBX4TXITN 1330 2470 7o 11000 1.4961 1.4956 1.6152 1.6145 0.009
38 43 17 21.8 4.0 38.000 37.989 43.025 43.009 0.032
7 " .0457
1.4961 1.6929 0.669 KIBX4SX17F 4900 9220 300 000 0.045 1.4961 1.4956 1.6939 1.6933 0.071

Continued on next page.
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Speed Rating
Shaft Assembly . . .
Dia. Fw Ew -0.20-0.008 S . } Cq Mounting Dimension Wt.
-055-0.022 ) s ) : :
Grease 0il Max. Min. Max. Min.
mm mm mm mm kN ifieed mm mm mm mm kg
in. in. in. in. Ibf. in. in. in. in. Ibs.
38 38 43 17 21.8 4.0 38.000 37.989 43.025 43.009 0.032
7 " .0457
1.4961 1.4961 1.6929 0.669 KIBXASXI7H 4900 9220 300 000 0.045 1.4961 1.4956 1.6939 1.6933 0.071
38 43 21 319 67.0 38.000 37.989 43.025 43.009 0.041
K38X43X27 7 n .051
1.4961 1.6929 1.063 38X43 770 15060 300 000 0.0516 1.4961 1.4956 1.6939 1.6933 0.090
38 46 19.8 333 51.0 38.000 37.989 46.025 46.009 0.055
1.4961 1.8110 0.780 K3BXAGX20 7490 11470 7500 12000 0.0450 1.4961 1.4956 1.8120 1.8114 0.121
38 46 19.8 333 51.0 38.000 37.989 46.025 46.009 0.055
1.4961 1.8110 0.780 K3BX46X20H 7490 11470 7500 12000 0.0450 1.4961 1.4956 1.8120 1.8114 0.121
38 46 32 53.7 94.6 38.000 37.989 46.025 46.009 0.080
K38X46X32FV1 7 12 .052!
1.4961 1.8110 1.260 SBX46X3 12070 21270 500 000 0.0525 1.4961 1.4956 1.8120 1.8114 0.176
38 46 32 55.2 98.1 38.000 37.989 46.025 46.009 0.090
1.4961 1.8110 1.260 KSBX4BK32H 12410 22050 7500 12000 0.0530 1.4961 1.4956 1.8120 1.8114 0.198
38 50 25 53.0 70.8 38.000 37.989 50.025 50.009 0.100
1.4961 1.9685 0.984 K3BX50X25 11910 15920 7800 12000 0.0464 1.4961 1.4956 1.9695 1.9689 0.220
38 50 33 68.3 98.2 38.000 37.989 50.025 50.009 0.126
1.4961 1.9685 1.299 K3BXS0X33H 15350 22080 7800 12000 0.0504 1.4961 1.4956 1.9695 1.9689 0.278
38 50 40 76.2 13 38.000 37.989 50.025 50.009 0.170
K38X50X40FH 7 12 .0521
1.4961 1.9685 1.575 S8X50%40 17130 25400 800 000 0.05 1.4961 1.4956 1.9695 1.9689 0.375
40 40 45 13 17.6 31.7 40.000 39.989 45.025 45.009 0.022
1.5748 1.5748 1717 0.512 KAOX4SKT3H 3960 7130 6300 11000 0.0438 1.5748 1.5744 1.7726 1.7720 0.049
40 45 18 25.1 50.4 40.000 39.989 45.025 45.009 0.031
1.5748 17117 0.709 KA0X45X18H 5640 11330 6300 11000 0.0492 1.5748 1.5744 1.7726 1.7720 0.068
40 45 21 KA0X45X21H 233 45.2 6900 11000 0.0479 40.000 39.989 45.025 45.009 0.033
1.5748 1717 0.827 5240 10160 1.5748 1.5744 1.7726 1.7720 0.073
40 45 21 32.7 70.2 40.000 39.989 45.025 45.009 0.040
1.5748 1717 1.063 KAOX4sK2TH 7350 15780 6300 11000 0